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PLEN-1082

Healing the body and detecting diseases earlier through new materials 
[INV]

Molly Stevens* 1

1 Imperial College London, United Kingdom

In this talk I will discuss highlights of our nanomedicine portfolio including nanosensors for diagnosing and mon-
itoring infectious and non-communicable diseases [1], and high molecular weight polymer carriers for enhanced 
delivery of saRNA therapeutics [2]. I will present advances in Raman spectroscopy for high-throughput label-free 
characterization of single nanoparticles (SPARTA™) that allow us to integrally analyse a broad range bio-nano-
materials	such	as	polymer	particles,	liposomes	and	extracellular	vesicles	without	any	modification	[3].	SPARTA™	
has become an integral tool for the design of nanotherapeutics, with recent examples including DOPC-containing 
lipid nanoparticles for nucleic acid delivery and dendrimersome-based systems for controlled delivery of anti-
bacterial	drugs,	and	for	profiling	extracellular	vesicles	(EVs)	for	detection	of	breast	cancer	through	a	minimally	
invasive liquid biopsy. I will also discuss our cell interfacing nanoneedle platforms for multiplexed intracellular 
biosensing at sub-cellular resolution and modulation of biological processes [4]. I will explore how these versa-
tile technologies can be applied to transformative biomedical innovations.

[1] C. S. Wood, … M. M. Stevens. Nature. 2019. 566: 467-474.; C. N. Loynachan, … M. M. Stevens. Nature Nanotech-
nology. 2019. 14: 883–890.; M. Broto, … M. M. Stevens. Nature Nanotechnology. 2022. DOI: 10.1038/s41565-
022-01179-0.; O. Rifaie-Graham,… M. M. Stevens. Nature Chemistry. 2002. DOI: 10.1038/s41557-022-01062-4.
[2] A. Blakney, … M. M. Stevens. ACS Nano. 2020, 14(5): 5711-5727.
[3] J. Penders, … M. M. Stevens. Nature Communications. 2018, 9: 4256.; J. Penders, … M. M. Stevens. ACS Nano. 
2021, 15, 11, 18192–18205; H. Barriga, … M. M. Stevens. Advanced Materials. 2021, 34(26):2200839.
[4] C. Chiappini, … M. M. Stevens, E. Tasciotti. Nature Materials. 2015, 14: 532.

WELCOME AND OPENING
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PLEN-0917

Sustainable polymer chemistry using catalysis to make polymers from 
renewables and in chemical recycling [INV]

Charlotte K. Williams* 1

1 University of Oxford, Department of Chemistry, Oxford, United Kingdom

This lecture will discuss approaches to improve the sustainability of polymers and the opportunities for catalysis, 
polymer structural design and recycling.  To make the polymers, the catalytic activation of monomers derived 
from renewable resources, including carbon dioxide, cyclic esters/carbonates, epoxides and anhydrides, will be 
discussed. Polymer properties and applications, and their relationships to material (nano) and molecular struc-
tures, will be discussed using case studies as plastics, thermoplastic elastomers and adhesives. Recycling options 
including re-processing and catalysed chemical recycling to monomer will be presented.  The lecture will aim to 
stimulate	discussion	of	different	approaches	to	address	concerns	with	plastic	wastes	and	greenhouse	gas	emis-
sions.

 PLENARY SPEAKER SESSIONS
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PLEN-1055

Science & the Misinformation Crisis! [INV]

Timothy Caulfield* 1

1 University of Alberta, Canada

The spread of conspiracy theories and harmful misinformation – about vaccines, unproven treatments, toxins, 
alternative	therapies,	climate	change,	and	healthy	lifestyles	–	is	a	defining	characteristic	of	our	time.	It	has	led	
to	deaths,	financial	loss,	increased	stigma,	health	policy	challenges,	and	added	to	the	chaotic	information	envi-
ronment. We must counter this “infodemic” with evidence-based communication strategies. Debunking does 
works,	 if	done	well!	 In	this	provocative	presentation	Caulfield	will	 look	at	what	the	science	says	about	where	
misinformation is coming from (social media, celebrities, ideologically driven agendas) and what individuals and 
organizations	can	do	fight	back.

 PLENARY SPEAKER SESSIONS
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PLEN-1170

GM Crops and New Agricultural Improvements for Africa: women’s 
perspectives [INV]

Jennifer Thomson* 1

1 University of Cape Town, South Africa

In	order	to	develop	genetically	modified	maize	my	lab	used	genes	taken	from	a	resurrection	plant,	Xerophyta	vis-
cosa, which can tolerate loss of water down to 5% relative water content. A number of genes were tested and the 
group	finally	chose	3,	driven	by	a	desiccation-inducible	promoter.	This	combination	of	genes	and	the	promoter	
will	be	described	in	the	talk	and	progress	towards	field	trials	will	be	discussed.

 PLENARY SPEAKER SESSIONS
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PLEN-1227

De novo discovery of pseud-natural peptides and products

Hiroaki Suga* 1

1 The University of Tokyo, Japan

Macrocyclic peptides possess a number of pharmacological characteristics distinct from other well-established 
therapeutic	molecular	classes,	resulting	in	a	versatile	drug	modality	with	a	unique	profile	of	advantages.	Macro-
cyclic peptides are accessible by not only chemical synthesis but also ribosomal synthesis. Particularly, recent 
inventions of the genetic code reprogramming integrated with an in vitro display format, referred to as RaPID 
(Random non-standard Peptides Integrated Discovery) system, have enabled us to screen mass libraries (>1 tril-
lion members) of non-standard peptides containing multiple non-proteinogenic amino acids, giving unique prop-
erties	of	peptides	distinct	from	conventional	peptides,	e.g.	greater	proteolytic	stability,	higher	affinity	(low	nM	to	
sub	nM	dissociation	constants	similar	to	antibodies),	and	superior	pharmacokinetics.	The	field	is	rapidly	growing	
evidenced by increasing interests from industrial sectors, including small start-ups as well as mega-pharmas, 
toward	drug	development	efforts	on	macrocyclic	peptides,	which	has	led	to	several	de	novo	discovered	peptides	
entering clinical trials. This lecture discusses the aforementioned screening technology, the RaPID system, and 
several showcases of therapeutic potentials of macrocyclic peptides. This lecture also discusses the most recent 
advance in the display of pseudo-natural products generated by thiopeptide post-translationally modifying en-
zymes.

 VAN 'T HOF LECTURE
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PLEN-1228

Synthesis, processes and reaction discovery in the age of computers

Bartosz Grzybowski* 1

1 Institute for Basic Science, South Korea

After	decades	of	rather	unsuccessful	attempts,	computers	are	finally	making	impact	on	the	practice	of	synthetic	
chemistry. This change is made possible by the combination of increased computing power and, above all, new 
algorithms to encode and manipulate synthetic knowledge at various levels, from sequences of full reactions to 
sequences of mechanistic steps. In my talk, I will illustrate how these advances have enabled completely autono-
mous planning of multistep syntheses of complex (natural product) targets, how they impact discovery pipelines 
and processes related to medicinal and circular chemistries, and how they allow us to elucidate reaction mecha-
nisms and, above all, discover new classes of reactions.

Relevant references
1. S. Szymkuc, E. Gajewska, T. Klucznik, K. Molga, P. Dittwald, M. Startek, M Bajczyk & B.A. Grzybowski*, Comput-
er-assisted organic synthesis: The end of the beginning. Angew Chem. Int. Ed. 55, 5904-5937 (2016)
2.	B.	Mikulak-Klucznik,	P.	Gołębiowska,	A.A.	Bayly,	O.	Popik,	T.	Klucznik,	S.	Szymkuć,	E.P.	Gajewska,	P.	Dittwald,	O.	
Staszewska-Krajewska, W. Beker, T. Badowski, K.A. Scheidt, K. Molga*, J. Mlynarski*, M. Mrksich* B.A. Grzybowski* 
Computational planning of the synthesis of complex natural products. Nature, 588, 83-88 (2020)
3.	T.	Klucznik,	M.	P.	McCormack,	B.	Mikulak,	H.	Lima,	S.	Szymkuć,	M.	Bhowmick,	K.	Molga,	L.	Rickershauser,	E.P.	Ga-
jewska, A.Toutchkine, P. Dittwald, M.P. Startek, G.J. Kirkovits, R. Roszak, A. Adamski, S.L.J Trice* & B.A. Grzybowski* 
Syntheses of medicinally-relevant molecules planned by computer and executed in the laboratory. Chem 4, 522-
532 (2018)
4.	A.	Wołos,	D.	Koszelewski,	R.	Roszak,	S.	Szymkuć,	M.	Moskal,	R.	Ostaszewski,	B.T.	Herrera,	J.M.	Maier,	G.	Brezicki,	J.	
Samuel, J.A.M. Lummiss, D.T. McQuade, L. Rogers, B.A. Grzybowski* Computer-designed repurposing of chemical 
wastes into drugs. Nature 604, 668-676 (2022).

 PLENARY SPEAKER SESSIONS
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PLEN-1229

Exploring the Matterverse with Nanomaterial Megalibraries

Chad Mirkin* 1

1 Northwestern University, United States

The evolution of materials has progressed over time from simple stone used by early man to the complex mate-
rials we rely on today. The use of new and advanced materials has revolutionized electronics, medicine, energy, 
and catalysis; however, the traditional approach of synthesizing and characterizing new materials is a slow and 
time-consuming process. To tackle this challenge, we have developed a nanoscale scanning probe lithography 
approach that, through the deposition of polymeric nanoreactors and thermal annealing, enables the preparation 
of “megalibraries” of nanomaterials with distinct chemistries. This approach has allowed the rapid synthesis and 
screening	positionally	encoded	nanomaterials	with	many	different	elements,	phases,	and	interfaces	and	offers	
exciting possibilities for creating new materials with desired properties. For instance, this approach enables the 
identification	of	new	materials	and	catalysts	for	important	chemical	transformations	and	polyelemental	particle	
generation	can	have	significant	implications	for	various	fields,	including	energy	and	medicine.		It	offers	a	new	
understanding of how materials behave and how they can be engineered to create new and improved materials. 
However,	in	materials	discovery	efforts,	synthetic	capabilities	far	outpace	the	ability	to	extract	meaningful	data	
from them. To bridge this gap, we present a machine learning–driven, closed-loop experimental process to guide 
the synthesis of polyelemental nanomaterials with targeted structural properties. Together, this approach lays 
the	foundation	for	creating	an	inflection	point	in	the	pace	at	which	we	both	explore	the	breadth	and	discover	the	
capabilities of the ”matterverse”.

 PLENARY SPEAKER SESSIONS
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PLEN-1231

How to make green hydrogen

Marc Koper* 1

1 Leiden University, The Netherlands

The mechanism of the electrochemical hydrogen evolution reaction is one of the oldest (and currently one of the 
hottest) topics in electrocatalysis. Starting from the history of the subject, the lecture will discuss the most recent 
molecular-level	insights	into	what	drives	the	rate	and	efficiency	of	this	reaction.	Apart	from	the	nature	of	the	
catalyst surface, there is a crucial role of the nature of the proton donor and the composition of the (interfacial) 
electrolyte. This is true for both the rate of the elementary steps of hydrogen formation at lower current density, 
as well as for the nucleation, coalescence and removal of hydrogen bubbles at high current density.

 PLENARY SPEAKER SESSIONS
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KNCV-1230

Materials Chemistry and the Future of Human Civilization

Nicola Spaldin* 1

1 ETH Zurich, Switzerland

From the Stone Age to the Bronze Age to the Iron Age, every major advance in human civilization has been driven 
by a development in Materials. The forthcoming end of today’s Silicon Age, in which aspects of society as diverse 
as commerce, transportation and communication are underpinned by silicon-based microelectronic devices, of-
fers	a	unique	opportunity	--	defining	the	future	of	civilization	--	and	challenge	--	how	to	maintain	and	improve	our	
modern way of life -- to Materials Chemists. I will discuss how developments in Materials Chemistry are essential 
for addressing many of the world’s most urgent problems, and present one of my favourite emerging material 
classes,	 the	multiferroics,	which	could	help	facilitate	the	transition	to	a	new	energy-efficient,	climate	friendly	
Age.

KNCV GOLD MEDAL & Plenary session
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RN-1060

N-O Bond Activation by Energy Transfer Photocatalysis [INV]

Eun Jin Cho* 1

1 Chung-Ang University, South Korea

Nitrogen radicals are highly versatile synthons that have found numerous applications in various organic trans-
formations.[1] Our laboratory has developed several methods for the generation of iminyl, nitrene, and indolyl 
radicals through energy transfer (EnT) catalysis of N-O bond-containing molecules, based on their parent chemi-
cal structure disconnections.[2]
Oxadiazolines serve as both iminyl radical and nitrene precursors. In the presence of fac-Ir(ppy)3, a dual EnT 
process activates molecular oxygen and oxadiazoline to furnish singlet oxygen (1O2) and the triplet state of oxa-
diazoline, respectively, leading to the production of functionalized spiro-azalactam products. In the absence of 
molecular oxygen, photoexcited oxadiazoline undergoes homolytic cleavage of the N–O bond, followed by C–N 
bond cleavage, generating a nitrene intermediate. This intermediate couples with sulfoxides to produce sulfoxi-
mine derivatives or undergoes intramolecular radical cyclization to yield benzimidazoles. 
Oxime esters can be used as iminyl precursors. Upon homolytic N–O bond cleavage, oxime esters generate acy-
loxy radical intermediate, which undergoes decarboxylation to produce iminyl and alkyl radicals. The persistent 
radical	effect	then	allows	for	the	selective	cross	C(sp3)–N	coupling	reaction	with	high	atom	economy.	In	addition,	
the	use	of	O-benzoyl	oximes	and	alkyl	substrates	leads	to	intermolecular	direct	C(sp3)−N	radical	coupling,	where	
the phenyl radical intermediate participates in an intermolecular hydrogen atom abstraction from the alkyl sub-
strate. This provides the key C(sp3) radical that couples with the persistent iminyl radical to furnish C-N coupled 
imines.
Moreover,	EnT-promoted	homolytic	N−O	bond	cleavage	of	N-indolyl	carbonate	generates	a	sp3-like	N-centered	
radical. The high spin density at the C3 position of indole leads to radical recombination with the O-centered 
radical, resulting in the formation of valuable 3-oxyindole derivatives without decarboxylation.
In	conclusion,	our	developed	methods	offer	efficient	and	versatile	synthetic	routes	for	the	generation	of	various	
nitrogen radicals and their subsequent use in diverse organic transformations, highlighting the potential of EnT 
catalysis in synthetic chemistry.

REFERENCES
[1] M. Bera, D. S. Lee, E. J. Cho, Trends in Chem. 2021, 3, 877-891.
[2] D. S. Lee, V. K. Soni, E. J. Cho, Acc. Chem. Res. 2022, 55, 2526-2541.

RN  Ryoji Noyori ACES Award Symposium
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RN-1220

Design of High-Performance Maruoka Catalysts for Amino Acid and Peptide 
Synthesis [INV]

Keiji Maruoka* 1

1 Kyoto University, Japan

The design of new catalysts and new organic transformations in an environmentally-benign manner is increasing-
ly	important	in	recent	years.	In	this	context,	organocatalysis	has	recently	emerged	as	a	field	of	research	providing	
practical alternative or complementary technologies to the more traditional transition metal catalyzed systems. 
Accordingly, we have rationally designed, environmentally-benign chiral organocatalysts. Here, the key issue of 
achieving high reactivity and selectivity in organocatalyzed asymmetric transformations is to incorporate a priv-
ileged structure in a rational manner on the design of high-performance organocatalysts. 
Our	first	successful	example	is	the	rational	design	of	“Maruoka	Catalyst®”	and	“Simplified	Maruoka	Catalyst®”	
for	the	highly	efficient	production	of	artificial	amino	acids,	particularly	sterically	hindered	amino	acids	as	new	
pharmaceutical intermediates. In the course of high-performance organocatalyst project, we also developed a 
new direct peptide synthesis in order to realize the smooth incorporation of sterically hindered amino acids for 
the new synthesis of sterically hindered peptides. The detail on the design of such high-performance organo-
catalysts in addition to the synthetic applications for the new peptide synthesis will be presented in my lecture.

RN  Ryoji Noyori ACES Award Symposium
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RN-1221

Catalysis for C-C and C-heteroatom bond forming reactions [INV]

Magnus Rueping* 1

1 KAUST, Saudi Arabia

Catalytic C-C and C-heteroatom bond forming reactions represent key transformations for the synthesis of valu-
able	products	or	advanced	intermediates.	In	this	presentation	our	recent	efforts	toward	the	development	of	new	
and sustainable metal-catalyzed and metal-free C-H functionalizations and functional group interconversions 
will be highlighted.

RN  Ryoji Noyori ACES Award Symposium
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RN-1222

On-Demand Synthesis of Organic Small Molecules [INV]

Jie Wu* 1

1 National University of Singapore, Singapore

Our	research	group	has	recently	unraveled	the	unique	property	of	neutral	eosin	Y,	which	can	function	effectively	
as a direct HAT photocatalyst for C-H functionalizations. Its metal-free, readily available, and low-costing nature, 
in addition to light absorption in the visible region and unlikely side reactions, makes eosin Y an ideal direct HAT 
photocatalyst. The neutral eosin Y-based direct photo HAT process provides an extremely convenient and green 
pathway for C-H functionalities, such as alkylation, vinylation, allylation, arylation, and cyanation.[1,2] Further-
more, we have proved that the neutral eosin Y-based HAT strategy can be extended to Si-H activation.[3] Con-
tinuous	flow	reactors	were	applied	to	achieve	stepwise	on-demand	functionalization	of	multihydrosilanes	using	
neutral eosin Y-based hydrogen atom transfer photocatalysis.[4]

References:
1.		Fan,	X.;	Rong,	J.;	Wu,	H.;	Zhou,	Q.;	Deng,	H.;	Tan,	J.	D.;	Xue,	C.;	Wu,	L,;	Tao,	H.;	Wu,	J.	Angew.	Chem.	Int.	Ed.	2018,	
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3.	Fan,	X.;	Xiao,	P.;	Jiao,	Z.;	Yang,	T.;	Dai,	X.;	Xu,	W.;	Tan,	J.	D.;	Cui,	G.,	Su,	H.;	Fang,	W.;	Wu,	J.	Angew.	Chem.	Int.	Ed.	
2019, 58, 12580.
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RN-1223

Bioorthogonal Ligations with Isonitriles [INV]

Helma Wennemers* 1

1 ETH Zurich, Switzerland

Bioorthogonal reactions are valuable tools for the selective labeling and imaging of natural products and pro-
teins.	Here,	we	present	bioorthogonal	ligations	with	isonitriles	that	proceed	quickly	(k	≥	1	M–1s–1)	and	with	high	
chemoselectivity in an aqueous environment.[1,2]
Protein labeling and imaging of metabolically labeled cell surface glycans underlined the tolerance of the liga-
tion to common functional groups in cellular systems. Dual labeling experiments with live-cells and proteins 
revealed orthogonality to other ligations, e.g. the strain-promoted azide–alkyne cycloaddition (SPAAC).[1] The 
ligation is valuable for the detection, isolation, and structural elucidation of alkaloid and terpene isonitriles in 
microgram quantities in bacteria and marine sponges.[2]

1. R. J. B. Schäfer, M. R. Monaco, M. Li, A. Tirla, P. Rivera-Fuentes, H. Wennemers, “The Bioorthogonal Isonitrile–
Chlorooxime Ligation” J. Am. Chem. Soc., 2019, 141, 18644–18648
2.	R.	J.	B.	Schäfer,	K.	Wilson,	M.	Biedermann,	B.	S.	Moore,	S.	Sieber,	H.	Wennemers,	“Identification	of	Isonitrile-Con-
taining Natural Products in Complex Biological Matrices Through Ligation with Chlorooximes” Chem. Eur. J. 2023, 
29, e202203277
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F03-1078

The future of diagnostics: Detection of sepsis related biomarker using 
Surfix’s photonic diagnostics platform [INV]

Anke Schütz-Trilling* 1

1 Surfix Diagnostics, The Netherlands

At	Surfix	we	develop	an	ultrasensitive	plug-and-play	photonic	diagnostic	platform.	With	this	platform,	we	recent-
ly developed a biological assay to detect clinical relevant concentrations of interleukin-6, a biomarker often used 
in relation to sepsis. Sepsis is a life-threatening condition and even in western countries still hard to diagnose in 
a reliable and quick manner in point-of-care environments. Many diagnostic tests are still complex and must be 
performed	by	trained	staff	on	sizeable	equipment	in	specialized	facilities.	Therefore,	we	believe	that	Surfix	pho-
tonic diagnostics platform is a smart technology which can measure sensitive and fast and can detect multiple 
biomarkers simultaneously. Features that, along with a low unit cost and the ability to easily scale up production, 
will revolutionize the world of medical diagnostics by enabling point-of-care diagnosis and treatment monitoring 
for a wide variety of conditions.

F03 FOCUS SESSION 03: Sensing at the Frontiers: Perspectives from Chemistry 
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F03-1155

Pillars of Digitalization: The Chemical Process Industries [INV]

Karin Kloiber* 1

1 Competence Center Chase GmbH, Austria

Due to its vast scale and diverse production processes, the chemical industry is a critical player in the transition 
to a green and digital economy. However, the traditional model of business development is unsustainable and 
‘deeply	flawed’,	as	claimed	by	 the	Business	and	Sustainable	Development	Commission	 in	2017.	The	 industry	
consumes	significant	amounts	of	energy	and	resources,	emits	numerous	substances	and	materials	into	the	eco-
system, and is unsustainable in the long run. Furthermore, recent global challenges, including the COVID-19 pan-
demic and the war in Ukraine, have demonstrated the chemical industry’s vulnerability and lack of adaptability.  
Notably,	while	(linear)	chemical	industries	are	complex	in	the	first	place,	the	quest	for	circularity	adds	another	
layer	of	complexity	by	introducing	new	challenges	related	to	efficiency,	novel	materials,	and	novel	pathways.	This	
evolving	landscape	of	industrial	production,	coupled	with	the	need	for	efficient,	flexible,	and	resilient	processes,	
has been driving the ongoing digital transformation, with the primary goal to derive actionable knowledge from 
data. The large amounts of data generated by the industries support this view, but much of it remains underuti-
lized. We have observed that in many industrial subsegments, usable Big Data is actually hard to get by, mainly 
for two reasons: abundant process data are not straightforward to exploit, and systematic experimentation on an 
industrial scale is limited by time and cost constraints. Therefore, the reality in the chemical industries dictates 
new (general) approaches to digitalization together with tailored solutions. Industrial research at our compe-
tence center is guided by: the usability of data (making data actionable), the accessibility of data (trustworthy 
sharing of data along a value chain), and a comprehensive perspective that evaluates technological, economic, 
but also ecological impacts. In this talk, I will introduce bottom-up approaches to process digitalization, process 
intensification,	circular	process	streams,	and	sustainability	considerations.
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F03-1088

Contineous (bio)chemical sensing in harsh biological environments [INV]

Marcel Zevenbergen* 1

1 Imec The Netherlands, The Netherlands

Chemical sensors are indispensable tools for quality monitoring and analysis across a wide range of applications. 
At imec, using our strengths in silicon chip technology, we have achieved highly miniaturized and mass (re)pro-
ducible chemical sensing solutions to adapt to existing (bioprocessing analytics, water quality) and emerging 
technological	markets,	like	smart	ingestibles,	artifical	organs	and	implantables.	Such	a	sensor	must	comply	with	
very stringent requirements in terms of size and stability (drift), but also around packaging (all the materials 
should be biocompatible and non-cytotoxic). In this presentation, I will discuss the potential of microfabricated 
chemical sensors, the performance already achieved in various harsh environment, like the GI-tract and biore-
actors, and how we addressed the aforementioned challenges. Within the Nextgen High Tech Project funded by 
the	Dutch	Growth	Fund	Initiative,	imec	will	be	defining	the	(bio)	chemical	sensor	roadmap	for	miniaturized	inline	
sensing	with	first	applications	foreseen	in	organ-on-a-chip	and	an	artificial	kidney.
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F04-1172

Elaborate Mechanisms of Natural Product Antibiotics [INV]

Heike Brötz-Oesterhelt* 1

1 University Tuebingen, Interfaculty Institute of Microbiology and Infection Medicine, Germany

There	is	an	urgent	need	to	discover	unprecedented	antibacterial	mechanisms	effective	against	multi-resistant	
bacterial pathogens. Secondary metabolites produced by bacteria and other microorganisms (‘natural products’) 
are a valuable source of new and inspiring antibacterial mechanisms, which are often elaborate and multi-lay-
ered.	For	instance,	pleiotropic	downstream	effects	on	several	metabolic	pathways	can	result	from	the	engage-
ment of the antibiotic with a single primary target, causing bactericidal activity. A natural product antibiotic can 
use several uptake routes in parallel, making the compound resilient to transporter-mediated resistance. Natural 
products produced by commensals from the human microbiome bear potential as decolonizing agents as they 
evolve on human surfaces and can have immunostimulatory and antibacterial activities. The talk will showcase 
such sophisticated combinations of activities using selected examples of compounds and present diverse types 
of mode of action technology, including high-resolution life-cell time-lapse microscopy and bioreporter panels.
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F04-1104

Improving Nature’s antibiotics through (semi)synthesis [INV]

Nathaniel Martin* 1

1 Institute of Biology Leiden, Leiden University, The Netherlands

The development of next-generation antibiotics with enhanced activity, reduced toxicity, and the capacity to 
overcome resistance is a growing challenge for the medical community. To address this challenge, the Martin 
group has recently applied chemistry-based strategies to enhance the properties of the naturally occurring anti-
biotics vancomycin and bacitracin. Using both semi-synthesis and total synthesis approaches, novel analogues of 
vancomycin and bacitracin were prepared and found to exhibit potent activity against a range of Gram-positive 
pathogens.	The	ability	of	these	new	analogues	to	inhibit	bacterial	cell	wall	synthesis	was	also	confirmed	using	a	
variety	of	biochemical	assays.	Notably,	these	new	analogues	are	significantly	more	active	than	vancomycin	and	
bacitracin	and	are	also	highly	effective	in	vivo.	Also	of	note	is	the	ability	of	these	next-generation	antibiotics	to	
overcome many clinically relevant resistance mechanisms.
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F04-0932

The Mechanisms of Lipid-targeting Antibiotics [INV]

Markus Weingarth* 1

1 Utrecht University, The Netherlands

Antimicrobial resistance is a global health threat, calling for new antibiotics. Good candidates could be com-
pounds that target special lipids that only exist in bacterial, but not in human cell membranes. These drugs kill 
pathogens without detectable resistance, which has generated considerable interest. Using ssNMR and micros-
copy,	our	group	has	introduced	approaches	to	study	lipid-targeting	antibiotics	across	different	length-scales	in	
membranes.	Recently,	we	determined	the	killing	mechanism	of	teixobactin,	considered	the	first	new	antibiotic	
in	30	years.	We	showed	that	teixobactin	kills	bacteria	by	forming	supramolecular	fibrils	that	compromises	the	
bacterial membrane. In addition, we show the molecular mechanism of Clovibactin, a new antibiotic from ‘uncul-
turable’ bacteria.
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F08-1153

From Outbreak to Outsmart: Computational Chemistry for Pandemic 
Mitigation and Prevention [INV]

Ingrid Guarnetti Prandi* 1

1 Università Degli Studi Della Tuscia, Italy

History tells us that, from time to time, humans have had to deal with outbreaks of deadly viruses. Viruses mu-
tate, evolve, but so do our knowledge and technology. In recent years, the increase in the processing speed of 
computers has also allowed tremendous developments in computational chemistry. Computational modelling is 
very	interdisciplinary:	it	supports	several	fields	of	knowledge,	from	genomics	to	pharmacology,	in	preventing	and	
mitigating	viral	outbreaks	in	a	fast,	efficient	and	automated	way.		How	quickly	can	we	go	from	a	list	of	mutations	
in a viral protein to a realistic model of a new variant that can be used for structural studies, protein-protein 
interactions, and drug design? How can computational chemists act today, in a preventive way, to minimize the 
impact	of	the	next	pandemic	we	will	face?		We	will	also	discuss	the	choice	of	scientific	journals	and	the	speed	
of	publication	of	high-profile	discoveries	that	have	a	direct	and	immediate	impact	on	people’s	lives.	Should	we	
publish fast or should we publish “well”?
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F08-1138

Managing new strategies for Pandemic Preparedness, Eni experience 
between Research and Action [INV]

Jose Alberto Franco Lopez* 1

1 Eni Spa, Spain

Over	the	last	20	years,	the	world	has	faced	different	epidemic	crises,	from	SARS	(2003)	to	MERS	(2012-2015),	
Ebola	(2014-2016)	and	Influenza	virus	A	(H1N1,	2009),	just	to	name	some	ones.	As	a	major	company,	present	in	
more than 70 countries, Eni has actively supported the management of these emergencies.  Internally Eni has de-
veloped dedicated guidelines for pandemic preparedness and management.   Moreover, other activities of Eni’s 
Health function were management of the medical emergencies related with Covid worldwide, including manage-
ment of more than 50 Urgent Medical Repatriations (Medevacs) during the pandemic period, reinforcement of 
travel	medicine	activities,	verification	of	vulnerability	status	of	employees,	health	promotion	activities,	psycho-
logical support, ensure proper management of infected or suspected patients at Eni Clinics, support the business 
continuity plan and participation in various Research initiatives and Projects for the local communities in Italy 
and Worldwide. Eni with its HPC5 supercomputing system supported the research on COVID-19, both as part of 
the	European	project	EXSCALATE4CoV,	an	acronym	for	EXaSCale	smArt	pLatform	Against	paThogEns,	to	identify	
the safest and most promising drugs to combat Coronavirus, and in collaboration with Pavia Hospital to study the 
body’s immune response to the base virus and its variants.    This experience teaches us that technology can be 
used as an accelerator to overcome a crisis and emphasizes its strategic importance as a fundamental asset. Eni, 
with its supercomputer capabilities and expertise, stands ready to support projects, institutions, research centers 
of	excellence	and	the	scientific	community	in	the	management	of	crisis	situations.
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F12-1059

Development and characterization of small molecules for imaging of 
mutant huntingtin aggregates in Huntington’s disease [INV]

Daniele Bertoglio* 1

1 University of Antwerp, Belgium

Huntington’s disease (HD) is a dominantly inherited neurodegenerative disorder caused by a CAG trinucleotide 
expansion in the huntingtin (HTT) gene that encodes the pathologic mutant HTT (mHTT) protein with an expanded 
polyglutamine (polyQ) tract. Whereas several therapeutic programs targeting mHTT expression have advanced to 
the clinical evaluation, methods to visualize mHTT protein species in the living brain are lacking. This is a critical 
limitation as targeting mHTT with a non-invasive imaging tool has the potential to better evaluate at the cerebral 
level	the	spatial	distribution	and	the	pharmacological	effects	of	drugs	lowering	mHTT.	In	this	talk,	I	will	provide	
an	overview	of	our	efforts	 in	 the	development	and	characterization	of	a	positron	emission	 tomography	 (PET)	
imaging	radioligand	with	high	affinity	and	selectivity	for	mHTT	aggregates.	This	comprises	the	progress	obtained	
using a combination of post-mortem autoradiographic studies in animal models of HD as well as human tissue 
from people with HD. Additionally, in vivo evaluation of the candidate radioligand in rodent as well as a non-hu-
man primate models of HD will be presented. This small molecule allows noninvasive monitoring of mHTT pa-
thology in the brain and could track region- and time-dependent suppression of mHTT in response to therapeutic 
interventions targeting mHTT expression in a rodent model. In summary, in vivo imaging of the misfolded mHTT 
aggregates	quantifies	the	cerebral	accumulation	and	offers	a	promising	new	avenue	to	examine	the	efficacy	of	
mHTT-lowering therapeutic strategies.

F12 FOCUS SESSION 12: Targeting Toxic Proteins for Detection and Destruction
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F12-1140

Fibril Paint to Determine Amyloid Size [INV]

Stefan Rüdiger* 1

1 Utrecht University, The Netherlands

Protein aggregation is related to the development of neurodegenerative diseases, such as Alzheimer’s Disease 
and Huntington’s Disease. It is of great importance to visualize aggregates at early stages, which is a prerequisite 
for	early	diagnosis.	Here,	we	present	a	method	to	monitor	protein	fibril	size	from	the	first	aggregation	steps.	We	
designed	a	peptide,	FibrilPaint1,	that	specifically	recognises	and	fluorescently	labels	structurally	different	patho-
logical	protein	fibrils,	but	not	their	monomeric	precursors.	In	combination	with	Flow	Induced	Dispersion	Analysis,	
a	microfluidics	 technology,	we	determined	the	size	of	several	aggregate	with	sub-microliter	sample	volumes.	
FibrilPaint1	non-covalently	labelled	patient-derived	fibrils	of	Alzheimer’s	Disease,	Frontotemporal	Dementia	and	
Corticobasal	Degeneration,	allowing	to	determine	the	size	of	ex	vivo	fibrils.	This	makes	FibrilPaint1	a	novel	tool	
to understand the aggregation process, which could be further functionalized for imaging application, which 
could be a basis for early-stage diagnosis of neurodegenerative diseases.
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F12-1150

Next level Parkinson’s disease biomarker detection: quantitative SAAs [INV]

Mireille Claessens* 1

1 University of Twente, The Netherlands

Amyloid	fibrils	of	the	protein	α-synuclein (αS)	have	recently	been	identified	as	a	biomarker	for	Parkinson’s	dis-
ease	(PD).	However,	the	concentration	of	this	biomarker	in	patient	materials	such	as	cerebrospinal	fluid	and	blood	
is	extremely	 low.	To	allow	 for	 the	detection	of	 such	 low	concentrations	of	amyloid	fibrils,	 seed	amplification	
assays	(SAAs)	have	been	developed.	In	SAAs,	the	initial	very	low	number	of	fibrils	act	as	seeds	for	the	amplifica-
tion	of	the	fibril	mass	to	a	detectable	level.		Currently,	SAAs	hold	promise	for	PD	diagnosis,	they	can	be	used		to	
determine	whether	seeds	are	present	or	not.	The	additional	quantification	of	the	number	of	αS	amyloid	fibrils	
holds	even	more	promise	as	it	would	potentially	enable	clinicians	to	monitor	the	effect	of	treatments,	compare	
patients, and eventually make predictions on disease progression. Developing quantitative SAAs has been shown 
to	be	challenging.		Here	I	will	report	on	our	recent	proof-of-principle	study	on	the	quantification	of	αS	fibrils	in	
fibril-spiked	model	 solutions	of	 increasing	 compositional	 complexity	 including	blood	 serum.	 I	will	 show	 that	
parameters	derived	from	standard	SAAs	can	be	used	for	fibril	quantification	in	these	solutions,	down	to	the	sin-
gle	fibril	level.	I	will	also	discuss	the	challenges	associated	with	the	approach	and	the	path	we	have	identified	
towards	addressing	quantification	of	amyloid	fibrils	in	patient	material.
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F14-1126

Creating Value from CO2 Into Chemicals and Biodegradable Plastic 
Materials [INV]

Julia Krasovic* 1

1 Avantium Chemicals B.V., The Netherlands

The	electrochemical	fixation	of	CO2	as	formate	or	oxalate	is	an	interesting	first	step	for	CO2	utilization,	and	cru-
cial to change CO2’s role from a greenhouse gas to a sustainable chemical feedstock. This is proven by the broad 
scientific,	 commercial,	 and	public	 interest	 in	 the	 technologies	 from	our	 predecessor	 Liquid	 Light.	 CO2	based	
chemicals	can	be	used	in	a	broad	variety	of	fields	including	novel	polymers,	cosmetics,	and	cleaning	products.		In	
the last years, we have developed novel solutions for CO2 conversion. For the conversion of CO2 to oxalic acid 
through	electrochemistry,	we	developed	a	new	type	of	cell	configuration	at	a	size	that	has	not	been	performed	
before. Subsequently, we convert oxalic acid to glycolic acid through selective hydrogenation with a novel cata-
lyst.	We	have	also	scaled	up	the	route	from	CO2	to	formate	using	gas	diffusion	electrodes.	The	produced	formate	
is then thermochemically converted to oxalic acid with a dedicated catalyst. We have now reached commercially 
relevant electrode sizes of up to 1m2 with stable runtimes above 1000 hours.  This required us to develop a sta-
ble	catalyst	and	electrode	for	the	conversion	of	CO2.	We	had	to	figure	out	the	key	factors	for	suitable	cell	design	
and lastly automate and integrate the process into a working power or cement plant. Scaling this technology 
revealed	many	new	parameters.	Some	did	not	influence	the	reaction	at	a	smaller	scale	and	now	need	controlling.	
Larger scales also changed the production and testing of catalysts and electrodes, and cells need to be designed 
differently.	To	integrate	all	steps	from	CO2	to	polymers	we	optimized	the	electrochemical	process	to	avoid	cost-
ly	separation	steps	between	the	chemical	conversions.	All	of	which	required	partnering	with	different	parties	
involved in the overall process starting with CO2 producers and ending with plastic consumers.  This talk will 
cover the scale up of CO2 reduction, share insights into catalyst development and performance, and highlight 
the importance of cell design. With two pilot projects, we would like to illustrate how we integrate and automate 
the electrochemical CO2 reduction with upstream CO2 production, and downstream processes towards valuable 
chemicals,	such	as	new	sustainable	polymers	with	improved	properties.	Moreover,	it	portrays	the	benefit	of	di-
verse partnerships as a key to the success of multi-disciplinary projects.
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F14-0928

Combining electrochemical synthetic methodology with flow technology 
[INV]

Timothy Noel* 1

1 University of Amsterdam

In	this	lecture,	we	will	describe	the	development	of	an	(photo)electrochemical	flow	reactor	which	allows	not	only	
to accelerate electrochemical transformations but also to scale the chemistry without the need for reoptimiza-
tion	of	the	reaction	conditions.	We	provide	insight	in	the	reasons	why	flow	and	electrochemistry	are	a	natural	
match.	Finally,	the	versatility	of	this	reactor	is	exemplified	for	a	variety	of	different	electrochemical	methods.
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F14-1079

Electrochemical characterization of well-defined and nanostructured 
copper catalysts [INV]

Paula Sebastián-Pascual* 1

1 University of Copenhagen, Denmark

Copper-based	materials	are	promising	electrocatalysts	 for	different	energy	conversions	 reactions	such	as	 the	
electrochemical conversion of carbon dioxide (CO2) and carbon monoxide (CO) into valuable fuels and chemi-
cals. Electrocatalytic reactions are highly sensitive to the surface structure and composition. Thus, establishing 
the	voltammetric	fingerprint	of	well-defined	single	facets,	as	well	as	finding	methods	to	determine	the	number	
and surface site geometry on nanostructured copper catalysts, is essential to assess the structure-performance 
relationships in electrocatalysis. My research has focused on investigating how the pH and the interactions with 
the	electrolyte	affect	the	electrochemical	behaviour	and	structure	of	the	Cu-aqueous	electrolyte	interface.	We	
used cyclic voltammetry in combination with other electrochemical approaches, such as the CO displacement 
technique and the laser-induced temperature technique, as well as DFT calculations, to shed light into the dis-
tribution	of	the	surface	charge	and	adsorbates	at	different	potential	values.	We	have	also	investigated	the	vol-
tammetric lead underpotential deposition (UPD) on copper, as a tool to determine the distribution of facets and 
the	electroactive	surface	area	(ECSA)	of	multifaceted	copper	surfaces,	which	is	relevant	to	design	well-defined	
nanostructured catalysts. Lastly, we have used the lead UPD technique to address the ECSA of copper bimetallic 
nanostructures prepared by electrodeposition, in order to address their intrinsic electrocatalytic properties.
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F16/23-1144

Capturing and conversion of CO2 from water [INV]

David Vermaas* 1

1 Tu Delft, The Netherlands

How can we get concentrated CO2 for sustainable fuels, or how can we even reduce the concentration of CO2 in 
the atmosphere? Capture of CO2 from the air is essential for achieving the climate goals, but electrically-driven 
capture technology is still in its infancy. One approach is to capture CO2 from water, thereby using the water-at-
mosphere equilibrium to indirectly capture from the atmosphere. This route can be performed when using a 
pH-swing, for example induced from bipolar membrane electrodialysis. The captured CO2 can be stored (creat-
ing negative emissions) or utilized for conversion. In the latter case, the integration of capture and conversion 
offers	opportunities	to	explore,	given	the	large	energy	consumption	from	both	individual	processes	and	the	poor	
utilization of CO2 in the conversion process. In fact, in typical CO2 electrolyzer research, more than 50% of the 
consumed CO2 crosses over the anode, which makes the indirect energy losses for capturing and postprocessing 
larger	than	the	CO2	conversion	itself.	An	integrated	capture	and	utilization	process	could	benefit	from	a	circum-
venting intermediate products, thereby lowering the total energy consumption. The challenges and conditions 
for electrochemical CO2 capture and combined capture and conversion are discussed.
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F16/23-1107

A net-zero emissions chemical industry in a world of limited resources and 
the role of direct air capture [INV]

Matteo Gazzani* 1

1 Utrecht University, The Netherlands

The chemical industry is responsible for about 5% of global CO2 emissions and is key to achieving net-zero 
targets. Decarbonizing this industry, nevertheless, faces particular challenges given the widespread use of car-
bon-rich raw materials, the need for high-temperature heat, and the complex global value chains. Multiple tech-
nology routes are now available for producing chemicals with net-zero CO2 emissions based on biomass, re-
cycling, and carbon capture, utilization, and storage. However, the extent to which these routes are viable with 
respect	 to	 local	availability	of	energy	and	natural	 resources	 remains	unclear.	 In	 this	 talk,	we	will	first	discuss	
the	different	net-zero	routes	by	quantifying	their	energy,	land,	and	water	requirements	and	the	corresponding	
induced resource scarcity at the country level. Furthermore, we will dive into the technical and environmental 
challenges of direct air capture, a key technical component for the realization of a net-zero chemical industry. We 
will	close	discussing	the	economic	and	financial	viability	of	a	net-zero	chemical	industry.
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F21-1103

Latest Progress for Dynamic Polymer Networks: Merging Academic and 
Industrial Principles [INV]

Filip Du Prez* 1

1 Ghent Universitybel, Belgium

“A	European	Green	Deal:	Striving	to	be	the	first	climate-neutral	continent”.	This	highly	ambitious	target	of	the	
European commission is the inspiration of many actual research targets in polymer science.  Thermoset recycling 
is one of the holy grails of the plastic industry, which is currently facing increasingly stringent international reg-
ulations	to	stimulate	finding	solutions	towards	the	sustainable	use	of	plastics.	Regarding	the	lowering	of	the	car-
bon footprint of polymer materials, many approaches have been proposed and investigated. While many of them 
deal with the re-use of thermoplastics, more and more attention is shifting towards the circularity of thermosets. 
This class of materials (e.g. wind blades and tire recycling) has an annual production of more than 60 million 
tons.  One of the major developments in thermoset research, from an academic perspective, is the incorporation 
of exchangeable chemical bonds. This concept of so-called covalent adaptable networks (CANs) is a result of the 
introduction of dynamic covalent bonds within a polymer network, thereby potentially enabling a combination 
of	benefits	of	the	fast	processing	of	thermoplastics	and	simultaneously	the	high	durability	and	resistance	of	ther-
mosets.	However,	despite	the	rapid	progress	made	in	this	field	during	the	last	decade,	this	CAN	technology	has	
not yet been widely picked up by the large chemical/material industry because of several major limitations. For 
example,	the	processing	temperatures	that	would	theoretically	be	required	to	achieve	sufficiently	fast	processing	
are beyond the thermal stability limits of most organic materials. This prevents common industrially applied bulk 
processing techniques such as extrusion or injection moulding.  This presentation will highlight a number of our 
actual	research	efforts	to	overcome	remaining	limitations	for	the	industrial	implementation	of	this	new	genera-
tion of thermoset materials, mainly based on smart chemical design.
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F21-1136

Unleashing the potential of enzymes for green furan-based polymer 
synthesis [INV]

Katja Loos* 1

1 University of Groningen, The Netherlands

The enzymatic synthesis of polymers via non-metabolic pathways has a long history but was overshadowed by 
petroleum-based methods. However, due to the depletion of petroleum resources and rising costs, enzymatic po-
lymerizations are experiencing a resurgence. By combining biobased monomers and enzymatic polymerizations, 
both	the	field	of	enzymatic	polymerization	and	the	use	of	renewable	resources	can	be	accelerated,	contributing	
to	sustainability	in	the	polymer	and	coatings	industry.		Furan	derivatives	and	furan	chemistry	offer	a	biobased	
alternative to phenyl-based polymers, with 2,5-Furandicarboxylic acid (FDCA) being a promising biobased furan 
monomer. However, its potential is limited by the occurrence of decarboxylation during polymerization. To over-
come this challenge, alternative synthesis routes are needed. Enzymatic polycondensation of biobased furan 
monomers with aliphatic comonomers has successfully produced furan-based polyesters, polyamides, and poly-
esteramides,	offering	a	green	and	robust	solution	for	sustainable	polymer	production.
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F21-1134

Sustainable Polymers in Circular Harmony [INV]

Fabian Eisenreich* 1

1 Eindhoven University of Technology, The Netherlands

Reducing	the	need	for	virgin	plastic	production	and	diverting	plastic	waste	from	landfills	or	natural	ecosystems	
are	major	challenges	for	our	society.	Establishing	a	circular	plastic	economy	offers	a	solution	to	these	issues,	re-
lying on the development of innovative polymers and recycling technologies. In this context, chemical recycling 
of polymers plays a crucial role as it enables the breakdown of polymers into their monomers, which in turn can 
be used to create fresh polymers without compromising the material quality. Our research team has recently 
developed	new	types	of	polymers	specifically	designed	for	closed-loop	recycling.	The	scaffold	of	these	polymers	
contains	 imine	moieties	 that	 can	 selectively	be	deconstructed	under	mild	and	energy-efficient	 conditions.	 In	
addition, we incorporated bio-based building blocks into the polymer architecture to further enhance the sus-
tainability. With this strategy, we created not only compact polymers with tunable properties but also highly po-
rous and ultra-lightweight polymer networks with thermal superinsulation characteristics. Overall, our research 
efforts	aim	to	make	significant	contributions	to	the	progress	of	circular	polymers.
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F27-1066

Guiding principles for the responsible practice of chemistry: progress and 
prospects [INV]

Mary Garson* 1

1 IUPAC, Australia

When chemists get together, we often discuss innovative research and industrial advancements, and the chem-
istry of the future. But crucially, the future of chemistry also lies in its people, and in developing an inclusive 
community of practitioners. Nowadays, the importance of including talented individuals from a diverse range of 
communities to foster an environment of creativity, innovation, and respect is widely recognised, yet many or-
ganizations still do not provide a framework for inclusivity and equality in their working environment or support 
formal educational or professional development programs. While recommendations such as the Hague Ethical 
Guidelines, developed by the Organization for the Prohibition of Chemical Weapons, describe responsible prac-
tice of chemistry in relation to chemical disarmament, non-proliferation, and the broader issue of responsible 
scientific	conduct	by	chemists,	a	better	awareness	and	understanding	of	the	“grand	challenges”	facing	chemistry	
is desirable. Practitioners of the discipline of chemistry should cooperate to ensure high quality outcomes, and 
to recognise their responsibility to the future role of chemistry (through UN SDGs and the Planetary Boundaries 
framework), and towards society generally.  This presentation is one of two introductory talks in the focus ses-
sion. It will describe the progress made by IUPAC on topics relating to ethics, diversity, equity and inclusion, in 
particular the changed gender balance in its membership, and the impact this has had on activities and outputs, 
as well as the preparation of guidelines and policy documents on responsible and respectful practice. The two 
talks precede a panel discussion around future actions to foster an ethical approach and inclusive behaviour 
within the international chemical community, and to ensure that chemical knowledge serves to improve peoples’ 
lives and make the world a safer and healthier place.
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F27-1179

Committee for Ethics, Diversity, Equity and Inclusion (CEDEI) [INV]

Marvadeen Singh-Wilmot* 1

1 The Caribbean Academy of Sciences, Jamaica

A panel discussion on Crafting an Ethical Framework for Global Chemistry during a joint CEDEI (IUPAC)/RSC ses-
sion. The session will bring together senior leaders and visionaries for a constructive conversation around future 
actions to foster an ethical approach and inclusive behaviour in the international chemistry community with the 
goal of ensuring that chemical knowledge will serve to improve people’s lives and make the world a safer and 
healthier place.
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F28-1117

Trust, integrity, responsibility, and impact in science [INV]

Andrea Leisewitz* 1

1 Universidad San Sebastian, Chile

The	development	of	knowledge	is	based	on	trust.	Scientists	trust	the	established	system	for	scientific	develop-
ment; they trust in the available knowledge in matters of their interest on which they base their ideas and new 
research proposals, and they trust that these studies were carried out in an adequate and correct manner without 
deviations from good practices and shared values in science. On the other hand, scientists trust in the review 
processes of their research proposals by funding agencies and trust the peer review process of their manuscripts 
submitted for consideration for publication.  However, the number of cases of deviations from good practices and 
scientific	fraud	are	increasing.	These	cases	have	seriously	impacted	trust	among	researchers,	trust	in	the	peer	
review	processes	of	proposals	and	manuscripts,	and,	more	importantly,	society’s	trust	in	the	scientific	communi-
ty, the knowledge generated and its application.  The goal of the majority of scientist, among many others, is to 
contribute to knowledge, to understand diseases or to solve problems. However, most of the researchers rarely 
consider the possible negative impacts or dual uses of their results. In addition, sometimes researchers make 
bad	decisions	in	front	of	difficulties,	when	offered	questionable	ways	to	achieve	certain	personal	goals,	affecting	
credibility	in	scientific	endeavors.	Thus,	despite	the	progress	made	by	some	countries	in	integrity	matters	and	the	
Singapore	Statement	on	Research	Integrity,	there	is	an	important	need	for	mechanisms	to	generate	confidence	in	
the	integrity	of	the	whole	research	process.	Moreover,	there	is	also	a	need	to	generate	awareness	in	the	scientific	
community	and	reach	agreement	on	the	significance	of	shared	values	in	science	and	what	researcher’s	integrity	
means. Finally, there is a need to review the way in which the success of a researcher and a research institution is 
evaluated, to avoid inappropriate ways of achieving goals.
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F28-1258

Designing Out Toxicity from Commercial Chemicals

David Laviska* 1

1 American Chemical Society Green Chemistry Institute, United States

The	growing	concern	over	human	and	ecotoxicity	of	commercial	chemicals	has	prompted	a	concerted	effort	to	
develop next-generation in silico tools for prediction of chemical hazards. However, to overcome challenges that 
besiege current QSAR methods, it is necessary to develop models that build concurrently on latest advances in 
mechanistic toxicology and computational chemistry. Progress has been made toward the development of state-
of-the-art in silico methods for endpoints such as acute and chronic aquatic toxicity, skin sensitization, and car-
cinogenicity.	However,	in	silico	predictive	tools	are	not	sufficient	for	preventing	commercialization	of	chemicals	
that exhibit unintended biological activity. Chemists also need to have methods for estimating hazard associated 
with the complexity of chemical reactions and mixtures. 
In this session, we will explore available in silico predictive tools, recognizing that the ultimate vision for protect-
ing people and ecosystems from unintended biological hazards of commercial chemicals includes the strategic, 
systematic design of chemicals with minimal toxicity. This holistic approach to the design of chemicals goes well
beyond basic toxicity prediction. Therefore, we will also discuss design guidelines based on physicochemical 
properties and reactivity indices that identify chemicals most likely to meet a threshold of safety. A more rigorous 
computational approach is in development that applies approaches similar to those used in computational drug 
design to identify chemical structures that represent functional commercial chemicals having minimal risk of 
hazard for particular endpoints. 
Any help you can provide will be appreciated. Thank you!
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F28-1098

Balancing Benefits and Risks of Dual-Purpose Chemicals in Conflict and 
Political Violence: Africa Region Dilemma [INV]

Oluseun Popoola* 1

1 Yaba College of Technology, Nigeria

A dual-purpose chemical is any chemical that has legitimate peaceful use which may also be used to produce 
chemicals that have the potential for mass destruction to human life, environment and properties. The use of 
dual-purpose	chemicals	in	conflict	and	political	violence	is	a	serious	human	rights	violation	and	an	increasing	
societal	menace.	These	chemicals	can	be	used	to	produce	a	variety	of	beneficial	compounds,	pesticides,	fertil-
izers, and pharmaceuticals. As the availability of these chemicals increases, so too does the risk of their being 
used for malicious purposes. In Africa, the easy access to these chemicals and the weak regulatory systems make 
them	a	target	for	misuse	in	conflict,	domestic	accidents,	 insurgencies,	political	violence	and	acts	of	terrorism.	
The challenges of regulating the trade, transportation, and storage of dual-purpose chemicals together with the 
negative consequences on human security, public health and the environment is explored.  The threat posed by 
dual-purpose chemicals is real, there is need for a better understanding of the ethical implications of dual use 
chemicals and how it can best be addressed so as to protect our communities from harm.

F28 FOCUS SESSION 28: Make the Good Choice! Ethics and Dual Use in Chemistry



FOCUS SESSIONS

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  43

20-25 AUGUST 2023

F31-1061

Electronic structure, chirality and spin splitting in layered perovskites from 
first principles [INV]

Volker Blum* 1

1 Duke University, United States

Hybrid perovskites have seen a meteoric rise as novel, tunable multifunctional semiconductors over the past 
decade.	Initially	fueled	by	the	recognition	that	three-dimensional	hybrid	perovskites	can	serve	as	efficient	pho-
tovoltaic absorbers, the scope of interest has now broadened to include optical properties, spin properties and 
chiroptical	properties.	The	majority	of	this	talk	focuses	on	first-principles	predictions	of	perovskites	that	include	
chiral organic functionality and, as a consequence, structurally mediated and tunable inversion symmetry break-
ing	in	the	inorganic	component	of	a	hybrid	perovskite.	We	demonstrate	a	that	a	simple	bond	angle	difference	in	
layered perovskites can serve as a predictor of relativistic spin splitting in the conduction bands of lead-based 
perovskites; the asymmetry, in turn, gives rise to chiroptical properties of absorption and emission properties. 
We show that similar structural mechanisms of inversion symmetry breaking can be active in perovskite nanodots 
and nanoplatelets. We also demonstrate the dopability of lead-based layered hybrid perovskites by substituting 
Pb with Bi (expected n-doped) and Sn (expected p-doped through interaction with oxidizing defects such as Pb 
vacancies), using hybrid density functional theory simulations with system sizes up to 3,383 atoms that allow us 
to directly locate the defect induced levels in doped perovskite models. Finally, we show how electron-phonon 
coupling can mediate laser-induced coherent charge transfer between the organic and inorganic components of 
a layered perovskite if the organic and inorganic valence band maxima of the material are suitably aligned. This 
work would not be possible without the very large community involved in the continued development of the FHI-
aims all-electron electronic structure code (https://fhi-aims.org), the NSF-funded ELSI infrastructure (NSF Award 
No. ACI-1450280) and without the ingenuity of numerous experimental and theory-oriented collaborators in the 
US DOE funded Energy Frontier Research Center CHOISE and in the NSF-funded HybriD3 project (NSF Award No. 
DMR-1729297).
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F31-1092

Chemical mapping of electrons and excitons in metal-halide perovskites 
[INV]

Linn Leppert* 1

1 University of Twente, The Netherlands

Metal-halide perovskites have been explored for a wide range of applications, most notably photovoltaics, sens-
ing and lighting. The properties of this class of semiconductors with great chemical and structural diversity can 
be	tailored	for	specific	applications	by	tuning	their	photophysics	through,	e.g.,	chemical	substitution	and	dimen-
sional	reduction.	Here,	I	will	show	how	we	use	first-principles	techniques	such	as	density	functional	theory	(DFT)	
and Green’s function-based many-body perturbation theory to gain an atomistic understanding of their elec-
tronic and excited state structure and provide design rules for bespoke material properties. I will focus on two 
classes of heterogeneous perovskites: 1. Halide double perovskites, which feature highly tunable band structures 
dominated	by	contributions	from	two	different	metals	sites	[1,	2].	We	unravel	the	atomistic	origin	of	the	strongly	
material-dependent optoelectronic properties of these semiconductors, in particular their excitons with binding 
energies varying by several orders of magnitude, which are ill-described by canonical models – a consequence of 
their chemical heterogeneity [3, 4]. 2. Quasi-twodimensional (2D) halide perovskites, incorporate large organic 
molecules such as butylammonium (BA) or phenylethylammonium (PEA) and can be thought of as layered deriv-
atives	of	their	3D	congeners.	Excitons	in	these	materials	are	governed	by	confinement	effects	[5].	However,	their	
thermal and electronic properties are a result of static and dynamic distortions arising from an interplay between 
organic and inorganic layers [6, 7], which we show by using DFT and molecular dynamics simulations with ma-
chine-learned	force-fields,	supported	by	photoemission,	Raman	spectroscopy	and	thermal	measurements.

References
[1] M. Wolf, B. Connor, A. Slavney, H. Karunadasa, Ang. Chem. Int. Ed. 2021, 60, 16264.
[2] A. Slavney, B. Connor, L. Leppert, H. Karunadasa, Chem. Sci. 2019, 10, 11041.
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F31-1075

Tuning the properties of complex oxides – from bulk to interface [INV]

Emilia Olsson* 1

1 Advanced Research Center For Nanolithography, The Netherlands

From energy materials to semiconductor device applications, the performance is dominated by defect, surface, 
and	interface	effects,	and	often	a	combination	of	all	three	depending	on	the	application	of	interest.	In	this	talk,	
I will present the state-of-the-art modelling approaches including density functional theory and molecular dy-
namics, and their inherent limitations in context of complex oxide materials. These are then combined to give a 
computational materials design framework which is then applied, to characterize, derive a merit framework and 
finally	optimize	for	the	desired	application.	Here,	focus	will	be	on	how	we	can	use	our	computational	materials	
design framework to tune the properties of complex oxides from the atomic scale to design higher performing 
devices.	Specific	examples	will	be	given	in	context	of	oxide	perovskites	and	beyond.
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F32/34-1163

Supramolecular Chemistry in Living Systems [INV]

Tanja Weil* 1

1 Max Planck Insititute For Polymer Research, Germany

Wouldn’t it be amazing if we could design soft biomaterials that actively integrate into cells or tissues and stim-
ulate cellular responses? Can we imagine dynamic nanomaterials that instruct cells to grow, proliferate or induce 
apoptosis? Could we “learn the language of cells and integrate reaction networks to achieve communicating 
biomaterials?	In	my	presentation,	I	will	first	discuss	the	controlled	synthesis	of	peptide	nanostructures	through	
peptide cascade reactions in living cells1-3. I will then highlight the importance of computational approaches 
and	screening	for	the	identification	and	optimization	of	bioactive	peptide	nanostructures	that	stimulate	neuron	
outgrowth or enrich virions at the cell membrane, which is attractive for applications in regenerative medicine 
and gene therapy.4-5  Our goal is to synthesize functional peptide biomaterials that exhibit many of the proper-
ties of living matter so that they can integrate and communicate with living systems to provide new avenues for 
medical challenges.
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F32/34-1112

Engineering supramolecular polymer hydrogels into synthetic extracellular 
matrices [INV]

Patricia Dankers* 1

1 Eindhoven University of Technology, The Netherlands

The extracellular matrix (ECM) is a complex, hierarchical assembly of various molecules held together via both 
covalent and noncovalent interactions. In order to make materials with comparable properties it is proposed that 
supramolecular hydrogels based on hydrogen bonding units are eminently suitable. An important challenge in 
the synthesis and formulation of a synthetic ECM, is besides the balance between dynamics and robustness, the 
introduction of complexity. This complexity might originate from hierarchical structures formed by assembly of 
our supramolecular monomers, or from bioactive molecules co-assembled with these monomers.1 Both parame-
ters	will	heavily	influence	the	function	of	the	materials	when	brought	into	contact	with	cells.	The	bioactive	func-
tion in our supramolecular hydrogels is based on small synthetic peptides, large ECM proteins, or carbohydrates. 
Here we show how to engineer these supramolecular polymer hydrogels into synthetic ECM matrices for the 
culture	of	cells	and	organoids.	Importantly,	we	fundamentally	study	the	effect	of	dynamic	ligand	presentation1	
and	effective	ligand	concentration2	on	cells	and	its	role	in	controlling	cell	behavior.

[1]   M. Diba et al, Advanced Materials (2021), 10.1002/adma.202008111
[2]   L. Rijns et al, Advanced Materials (2023), 10.1002/adma.202300873
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F32/34-1086

Bio-Inspired Materials through Supramolecular Design [INV]

Matthew Webber* 1

1 University of Notre Dame, United States

Nature abounds with examples of elegant structures and functions, often achieved by leveraging equilibrium-gov-
erned recognition motifs. These natural systems inspire the preparation of synthetic analogues with diverse 
function, to include uses as biomaterials and drug delivery devices. The nanoarchitecture of biological materials 
can arise from precisely engineering molecular-scale interactions, as well as through active perturbation of ther-
modynamic parameters to modulate the free energy landscape governing material formation. Such phenomena 
inspire the design of functional materials with precise nanoscale organization, as well as the use of stabilizing or 
destabilizing stimuli to realize responsive therapeutic function on demand. In this way, our lab has sought sys-
tems that adjust the state of associative interactions in response to biologically relevant triggers, such as glucose, 
in order to deliver therapeutics and address disease in real time with actively sensing material platforms. Nature 
similarly	 achieves	 remarkable	 function	 through	high-affinity	non-covalent	 recognition,	with	 interactions	 such	
as biotin–avidin and antibody–antigen proving especially useful in facilitating recognition in a complex milieu. 
Host–guest	supramolecular	recognition	offers	a	synthetic	mimic	of	such	affinity	motifs.	Tuning	molecular-scale	
affinity	affords	an	approach	to	control	the	bulk	dynamics	of	a	biomaterial,	which	translates	to	tunable	release	of	
encapsulated	payloads,	dictates	the	rate	of	cell	infiltration,	and	controls	the	timescale	of	material	clearance	in	
vivo.	Certain	of	these	host–guest	interactions	are	furthermore	able	to	achieve	affinities	sufficient	for	recognition	
in	complex	or	contaminated	environments,	and	offer	a	new	non-biological	axis	for	drug	homing	and	retention	at	
desired sites in the body.  As such, the ability to leverage non-covalent interactions from synthetic motifs enables 
aspects	of	natural	biological	materials	and	systems	to	be	replicated,	with	specific	functional	utility	in	the	delivery	
of therapeutics and creation of new biomaterials.
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F35-1099

Platforms for the intracellular generation and high-throughput screening of 
cyclic peptide libraries [INV]

Ali Tavassoli* 1

1 University of Southampton, United Kingdom

Microcycles are head-to-tail cyclic hexapeptides that hold much promise in drug discovery against the most chal-
lenging targets. Here, we will detail several platforms for the preparation of genetically encoded Microcycle librar-
ies	in	cells	and	in	microfluidic	droplets.	These	libraries	have	been	interfaced	with	a	number	of	high-throughput	
assays	for	the	direct	identification	of	functional	inhibitors	of	various	protein-protein	and	protein-DNA	interac-
tions,	including	several	first	in	class	compounds.	The	presentation	will	include	examples	in	which	Microcycle	hits	
from	these	screens	have	been	scaffold-hopped	into	small	moleculesas	a	first	step	towards	clinical	candidates.
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F35-1068

From Protein Structures to Bioactive Proteomimetics [INV]

Tom Grossmann* 1

1 Vrije Universiteit Amsterdam, The Netherlands

The	development	of	complex	molecular	scaffolds	with	defined	folding	properties	represents	a	central	challenge	
in	 chemical	 research.	 Proteins	 are	natural	 scaffolds	defined	by	a	hierarchy	of	 structural	 complexity	 and	have	
evolved to manifest unique functional characteristics e.g., molecular recognition capabilities that facilitate the 
binding	of	 target	molecules	with	high	affinity	and	 selectivity.	We	use	protein	 structures	as	 starting	point	 for	
the	design	of	bioactive	proteomimetics	by	introducing	non-natural	small	molecular	scaffolds.	For	that	purpose,	
minimal	interaction	motifs	within	a	protein	are	identified	to	develop	peptide-derived	molecules	that	allow	the	
targeting of therapeutically relevant proteins not addressable with small molecules. The lecture will highlight 
design principles and synthetic strategies that enable the conformational control of complex molecules and their 
delivery into living cells.
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F35-1127

Selection of natural-product-like macrocyclic peptides by phage display 
[INV]

Titia Rixt Oppewal* 1

1 University of Groningen, The Netherlands

Many potent, bioactive natural products are hybrid molecules. For example, α-amanitin or thiostrepton can be re-
garded as macrocyclic peptides (MPs) that are constructed around small-molecule cores. Produced by organisms 
to	gain	a	competitive	advantage,	such	hybrid	MPs	are	the	result	of	evolutionary	algorithms	that	fine-tuned	both	
the amino acid sequence as well as the post-translational processes that enable cyclization with non-peptidic 
moieties. Leveraging this type of chemogenetic optimization for drug discovery is desirable, yet challenging as 
synthetic	strategies	that	facilitate	peptide	diversification	and/or	macrocyclization	are	not	compatible	with	the	
biological selection platforms needed to identify binders from vast libraries.[1] To meet this challenge, we re-
cently	reported	a	peptide	cyclization	strategy	that	allows	for	the	incorporation	of	asymmetric	synthetic	scaffolds	
into	peptides	via	the	programmed	modification	of	a	unique	cysteine	residue	and	a	nearby	N-terminal	amine.	We	
showcased that our cyclization chemistry is compatible with the in vitro selection of peptides by phage-display, 
enabling us to identify nanomolar binders against a model-protein target.[2] With the prospect of seamlessly 
combining the favorable traits of small-molecule and peptide-based drugs, our strategies pave the way toward 
multifaceted	opportunities	for	ligand	diversification	in	drug	discovery.

[1] a) C. J. White, A. K. Yudin, Nat. Chem. 2011, 3, 509-524;
      b) C. Heinis, T. Rutherford, S. Freund, G. Winter, Nat. Chem. Biol. 2009. 5, 502-507;
     c) L. R. Malins, J. N. deGruyter, K. J. Robbins, P. M. Scola, M. D. Eastgate, et al., J. Am. Chem. Soc. 2017, 139, 
          5233- 5241;
      d) R. Derda, M. R. Jafari, Protein Pept. Lett. 2018, 25, 1051-1075.
[2] T. R. Oppewal, I. D. Jansen, J. Hekelaar, & C. Mayer, JACS. 2022, 8, 3644–3652.

F35 FOCUS SESSION 35: Toward the Next-Generation of Macrocyclic-Peptide 
Therapeutics



FOCUS SESSIONS

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  52

20-25 AUGUST 2023

F36-1165

Engineering nonviral protein cages for molecular delivery [INV]

Tom Edwardson* 1

1 ETH Zurich, Switzerland

Well-defined	containers	constructed	from	multiple	protein	subunits	are	a	unique	class	of	nanomaterial	relevant	
from the perspective of both supramolecular chemistry and biology. These protein cages are widespread in na-
ture, where they are responsible for a diversity of important tasks. As such, producing our own designer protein 
cages, complete with bespoke functionalities, is a promising avenue to new biotechnology and medicine. In this 
talk,	I’ll	describe	describe	how	an	artificial,	computationally	designed	protein	cage,	can	be	rationally	engineered	
using supramolecular intuition to produce new functional capsules. Exploiting electrostatically-driven self-as-
sembly,	positive	supercharging	of	the	interior	cavity	of	this	porous	protein	cage	enables	the	efficient	encapsula-
tion of oligonucleotides. Moreover, these cargo-loaded cages enter mammalian cells and disperse their function-
al siRNA cargo to modulate gene expression. To expand the cargo scope of this proteinaceous container, a higher 
level	of	supramolecular	complexity	is	introduced.	Encapsulation	of	anionic	surfactants	affords	protein-scaffold-
ed micelles, which are capable of sequestering poorly water soluble small molecules within their hydropho-
bic	cores.	Further	development	of	these	genetically-encoded	materials	is	ongoing	towards	specific	applications	
ranging from cell biology to new therapies.
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F36-1143

Design and Engineering of Protein-Based Membranes and Architectures: 
The Versatile Bacterial Microcompartment Shell [INV]

Cheryl Kerfeld* 1

1 Msu and Lbnl, United States

Bacterial microcompartments (BMCs), are widespread among Bacteria; they are multienzyme-containing protein-
aceous organelles bounded by a selectively permeable protein shell [1]. One example, the carboxysome is a 
self-assembling	metabolic	module	for	CO2	fixation	found	in	all	cyanobacteria.		Because	carboxysomes	and	other	
BMCs function to organize reactions that require special conditions for optimization, including the sequestration 
of substrates, cofactors, or toxic intermediates and the protection of oxygen sensitive enzymes, they have re-
ceived considerable attention as templates for synthetic nanoreactors in bioengineering and as metabolic mod-
ules	for	programming	synthetic	microbial	consortia.		In	a	recent	survey	of	sequence	databases	[2,3]	we	identified	
more 7000 BMC loci, across 45 bacterial phyla, that cluster into 68 BMC types or subtypes, including 29 new 
functional BMC types or subtypes. Understanding their natural functions and diversity reveals new paradigms 
in the range of reactions, catalyzed within a structurally conserved shell composed of modular building blocks. 
Efforts	in	repurposing	BMCs	shells	for	diverse	applications	will	be	described.

[1]	Kerfeld,	C.A.,	Aussignargues,	C.,	Zarzycki,	J.,	Cai,	F.,	Sutter,	M.		Bacterial	Microcompartments.		Nature	Reviews	
Microbiology 16(5):277-290, 2018. 
[2] Sutter, M., Melnicki, M.R., Schulz, F., Woyke, T. and Kerfeld, C. A. A Catalog of the Diversity and Ubiquity of Met-
abolic Organelles in Bacteria. Nature Communications 12(1):3809, 2021.
[3] Sutter, M. and Kerfeld C.A. BMC Caller: Bacterial microcompartment type determination, protein analysis and 
locus database.  Biology Direct 17: 9, 2022.
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F36-1148

Triggerable morphology change of engineered lumazine synthase 
compartments [INV]

Yusuke Azuma* 1

1 Jagiellonian University, Poland

Protein cages, hollow nanoparticles formed by multiple copies of self-assembling proteins, are useful molecular 
containers for diverse applications in biotechnology and medicine. In such systems, those possessing triggerable 
assembly-disassembly characteristics are particularly attractive platforms, allowing encapsulation and release 
of target guest molecules at arbitrary timing and location. However, naturally occurring protein cages are typi-
cally very stable, and their disassembly requires harsh conditions that often lead to inactivation of cargo mole-
cules. We here present that assembly control under mild conditions can be achieved through reengineering of a 
cage-forming lumazine synthase from Aquifex aeolicus, AaLS. While the wildtype protein forms regular, dodeca-
hedral assemblies composed of 12 copies of the pentameric subunits, it has been shown that a circularly permut-
ed variant of AaLS, called cpAaLS, self-assembles into a variety of spherical and tubular structures (Azuma et al. J. 
Am. Chem. Soc. 2018). We investigated this variant further and found that the assembly and morphology highly 
depend on pH and ionic strength. This assembly control allowed us to solve the structure individually using 
cryoEM single particle/helical reconstruction, revealing the molecular mechanisms of the conformation changes 
as well as establishing a geometrical theory underlying these unusual assemblies. Such structural knowledge 
of triggerable assemblies provides useful blueprints for the future design of proteinaceous compartments with 
tailored open-close characteristics.
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F39-1064

The Pauli-Repulsion Lowering Concept in Catalysis [INV]

Israel Fernandez* 1

1 Universidad Complutense De Madrid, Spain

In this talk, we will summarize our recently proposed “Pauli-repulsion lowering” concept as a novel physical 
mechanism governing the catalysis in fundamental processes in organic chemistry.
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F39-0919

Computationally led design of organocatalysts [INV]

Cristina Trujillo* 1

1 The University of Manchester, United Kingdom

Organocatalysis remains one of the most challenging topics in contemporary organic chemistry. While the sym-
metric	 and	 asymmetric	 organocatalysis	 fields	 are	 currently	 growing	 exponentially,	 an	 understanding	 of	 the	
mechanistic details involved in most of these reactions has often lagged far behind the pace of catalyst develop-
ment, which retards catalyst design.   However, over the last two decades, computational methods have become 
a	cost-effective	treatment	of	large	chemical	systems	with	reasonable	accuracy	not	only	to	provide	a	rationale	
for the experimental outcome, but more importantly, to predict catalytic behaviour. Thus in silico catalyst design 
has	become	a	“pot	of	gold”	within	the	field	of	computational	chemistry.			In	this	talk,	a	theoretical	study	on	the	
computationally led design of catalysts in asymmetric organocatalysis will be presented. The delicate balance 
between steric and attractive Non-Covalent Interactions (NCIs), as the main controlling factors in organocatalysis, 
will be examined.
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F39-0920

Guided discovery of chemical reaction pathways [INV]

Robert Pollice* 1

1 University of Groningen, Groningen, The Netherlands

Computational power and quantum chemistry methods have improved tremendously in the last decades, but de 
novo prediction of chemical reactions has remained challenging. In this work, we show that complex reactions 
and their transition structures can be discovered in an automated manner using chemical activation imposed by 
simple geometrical constraints like stretching chemical bonds. Our approach, termed imposed activation (IACTA), 
is demonstrated on a variety of realistic and complex chemical reactions, such as a triple cyclization cascade in-
volved in a natural product total synthesis and a series of oxidative addition reactions of complex drug-like mol-
ecules.	In	contrast	to	traditional	hand-guided	computational	chemistry	workflows,	our	method	requires	minimal	
human involvement and no prior knowledge of the products or the associated mechanisms. It merely requires 
human input about reactive internal coordinates, like reactive chemical bonds. We believe that imposed activa-
tion can be a transformational tool to explore chemical reactivity, mechanisms, and decomposition processes 
systematically.

Illustration of the imposed activation (IACTA) workflow.
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F40-1109

Zero waste chemical transformations driven by light [INV]

Burkhard Koenig* 1

1 University of Regensburg, Germany

Current chemical production mainly relies on fossil carbon sources and is often energy intensive. The decou-
pling of chemical industry growth from carbon dioxide emissions and resource depletion, requires, among other 
changes, new processes that allow value creating transformations with complete atom economy and low energy 
consumption. The use of light as an alternative energy input to thermal reactions opens opportunities for new re-
action pathways including energy uphill endothermic reactions. The lecture will discuss, how such reactions may 
contribute to a more sustainable chemical production and what challenges need to be addressed for a broader 
use.
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F40-1166

Conversion of CO2 and Biomass into Chemicals and Fuels [INV]

Buxing Han* 1

1 Institute of Chemistry, Chinese Academy of Sciences, China

Carbon dioxide (CO2) is the main greenhouse gas, and it is also a renewable, abundant, and cheap C1 feedstock. 
Biomass is abundant renewable carbon resource. Use of biomass and CO2 as carbon source to produce fuels and 
value-added chemicals is of great importance for the sustainable development of our society. In recent years, we 
are very interested in catalytic conversion CO2 and biomass. In this presentation, I would like to discuss some of 
the recent results in our group on design of green catalysts and their application in conversion of CO2 and bio-
mass into valuable chemicals and fuels.
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F42-1067

Targeting DNA nanostructures to cells [INV]

Kurt Gothelf* 1

1 iNANO, Aarhus University, Denmark

DNA nanostructures are emerging as a versatile and programmable tool for applications in drug delivery. The 
precise	targeting	of	these	nanostructures	to	specific	cells	is	crucial	for	their	successful	implementation.	However,	
DNA nanostructures are challenged by low stability under physiological conditions. This issue can be circum-
vented	by	applying	modified	oligonucleotides.	 In	 this	presentation,	a	new	method	for	dual	antibody-directed	
enzyme prodrug therapy (DuADEPT) will be introduced. In another project DNA origami has been protected with 
a	positively	charged	disulfide	polymer	and	functionalized	with	antibodies	for	targeted	delivery	to	cells	that	over-
express	the	cancer-specific	HER2	receptor.	In	extension	of	this	project,	we	have	developed	a	DNA	origami	needle	
capable of penetrating targeted cells and delivering a cargo through the membrane.
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F42-1234

DNA nanotechnology for nanoscale control of biomimetics

Cees Dekker* 1

1 Delft University of Technology, The Netherlands

DNA nanotechnology such as DNA origami folding techniques has provided fascinating structures.  
offers	fantastic	opportunities	to	contribute	to	biology.	I	will	present	some	recent	examples	from	my	lab	where	
nanotech single-molecule tools are used to unravel the biology of cells down to the single-molecule level.
1.	A	DNA	origami	turbine	powered	by	nanoscale	flow	[1]
We	recently	built	artificial	nanoscale	turbines.	We	demonstrated	driven	rotary	motion	of	a	nanoscale	DNA	origa-
mi	turbine	which	harnessed	energy	from	a	water	flow	generated	by	a	static	chemical	or	electrical	potential	gra-
dient in a solid-state nanopore. The origami nanoturbine consisted of a 6-helix DNA bundle that adopted a chiral 
conformation upon phoretic docking onto the nanopore and subsequently displayed a sustained unidirectional 
rotary	motion	of	up	 to	20	 revolutions/s.	These	artificial	nano-engines	operate	autonomously	 in	physiological	
conditions, converting energy into useful mechanical work. 
2. Studying import through the nuclear pore complex using a biomimetic approach [2]
Nuclear Pore Complexes (NPCs) regulate all transport between the nucleus and the cytoplasm. Intrinsically dis-
ordered FG-Nups line the NPC lumen and form a selective barrier, where transport of most proteins is inhibited 
whereas	specific	transporter	proteins	can	freely	pass.	The	mechanism	underlying	this	selective	transport	through	
the NPC is still incompletely understood. We reconstitute the NPC bottom-up by attaching FG-Nups to solid-state 
nanopores and studying NPC structure and nuclear transport at the single-molecule level using ion current mea-
surements,	 zero	mode	waveguides,	DNA	origami	scaffolds,	and	cryo-EM.	These	biomimetic	NPCs	are	 found	 to	
exhibit	selective	behavior.	Using	rationally	designed	artificial	FG-Nups	that	mimic	natural	Nups,	we	show	that	
simple design rules can recapitulate the selective import behavior of native FG-Nups. 
3.	Towards	building	an	artificial	nucleus	[3]
Finally,	we	aim	to	build	an	‘artificial	nucleus’	where	we	insert	DNA	origami	rings	with	an	inner	diameter	of	30-50	
nm into the membrane of a giant unilamellar vesicle, to which FG-Nups can be attached, thus mimicking the NPCs.  

References:
[1]	X.	Shi	et	al,	Nature	Physics	18,	1105	(2022);	X.	Shi	et	al,	under	review.	
[2] Fragasso et al, Nature Comm. 12, 2010 (2021); Klughammer et al, BioRxiv (2023)
[3] Ketterer et al, Nature Comm. 9, 902 (2018); Ananth, et al, eLife 7 e31510 (2018); Fragasso et al, ACS Nano 15, 
12768 (2021).
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F42-1206

Protein-DNA biomolecular switches for molecular sensing and actuation 
[INV]

Maarten Merkx* 1

1 Eindhoven University of Technology, The Netherlands

DNA has emerged as a highly versatile construction material for nanometer-sized structures and sophisticat-
ed	molecular	machines	and	circuits.	Moreover,	DNA/RNA-based	molecular	circuits	offer	the	exciting	possibility	
to introduce autonomous signal processing in biomedicine and molecular diagnostics. In our work we develop 
protein-DNA biomolecular switches and networks that combine the programmability of DNA with the excellent 
molecular recognition properties of antibodies and other proteins. The successful construction of such complex 
biomolecular	nanoswitches	requires	the	development	of	efficient	and	chemoselective	conjugation	and	purifica-
tion methods. In recent years we developed several strategies using bivalent peptide-DNA ligands to make acti-
vatable	antibodies,	antibodies	whose	binding	activity	is	only	restored	in	the	presence	of	a	specific	molecular	cue	
such as protease activity, light or pH. A particular achievement was the development of programmable bivalent 
peptide–DNA	locks	for	pH-based	control	of	antibody	activity	that	allowed	pH	specific	detection	of	tumor	cells.	In	
addition, we also introduced Antibody-Templated Strand Exchange (ATSE) as a generic method to control DNA-
based molecular circuits using antibody inputs and pioneered the use of supramolecular polymers as dynamic 
platforms for DNA-based molecular computing. Finally, I’ll introduce antibody-DNA nanoswitches that undergo 
large conformational changes for detection using single-molecule detection technologies.
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F44-1164

Dynamical molecular systems based on photoswitches [INV]

Bart Jan Ravoo* 1

1 University of Münster, Germany

Brain-inspired computing will require dynamical molecular systems that respond to external stimuli. In my talk I 
will focus on the potential role of molecular photoswitches in the context of dynamical supramolecular materials 
that can be manipulated with light. Molecular photoswitches have two or more isomers that can be intercon-
verted by irradiation with UV and/or visible light. Molecular design enables the development of photoswitches 
with	tuneable	absorption,	efficiency	of	switching,	and	rate	of	switching.	However,	the	integration	of	molecular	
switches in dynamical materials is a complex challenge. I will present various examples of nanomaterials with 
embedded	photoswitches	than	can	be	manipulated	with	light.	I	will	also	report	on	first	results	regarding	optical	
neural networks and nanoparticle networks with dynamical molecular junctions.

Reference:
Kaspar, C.; Ravoo, B.J.; van der Wiel, W.G.; Wegner, S.V.; Pernice, W.H.P. The rise of intelligent matter. Nature 2021, 
594, 345–355.
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F44-1096

Dynamic Liquid Metal Oscillators for Neuromorphic Computing [INV]

Saurabh Soni* 1

1 University of Twente, The Netherlands

Neural	oscillations	are	rhythmic	patterns	known	as	‘brain	waves’,	generated	by	either	firing	single	neurons	over	
time or interaction between neural ensembles. Neural oscillations underpin information processing, wherein, the 
interaction	and	coupling	of	neurons	at	different	frequencies	are	crucial	in	high-level	cognitive	functions.	One	ap-
proach  for neuromorphic computations is to use materials with non-linear dynamics to emulate neural systems 
and mammalian brains, which operate on oscillatory signals. Oscillatory neural networks (ONNs) are barely ex-
plored and usually require complex fabrication techniques, such as superconducting Josephson junctions, spin-
torque nano-oscillators, and oxide-based oscillators , or the oscillators that are big and cannot be incorporated in 
miniature computing devices . Here, we report a simple yet intelligent adaptive system that readily transits be-
tween oscillations, giving rise to spikes in both periodic and chaotic regimes  . This is achieved by using oscillat-
ing liquid-metal droplets that are driven by  the applied bias voltage, allowing control over second and third order 
operating modes in one droplet oscillator. Through competition between Marangoni and electrostatic forces,  the 
spiking and oscillatory current response of the liquid metal droplets is measured in combination with high-speed 
imaging, with the aim to create neural networks that can perform tasks such as audio and image recognition.
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F44-1156

Programmable out-of-equilibrium Autocatalytic Chemical Reaction Network 
performs computation [INV]

Dmitrii Kriukov* 1

1 University of Twente, The Netherlands

Scientists inspired by living matter study the emergent behavior of complex chemical systems in search of op-
portunities to perform computation on unconventional substrates. Dynamic response of chemical dissipative 
structures on external perturbation with chemically encoded information is a promising way to achieve life-like 
computation with chemistry. Systems that contain autocatalysis can form such dissipative structures out of equi-
librium. Our research focuses on the rational design of an out-of-equilibrium autocatalytic chemical reaction 
network (CRN) to uncover the computational abilities of chemical systems. We use trypsinogen autocatalysis as a 
self-sustaining	core	for	the	CRN,	trypsin	inhibitor,	and	various	metal	ions	that	affect	the	autocatalytic	step’s	rate	
differently.	We	keep	the	CRN	out	of	equilibrium	by	continuously	flowing	reactants	through	a	stirred	reactor.	We	
show the bistable and history-dependent behavior of the CRN by implementing precise control over concentra-
tions	of	reagents	that	enter	the	flow	reactor.	We	examine	the	surprising	effects	of	inhibition	sweeps	on	bistable	
switching between thermodynamic and kinetic steady states of autocatalysis. We show how the competition be-
tween	autocatalysis	and	inhibition	in	flow	provides	the	basic	parameters	for	control	of	the	bistability.	This	control	
enables sophisticated analog signal processing of continuous inhibitory perturbation. By introducing metal ions 
that modulate reaction rate linearly and nonlinearly, we achieve Boolean processing of chemical input within the 
CRN.	Logical	operations	such	as	XOR,	AND,	OR,	NOR,	and	NAND	can	be	transformed	from	one	to	another	on	the	
fly	by	adjusting	the	flow	rate	or	input	values.	This	extended	CRN	can	also	programmable	filter	inhibitory	pertur-
bation like a Schmitt trigger, transforming the continuous signal into a discrete. Through experimental validation 
and	simulations,	we	demonstrate	the	effectiveness	of	our	design	strategies	for	harnessing	the	inherent	dynamics	
of autocatalytic chemical systems for unconventional computation.
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F44-1071

Molecular information processing in self‐organizing dynamic networks [INV]

Peter Korevaar* 1

1 Radboud University Nijmegen, The Netherlands

Living matter is entirely driven by chemistry, which computes information encoded at the molecular level via 
chemical input-output cascades into the emergence of structure. In synthetic matter, such information process-
ing opens fundamentally new modes of material-based function. Chemistry-based systems that directly inter-
act with molecular input signals and self-organize, in analogy to living matter, will enable intelligent matter to 
operate in contexts that are inaccessible to traditional electronics (which is typically based on solid rather than 
soft,	dynamic	and	rearranging	matter).			In	our	research	group	–	starting	off	with	our	experience	in	supramolec-
ular and physical chemistry – we aim at building an experimental system that spontaneously organizes into an 
interconnected network of self-assembled wires. We aim at information processing through these dynamic wires 
that “guide” molecular inputs along adaptive pathways amongst sender and receiver agents. Using chemical 
reactions, molecular assembly and (physico)-chemical principles as the building blocks, we establish non-linear 
feedback loops in the self-organizing network.   Ultimately, we aim to exploit our system in chemical reservoir 
computing, where multidimensional chemical input signals are directly processed into distinct network patterns. 
Additionally, we are targeting at using the emerging connections in the network as weight factors in neuromor-
phic devices.
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F46-1105

Blurred Boundaries and List-Less Challenges in Countering Chemical Threats 
[INV]

Jonathan Forman* 1

1 Pacific Northwest National Laboratory, United States

Regulatory and oversight frameworks for chemicals, and especially for chemical security purposes, commonly 
rely on lists of individual substances of concern for monitoring and controls. Implementation based on lists, 
however,	is	fraught	with	complications	and	challenged	by	an	infinite	universe	of	existing	and	yet	to	be	discovered	
chemical substances, concentration dependent chemical hazards, and a reality that no list of chemical threat 
agents	can	ever	be	comprehensive	or	complete.	Further	challenging	efforts	at	controlling	weaponizable	chemi-
cals is the widespread availability of precursors for multitudes of hazardous compounds. While there has been 
great success in the development and adoption of capabilities to detect and respond to classes of chemicals with 
known weaponization potential, chemicals not found on control lists and/or deployed as weapons in non-tradi-
tional	ways	presents	a	significant	concern.	Proliferators	have	diverse	options	to	disseminate	new	types	of	toxic	
substances, and the anonymity and the speed with which chemical structures that fall outside of established 
regulatory control listings and control oversight measures can be obtained. This new reality exposes an urgent 
need for decision makers to have access to technical tools and approaches that fundamentally change how they 
think	about,	respond	to,	and	mitigate	the	effects	of	weaponized	chemicals.	These	needs	include	enhanced	ca-
pabilities and threat agnostic approaches to generate answers that allow real-time decision making. Innovative 
and enabling approaches are being realized by blending advanced statistics, machine learning, computational 
chemistry, and measurements with observable and presumptive signatures of chemical threat agent presence 
and exposure. This presentation will highlight challenges faced in countering chemical threats and where the use 
of observable signatures and standards-free approaches provide opportunities to overcome adversity, including 
the development of methods for identifying unknown chemicals from mass spectra that take inspiration from 
approaches used in metabolomics.
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F46-0929

Degradation and Detection of Toxic Organophosphates: Targeted 
Functionalization, Versatile/Sustainable Catalysts and Prompt Colorimetric 
Triggers [INV]

Elisa Orth* 1

1 Federal University of Paraná, Brazil

The organophosphates are a class of substance of alarmingly concern since they constitute many agrochemi-
cals	and	chemical	warfare.	Hence,	it	has	been	of	great	interest	to	develop	efficient	methods	for	alerting	attacks,	
monitoring misuse and overall neutralizing undesired stocks. Our group has been focused in: (i) selective and 
fast neutralization processes; (ii) catalysts-by-design derived from nanomaterials, biopolymers and sustainable 
sources (rice husk and shrimp shell, etc); (iii) scavengers and neutralizing gels and (iv) portable and colorimetric 
detectors.	Several	pesticides	(>	5)	and	a	Tabun	simulant	have	been	efficiently	neutralized	with	a	myriad	of	over	
30 catalysts (homogeneous and heterogeneous). Mechanistic studies and structure-reactivity relationships have 
shown to be valuable tools for modulating towards less toxic products. The functionalization “on demand” has 
also	been	pursued	on	various	scaffolds	under	mild	conditions	(aqueous,	neutral	pH,	ambient	condition)	anchor-
ing imidazoles, hydroxamates, amidoximes and thiols. The catalysts are able to act as neutralizing agents for 
organophosphates, accelerating the process to less than 1 day, that otherwise could take millions of years. The 
process guarantees less toxic products, is selective and recyclable. The bioinspired bifunctionalized nanocata-
lysts derived from graphene oxide showed that the highest degree of functionalization was not the best catalysts, 
attributed	 to	neighboring	effects.	 Some	nanocatalysts	were	also	used	as	 sensors	based	on	 surface	enhanced	
Raman spectroscopy and electrochemical responses. Rice husk functionalized with amidoxime presented a dual 
function: catalyst and scavenger. A neutralizing gel was also obtained derived from functionalized carboxymeth-
ylcellulose, promising for preventing cutaneous intoxication. Finally, portable detectors (led, paper, glass) have 
been developed based on a colorimetric signal triggered from a reaction (neutralization or derivatization), which 
has been successfully validated for some agrochemicals (Parathion, Paraoxon, Glyphosate and Acephate). In con-
clusion, chemical security and safety can be successfully accomplished for highly toxic compounds by combin-
ing	catalytic	degradation	and	efficient	detection.	The	key	point	is	surely	allying	sustainable	practices	with	the	
strategic	design	of	the	systems,	based	on	a	comprehensive	understanding	of	the	effect	of:	neighboring	groups,	
catalytic group, mechanism, support, medium, processability and optimal detection triggering.
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F46-1175

Meeting the modern challenges of chemical weapons [INV]

Peter Hotchkiss* 1

1 OPCW, The Netherlands

Developments	in	science	and	technology	continue	at	a	rapid	pace.	These	will	undoubtedly	benefit	society	but	
their impact on WMD development and proliferation, as well as on methods and approaches to counteract mis-
use, needs to be continually monitored and considered.
The Organisation for the Prohibition of Chemical Weapons (OPCW) was created to oversee the implementation 
of the provisions of the Chemical Weapons Convention (CWC) and to help rid the world of chemical weapons. 
The	Scientific	Advisory	Board	(SAB)	is	a	subsidiary	body	of	the	OPCW	that	enables	the	Director-General	to	render	
specialised advice in science and technology to States Parties to the Convention. The SAB is comprised of 25 
independent	experts	 from	OPCW	member	states.	The	SAB	continuously	monitors	 scientific	and	 technological	
advances	to	understand	both	their	potential	to	benefit	the	OPCW	and	the	CWC	as	well	as	potential	risks	they	may	
pose.
This	talk	will	outline	the	SAB’s	work	and	will	focus	on	some	current	scientific	considerations	of	the	Board.	Topics	
such	as	the	increased	influence	of	artificial	intelligence	and	machine	learning	in	the	chemical	sciences	and	ongo-
ing advances in delivery and dissemination technology will be discussed. Additionally, the Board’s work, via an 
ongoing Temporary Working Group, in providing advice related to biotoxin analysis will be highlighted.
Rapid	scientific	and	technical	advances	create	both	challenges	and	opportunities	to	reducing	risk	associated	with	
chemical weapons. Ongoing monitoring of these advances is crucial for proper implementation of the CWC and 
to	prevent	the	reemergence	of	chemical	weapons.	The	OPCW,	through	its	SAB,	is	able	to	effectively	consider	such	
advances,	allowing	it	to	remain	fit-for-purpose	in	its	efforts	to	help	in	ridding	the	world	of	chemical	weapons.
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F47-1076

Systems thinking for tertiary chemistry [INV]

Lynne Pilcher* 1

1 University of Pretoria, South Africa

The convergence of the output of the IUPAC 2017 project on Systems Thinking in Chemistry Education and a 
challenging	PhD	project	in	physical-organic	chemistry	highlighted	the	deficit	of	fully	reductionist	chemistry	edu-
cation and the need to introduce systems thinking in undergraduate teaching.  Systems thinking was introduced 
to	first-year	chemistry	using	the	topic	of	the	surfactant	linear	alkyl	benzene	sulfonate.	Two	three-hour	laboratory	
sessions	were	used	for	the	activity	first	in	a	pilot	study	with	230	students	and	later	for	the	large	first-year	science	
cohort of 950 students.  The chemical system drew on content such as a structural representation of organic 
compounds, the role of structure in intermolecular forces and the role of intermolecular forces in the emergent 
properties	of	surfactants,	e.g.	micelle	formation,	foaming	and	the	resultant	cleaning	effects	of	detergents.		The	
topic	was	useful	for	highlighting	the	idea	that	chemicals	have	benefits	for	humanity,	but	have	hazards	that	must	
be managed. The intervention emphasised the role of chemistry in working towards a more sustainable future.
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F47-1113

Incorporating societal challenges into teaching with system thinking [INV]

Seamus Delaney* 1

1 School of Education, Deakin University, Australia

Critical challenges facing society today and the possible solutions provided by chemical science are increas-
ingly being incorporated into school science and chemistry curricula globally. It should be acknowledged that 
this change is not necessarily happening in ‘core’ curriculum or is only presented in curriculum documents as 
‘engaging’ real-world contexts related to green chemistry and sustainable development, for teachers to embed 
into their chemistry teaching. Despite its contested inclusion in an already crowded curriculum, it is important 
because all students should feel empowered and able to contribute to vital societal decisions related to their un-
certain future in the Anthropocene.   The international chemistry education community has rallied around holistic 
approaches such as systems thinking, which leverage sustainable development-oriented contemporary science 
innovations to generate a self-sense of teacher and student agency towards addressing critical challenges facing 
society today. However, teaching and learning resources and available professional learning have not kept up 
with the rapid increases in innovation taking place in industry. As part of this focus session on systems thinking, 
this presentation describes some recent examples of schoolteacher professional learning programs focussed on 
supporting teachers to embed systems thinking-oriented activities into their classrooms. It will include present-
ing student and teacher perspectives of how systems thinking is being realised in the chemistry classroom, and 
reflecting	on	this,	what	supports	need	to	be	put	in	place	for	future	professional	learning	initiatives.
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Catalyzing change in chemistry education nationally and beyond [INV]

David Laviska* 1

1 American Chemical Society Green Chemistry Institute, United States

The theme of this Focus Session is systems thinking and as such, we are emphasizing the increasingly popular 
notion that taking a “broader view” of chemistry in the classroom will result in a more impactful learning expe-
rience for our students. There is ample evidence that moving away from a purely reductive approach to teaching 
fundamental chemistry concepts can enhance student engagement, comprehension, and the development of 
critical	thinking	skills.	However,	encouraging	widespread	change	in	pedagogical	methods	that	are	firmly	rooted	
in decades of tradition is a challenging prospect.  In my role at the American Chemical Society Green Chemistry 
Institute, I am working on several initiatives aimed at catalyzing changes in the way chemistry is taught in higher 
education. The breadth of our initiatives covers every type of post-secondary institution (small, large, private, 
public, 2-year, 4-year, undergraduate, graduate, etc.), and the challenges involved in facilitating multi-institution-
al	collaboration	and	change	are	significant.	In	this	talk,	I	will	share	my	perspectives	earned	through	more	than	a	
decade of teaching so-called “gateway courses” (general and organic chemistry) as well as more recent insights 
gained in my work for a national/international organization. As the leader of a project involving the incorpora-
tion	of	systems	thinking	in	the	chemistry	curriculum,	I	am	experiencing	the	benefits	and	obstacles	involved	in	
managing a team of around sixty educators representing a diverse array of institutions. I will summarize some 
lessons we’ve learned and comment on strategies to consider as we collectively move toward a more holistic, 
systems-based approach to chemistry education on a global scale.
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F52-1174

Interfaces engineering of thin film oxides for energy application [INV]

Nini Pryds* 1

1 Technical University of Denmark, Denmark

The wide range of fascinating properties observed in complex oxide continue to attract great interest such as fer-
ro-, piezo- and pyroelectricity. Several strategies have been employed to break the lattice symmetry and expand 
the	range	of	functionalities.	Here,	I	will	show	how	engineering	symmetry	breaking	offers	extraordinary	oppor-
tunities such as, the birth of conductivity in real-time during growth, stabilizing phases which are otherwise not 
stable using highly coherent interfaces and enhancing the
electromechanics with interfaces. The integration of dissimilar materials in heterostructures has long been a cor-
nerstone of modern materials science—seminal examples are 2D materials and van der Waals heterostructures. 
I	will	also	briefly	discuss	how	new	methods	enable	the	realization	of	ultrathin
freestanding	oxide	films	approaching	the	2D	limit.	This	collection	of	possibilities	offers	unique	opportunities	for	
a wide range of rich world and new functionality of complex oxide and their interfaces.
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F52-1149

High Entropy Perovskite Oxide Electrocatalysts [INV]

Christoph Baeumer* 1

1 University of Twente, The Netherlands

Perovskite oxides are attractive electrocatalysts to catalyze the oxygen evolution reaction (OER) because they 
allow tuning electronic and atomic structure through compositional variations. This allows catalyst design based 
on so-called descriptors that relate materials properties to binding energies of reaction intermediates and there-
fore to catalytic activity. In this talk I will highlight recent developments in the exploration of the vast compo-
sitional space for earth-abundant perovskite oxide electrocatalysts and discuss the growing understanding of 
surface	transformations	during	the	reaction.	In	both	cases,	 in	situ	or	operando	characterization	with	sufficient	
surface sensitivity are needed.  First, I will discuss how the multi-cation composition in so-called high entropy 
perovskite oxides (HEO) can maximize the catalytic activity. The HEO LaCr0.2Mn0.2Fe0.2Co0.2Ni0.2O3-δ out-
performs	all	of	its	parent	compounds	(single	TM-site	element	in	the	LaTMO3	perovskite).	X-ray	photoemission	
studies	reveal	a	synergistic	effect	of	simultaneous	oxidation	and	reduction	of	different	transition	metal	cations	
during adsorption of reaction intermediates. HEOs are thus found to be a highly attractive, earth-abundant new 
material class for high-activity OER electrocatalysts, possibly allowing OER activities beyond the theoretical scal-
ing limits of mono- or bimetallic oxides. Secondly, I will describe structural and chemical transformations of the 
outermost surface layer – i.e. the location of the active sites – during or preceding the electrocatalytic reaction. 
Using	the	example	of	LaNiO3	epitaxial	thin	films,	we	demonstrated	that	Ni-(001)-facets	are	approximately	twice	
as active for the OER as the La-(001)-facets. Using a suite of ex situ, in situ and operando spectroscopy tools, we 
found that the reason for the activity-enhancement lies in a surface transformation of the Ni-rich perovskite sur-
face towards a catalytically active Ni hydroxide-type surface, revealing the importance of phase transformations 
down to a single atomic layer.
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F52-1083

Digital control by ALD of CoxNi1-xOy as OER-electrocatalyst [INV]

Renee van Limpt* 1

1 Eindhoven University of Technology, The Netherlands

The	development	of	 cost-effective,	 earth-abundant	OER	electrocatalyst	 alternatives	 to	 noble	metal	 oxides	 in	
anion exchange membrane water electrolysis relies on of the understanding and improvement of the intrinsic 
activity of complex ternary transition metal oxides[1]. Studies on fundamental aspects of these materials such 
as the chemical composition-activity relationship, require precise control over their chemical composition. This 
control can be provided by the self-limiting surface reaction-based nature of atomic layer deposition (ALD) due to 
its	ability	to	deposit	thin	films	with	excellent	uniformity,	reproducibility,	but	also	renown	to	provide	control	over	
thickness and chemical composition.
In	this	study,	a	plasma-enhanced	ALD	process	has	been	developed[2]	to	investigate	the	influence	of	chemical	
composition	and	crystallographic	properties	of	nickel-cobalt-oxide	thin	films	on	their	electrocatalytic	OER	per-
formance. An increasing Co at.-% was found to correlate with a transition from the +2 oxidation state- based 
rock-salt crystallographic structure (75 at.% Co). A linear increase in the Ni3+-to-Ni2+ ratio was observed for 
increasing Co at.-%. The presence of Ni3+ states was found to facilitate the transition from the poorly conduc-
tive	single	oxides	 (1∙10^-3	S/cm	and	8∙10^-3	S/cm	for	NiO	and	Co3O4,	 respectively)	 to	a	 semi-metallic	 state	
for	mixed	oxides	(2∙10^2	S/cm,	56	Co	at.-%).	Cyclic	voltammetry	measurements	show	a	close	relation	between	
film	conductivity,	crystallographic	properties	and	OER	activity.	Initial	results	suggest	that	highly	conductive	Ni3+	
abundant	spinel	phase	cobalt-nickel-oxides	are	optimal	for	OER	performance.	Rock-salt	phase	films	simultane-
ously	show	significant	activation	behaviour	consisting	of	film	bulk	restructuring	and	transition	to	Ni3+	states.	
This	suggests	that	a	complex	combination	of	chemical,	structural	and	electrical	properties	influences	not	only	the	
film	electrocatalytic	activity	but	also	its	electrocatalytic	activation.

[1]	Xu	et	al.,	Energychem,	4(2022)
[2] van Limpt et al., J. Vac. Sci. Technol. A, accepted
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F52-1073

Scaling up BiVO4 photoanode for bias-free solar hydrogen production in 
zero-gap photoelectrochemical devices [INV]

Pramod Patil Kunturu* 1

1 DIFFER, The Netherlands

Commercialization of photoelectrochemical (PEC) water-splitting for solar hydrogen production is based mainly 
on	(i)	material	breakthroughs	in	terms	of	efficiency	and	stability,	(ii)	efficient	reactor	development	that	will	allow	
product	separation	and	(iii)	demonstration	of	the	concepts	scaling	up.	The	majority	of	the	research	in	the	field	is	
focused	on	photoelectrode	optimization	to	develop	materials	that	fulfill	the	plethora	of	functionalities	that	are	
required	i.e.	low	cost,	operational	stability,	improved	light	harvesting,	efficient	charge	separation	and	catalysis.	
This	has	resulted	in	the	achievement	of	remarkable	solar	to	hydrogen	efficiencies	up	to	19%,	however	practical	
challenges	 towards	 the	 commercialization	of	 the	PEC	 cells,	 i.e.	 efficient	 reactor	design	 and	 scaling	up	of	 the	
concept,	have	not	yet	been	well-addressed.	Our	work	is	focused	on	filling	the	aforementioned	gap	and	thus	this	
work will discuss the challenges and the choices followed for the development of a scaled-up PEC prototype. The 
design implemented is inspired by the zero gap design of the Polymer Electrolyte Membrane (PEM) electrolysis, 
which	allows	efficient	gas	separation	and	minimization	of	the	ohmic	losses.	In	our	PEM-PEC	prototype,	gas	diffu-
sion (photo)electrodes are implemented to facilitate mass and charge transfer. In terms of material development, 
our	efforts	were	directed	on	the	fabrication	of	efficient	and	scalable	BiVO4	based	photoanodes	to	drive	the	oxy-
gen evolution reaction (OER), while commercial Ni-based cathodes and Si PV cells were implemented for driving 
the hydrogen evolution reaction (HER) and ensuring bias-free operation of the prototype. While the fabrication 
processes that result in scalable cathodes and PVs are known, this is not the case for photoanodes. Literature 
studies	have	shown	a	significant	decrease	(50-70%)	of	the	performance	with	the	increasing	surface	area	from	
1	to	100	cm2.	The	main	source	of	the	degradation	is	attributed	to	electrode	and	electrolyte	conductivity,	film	
quality	and	uniformity.	Thus	our	efforts	for	the	photoanode	development	were	focused	on	the	implementation	of	
scalable	fabrication	techniques	and	the	production	of	gas	diffusion	photoelectrodes	which	can	facilitate	charge	
and mass transfer. In particular, we demonstrate the deposition of W-doped BiVO4 on Ti porous substrates using 
the successive-ionic-layer-adsorption-and-reaction method. The developed photoanodes were further treated in 
two directions: (i) by boron treatment to improve stability and (ii) chemical-bath-deposition of NiFeOOH co-cata-
lyst for boosting OER performance. All these choices allowed us to scale up the concept from 1 to 100 cm2, with-
out	significant	compromise	in	the	performance	of	the	scaled-up	cells	i.e.	at	the	levels	of	90%	vs	the	performance	
obtained at 1 cm2. The bias-free photocurrent of the scaled-up cells reaches the levels of 200 mA, which is the 
highest reported up to date.
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F54-1057

Na-ion Batteries: Energy storage based on abundant elements [INV]

Philipp Adelhelm* 1

1 Humboldt-University Berlin, Germany

With a rapidly growing battery market, there is a great need for developing resource friendly batteries with se-
cure supply chains. Na-ion batteries (SIBs) are considered to be one of the most promising alternative to current 
Li-ion batteries. The main goal for SIBs is to develop batteries based on abundant, non-critical elements that 
reach,	at	the	same	time,	similar	energy	densities.	SIBs	have	the	potential	to	be	more	cost	effective	than	LIBs	while	
reaching similar cycle life. As a major advantage compared to other alternative cell chemistries, SIBs can be pro-
duced on the same manufacturing lines like LIBs therefore taking advantage of existing manufacturing technolo-
gy. Recent announcements by Chinese cell and car manufacturers are further raising the interest in this technol-
ogy.	In	fact,	the	first	Na-ion	Gigafactory	has	opened	in	November	2022	in	China	which	shows	that	the	technology	
is now reaching commercialization. On the other hand, there are clear opportunities for further improvements 
in electrode materials and electrolytes to further advance the technology. This talk gives an overview on Na-ion 
batteries and recent developments. The state-of-the art will be summarized followed by a discussion on what 
materials can be used (and not used) compared to Li-ion batteries.
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F54-1087

Combining nanomaterials at liquid/liquid interfaces: novel strategy to high-
performance electrodes for aqueous and transparent sodium/potassium-ion 
batteries [INV]

Aldo Zarbin* 1

1 Federal University of Parana (UFPR), Brazil

Our	research	group	developed	a	novel	and	versatile	way	to	prepare	thin,	transparent,	flexible	and	homogeneous	
films	of	advanced	and	multi-component	materials,	based	on	immiscible	liquid/liquid	interfaces	(Zarbin,	Mater.	
Horizons	2021,	8,	1409).	The	so-called	liquid/liquid	interfacial	route	(LLIR)	is	simple,	efficient	and	unique	for	sev-
eral	materials,	allowing	the	film	deposition	over	any	kind	of	substrates,	plastics	included	Herein	we	will	demon-
strate	the	preparation	of	novel	and	unique	films	of	multicomponent	nanomaterials,	followed	by	their	application	
as	electrodes	in	aqueous	and	transparent	Na-	or	K-ion	batteries.	Combining	different	1D/2D/3D	materials,	and	
their nanocomposites with conducting polymers, their properties can be modulated controlling the morphology 
and	interaction	between	the	components,	resulting	in	huge	differences	in	their	electrochemical	response.	Over-
all, this work shows the versatility of the LLIR to design new combinations between materials of technological 
interest focusing on their application as transparent electrodes to aqueous metal-ion batteries.

Acknowledgments: CNPq, CAPES/COFECUB, CAPES/PRINT, INCT Nanocarbon, INCT NanoVida.
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F54-1056

Improving the surface redox of 2D MXenes [INV]

Xuehang Wang* 1

1 TU Delft, Delft, The Netherlands

2D	transition	metal	carbides/nitrides	MXenes	have	demonstrated	competitive	performances	in	various	energy	
storage applications due to their unique physical and chemical properties, including ionophilicity, metallic con-
ductivity, and abundant surface groups. Particularly, their open interlayer space and redox-active surface make 
them ideal for energy storage, as these interfacial properties allow for fast ion transport with a large charge 
storage capacity. 
Tuning	the	interlayer	space	and	surface	chemistry	of	MXenes	can	alter	the	charge	storage	processes	and	thereby	
improve energy storage performance. For example, we found that the type of organic solvent can have a major 
influence	on	the	interlayer	space	and	the	ion/solvent	arrangement	between	MXene	layers.	We	observed	that	in	
propylene	carbonate	solvent,	the	Li-ion	is	completely	desolvated	and	tightly	confined	in	MXene	layers,	leading	
to improved surface redox and fast Li-ion transport. The surface redox can also be introduced by adjusting the 
initial	valance	of	MXene.	We	successfully	introduced	Li-ion-based	surface	redox	reactions	to	MXene	electrode	
in	the	neutral	aqueous	electrolyte	via	partially	oxidizing	MXene.	In-situ	X-ray	absorption	spectroscopy	revealed	
that	the	partially	oxidized	MXene	has	a	higher	valence	of	the	transition	metal,	thus	making	the	transition	metal	
more	susceptible	to	reduction.	The	redox	activity	of	MXene	electrode	can	also	be	monitored	by	in	situ	ultravio-
let-visible (UV-Vis) spectroscopy. We found a correlation between UV-Vis spectral changes and electrochemical 
processes, which allows us to distinguish the battery-type, pseudocapacitive, and electrical double-layer interca-
lation-based charge storage processes.
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F54-1169

Atomistic Modeling Unveiling Complex Glassy-Ceramic Battery Structures 
[INV]

Nong Artrith* 1

1 Debye Institute for Nanomaterials Science, Utrecht University, The Netherlands

Many materials with applications in energy, such as batteries, are non-crystalline, exhibiting amorphous struc-
tures,	chemical	disorder,	and	complex	compositions,	which	makes	direct	modeling	with	first	principles	methods	
challenging. To address this challenge, we have developed accelerated sampling strategies based on machine 
learning (ML) interatomic potentials, genetic algorithms, and molecular dynamics simulations. In this presenta-
tion, I will discuss the methodology and its applications to amorphous battery materials.
 We have constructed the phase diagram of amorphous LiSi alloys, which are prospective anode materials for 
lithium-ion batteries. Additionally, we have mapped the composition and structure space of amorphous LiPON 
and LPS solid electrolytes. The thermodynamic stability and ionic conductivity of the non-crystalline phases 
were	correlated	with	 local	structural	motifs,	enabling	the	 identification	of	structure-composition-conductivity	
relationships that can be used for materials optimization and design.
	These	examples	demonstrate	that	the	combination	of	first-principles	calculations	and	ML	models	serves	as	a	
valuable tool for modeling complex energy materials and facilitating materials discovery. All data and models 
generated in this study are publicly available. To promote Open Science, we have also formulated guidelines for 
the publication of ML models in chemistry that aim to ensure transparency and reproducibility.
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F55-1147

Aqueous organic redox flow batteries [INV]

Martin Hager* 1

1 FSU Jena /CEEC Jena, Germany

Organic	molecules	and	poylmers	can	be	utilized	as	active	materials	for	redox	flow	batteries.	The	properties	of	the	
electrolytes	can	be	tuned	by	the	chemical	structure	of	the	small	molecules	and	polymers,	respectively.	Different	
approaches for new active materials will be presented.
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F55-1081

Design and NanoEngineering of Microporous Membranes for 
Electrochemical Energy Storage [INV]

Qilei Song* 1

1 Imperial College London, United Kingdom

Membrane materials for electrochemical energy conversion and storage devices play important roles in low-car-
bon technologies for net-zero emissions. Next-generation ion-selective polymer membranes with low-cost pro-
duction, high ionic conductivity and selectivity, and durability are required for large scale applications of elec-
trochemical energy conversion and storage devices. I will present our recent work in the development of a new 
generation	of	ion-selective	membranes	and	their	applications	in	redox	flow	batteries	for	energy	storage.	A	series	
of ion-conductive membranes were developed from polymers of intrinsic microporosity (PIMs) by incorporating 
ion-conductive groups into the polymers. Owing to their microporosity and ion-conducting functionality, PIM 
membranes present fast ion transport and high selectivity towards electrochemical active materials. The versa-
tile chemistry of polymer membranes can be tailored on the molecular level to precisely tune the pore size and 
ion-conducting	functionality	to	match	the	batteries	with	different	redox	chemistries.	The	new	PIM	membranes	
significantly	boost	battery	energy	efficiency	and	peak	power	density	and	enable	stable	operations	of	RFBs	over	
several thousand of charge and discharge cycles. Our membrane design strategy may inspire the development 
of a new generation of ion-selective membranes for a wide range of electrochemical processes for energy and 
environmental applications.
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F55-1074

Generative and predictive models for new candidate materials [INV]

Astrid Maass* 1

1 Fraunhofer Society, Germany

Flow batteries based on organic materials could provide a solution to achieve reliable electricity storage at com-
petitive cost and independent of critical materials. The concept has already been demonstrated for several or-
ganic chemistries, but the chemical space holds such a wealth of potential candidates that it may be too early to 
settle for the prototypes known so far.  However, it is quite a challenge to develop a viable new chemistry from 
scratch,	 unaffected	 by	 economic	 considerations	 and/or	 background	 knowledge.	 Screening	workflows	 give	 us	
tools to evaluate compounds and pick from the haystack of candidates the precious few that are worthy of further 
study. Fortunately, the use of predictive models that have been trained to near perfection for a particular task 
accelerates the screening process to a rate that allows the most promising compounds to be selected in a very 
short time.  Now, the search spaces itself comes into focus , i.e., where to look for the innovative material, which 
compounds	should	actually	be	fed	into	the	pipeline?	Vendor	databases	or	virtual	libraries	suffer	from	inherent	
limitations in terms of originality, due to commercial availability or pre-existing knowledge. This is where the 
generative models that have been so popular lately for images and text come into play, capable of inventing valid 
and novel compounds in the blink of an eye. But even then, just (randomly) increasing the size of the haystack 
does little good, and the next logical step is to create compounds that already satisfy the main requirements from 
the start, by using conditional generative models. Here we present predictive and generative models developed 
as part of the EU SONAR project.
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F56-0931

Role of women in promoting safety and security [INV]

Paula Vanninen* 1

1 VERIFIN, University of Helsinki, Finland

Strengthening the role of women in our society starts from STEM education in schools and favorable opportuni-
ties advance enthusiasm towards chemistry among girls and women. Providing increased training opportunities 
and encouraging women to pursue careers as researches and relevant authorities will have an important impact 
to gender equality. Training of trainers provides learning opportunities by developing pedagogical skills for fu-
ture sustainability of women in societies. Awareness raising in chemical safety and security increases sustainable 
development nationally, regionally, and globally. Education and outreach on safety and security, including rel-
evant legislation, should cover all stakeholders (ministries, relevant authorities, industry, informal sector, trans-
port	sector,	border	controls).	Women	are	working	in	those	fields	and	their	expertise	should	be	visible	and	their	
priorities should be central in security decisions. Peaceful uses of chemistry are promoted by the International 
Cooperation Branch of the Organization for the Prohibition of Chemical Weapons that provides training for wom-
en from developing countries.  Strong contribution and inclusion of women and creation of gender-sensitive 
work environments strengthens safety and security of chemical plants and laboratories. Safe handling and stor-
age of chemicals and management’s commitment are basic pillars of safe laboratory environment and mandatory 
to be included in capacity building programs. The security of chemical storages, like limited access, is necessary 
to prevent chemicals from falling into wrong hands. Raising awareness of dual-use chemicals and technologies 
along all stakeholders is extremely important to protect societies from wrong-doings. Preventing and mitigating 
impacts of possible terrorist attacks as well as improving chemical safety among chemical industry and practi-
tioners	should	be	the	goal.	Additionally,	sufficient	emergency	response	preparedness	plans	as	well	as	expertise	
and appropriate protection and response means against chemical disasters should be in place. Careful planning 
of security and safety systems and their practicability require collaboration of the whole community, all genders 
equally involved.
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F56-0930

Women in Addressing the Chemical Weapons Threat [INV]

Thouraya Skanji* 1

1 OPCW, The Netherlands

Women	of	various	backgrounds	played	and	continue	to	play	a	significant	role	in	furthering	the	mandate	of	the	
Organisation for the Prohibition of Chemical Weapons (OPCW). The OPCW is currently fostering and promoting 
the culture of gender equity and diversity within its community, including leadership positions. From 2018 to 
2022, gender balance at the senior management level has improved from 10 to 41%. Moreover, the OPCW has 
boosted women representatives in the Inspectorate Division from 12 to 20%. However, similar to the general 
situation	in	the	field	of	science,	women	are	still	under-represented	in	several	fields	of	expertise	at	OPCW,	such	as	
the	technical	role	of	inspectors,	specific	to	the	organisation,	where	only	23%	of	inspectors	are	women,	despite	
the encouragement of female candidates’ applications.  In this focus session, my talk aims at shedding light on 
the roles of women in chemical safety and security, in the context of chemical weapons. Based on my current 
experience as an analytical chemist (AC) inspector at OPCW, I will give a brief insight on the role of an AC inspec-
tor in eliminating and preventing the re-emergence of chemical weapons. This is achieved through conducting 
missions alongside inspectors who have industrial chemistry background or skills in CBRNE (Chemical, Biological, 
Radiological, Nuclear, and high yield Explosives).  Previously, I worked as an investigator in cases of use of toxic 
chemicals as well, which enriched my current contribution in Non-Routine Missions. From this perspective, I will 
highlight the role of female inspectors in one of the main activities conducted by the OPCW; addressing the 
threat of chemical weapons and responding to their use.
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F56-1141

Compendium of Best Practices ON THE ENGAGEMENT AND ADVANCEMENT OF 
WOMEN IN CHEMICAL SAFETY AND SECURITY [INV]

Heba Mariey* 1

1 United Nations Interregional Crime and Justice Research Institute, United Arab Emirates

Notwithstanding the global progress made towards achieving gender parity for labour-force participation and the 
inclusion of women into paid jobs and leadership positions, a multitude of factors continue to play a major role 
in determining the traditional patterns for career selection, particularly in male-dominated sectors, such as the 
chemical	safety	and	security	field.	Such	factors	include	perceived	gender	roles,	societal	expectations,	workplace	
policies, opportunities for career advancement, and the availability of equitable support.  While women continue 
to play an increasingly important role in the chemical sciences, including “heading multinational chemical com-
panies, leading chemical societies, and steering cutting-edge research,” they are still underrepresented in other 
important chemical safety and security functions. The increased engagement of women is particularly relevant, 
considering their designation as a vulnerable group disproportionately exposed to hazardous chemicals.
The Organization for the Prohibition of Chemical Weapons (OPCW) and the United Nations Interregional Crime 
and Justice Research Institute (UNICRI), in close cooperation with international partners, stakeholders and prac-
titioners, recognized the asymmetric portrayal of women and men in chemical safety and security; both in global 
literature and policy debates. To this end, both entities decided to address this gap by developing a compendium 
of best practices that would amplify women’s voices and promote opportunities to increase their engagement in 
this	important	field.
The Compendium on “Engagement and Advancement of Women in Chemical Safety and Security” aims to provide 
policymakers	and	practitioners	in	the	field	of	chemistry	with	guidance	to	promote	gender	inclusivity	in	the	chem-
ical	safety	and	security	sector	through	the	identification	of	best	practices	in	recruiting,	training	and	promoting	
gender-inclusive careers.
The Compendium builds upon the achievements of the annual symposiums on Women in Chemistry implement-
ed by OPCW since 2016, notably in illustrating the strength and depth of contributions women have made to the 
peaceful uses of chemistry.
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F59-0918

Ball-milling for efficient asymmetric catalytic transformations [INV]

Radovan Sebesta* 1

1 Comenius University in Bratislava, Slovakia

Efficient	 synthesis	 of	 chiral	 compounds	 necessary	 as	medicines,	materials,	 or	 crop	 protection	 need	 not	 only	
be highly stereoselective but must comply with stringent environmental criteria. Mechanochemical activation 
and	asymmetric	catalysis	offers	excellent	opportunities	in	the	synthesis	of	critical	chiral	compounds	and,	at	the	
same time, enables the implementation of green chemistry principles.  Enantioselective organocatalytic reac-
tions, such as Michael additions of aldehydes to nitroalkenes, aminoxylation, and hydrazination of aldehydes can 
be	efficiently	performed	in	aqueous	media	or	under	solventless	conditions	using	ball-milling.	The	ball-milling	
methodology	also	allows	for	more	effective	catalysis	using	non-covalent	organocatalysts	in	Michael	additions	
under	solventless	conditions.		Ball-milling	was	highly	effective	in	promoting	diastereodivergent	oxa-Diels-Alder	
reaction	of	unsaturated	ketones	with	enoates.	Chiral	squaramides	were	very	effective	for	mechanochemical	en-
antioselective	domino	Mannich	reaction	with	fluorination.	Recently,	we	have	also	developed	mechanochemical	
Pd-catalyzed Negishi coupling using air-stable organozinc pivalates.
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F59-1151

10E6 - mechanochemistry without limits [INV]

Michael Felderhoff* 1

1 MPI für Kohlenforschung, Germany

Around 90% of preclinical compounds APIs (active pharmaceutical ingredients) in the development pipeline 
are poorly soluble and present bioavailability challenges, therefore, there is a growing industrial interest in the 
preparation of pharmaceutical co-crystals as marketable drugs, together with the need of sustainable methods 
for their clean manufacturing. Mechanochemical methods are a valuable method for screening new pharmaceuti-
cal co-crystals with mg quantities of materials and likewise for synthesis of active ingredients on a kg scale. Both 
methods	are	presented	with	different	examples.
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F62-1157

Collaborating with industry on the environmental fate of products [INV]

Kristopher McNeill* 1

1 ETH Zurich, Switzerland

Environmental chemists and industrial chemists have been caught in a recurring loop with regard to chemicals in 
the environment: The industrial chemists develop new and promising chemical materials; these materials enter 
the global marketplace and are produced in large quantities; these materials naturally enter the environment 
via	the	atmosphere,	surface	waters	or	soils,	where	they	are	detected	and	quantified	by	environmental	chemists;	
negative	environmental	impacts	are	identified	and	pressure	is	put	on	regulators	to	limit	or	even	ban	the	chemical	
materials; the use of these materials decreases; and, the decades-long cycle starts again. This cycle has been 
frustrating for both environmental and industrial chemists, not too mention the chemical-wary public. This pre-
sentation will give short highlights on an academic-industrial partnership between environmental chemists and 
industrial scientists on the development and study of biodegradable plastics, a product category in which low 
environmental impact is one of the explicit goals.
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F62-1171

The Nitrogen Cycle and the Situated Green Chemistries Framework [INV]

Elsje Alessandra Quadrelli* 1

1 CNRS, France

The	Nitrogen	cycle,	and	ammonia	production	specifically	offer	a	privileged	entry	point	to	discuss	the	role	of	catal-
ysis, current scenarios for the energy transition and the importance of planetary boundaries framework to shape 
a	Sustainable	Planet	and	Society	[1]	.			The	discussion	of	the	nitrogen	cycle	from	this	point	of	view	will	offer	a	
perspective on catalysis scenarios adapted to the energy transition and more largely to the Anthropocene epoch, 
leading to the introduction of the “situated green chemistries” framework [2] which attempts to combine chemis-
try, systems analysis and social sciences.   [1] the Euchems policy workshop “The Nitrogen Element – Sustainable 
food production?” https://www.euchems.eu/nitrogen-workshop/ [2] (a) “What is « Sustainable Green Chemistry 
» Through systems thinking?” “GREEN CHEMISTRY” GORDON CONFERENCE  ” Concluding Gordon Keynote Lec-
ture, Casteldefels( Spain) , 28 July, 2022; (b) in French subtitled https://www.youtube.com/watch?v=gpDhpg-
y2U9g  (c) manuscript in preparation.
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F62-1106

Sustainable and Green by Design [INV]

Jakub Kostal* 1

1 The George Washington University, United States

Rational	design	of	chemicals	with	tunable	degradation	properties,	high	efficacy	and	minimal	toxicity	is	among	
the grand challenges of green chemistry. While computational modeling has gained traction in predictive toxicol-
ogy, current methods lack the necessary multifaceted approach and design-vectoring needed for systems-based 
chemical development. To that end, our group has proposed and validated two strategies: one, a tiered compu-
tational framework, which ties pathway energetics to property-based predictions and substructural modeling to 
help redesign existing actors, and two, an in-silico protocol for de novo green synthesis of products from biobased 
platform	chemicals.	In	the	former	approach,	a	cross-tier	data	generation	effectively	expands	models’	applicability	
domains, while combination of quantum-mechanical computations and molecular simulations to derive mech-
anistically-relevant physicochemical properties leads to both robust and fast tools. In the latter, mimicking the 
drug discovery process, we leverage machine learning to generate a vast virtual library of products, which is then 
screened	through	a	series	of	application-specific	filters	to	generate	lead	compounds.	Subsequent	valorization	
through computational lead optimization allows us to better control chemical attributes related to function, tox-
icity and depletion. Here, we demonstrate the use of both approaches on pesticides, which require careful tuning 
of	selective	and	unintended	toxicity	to	balance	performance	with	adverse	effects.
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F62-1238

„Power-to-X“  Renewable Energy and Carbon Sources for Sustainable Fuels 
and Chemicals

Walter Leitner* 1

1 Max Planck Institute For Chemical Energy Conversion, Germany

World-wide deployment of technologies to generate „de-carbonized“ electricity (power) enables new produc-
tion	pathways	to	„de-fossilized“	fuels	and	chemicals	(X).	Hydrogen	can	serve	as	the	molecular	pivot	at	the	sus-
tainable energy-chemistry nexus through catalytic conversion of non-fossil carbon resources such as CO2, bio-
mass, or recycled plastic [1]. The present lecture will discuss the challenges and opportunities arising from this 
transition	using	the	concept	of	Green	Chemistry	as	the	scientific	basis	to	progress	from	“sustainable	chemistry”	
to “chemistry for sustainability”. 

[1]		Zimmerman,	J.	B.;	Anastas,	P.	T.;	Erythropel,	H.	C.;	Leitner,	W.;	Science	2020,	367,	397-400.
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O01-1161

Chemoselective Ligation Reactions in the Glycosciences [INV]

Valentin Wittmann* 1

1 Universität Konstanz, Germany

Carbohydrates are involved in a myriad of cellular functions. In the form of glycoconjugates, they modulate activ-
ity and properties of proteins and lipids, and they are themselves involved in molecular recognitions processes. 
To study the biological roles of carbohydrates, chemoselective ligation reactions are of increasing interest for 
the tracing of carbohydrates in living cells and organisms, the synthesis of glycoconjugates, and the labeling and 
immobilization of unprotected (reducing) carbohydrates. This lecture gives an overview of our group’s activities 
in	these	fields.	The	inverse-electron-demand	Diels-Alder	(IEDDA)	reaction	was	employed	in	metabolic	glycoen-
gineering [1] to visualize dienophile-labeled glycoconjugates in living cells [2] and the extracellular matrix [3] 
and in combination with copper-free click chemistry and the photoclick reaction to achieve a triple-orthogonal 
labeling of glycans. For the convergent synthesis of complex N-glycopeptides, we developed a method for the 
introduction of thiocarboxylic acids into peptides that subsequently can be ligated with glycosyl amines [4]. 
During	these	investigations,	we	discovered	a	novel	side	reaction	that	can	lead	to	an	efficient	and	site-selective	
peptide cleavage using thioacids (CUT). The oxime formation of reducing carbohydrates is an important ligation 
method	for	 the	attachment	of	fluorescent	probes	and	the	preparation	of	glycoconjugates.	We	found	that	 this	
ligation	is	significantly	accelerated	(up	to	500-fold)	without	the	need	for	a	catalyst,	such	as	aniline,	when	starting	
with glycosyl amines [5].

References:
[1]	M.	Kufleitner,	L.	M.	Haiber,	V.	Wittmann	(2023),	Chem.	Soc.	Rev.	(52)	510-535.
[2] J. E. G. A. Dold, V. Wittmann (2021), ChemBioChem (22) 1243-1251.
[3] S. Nellinger, M. A. Rapp, A. Southan, V. Wittmann, P. J. Kluger (2022), ChemBioChem (23) e202100266.
[4] M. J. Schöwe, O. Keiper, C. Unverzagt, V. Wittmann (2019), Chem. Eur. J. (25) 15759-15764.
[5] M. A. Rapp, O. R. Baudendistel, U. E. Steiner, V. Wittmann (2021), Chem. Sci. (12) 14901-14906.

O01 PARALLEL SESSION 01: Glycochemistry



ORAL PARALLEL SESSIONS

94CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O01-0646

AIMD simulations to unravel glycosylation reaction mechanisms

Bas Kreupeling* 1, Jeroen Codée 1, Francesco Buda 1

1 Leiden University, The Netherlands

Synthetic oligosaccharides are indispensable tools in chemical glycobiology, to unravel and manipulate the role 
of these important biomolecules in biological processes. However, the synthesis of oligosaccharides is an ardu-
ous	and	 labor-intensive	process,	 requiring	a	significant	amount	of	 time-consuming	trial-and-error	 to	optimize	
the reaction used to build the target oligosaccharide: the glycosylation reaction. Several reaction paths can be 
followed in the chemical union of two carbohydrate building blocks and these pathways determine the overall 
stereoselectivity of the glycosidic bond forming process. Recently, ab initio molecular dynamics (AIMD) simula-
tions have shown the necessity of explicit solvation in predicting the correct transition state structures of various 
glycosylation reactions.¹
In this research, glycosylation reactions between a glucopyranose donor and several simple alcohol acceptors 
with varying nucleophilicity have been investigated in silico. DFT-based Born-Oppenheimer molecular dynamics 
(BOMD) simulations have been performed to capture the full complexity of the reaction systems by including 
dynamical	and	solvent	effects	explicitly.	Moreover,	these	simulations	have	combined	with	enhanced	sampling	
techniques such as metadynamics² in order to accelerate the crossing of free energy barriers, and to map out the 
free	energy	profiles.	It	was	found	that	the	obtained	results	are	in	line	with	experiment,	where	the	decrease	of	
acceptor nucleophilicity is associated with a shift towards SN1-type mechanisms.

[1] Y. Fu, L. Bernasconi, P. Liu, Eur. J. Am. Chem. Soc. 2021, 1577-1589
[2] A. Laio, M. Parrinello, Proc Natl Acad Sci U S A. 2002, 12562–12566
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O01-0733

Rhamnosyl Dioxanium Ion Characterization with IRIS and NMR

Peter Moons* 1, Floor ter Braak 1, Frank de Kleijne 1, Sybren Corver 1, Kas Houthuijs 1, Jonathan Martens 1, Paul 
White 1, Thomas Boltje 1

1 Radboud University Nijmegen, Nijmegen, The Netherlands

Attaining complete anomeric control remains to be one of the biggest challenges in carbohydrate chemistry. 
Glycosyl cations such as oxocarbenium and dioxanium ions are key intermediates of glycosylation reactions. 
Characterizing these highly-reactive intermediates and understanding their glycosylation mechanisms is essen-
tial in the stereoselective synthesis of complex carbohydrates. Although C-2 acyl neighbouring-group participa-
tion	(NGP)	has	been	well-studied,	remote	participation	remains	a	more	elusive	process	and	is	difficult	to	study.	
Herein, we report the consecutive characterization of rhamnosyl 1,3-bridged dioxanium ions derived from C-3 
p-anisoyl ester rhamnosyl donors. First, we used a combination of quantum chemical calculations and infrared 
ion spectroscopy (IRIS) to determine the preferred glycosylation intermediate in the gas-phase. In addition, we 
established the structure and exchange kinetics of highly-reactive, low-populated species in the solution-phase 
using chemical exchange saturation transfer (CEST), COSY, HSQC and HMBC NMR spectroscopy. Finally, we ap-
plied this methodology to the synthesis of complex bacterial oligosaccharides. This combination of answering 
fundamental chemical questions using stated methods and applying them in organic synthesis provides a robust 
basis for developing stereoselective glycosylation tools and reactions.
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O01-0498

Gram-scale chemical synthesis of three galactosyllactoses

Evy Meeusen* 1, Thomas J. Boltje 1

1 Radboud University, Nijmegen, The Netherlands

Galactooligosaccharides	(GOS)	are	widely	used	as	a	supplement	in	infant	nutrition	to	mimic	the	beneficial	effects	
found in prebiotic human milk oligosaccharides (HMOs). However, the complexity of the GOS mixture makes it 
challenging	to	ascertain	which	of	the	GOS	components	contribute	most	to	health	benefits.	Galactosyllactoses	
(GLs), 3‘-galactosyllactose (3’-GL), 4’-galactosyllactose (4’-GL), and 6’-galactosyllactose (6’-GL), present in both 
GOS	and	HMOs,	were	 found	 to	be	of	particular	 interest	since	 they	have	been	shown	to	specifically	modulate	
the	 immune	response	of	 intestinal	explants	and	to	dampen	 inflammation	 in	human	intestinal	epithelial	cells.	
However,	there	has	only	been	little	research	on	the	potential	health	benefits	of	the	GLs.	Moreover,	commercially	
available GLs are expensive and often not available on a large scale. In this study, we report gram-scale chemical 
synthesis of 3’-GL, 4’-GL, and 6’-GL. All three galactosyllactoses were readily obtained on gram scale from cheap 
and commercially available lactose. Furthermore, we demonstrate their in vitro fermentation by infant faecal 
microbiota and prebiotic activity.
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O01-0169

Activity-based probes unravel biofilm degradation by PslG

Gijs Ruijgrok* 1, Casper de Boer 1, Liang  Wu 2, Nicholas McGregor 2, Daan van Oord 1, Joep Rompa 1, Gijs van der 
Marel 1, Gideon Davies 2, Jeroen Codée 1, Hermen Overkleeft 1

1 Leiden University, Leiden, The Netherlands, 2 University of York, York, United Kingdom

Pseudomonas	 aeruginosa	 are	opportunistic	bacteria	 causing	 chronic	 infections	 in	 cystic	fibrosis	 and	 immune	
compromised	patients.1,2,3	Depending	on	the	environment,	P.	aeruginosa	can	produce	a	biofilm	that	consists	
of	a	combination	of	DNA,	proteins	and	polysaccharides.4	This	biofilm	shields	the	bacteria	from	the	host	immune	
system and antibiotics. One of these polysaccharides is Psl, a polysaccharide built up from pentameric repeating 
units, consisting of mannose, rhamnose and glucose.5 It has previously been shown that PslG can cleave Psl, mak-
ing P. aeruginosa susceptible for antibiotics.6 However, the mode of action of PslG remains enigmatic. We studied 
PslG	using	synthetic	trisaccharide	cyclophellitol-type	probes	and	inhibitors	based	on	different	frameshifts	of	the	
Psl repeating unit. We show that PslG is actually an endo-glucosidase instead of a postulated6 endo-mannosi-
dase.	This	finding	is	further	substantiated	with	hydrolytic	experiments	using	synthetic	pentameric	and	decameric	
Psl fragments. Structural studies are underway with the aim to prove the binding mode of inhibitor B, to unam-
biguously establish the endoglucosidase activity of PslG and provide structural insight into its hydrolytic mecha-
nism. In all, our studies may pave the way for the design of new P. aeruginosa-targeting antibiotics.

1.M.R. Parsek, Singh P. K. (2003), Annu Rev Microbiol (57), 677–701
2.J.R.W. Govan, Deretic V. (1996), Microbiol Rev, (60), 539–574
3.J.B. Lyczak, Cannon C., Pier G.B. (2000), Microbes Infect, (2), 1051–1060.
4.M.J. Franklin, Nivens D.E., Weadge J.T., et al. (2011), Front. Microbiol. (2), 167
5.N.A. Kocharova, Knirel Y.A., Shashkov A.S., et al. (1988), J Biol Chem (263), 11291– 11295.
6.S. Yu, Su T., Wu H. et al. (2015), Cell Res (25), 1352–1367.

A. One of the synthesized probes B. One of the synthesized inhibitors C. The synthesized Psl fragment, n = 1 or 2
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O02-0751

Unimolecular micelles-based hydrogel carriers of water-insoluble drug

Monika Gosecka* 1,	Piotr	Ziemczonek, Daria Jaworska-Krych, Mateusz  Gosecki, Malgorzata  Urbaniak, Monika  
Marcinkowska, Anna  Janaszewska, Barbara  Klajnert-Maculewicz  

1 Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, Lodz, Poland

Injectable and self-healable hydrogels with enhanced solubilization of hydrophobic drugs are urgently needed 
in	topical	therapies.	The	significant	discrepancy	between	the	hydrophilic	character	of	hydrogels	and	the	hydro-
phobic nature of drugs prevents the incorporation of such drugs in the frame of the hydrogel. The construction of 
the hydrogel network based on unimolecular micelles, which a hydrophobic core assures the improvement of wa-
ter-insoluble drug solubilization in the aqueous medium, and the hydrophilic shell is equipped with cross-link-
able groups, overcomes the limitations.
Unimolecular micelles can be constructed of star-shaped, dendrimer, hyperbranched and brush-like copolymers. 
In this study, we applied hyperbranched polyglycidol as a promising candidate for drug delivery systems. On 
the	one	hand,	the	interior	of	hyperbranched	polyglycidol	was	selectively	hydrophobized	via	the	modification	of	
monohydroxyl groups, whereas terminal 1,2-diol groups remained intact and then played a role in a cross-linking 
process via boronic ester formation. On the other hand, hyperbranched polyglycidol was built up on hydropho-
bic star-shaped copolymer with OH-ended groups via ring-opening copolymerization with glycidol. A library of 
such synthesized amphiphilic constructs were investigated in view of drug loading using clotrimazole, a highly 
water-insoluble drug as a model substance.
The bioavailability of encapsulated drug within synthesized amphiphilic constructs was evaluated based on its 
anti-cancer activity. The investigations on drug-loaded constructs using both normal dermal microvascular en-
dothelium,	HMEC1	and	human	cervical	cancer,	HeLa	cells	lines	will	be	presented	supported	with	flow	cytometric	
analysis. The rheological analysis of drug-carrier-based hydrogels including self-healing ability and injectable 
character was investigated to determine the relationship between the molar content of hydrophobic units, the 
amount	of	encapsulated	drug	and	the	flow	behaviour	of	constructed	hydrogels.	The	potential	of	drug-loaded	
hydrogels will be considered for topical therapies.

Acknowledgements
This work was supported by the National Science Centre, Poland (UMO-2018/30/E/ST5/00576)
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Self-reinforcing yet biodegradable materials for highly porous prostheses 
[INV]

Katharina Ehrmann* 1, Markus Fitzka 1, Klaus Ableidinger 1, Oskar Berk 1,2, Stefan Baudis 1,2, Robert Liska 1

1 Institute for Applied Synthetic Chemistry, Technische Universität Wien, Vienna, Austria, 2 Christian Doppler Laboratory for 
Advanced Polymers for Biomaterials and 3D Printing, Vienna, Austria

Synthetic medical prostheses typically require high mechanical resilience to avoid failure. Superior mechanical 
performance, however, usually competes with the ability to process the material, introduce degradability, and 
implement highly porous design. To reconcile these contradicting properties, we introduce a new mechanism, 
which we have termed “self-reinforcement” and which increases the materials’ thermomechanical performance 
on demand.
We	significantly	increase	thermomechanical	performance	of	the	pristine	material	upon	its	incubation	in	water	by	
tuning the kinetics of an implemented dynamic hindered urea bond to match competitive isocyanate hydrolysis. 
This results in the formation of new, unhindered urea bonds with superior hydrogen bonding performance com-
pared to the hindered urea bond in the pristine material (Figure 1). [1] 
We have elucidated the mechanism of self-reinforcement in small molecule studies and investigated its ma-
trix-dependent	 effects	 on	material	 properties	 of	 polymeric	materials	 in	 a	 broad	 range	 of	 architectures.	 Such	
self-reinforcing poly(urethane urea)s are currently being investigated as highly porous electrospun biodegrad-
able	vascular	grafts	with	promising	first	results	in	vitro	and	in	vivo.	[2]

References
[1]	 K.	 Ehrmann,	 S.	 Baudis,	 R.	 Liska,	 M.	 Fitzka;	 Thermoplastic	 poly(urethane-urea)	 polyadducts,	 patent	 filed:	
WO2022003204A1
[2] S. Baudis, H. Bergmeister, K. Ehrmann, C. Grasl, R. Liska, B. Podesser, H. Schima; Process for producing vascular 
prostheses,	patent	filed:	WO2022162166A1

Figure 1: Self-reinforcing mechanism of thermoplastic polyurethanes and phase-separation found with AFM-nanoindentation 

before and after incubation in water (preconditioning), which is visualized through indentation-moduli of 10x10μm² areas of 

films of the pristine material (i) and the preconditioned material (ii, iii).
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Squaramide-based supramolecular double network hydrogels for 
3D-chondrocyte culture

Ying Chen* 1

1 Department of Supramolecular and Biomaterials Chemistry, Leiden Institute of Chemistry, Leiden University, Leiden, The 
Netherlands, 2 Biomedical Data Sciences, Leiden University Medical Center, Leiden University, Leiden, The Netherlands

Abstract
Filamentous supramolecular materials in double network (DN) hydrogels bring forward unique mechanical prop-
erties such as self-healing, energy dissipation and viscoelasticity. These hybrid DN hydrogels are highly attractive 
for applications in articular cartilage engineering because of their potential to mimic structural and functional 
aspects of the extracellular matrix in vivo. Herein, we explore the use of photoactive chemistries to prepare 
double network materials through the crosslinking of one-dimensional supramolecular and covalent polymeric 
networks. The mechanical properties of DN hydrogels can be easily modulated with spatiotemporal control using 
light and by varying the composition of the supramolecular/polymer mixture, allowing spatial and temporal con-
trol	over	the	hydrogel	stiffness	and	introduction	of	bioactive	cues.	3D	encapsulation	of	NIH	3T3	fibroblasts	and	
human	primary	articular	chondrocytes	(hPACs)	with	different	conditions	were	achieved	with	high	cell	viability.	
The additional mechanical loading was applied to the DN hydrogel with hPACs encapsulated, the cells showed 
obvious increased levels of sulphated-glycosaminoglycans (sGAGs) compared with the unloaded ones, further 
regulated the gene expression such as ACAN, COL1A2, MMP13. Taken together, hybrid supramolecular and cova-
lent	DN	hydrogels	shows	promise	as	synthetic	scaffolds	for	applications	involving	articular	cartilage.
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Microfluidic vascular grafts and cancer therapy

Catalin	Zaharia*	1, Timea Annabelle  Rau 1, Andreea Vadureanu 1, Madalina-Ioana Necolau 1, Eugenia Tanasa 2, 
Laurentia Alexandrescu 3, Ionut-Cristian Radu 1

1 University Politehnica of Bucharest, Advanced Polymer Materials Group, Bucharest, Romania, 2 University Politehnica of 
Bucharest, Bucharest, Romania, 3 National Research & Development Institute for Textiles and Leather–Division: Leather and 
Footwe

INTRODUCTION: Tissue engineered vascular grafts have been developed from acellular bovine and human tissue 
to create a vessel-like structure [1]. However, the collagen-based grafts showed poor mechanical properties and 
external mesh was required. The mechanical properties are extremely important as biomaterials-based vascular 
grafts	must	support	the	blood	flow	and	maintain	the	featured	structure	in	physiological	conditions.	The	vascular	
graft must highlight both elasticity and fatigue resistance and provide suturable properties. The small vascular 
grafts	can	be	used	as	microfluidic	platforms	for	protein	nanocarriers	 testing	 in	cancer	management.	A	micro-
fluidic	chip	consists	in	a	set	of	microchannels	etched	or	molded	into	a	material	such	as	polydimethylsiloxane,	
transparent	silicon	rubber,	acrylic,	ceramics,	or	metal.	Microfluidic	chips	have	internal	thin	microchannels	that	are	
connected to outside by means of holes on the chip called inlet/outlet ports.
EXPERIMENTAL:	In	this	work,	we	report	the	fabrication	of	small-diameter	blood	vessels	as	vascular	grafts	by	3D	
printing. Small veins (polyvinyl alcohol grafts with 2 mm internal diameter) ranging between veins and venules 
were designed in Fusion 360 software. The virtual model was 3D printed by Fused Deposition Modelling using 
polyvinyl	alcohol	filament,	and	3D	printed	channels	were	fabricated.	These	channels	were	subjected	to	chemical	
crosslinking and successive washing-drying steps to obtain the small veins (polyvinyl alcohol grafts). In parellel, 
protein-based nanocarriers were prepared in order to be tested within small vascular graft platforms.
CONCLUSIONS: We reported here fabrication and characterization of  synthetic vascular grafts with potential use 
in	microfluidic	platforms	for	cancer	management.	

REFERENCES: 1. Joao S. Soares, Sarah K. Saunders, Federica Potere, Stefano Toldo, Antonio Abbate, Engineered 
tissue vascular grafts: Are we there yet?, Applications in Engineering Science, 12(2022), 100114.
ACKNOWLEDGMENTS: This work was supported by a grant of the Ministry of Research, Innovation and Digitiza-
tion, CNCS/CCCDI UEFISCDI, project number PN-III-P4-ID-PCE-2020-1448, within PNCDI III.

O02 PARALLEL SESSION 02: Biomaterials 1



ORAL PARALLEL SESSIONS

102CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023 O03 PARALLEL SESSION 03: Peptide and Protein Chemistry

O03-0086

Inhibition of PTBP1 RNA-binding using stapled peptides [INV]

Stefan Schmeing 1, Katrin Bigler 1, Jen-Yao Chang 1, Joseph Openy 1, Gulshan Amrahova 1, Sunit Pal 1, Raphael 
Gasper 1, Peter ‘t Hart* 1

1 Max Planck Institute of Molecular Physiology, Dortmund, Duitsland

The splicing factor PTBP1 has been widely studied and was found to be a driver for several diseases and therefore 
an attractive therapeutic target. PTBP1 contains four RNA recognition motifs (RRM) which are common RNA-bind-
ing	domains	and	lack	obvious	binding	pockets	making	it	challenging	to	find	inhibitors.	Previous	studies	suggest-
ed a role during RNA-binding for a unique transient α-helix	found	between	the	first	two	RRMs.[1,2]	We	used	fluo-
rescence	polarization	assays	to	study	the	RNA	binding	of	these	two	RRMs	as	well	as	variants	to	further	confirm	the	
role of this helix. The dynamic nature of the helix provided a unique opportunity for the design of stapled pep-
tides	as	first-in-class	allosteric	inhibitors	to	interfere	with	PTBP1	function.	Optimization	of	the	crosslinker	lead	to	
stapled	peptides	that	further	confirmed	the	role	of	the	helix	as	well	as	provided	a	novel	mode	of	allosteric	inhi-
bition	of	an	RNA-binding	protein.	Interaction	with	the	first	RRM	was	confirmed	via	thermal	shift	assays	as	well	as	
protein	crystallography.	After	confirming	that	the	peptides	were	cell	permeable	as	well	as	stable	against	cellular	
proteases, we demonstrated that the inhibitors were able to alter alternative splicing events regulated by PTBP1. 

[1]C. Maris, S. Jayne, F. F. Damberger, I. Beusch, G. Dorn, S. Ravindranathan, F. H. T. Allain, Nucleic Acids Research 
2020, 48, 4521–4537.
[2]G. Dorn, C. Gmeiner, T. de Vries, E. Dedic, M. Novakovic, F. F. Damberger, C. Maris, E. Finol, C. P. Sarnowski, J. Kohl-
brecher, T. J. Welsh, S. Bolisetty, R. Mezzenga, R. Aebersold, A. Leitner, M. Yulikov, G. Jeschke, F. H.-T. Allain, bioRxiv, 
2022, DOI:2022.07.08.498958.

An interdomain helix can be mimicked by a stapled peptide to inhibit PTBP1 and modulate its regulation of alternative 

splicing.
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Substrate mobility in the active site of glycosidase

Mahin Saberi* 1, Aleksandra Chikunova 1, Fredj  Ben Bdira 1, Marcellus  Ubbink 1

1 Leiden University, Leiden, The Netherlands

Bacillus	circulans	(BcX)	xylanase	from	GH11	glycosidase	degrades	xylan	through	a	retaining,	double-displace-
ment	mechanism.	Xylan	is	a	long	polymer	and	the	enzyme	has	a	large,	open	active	site,	hypothesized	to	hydro-
lyze glycosidic bonds in a processive manner. The active site contains six subsites that allow for binding of six 
xylose units in xylan. Such a structure suggests that oligomeric xylose substrates can bind in multiple ways, thus 
creating a highly dynamic enzyme-substrate interaction. Using NMR-monitored titrations, we aimed to test this 
hypothesis.	We	find	that	there	are	extensive	chemical	shift	perturbations	throughout	the	active	site,	even	with	
small substrates. Furthermore, curved chemical shift trajectories show that multiple binding orientations can oc-
cur.	Extensive	mutagenesis	of	the	active	site	residues	abolishes	specific	interactions,	leading	to	simpler	binding	
modes.	This	study	demonstrates	that	multiple	binding	modes	with	different	affinities	coexist	and	that	substrates	
rapidly exchange between these modes on the micro- to millisecond timescale.
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Implications of Collagen Overglycosylation on Fibril Mineralization

Luco Rutten* 1, Liline Fermin 2,	Jinge	Xu	1, Judith Schaart 1, Elena Macías Sánchez 3, Nico Sommerdijk 1

1 Radboudumc, Nijmegen, The Netherlands, 2 MERLIN, Maastricht, The Netherlands, 3 University of Granada, Granada, Spain

The extracellular matrix of bone consists mainly of collagen, carbonated hydroxyapatite and non-collagenous 
proteins. Single collagen alpha-helices are synthesized by osteoblasts and folded into the characteristic triple 
helical	structure.	During	folding,	the	molecules	undergo	post-translation	modifications	(PTMs)	such	as	the	hy-
droxylation of proline and lysine residues and the glycosylation of hydroxylysine. The ability of collagen to min-
eralize appears to depend on these PTMs, especially glycosylation. For example, Osteogenesis Imperfecta (OI) 
is a disease characterized by brittle bones caused by hypermineralization which in turn is thought to be related 
to	overglycosylated	collagen	fibrils.	Previous	research	has	already	shown	that	the	structure	of	the	collagen	 is	
import	in	directing	the	mineralization1.	Changes	in	the	collagen	structure	could	therefore	significantly	alter	the	
mineralization.
To investigate the role of collagen glycosylation in bone biomineralization in health and disease, in particular 
on collagen assembly and impaired mineralization in OI, we established an in vitro model system.  For this we 
supplemented an osteoblast cell culture with Cyclosporin A (CsA), which reduces the collagen folding rate and 
thereby increasing the degree of glycosylation. In the presence of CsA, cells were still able to produce collagen 
(fluorescent	light	microscopy	results)	that	assembled	into	fibrils.	High	purity	intact	fibrils	were	isolated	from	the	
cell	culture	of	which	high	performance	liquid	chromatography	showed	that	both	the	degree	of	modification,	as	
well	as	the	degree	of	crosslinking	increased	significantly	by	the	CsA	treatment.	Details	on	the	ultrastructure	of	
the	 isolated	fibrils	were	acquired	using	cryogenic	 transmission	electron	microscopy	 (cryo-TEM).	Cryo-TEM	 re-
vealed	modification	in	the	fibril	structure.	Both	a	decrease	in	fibril	diameter	and	changes	in	the	(sub-)banding	
pattern	of	the	overglycosylated	fibrils	were	observed.	In-vitro	mineralization	of	the	isolated	fibrils	will	show	how	
these	modifications	influence	the	mineralization.

1.Xu,	Y.	Intermolecular	Channels	Direct	Crystal	Orientation	during	Collagen	Mineralization.		(2020).

Fig 1. Influence of collagen glycosylation on fibril structure. A) Overmodification as an influence of CsA treatment. Collagen 

production of control (B) and CsA treated cells (C). Cryo-TEM images of single isolate fibrils form control (D) and CsA 

treatment (E).
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Effects of vitamin-K dependent proteins on vascular calcification

Stijn Agten* 1, Dennis Suylen 1, Anouk Gentier 1, Leon Schurgers 1, Tilman Hackeng 1

1 University Maastricht, Department of Biochemsitry, Cardiovascular Research Institute Maastricht, Maastricht, The Netherlands

The small family of vitamin K dependent (VKD) proteins, γ-carboxylated	on	specific	glutamic	acid	residues,	play	
an essential role in human physiology and pathology. VKD proteins regulate coagulation, mineralization and cell 
proliferation.	Their	importance	is	illustrated	by	the	fact	that	mouse	knockout	models	or	human	deficiencies	lead	
to embryonic lethality, accelerated ageing, or premature death. Surprisingly, while coagulation and mineraliza-
tion	have	little	in	common,	VKD	proteins	affect	the	critical	pathological	process	of	vascular	calcification.	Mecha-
nisms	by	which	they	modulate	calcification,	however,	are	largely	unknown.
We have employed a multi-fragment, one-pot, chemical protein synthesis approach to synthesize post-transla-
tionally	modified	(phosphorylated,	carboxylated)	variants	of	MGP,	osteocalcin	and	the	Gla-domain	of	protein	S.	
We used a combination of diselenide selenoester ligation (DSL) and native chemical ligation (NCL), followed by 
deselenization to obtain the desired proteins. Building block synthesis and Fmoc or Boc based peptide synthesis 
was used to obtain required peptide fragments. Proteins were tested for their ability to inhibit in vitro precipita-
tion	of	calcium	phosphate.	In	addition,	cellular	calcification	was	evaluated	by	adding	VKD	proteins	to	calcifying	
human vascular smooth muscle cells (hVSMC). Finally, bulk RNA sequencing was performed of cells treated with 
different	VKD	proteins.
Uncarboxylated	 proteins	were	 unable	 to	 inhibit	 in	 vitro	 calcium	phosphate	 precipitation	 and	 calcification	 of	
hVSMCs.	While	all	post-translationally	modified	proteins	inhibited	in	vitro	biophysical	precipitation,	significant	
differences	were	observed	in	biological	calcification	inhibition	of	hVSMCs.	Both	protein	S	Gla	and	MGP	could	fully	
inhibit	calcification,	yet	RNA	sequencing	showed	distinct	differences	in	gene	expression	of	hVSMCs	treated	with	
these VKD proteins
VKD	proteins	from	the	mineralization	and	coagulation	subfamily	interfere	with	vascular	calcification.	Differences	
in	inhibitory	activity	may	point	to	different	modes	of	action.	This	is	complemented	by	the	differences	in	gene	
expression observed.

Project is funded by the Dutch Heart Foundation (2019T013) to SMA
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An automated high-throughput workflow for clinical glycomics

Marco Bladergroen* 1, Simone Nicolardi 1, Yuri van der Burgt 1, Manfred Wuhrer 1

1 Leiden University Medical Center / Center For Proteomics and Metabolomics, Leiden, The Netherlands

Human protein glycosylation changes are associated with virtually every disease. Consequently, there is a de-
mand	for	high-throughput	glycomics	workflows	to	address	clinical	glycomics	research	questions.	We	established	
a	 robotized	high-throughput	glycomics	workflow	 for	 the	analysis	of	 serum	and	plasma	protein	glycosylation.	
The	workflow	involves	linkage-specific	sialic	acid	derivatization	to	accommodate	glycan	isomer	differentiation,	
cotton	HILIC	 purification	 and	MALDI	 ultrahigh-resolution	 FTICR-mass	 spectrometry,	warranting	 high	precision	
analysis	of	glycomic	profiles	with	a	large	dynamic	range	[1].	Next	to	the	use	of	the	high-throughput	software	Mas-
syTools [2] for feature extraction, data curation has recently successfully been streamlined supporting fast data 
analysis. On the sample preparation side the future focus will be on implementing a sialic acid stabilization step 
by amidation in the automated protocol. For data analysis improvements the use of internal standards supports 
the	absolute	quantification	of	glycan	species.	Further	efforts	aim	at	implementing	an	ion	mobility	dimension	for	
resolution	of	glycan	isomers.	The	workflow	has	already	been	widely	used	to	address	medical	research	question	
in	the	field	of	cancer	[3,4],	infectious	diseases	[5],	cardiometabolic	[6]	and	autoimmune	[7]	diseases.	Of	note,	the	
approach is amenable to the analysis of dried blood spot glycomes opening up opportunities for at home patient 
monitoring [8].

[1]Vreeker et al. Anal. Chem. (2018) doi:10.1021/acs.analchem.8b02391
[2]Jansen et al J.Proteome Res. (2015) doi:10.1021/acs.jproteome.5b00658
[3]Vreeker et al. Cancer Med. (2020) doi:10.1002/cam4.3439
[4]Vreeker et al. Glycoconj. J. (2021) doi:10.1007/s10719-021-10001-3
[5]Porcino et al. (2023) Submitted for publication
[6]Demus et al. Front. Chem. (2021) doi:10.3389/fchem.2021.678883
[7]Reiding et al. Front. Med. (2018) doi:10.3389/fmed.2017.00241
[8]Vreeker et al Talanta (2019) doi:10.1016/j.talanta.2019.06.104

Automated high throughput glycomics workflow
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Artificial Intelligence in Drug Discovery and Computational Biology: Current 
Status, Successes, and Pitfalls [INV]

Andreas Bender* 1

1 University of Cambridge, United Kingdom

The amount of chemical and biological data available has increased in the public as well as the private domain, 
and both on the algorithmic and hardware side progress has been tremendous in machine learning. Press releas-
es	describe	the	design	of	functional	proteins	and	antibodies	from	scratch,	and	several	‘first	AI-designed	drugs’	
have already entered clinical phases. However, all is not well when it comes to the marriage of algorithms with 
drug discovery, in particular when it comes to the in vivo relevance of what we are able to do with chemical and 
biological	data	at	this	point	in	time.	Reasons	for	this	are	that	the	field	is	still	stuck	in	reductionist	thinking,	in	
combination with a lack of relevant data and our ability to handle it computationally to support decision mak-
ing.	This	contribution	will	review	the	current	status	of	the	field,	as	well	as	provide	case	studies	where	data	and	
computational	methods	have	been	able	to	select	compounds	with	the	desired	effects	on	a	biological	system,	and	
explain what currently still hampers further progress.

Further Reading:
Bender	 A,	 Cortés-Ciriano	 I.	 Artificial	 intelligence	 in	 drug	 discovery:	 what	 is	 realistic,	 what	 are	 illusions?	 Part	
1: Ways to make an impact, and why we are not there yet. Drug Discov Today. 2021 Feb;26(2):511-524. doi: 
10.1016/j.drudis.2020.12.009. (open access)
Bender	A,	Cortes-Ciriano	I.	Artificial	intelligence	in	drug	discovery:	what	is	realistic,	what	are	illusions?	Part	2:	a	
discussion of chemical and biological data. Drug Discov Today. 2021 Apr;26(4):1040-1052. doi: 10.1016/j.dru-
dis.2020.11.037. (open access)
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AI-driven Molecule Design with S4 Models

Rıza	Özçelik*	1,2, Sarah De Ruiter 1, Francesca Grisoni 1,2

1 Eindhoven University of Technology, Institute for Complex Molecular Systems and Dept. Biomedical Engineering, Eindhoven, The 
Netherlands, 2 Centre for Living Technologies, Alliance TU/e, WUR, UU, UMC Utrecht, Utrecht, The Netherlands

There are more synthesizable drug-like molecules than there are stars in the observable universe. In the last 
years,	artificial	intelligence	(AI)	has	been	employed	to	navigate	this	vast	chemical	space	and	efficiently	design	
drug-like molecules de novo. However, initial AI approaches for de novo molecule design have reached a plateau 
in	their	performance,	and	the	latest	improvements	have	had	only	minor	effects.	A	way	to	revitalize	AI	for	de	novo	
drug design is to explore new approaches such as the structured state-space sequence models (S4). S4 models 
have	already	taken	several	fields	of	AI	by	storm,	but	their	potential	for	molecule	design	is	still	unexplored.	Here,	
we adopt the S4 model to design molecules de novo and show that S4 models can indeed generate novel scaf-
folds	and	molecules.	The	demonstrated	success	of	S4	models	in	the	other	fields	of	AI	and	our	preliminary	results	
provide us with the optimism that S4 models might lead to innovation in de novo molecule design with AI.
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O04-0124

Computationally Informed Drug Design Identifies M1 Antagonists

Mihai Burai-Patrascu* 1, Josh Pottel 1, James Talton 2, Gideon Shapiro 2

1 Molecular Forecaster, Montreal, Canada, 2 Alchem Laboratories Corporation, Alachua, United States of America

The	muscarinic	acetylcholine	receptor	(mAChR)	is	a	G-protein	coupled	receptor	(GPCR)	comprised	of	five	molec-
ular subtypes M1-M5. The M1 receptor subtype is located primarily in exocrine glands and the central nervous 
system, where it regulates key physiological processes. Exposure to organophosphate (OP) acetylcholinesterase 
inhibitors (AChEi) (i.e., insecticides or nerve agents) overstimulates M1 by increasing circulating acetylcholine, 
leading to life-threatening seizures.
 
Potent brain penetrating muscarinic antagonists can prevent OP-induced seizures, with atropine as the current 
clinical	standard	of	care.	However,	atropine	and	other	antagonists	suffer	from	a	lack	of	selectivity	across	the	five	
mAChR	subtypes,	 leading	 to	dangerous	side	effects	 (e.g.,	 tachycardia,	ataxia,	delirium).	The	only	selective	M1	
antagonist to have received approval for human use is pirenzepine, which does not cross the blood-brain barrier 
(BBB).	Research	efforts	to	identify	BBB-penetrating	M1	antagonists	have	had	limited	success	in	showing	preclin-
ical	efficacy	in	seizure	models.
Herein	we	describe	our	efforts	to	develop	M1-selective	antagonists	that	cross	the	BBB.	Using	computationally	
informed drug design, we showcase the utility of combining experimental and computational methodologies 
to identify potent hits. We leveraged existing experimental and structural data to create a robust M1 antagonist 
docking model, which we used to virtually screen a focused library of ~200K commercially available small mol-
ecules. 
Numerical and visual analysis led to the selection of 45 compounds for experimental testing. Ten compounds had 
IC50 values < 10 μM—the most potent being 160 nM. Several compounds also showed some degree of selectivity 
against other mAChR subtypes. Most of the hits are structurally diverse compared to existing M1 antagonists, 
suggesting	opportunities	for	new	biological	and	selectivity	effects	upon	optimization.

References:
Cruse, A., et al., Nat. Rev. Drug. Discov., 2014, 13(7), 549-560.
Abrams, P., et al., Br. J. Pharmacol., 2006, 148(5), 565-578.
Miller, S., et al., J. Pharmacol. Exp. Ther., 2017, 360(1), 23-32.
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O04-0660

DeepRank-Core: Mining Protein-Protein Structures with Geometric Deep 
Learning

Giulia Crocioni* 1, Dani Bodor 1, Coos Baakman 2, Farzaneh Parizi 2, Dario Marzella 2, Heleen Severin 2,	Li	Xue*	2

1 Netherlands eScience Center, Amsterdam, Netherlands, 2 Radboudumc, Nijmegen, Netherlands

The combination of physics-based 3D modeling and data-driven deep learning has the potential to revolutionize 
drug design and protein engineering. There is a wealth of Protein-Protein Interface (PPI) data available, both 
experimentally and computationally obtained, that can be used to train deep learning models for biologically 
relevant predictions. We previously developed DeepRank and DeepRank-GNN, two deep learning frameworks for 
PPIs data mining using Convolutional Neural Networks (CNNs) and Graph Neural Networks (GNNs), respectively. 
We	present	here	DeepRank-Core,	a	unified	and	user-friendly	open-source	deep	learning	framework	that	converts	
3D	representations	of	PPIs	into	either	grids	or	graphs	for	efficient	training	of	CNNs	or	GNNs.	DeepRank-Core	is	
designed	to	be	customizable,	offering	users	the	ability	to	choose	the	deep	learning	architecture	that	best	fits	
the	 specific	 interaction	patterns	 they	 aim	 to	model.	We	 showcase	 the	performance	of	DeepRank-Core	 in	 the	
application of personalized cancer vaccines. By modeling peptide-MHC complexes and predicting their Binding 
Affinities,	we	can	determine	the	most	suitable	mutated	tumor	peptides	as	vaccine	candidates.	Our	preliminary	
experiments	demonstrate	not	only	highly	competitive	performance	compared	to	state-of-the	art	methods,	confi-
dent	of	wide	room	for	improvement,	but	also	significant	advantages	in	terms	of	speed,	storage	requirements,	and	
ease of use compared to DeepRank, DeepRank-GNN and other similar softwares, e.g. MaSIF and DOVE. Extensive 
software documentation is already available, and the package follows the community-endorsed FAIR principles 
for Research Software.

DeepRank-Core framework overview. 3D coordinates of interface residues are extracted from PDB files and converted into 

interface graphs or grids, depending on the user’s choice. The data are then passed through a Neural Network to compute 

predictions.
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O04-0053

Antibody sequencing by integrated cryoEM and mass spectrometry

Douwe Schulte 1, Marta Šiborová 1, Joost Snijder* 1

1 Utrecht University, Utrecht, The Netherlands

Antibody sequences are typically recovered by sequencing the coding mRNAs from the producing B cells. This 
approach is the state of the art for throughput and sequencing accuracy, but still provides a limited view of the 
antibody	repertoire	on	the	level	of	the	functionally	secreted	polypeptide	product	in	bodily	fluid.	Recent	advanc-
es in de novo antibody sequencing by MS have made it possible to derive antibody sequence information directly 
from the secreted polypeptide product. Here we explore the additional use of novel de novo model building 
algorithms for cryoEM density that generate complementary sequence information of reconstructed antibodies. 
A benchmark of publicly available cryoEM density maps of viral antigen-antibody complexes is used as input for 
de novo model building. The sequence accuracy is evaluated by computing the distance to the known sequences 
and evaluating assignment to the correct germline precursor of the variable segment. Experimental cryoEM maps 
of Herceptin-HER2 and CR3022-Spike complexes are integrated with experimental de novo antibody sequencing 
data by bottom-up mass spectrometry. In addition, cryoEM maps of polyclonal antibody mixtures from Electron 
Microscopy based Polyclonal Epitope Mapping (EMPEM) experiments are analyzed in the same pipeline to eval-
uate	if	the	map	quality	allows	for	antibody	sequence	profiling.	Compared	to	bottom-up	MS	data,	cryoEM-based	
sequence accuracy is lower, but the read-length far exceeds the average 20-30 amino acids observed in MS ex-
periments, yielding accurate V-gene assignments despite low sequencing accuracy. We show that these long 
cryoEM derived sequence reads serve as useful templates for assembly of shorter MS-based de novo sequence 
reads. Finally, we demonstrate that de novo sequence reads of high quality can be extracted from cryoEM maps 
of	EMPEM	experiments.	We	developed	a	workflow	that	allows	for	simultaneous	sequence	profiling	and	epitope	
mapping	of	antigen	specific	antibodies.

O04 PARALLEL SESSION 04: Computational Methods in Drug Discovery



ORAL PARALLEL SESSIONS

112CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O05-0485

Profiling the prenylome reveals new biology [INV]

Mark Distefano* 1, Kiall Suazo 1, Shelby Auger 1, Alex Petre 1

1 University of Minnesota, Minneapolis, United States

Protein	lipid-modification	involves	the	attachment	of	hydrophobic	groups	to	polypeptides	within	cells	after	they	
are	synthesized	by	ribosomes.		The	purpose	of	these	modifications	is	to	anchor	specific	proteins	to	the	cell	mem-
brane where they can relay chemical messages from the exterior to the cellular interior.  Protein prenylation is 
one	example	of	lipid	modification	and	consists	of	the	addition	of	either	C15	or	C20	isoprenoid	groups	to	a	va-
riety of proteins; such proteins play key roles in regulating processes within cells including cell division, shape, 
differentiation	and	memory.	 	Of	particular	note	is	the	observation	that	protein	prenylation	is	required	for	the	
transforming activity of mutant Ras oncoproteins; inhibition of the enzyme farnesyltransferase (which catalyzes 
protein prenylation) arrests the growth of transformed cells in a variety of models.  A number of inhibitors of this 
enzyme and others in the protein prenylation pathway are currently in clinical trials for cancer therapy and other 
diseases.  This presentation will describe the use of chemical tools to probe the biology of protein prenylation 
and	efforts	to	capitalize	on	those	results	for	new	therapeutic	approaches.	The	synthesis	of	different	alkyne-con-
taining	 isoprenoid	 analogues	 that	 allow	profiling	 of	 prenylated	 proteins	will	 be	 described.	 The	 use	 of	 those	
probes	to	characterize	the	prenylomes	of	different	cell	types	including	immortalized	cell	lines,	primary	cells	and	
animal	tissue	will	be	reported.	Profiling	of	prenylated	proteins	in	a	mouse	model	for	Alzheimer’s	disease	revealed	
higher	levels	of	specific	proteins	that	may	serve	as	new	targets	for	the	development	of	new	therapeutic	agents.

Workflow for the analysis of prenylated proteins in the brains of Alzheimer’s disease model mice
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O05-0458

Biomimetic membranes for the study of amyloid-β aggregation

Qusai Hassan* 1, Kagan Kerman 1, Meissam Noroozifar 1

1 University of Toronto, Toronto, Canada

Biomimetic membrane systems can be deposited onto conductive surfaces to study the properties of membranes 
as well as the behaviour of proteins within them using electrochemical and surface analytical techniques. Al-
though there are several types of biomimetic membranes, hybrid bilayer lipid membranes (HBLMs) have attract-
ed interest given that properties of the HBLMs such as the length of the membrane are easy to modify according 
to the users needs.1 Given that recent studies have shown that the aggregation of amyloid-β (Aβ), the hallmark 
protein	implicated	in	Alzheimer’s	disease,	 is	affected	by	the	thickness	of	the	surrounding	lipid	bilayer,	HBLMs	
prove to be a valuable platform for further studying the relation between the aggregation of Aβ and the length 
of the bilayer.2
Herein,	screen-printed	carbon	electrodes	were	modified	with	novel	diazonium	based	alkyl	phenyl	groups	of	dif-
ferent	lengths	to	evaluate	their	biomimetic	differences.	2,2-diphenyl-1-picrylhydrazyl	was	used	to	prevent	the	
formation of polyaryl layers on the surface, hence limiting the electrodeposition to a monolayer.3 The HBLMs 
were formed by depositing the second layer in the form of dihexadecyl phosphate, which were analyzed using 
differential	pulse	voltammetry	(DPV),	ellipsometry,	and	X-ray	photoelectron	spectroscopy.	The	different	HBLMs	
were then incubated with 15 μL of Aβ (~ 20 μM), to assess the protein-membrane interactions over a period of 
one week.
Preliminary results show that the aggregation of Aβ, which was monitored via the electrooxidation of the tyrosine 
residue	(Tyr10)	using	DPV,	was	found	to	be	affected	by	the	length	of	the	HBLM.
This	novel	electrochemical	platform	can	enable	us	to	understand	how	protein-protein	interactions	may	be	affect-
ed by the properties of the surrounding lipid layer.

1) Fini, H. et al. Micromachines 13, 574 (2022).
2) Korshavn, K. J. et al. J. Biol. Chem. 292, 4638–4650 (2017).
3) Menanteau, T. et al. Chem. Mater. 25, 2905–2909 (2013).
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O05-0366

T cell immune responses against trans-membrane proteins

Frans Bianchi* 1

1 Molecular Immunology, Groningen molecular Biology and Biotechnology institute, University of Groningen, Groningen ,  
The Netherlands

T cells play a critical role in the defence against cancer and microbial pathogens. Rather than recognizing cancer 
cells and pathogens directly, T cells recognize peptide fragments that are displayed in Major Histocompatibility 
Complexes (MHC) on the surface of antigen presenting cells; a process called antigen presentation. However, this 
process has mainly been studied for soluble proteins, and if and how T cells also recognise peptide-fragments 
from trans-membrane helices has been overlooked. In this presentation, I will provide evidence from both a 
bioinformatics analysis and experimental data why MHC complexes present more peptide-fragments from mem-
brane proteins than from soluble proteins. I will also explain why this bias might give an evolutionary advantage, 
based	on	bio-informatic	analysis.	Finally,	I	will	provide	a	biochemical	method	that	for	the	first	time	enables	us	to	
directly measure the antigen presentation of membrane proteins, and show that this method can be used to de-
termine the cellular pathways underlying this process. Thus, membrane proteins are an important yet completely 
overlooked source of T cell antigens. 

1 Bianchi, F., et al. (2017) Transmembrane helices are an overlooked source of MHC class I epitopes. Front. Immu-
nol. 8: 1118.
2 Bilderbeek, et al. (2022) Transmembrane helices are an overlooked and evolutionarily conserved source of 
major histocompatibility complex class II epitopes. Front. Immunol. 12: 763044.
3 Baranov, et al. (2019) The phosphoinositide kinase PIKfyve promotes cathepsin-S-mediated major histocom-
patibility complex class II antigen presentation. iScience.

O05 PARALLEL SESSION 05: Biology at, across and within Membranes



ORAL PARALLEL SESSIONS

115CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O05-0298

Sterculic Acid: A Live-Cell Compatible Bioorthogonal Lipid Reporter

Kristine Bertheussen* 1, Merel van de Plassche 1, Thomas Bakkum 1, Berend Gagestein 1,	Iakovia	Ttofi	1,  
Alexi J. C. Sarris 1, Herman S. Overkleeft 1, Mario van der Stelt 1, Sander van Kasteren 1

1 Leiden University, The Netherlands

Fatty acids are important suppliers of energy, membrane components, and signaling molecules in immune cells, 
and can act as direct modulators of both innate and adaptive immune responses.[1] However, studying this class 
of	biomolecules	in	live	cells	or	in	vivo	is	notoriously	difficult	due	to	their	lack	of	direct	genetic	encoding,	and	
their	sensitivity	to	chemical	modifications	with	e.g.,	fluorophores.[2]	Bioorthogonal	chemistry	has	proven	to	be	
a useful tool in this regard, as a small bioorthogonal handle can be introduced into the biomolecule of interest 
providing minimal changes to its original structure.[3] 
In our work we have used sterculic acid, a naturally occurring cyclopropene-containing fatty acid, as a novel bio-
orthogonal handle. Sterculic acid is an analogue of the omega-9 fatty acid oleic acid (18:1 cis-9), containing only 
a	single	CH₂-group	difference	(see	figure).	We	have	shown	that	the	strained	nature	of	the	cyclopropene	moiety	
enables	cycloaddition	with	tetrazine-conjugated	fluorophores,	via	an	inverse	electron-demand	Diels	Alder	(IED-
DA)	reaction.[4]	Using	cell-permeable	BODIPY-tetrazine	fluorophores,	this	approach	allowed	us	to	do	live-cell	im-
aging of sterculic acid in a murine dendritic cell line. The IEDDA reaction was also shown to work in combination 
with two other bioorthogonal reactions, allowing us to locate three distinct biomolecules simultaneously and 
study multiple nutrients in parallel. We also successfully applied sterculic acid to identify protein lipidation as a 
post-translational	modification	by	pull-down	chemical	proteomics	with	a	tetrazine	biotin.	
Our results highlight the use of cyclopropene-containing fatty acids as attractive analogues to monounsaturated 
fatty acids, that can allow for the study of their functions in a wide variety of experimental set-ups, and in a live-
cell or in vivo manner.
 
[1]	Zhou	et	al.,	FEBS	J.	2023.
[2] Bumpus & Baskin, Trends Biochem. Sci. 2018.
[3] Sletten & Bertozzi, Angew. Chem. 2009.
[4] Oliveira et al., Chem. Soc. Rev. 2017

Structures of oleic acid and its cyclopropene-containing analogue sterculic acid. The cyclopropene moiety is the point of 

ligation with tetrazines via the inverse electron-demand Diels-Alder reaction.
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O05-0672

Physiological macromolecular crowding with cell lysates in liposomes

Milara Kalacheva* 1, Nuno Ribeiro da Silva 1, Arnold Boersma 1

1 Utrecht University, Utrecht, The Netherlands

The	in-cell	macromolecular	crowding	potentially	affects	various	physiological	biochemical	reactions	 in	health	
and	disease.	However,	it	is	not	possible	to	predict	the	effect	of	intracellular	crowding	from	first	principles	and	
therefore, a better understanding would be gained from controlled model systems that mimic the intracellu-
lar	environment.	Here,	we	developed	a	protocol	to	produce	liposome-based	artificial	cells	with	macromolecular	
crowding as in bacterial cells. We controllably concentrate bacterial cell lysate in liposomes via osmotic shrink-
age.	Thereby,	we	can	achieve	macromolecular	crowding	levels	comparable	to	Escherichia	coli,	as	verified	by	a	
macromolecular	crowding	sensor1.	We	see	that	co-solutes	affect	macromolecular	crowding	and	the	organization	
of	the	lysate.	Most	co-solutes	show	a	similar	crowding	effect	with	respect	to	the	lysate	concentration,	while	high	
concentrations of ATP, or no co-solute at all, show a steeper increase in crowding. In the latter case, the in-cell 
crowding is reached at ~200 mg/mL, which is similar to E. coli. While lysates function well up to the physiological 
crowding concentrations, we see that further crowding increases do not mimic in-cell behavior, indicating the 
presence	of	an	additional	component	or	mechanism	in	cells.	These	findings	indicate	that	the	crowder	organiza-
tion in the cell is controlled by both the macromolecules and the co-solutes present. 

1.	Boersma,	A.	J.,	Zuhorn,	I.	S.	&	Poolman,	B.	A	sensor	for	quantification	of	macromolecular	crowding	in	living	cells.	
Nat. Methods 12, 227–229 (2015).
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O06-1065

Urgent need for Entrepreneurial Chemistry and Empathic Engineering in 
Health Applications [INV]

David Fernandez Rivas* 1,2

1 University of Twente | Erasmus MC, The Netherlands, 2 MIT, United States

How	can	chemistry,	process	intensification,	applied	physics	and	engineering	contribute	to	a	topic	like	reducing	
pain? Needle-based injections improve living conditions and the health of millions of people and animals. One 
timely example is the injection of vaccines. Needles have been praised for centuries, but also feared, and in the 
last decades there is renewed interest in getting rid of them. I want to share salient moments on my ongoing 
quest	 in	developing	ways	to	 inject	without	needles,	using	 lasers	and	microfluidics.	 In	the	BuBble	Gun	project	
(https://bubble-gun.eu), we want to change the lives of people who fear them, and open new therapeutic op-
portunities to treat diseases. Moreover, reducing the use of needles and the plastic packaging they require can 
reduce	accidental	finger-pricking	and	contamination	caused	by	traditional	healthcare	procedures.	Moreover,	I	am	
excited	to	present	a	novel	approach	that	helps	to	increase	empathy	in	people	having	different	points	of	view,	
and to understand or predict the perspectives of stakeholders [1,2]. I will also share the latest progress in The 
Future Under Our Skin (FUOS) an international stakeholder forum bundling scientists, dermatologists, tattoo art-
ists, philosophers, other experts, and patients. We share a vision of quality-of-life improvements with skin as a 
technological platform, and I look forward to recruit more collaborators. 

1. Rivas, D.F., Husein, S. “Empathy, persuasiveness and knowledge promote innovative engineering and entrepre-
neurial skills.” Education for Chemical Engineers 40 (2022): 45-55. 
2. Rivas, D.F. “Empathic Entrepreneurial Engineering.” De Gruyter, 2022.
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O06-0270

Validating the use of Nanoprobes for intracellular sensing

Maha Said* 1,2, Nathanne Rost 1,2, Federico Boem 3, Raphaël Lévy 1,2

1 Université Sorbonne Paris Nord,  Paris 13, Bobigny, France, 2 Université Paris-Cité- INSERM LVTS, Paris , France, 3 University of 
Twente-Philosophy Section, Enschede, The Netherlands

The use of nanoprobes for intracellular sensing and bio-imaging has gained a lot of attention over the past 15 
years. pH, miRNA, mRNA, free radicals and a longer list of intracellular targets are claimed to have been detect-
ed by nanoparticles that entered the cell through endocytosis followed by a series of subsequent events (i.e. 
endosomal escape, detection of the target, measurement of a physical output) that are a necessity for intracel-
lular sensing. We have noticed that in many articles claiming intracellular sensing, the concept of nanoparticles 
undergoing ‘endosomal escape’ is generally taken for granted, with little or no experiments carried out to show 
this phenomenon. That some concepts, methods, and theories are thought to be well-established, even serving 
as a basis for further research, yet are not robustly supported is a common phenomenon not exclusive to the na-
nobiosciences.  We are launching a nanobioscience reproducibility initiative that aims to reproduce results from 
articles primarily concerned with nanoparticles’ ability to enter cells, exit endosomes and detect targets in the 
cytoplasm. Here, we will present the key phases of this reproducibility project. We will highlight that this project 
also	highly	depends	on	collaborations	with	other	scientists	in	the	field,	as	well	authors	of	the	original	publication.	
We hope that this work will enable us to clarify contested issues and will allow the community to build on more 
solid ground.
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O06-0502

Optical aptasensor for endotoxin detection with single-molecule resolution

Alina Rwei* 1, Vasileios Papadimitriou 1, Jeanne van Dongen 2, Loes Segerink 2

1 Tu Delft, Delft, The Netherlands, 2 University of Twente, Enschede, The Netherlands

Endotoxin is a deadly pyrogen and a main trigger of sepsis, a disease that accounts for 1 out of 5 deaths in in-
tensive care units and a mortality rate of 42%. Its accurate monitoring is therefore crucial. Current endotoxin 
detection relies on batch-based processes that are labor-intensive, time-consuming, and unsustainable. Here, 
we	report	an	aptamer-based	biosensor	 for	 the	efficient,	 real-time,	optical	detection	of	endotoxin.	The	sensor	
transduces	the	conformational	change	of	the	endotoxin-specific	aptamer	upon	target	binding	to	a	color	change	
of scattered light, via the plasmonic resonance of gold nanoparticles (AuNP). The sensor can either be used in 
ensemble or single molecule detection mode. In the ensemble mode, the sensor has a limit of detection below 
31	EU/ml	and	exhibits	high	specificity	against	endotoxin.	We	demonstrate	the	regeneration	and	reusability	of	
the sensor suitable for repeated endotoxin measurement. The single molecule detection mode is enabled by 
monitoring	the	color	of	 individual	AuNP	via	dark	field	microscopy.	This	platform	has	the	potential	to	advance	
endotoxin detection to safeguard products in the medical, food and pharmaceutical industries.

An aptamer molecule is bound to the gold nanofilm (AuNF) and AuNP. Upon target binding, the aptamer molecule interacts 

with endotoxin, upon which the average z-height of the AuNP decreases and induces a redshift of the scattering wavelength.
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O06-0769

Infrared Absorption Nanospectroscopy towards the Single Molecule Scale

Francesco Simone Ruggeri* 1

1 Wageningen University, Wageningen, The Netherlands

Biological processes rely on a wide class of biomolecular and macromolecular machines that have nanoscale 
physical dimensions and whose function emerges from a correlation between their chemical and structural prop-
erties. A fundamental objective of modern analytical methods in physics, chemistry and biology is the compre-
hension of how physical-chemical properties and heterogeneity of single biomolecules underlie their role in 
cellular function and disease. While innovative nanoscale imaging methods have been developed to characterise 
biomolecules, imaging microscopies are to the most part chemically blind; thus, hampering the characterisation 
of inhomogeneous and complex systems.
Here, we show the application of infrared absorption nanospectroscopy (AFM-IR) as a real breakthrough for the 
analysis of heterogeneous biomolecules and their interactions from the single molecule scale to several multiple 
biological length scales in air and liquid environment.
As	a	major	advance	in	the	field,	we	demonstrate	the	achievement	of	single	protein	molecule	detection	of	infrared	
absorption	spectra	and	maps	by	introducing	off-resonance,	low	power	and	short	pulse	ORS-nanoIR.[1]	The	tech-
nique enables the accurate determination of the secondary structure elements of single proteins in the amide 
band I region, such as a-helices and b-sheets. Then, we show the application of this single molecule sensitivity to 
unravel	the	molecular	interaction	fingerprint	between	a	small	molecule	and	its	target	[2],	the	surface	properties	
of	artificial	model	membranes	[3]	and	the	structure	of	functional	protein	self-assemblies	to	be	exploited	as	a	
novel class of biomaterials in bioscience [4-7].
Overall, our aim is to expand the capabilities of analytical nanoscience to unravel the structure-activity relation-
ship of biomolecules for nano- and bio-science applications.

[1] Ruggeri, Nature Comm., 2020.
[2] Ruggeri, Nature Comm., 2021.
[3] Marchesi, Advanced Functional Materials, 2020.
[4] Ramer*, Ruggeri*, ACS Nano, 2018.
[5] Shen, Ruggeri, Nature Nanotechnology, 2020.
[6] Otzen,…, Ruggeri, Small Methods, 2021.
[6] Ruggeri, Nature Comm., 2015.
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O07-0702

Versatile Protein Double Modification using Synthetic Tyrosine Derivatives

Mark A. R. de Geus* 1, Christian E. Stieger 1,2, Romain  Lotthé 1, Kristin  Kemnitz-Hassanin 1,  
Christian P. R.  Hackenberger 1,2

1 Leibniz Research Insitute for Molecular Pharmacology (FMP Berlin), Berlin, Germany, 2 Humboldt Universität zu Berlin, Berlin, 
Germany

Site-specific	protein	modification	remains	a	central	challenge	in	life	sciences.	This	goal	can	be	pursued	by	chem-
ical	modification	of	native	proteins,	in	which	native	residues	show	suitable	reactivity	but	often	lack	specificity	
due to their ubiquitous presence. Alternatively, genetically engineered proteins introduce selectivity at the cost 
of	predesignated	genetic	modifications.	Enzymatic	ligation	strategies,	which	utilize	genetically	fused	recognition	
sequences,	constitute	an	attractive	choice	to	obtain	site-specifically	modified	proteins,	especially	in	combination	
with subsequent bioorthogonal labelling.
The	aim	of	the	presented	research	is	to	amplify	the	power	of	enzymatic	modification	by	developing	a	broadly	
applicable	chemoenzymatic	strategy	for	the	site-specific	dual	modification	of	proteins.	Taking	advantage	of	the	
substrate promiscuity of the enzyme tubulin tyrosine ligase (TTL),[1,2]  we incorporate new synthetic tyrosine 
derivatives	at	 the	C-terminus	of	a	protein.	Subsequently,	 to	ensure	a	dual	modification	sequence,	we	will	 for	
instance	exploit	a	unique	reactivity	upon	a	first	conjugation.
The developed methodology will enable proteins to be equipped with two complementary functional modules 
in	a	highly	defined	manner.	For	instance,	the	combination	of	a	fluorophore	and	a	photostabilizer	will	allow	facile	
visualization	of	nanobodies	in	fluorescence	microscopy.[3]	

[1]D. Schumacher, J. Helma, F. A. Mann, G. Pichler, F. Natale, E. Krause, M. C. Cardoso, C. P. R. Hackenberger, H. Leon-
hardt, Angew. Chemie Int. Ed. 2015, 54, 13787–13791.
[2]D. Schumacher, O. Lemke, J. Helma, L. Gerszonowicz, V. Waller, T. Stoschek, P. M. Durkin, N. Budisa, H. Leonhardt, 
B. G. Keller, C. P. R. Hackenberger, Chem. Sci. 2017, 8, 3471–3478.
[3]A. F. L. Schneider, L. S. Benz, M. Lehmann, C. P. R. Hackenberger, Angew. Chemie Int. Ed. 2021, 60, 22075–22080.
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O07-0639

THRONCAT: Metabolic protein labeling with bioorthogonal threonine 
analogs

Bob Ignacio* 1, Jelmer Dijkstra 2, Natalia Mora 3, Erik Slot 3, Margot Van Weijsten 1, Erik Storkebaum 3, Michiel  
Vermeulen 2, Kimberly Bonger 1

1 Department of Synthetic Organic Chemistry, Chemical Biology Lab, Radboud University, Nijmegen, The Netherlands, 2 
Department of Molecular Biology, Radboud Institute for Molecular Life Sciences, Oncode Institute, Radboud University, Nijmegen, 
The Net

The cellular proteome consists of a complex and dynamic protein pool that is tightly regulated by protein synthe-
sis and degradation.(1) Changes in protein synthesis can occur rapidly in response to internal and external stimuli 
and capturing these early responses provides invaluable insight into cellular physiology. (2,3) Measuring this 
nascent proteome requires a method to distinguish between newly synthesized proteins (NSPs) and the pre-ex-
isting proteome. To this end, metabolic protein labeling using bioorthogonal methionine analogs (BONCAT) has 
been used extensively to tag and enrich NSPs. (4,5) Methionine analogs, however, are poorly incorporated and 
efficient	BONCAT	relies	on	the	absence	of	methionine	in	the	cell,	practically	limiting	the	use	of	BONCAT	to	methi-
onine-free culture media and methionine-auxotrophic strains of bacteria.(4,6) Here, we present a novel metabol-
ic	labeling	method	based	on	bioorthogonal	threonine	analogs	(THRONCAT)	that	are	efficiently	incorporated	into	
NSP’s in complete growth medium and in wild-type cells ex vivo and in vivo. Our data show that bioorthogonal 
threonine	analogs	allow	for	visualization	of	NSPs	on	a	minute	time	scale	as	well	as	efficient	enrichment	of	NSPs	
for	proteomic	analysis.	Because	of	its	ease,	we	believe	that	THRONCAT	will	find	widespread	applications	to	study	
protein regulation and dynamics in health and disease in more detail. 

References
1. Vogel, C. & Marcotte, E. M., Nat. Rev. Genet. 13, 227–232 (2012).
2. Hafner, A.-S. et al., Science 364, (2019).
3. Topf, U. et al., Nat. Commun. 9, 324 (2018).
4. Dieterich, D. C. et al., Proc. Natl. Acad. Sci. 103, 9482–9487 (2006).
5. Beatty, K. E. et al., Angew. Chem. Int. Ed. 45, 7364–7367 (2006).
6. Kiick, K. L. & Tirrell, D. A., Tetrahedron 56, 9487–9493 (2000).
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O07-0427

Activity-based profiling of legionella effectors

Max Kloet* 1, Gerbrand van der Heden van Noort 1

1 Leiden University Medical Center, Den Haag, The Netherlands

Ubiquitination is the attachment of a 76 amino acid protein onto substrate proteins, a vital post translational 
modification	(PTM)	in	eukaryotes.	Upon	infection	of	host	cells	the	Legionella	pneumophila	bacterium	releases	ef-
fector enzymes that hijack the host-ubiquitination pathways, amongst which is the SidE-family. In the presence of 
NAD+		The	mono-adenosine-di-phosphate-ribose	transferase	(mART)	domain	of	these	multidomain	proteins	first	
modifies	ubiquitin	on	Arg42	to	form	a	reactive	ubiquitin	adenosine-diphosphate-ribose	(Ub-ADPr)	intermediate.¹	
Ub-ADPr is then transferred to the phosphodiesterase (PDE) domain and reacts with the serine residue of host 
substrate proteins to form a serine-phosphoribosyl (Ser-PR) linkage between the targeted protein and ubiquitin. 
Ubiquitination in this non-canonical way results in the recruitment of ER-remodeling proteins and the formation 
of a Legionella containing vacuole which is crucial in the onset of legionnaires disease. This process is regulated  
via	DupA,	another	effector	that	cleaves	the	PR-linkage	in	order	to	maintain	a	proper	cellular	homeostasis.²	In	the	
process of performing the cleavage DupA forms a covalent intermediate using His67 of its active site. We aim to 
target	DupA	using	this	histidine	and	generate	an	activity-based	probe	to	profile	bacterial	enzymes	during	legio-
nella infection. Synthesis of the probes combines furanose chemistry and peptide chemistry and the bond be-
tween	ribose	and	ubiquitin	is	generated	using	click-chemistry.	Warheads	were	effectively	installed	on	the	5’-OH	
of ribose and ubiquitin was equipped with reporter molecules such as biotin or rhodamine. We developed and 
tested	ubiquitin-based	probes	equipped	with	a	reactive	warhead	on	recombinant	protein	and	verified	reactivity	
of our probes in lysate of HEK cells infected with Legionella. Our data shows that we were able to pulldown DupA 
and	DupB,	which	opens	the	opportunity	to		profile	other	pathogens	and	investigate	whether	these	prokaryotes	
utilize a similar mechanism of infection.

1)  Nature 557, 734–738 (2018).
2)  Mol Cell 77, 164–179 (2020)

Work-flow of a pulldown utilizing ubiquitin-phosphoribose mimicking probes to capture Legionella pneumophila effector 

enzymes. The probes were tested in two groups, HEK cells infected with Legionella or non-infected cells and analyzed using 

proteomics.
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O07-0127

Readily Accessible Strained Difunctionalized trans-Cyclooctenes

Daan Sondag* 1, Luuk Maartense 1, Heleen de Jong 1, Frank de Kleijne 1, Kimberly Bonger 1, Dennis Löwik 1, 
Thomas Boltje, Jan Dommerholt 1, Paul White 1, Dani Blanco 1, Floris Rutjes 1

1 Radboud University, Nijmegen, The Netherlands

The click reaction between a functionalized trans-cyclooctene (TCO) and a tetrazine (Tz) is a compelling method 
for bioorthogonal conjugation in combination with payload releasing capabilities. However, the synthesis of di-
functionalized TCOs remains challenging. As a result, these compounds are poorly accessible, which impedes the 
development of novel applications. In this work, the scalable and accessible synthesis of a new bioorthogonal di-
functionalized TCO is reported in only four single selective high yielding steps starting from commercially avail-
able compounds. The TCO-Tz click reaction was assessed and revealed excellent kinetic rates and subsequently 
payload release was shown with various functionalized derivatives. Tetrazine triggered release of carbonate and 
carbamate	payloads	was	demonstrated	up	to	100	%	release	efficiency	and	local	drug	release	was	shown	in	a	
cellular toxicity study which revealed a >20-fold increase in cytotoxicity.

The synthesis of a novel strained difunctionalized trans-cyclooctene in only four high-yielding steps is presented and the 

releasing capabilities of functionalized derivatives were evaluated upon tetrazine activation. This method presents a major 

step forward in synthesizing releasing difunctionalized trans-cyclooctenes.
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O08-1183

Condensate Biology in Synapse Physiology and Neurodegeneration [INV]

Dragomir Milovanovic*  

1 German Center For Neurodegenerative Diseases, Germany

Brain functioning critically relies on neuronal communication that mainly occurs by chemical signaling at the 
specialized contacts known as synapses. At synapses, messenger molecules are packed into synaptic vesicles 
(SVs), which are secreted upon the arrival of an action potential. For neuronal signaling to persist, synapses have 
to maintain an adequate pool of SVs at all times. In fact, synapses are packed with hundreds of SVs that are tightly 
clustered. Decades of research have established that SVs are clustered by synapsin 1, an abundant SV-associated 
phosphoprotein	at	synapses.	The	classical	view	postulates	that	synapsin	cross-links	SVs	together	in	a	modifiable	
scaffold	of	protein-protein	interactions	between	synapsin	and	its	binding	partners.	However,	recent	studies	sug-
gest that synapsin clusters SVs via liquid-liquid phase separation (LLPS), which brings the classical model into 
question.	During	the	seminar,	I	will	discuss	our	efforts	to	scrutinize	the	LLPS	of	SVs	both	in	reconstituted	systems	
and in living neurons and how these are disrupted in synaptic pathology occurring in neurodegenerative disor-
ders such as Parkinson’s Disease.
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O08-0212

Designer coacervates as a protein sequestration scaffold

Akihiro Kishimura* 1, Biplab KC 1, Haya Kadan 1, Teruki Nii 1, Takeshi Mori 1, Yoshiki Katayama 1

1 Kyushu University, Fukuoka, Japan

Complex coacervation (CC) is an associative liquid-liquid phase separation process in which a viscous poly-
mer-rich aqueous phase can be easily obtained by simply mixing oppositely charged polymer solutions. Poly-
peptide-based complex coacervate can mimic the natural macromolecular crowded cytosolic microenvironment, 
and their relevance to biological systems, e.g., biomolecular condensates or membraneless organelles, has been 
intensively	discussed.	Hence,	CCs	are	an	excellent	choice	for	making	artificial	protocells,	bioreactors,	or	organ-
ellae. Loading functional biomacromolecules into the condensed state of coacervate is also essential to realize 
this application. However, a rational and straightforward strategy to recruit proteins into synthetic condensates 
has yet to be established. Herein, we used PEGlylated poly(aspartic acid) as a polyanion and homo polylysine as 
a polycation to make complex coacervates. Furthermore, the linear charge density of the polyanion was tuned 
via	side-chain	modification	with	charge-neutral	pendant	groups	to	clarify	the	effect	on	the	protein	sequestration	
into complex coacervates. Decreasing charge density on the polyanion endowed the coacervates with the ability 
to	effectively	recruit	charged	proteins	(BSA,	β-galactosidase, and so on). As a result, the proteins were concen-
trated at least 50 times higher than their initial concentration. The encapsulation of protein is considered to be 
driven	by	electrostatic	interaction,	but	the	charge-frustrated	state	created	by	side	chain	modification	plays	a	key	
role within CCs. This process was reversible and could be easily modulated to incorporate multiple proteins. This 
simple strategy opens the path for various therapeutic applications.

Complex coacervates prepared from polyanions with reduced-linear charge density could act as a scaffold for the 

sequestration of various globular proteins with high encapsulation efficiency. The origin of effective protein sequestration is 

assumed to be the dynamic frustrated ion-pairing.
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O08-0361

Interactions of Beta-Blockers with Intralipid Emulsion

Susanne Wiedmer* 1, Shishir Jaikishan 1, Jörgen Samuelsson 2, Arina Sukhova 1, Veronika Solinova 3,  
Torgny Fornstedt 2, Vaclav Kasicka 3

1 Department of Chemistry, University of Helsinki, Helsinki, Finland, 2 Karlstad University, Karlstad, Sweden, 3 Institute of Organic 
Chemistry and Biochemistry, The Czech Academy of Sciences, Prague, Czech Republic

Beta-blocker (BB) toxicity is the most common cause of poison-induced cardiogenic shock all over the world. 
Since	BBs	are	the	fifth	most	prescribed	medications	in	the	USA	and	are	regularly	part	of	fatal	single	or	multidrug	
ingestions, also methodologies for in vivo removal of the drugs from the body have been under investigation. 
Intralipid emulsion contains 10-30 % soybean oil, 1.2% egg yolk phospholipids, 2.25% glycerol, and water and 
it is a common commercial lipid emulsion used for parenteral nutrition. Intralipid has been administered to pa-
tients	suffering	 from	drug	 toxicities,	but	 there	 is	 little	known	about	 the	mechanism	of	action.	One	suggested	
mechanism is the lipid sink phenomenon. 
We have previously investigated the interactions of local anesthetics and lipophilic illicit drugs with Intralipid 
emulsion,	using	capillary	electromigration	 techniques.	 In	 this	work,	a	set	of	BBs	of	different	hydrophobicity’s	
(log Po/w values ranging from 0.16 to 3.8) were investigated. In order of increasing hydrophobicity they were 
atenolol, pindolol, metoprolol, labetalol, alprenolol, propranolol, and carvedilol. The strength of the interactions 
between these compounds and the Intralipid emulsion was quantitatively assessed by means of the binding 
constants of the formed BB-Intralipid complexes and compared with each other. The binding constants were cal-
culated	based	on	different	adsorption	isotherms	and	on	non-linear	regression	analysis	models	of	the	measured	
dependences	of	effective	mobility	of	the	BB	on	the	Intralipid	concentration	in	the	background	electrolyte	solu-
tion. Expectingly, the binding constants were strongly related to the log Po/w values of the BBs. 
The data shows, among others, that less hydrophobic BBs also interact with the Intralipid emulsion, suggesting 
that this emulsion could be useful for capturing such compounds in cases of their overdoses. Thus, the use Intr-
alipid emulsion for treatment of toxicities caused by a larger range of BBs is worth to be further investigated and 
tested. 
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O08-0533

Protein production inside stress granules during translational shutdown

Joep Joosten* 1,	David	Ličko	1, Amal Taibi 1, Kimberly Bonger 1

1 Radboud University Nijmegen, The Netherlands

All living organisms must maintain a steady internal environment (homeostasis) in order to survive. Throughout 
their lifetime, cells are exposed to various stress conditions which threaten homeostasis, including the pres-
ence of toxins, viral infection, and oxidative stress. To minimize damage during cellular stress, and to restore 
homeostasis, the cell mounts the integrated stress response, during which the production of proteins is largely 
down-regulated. 
A hallmark feature of this response is the formation of stress granules: cytosolic, membraneless organelles that 
consist of protein-coding RNAs and RNA-binding proteins. As the formation of stress granules coincides with 
repression of protein synthesis, it is widely believed that RNAs sequestered inside these granules are not trans-
lated into protein. However, this dogmatic view was recently challenged by an elegant study that unequivocally 
showed	active	translation	inside	stress	granules	[1].	Identification	of	which	specific	proteins	are	newly	synthe-
sized within stress granules requires the ability to label these proteins with spatiotemporal precision, and a 
method to biochemically purify these proteins.  
Here,	we	will	present	a	dual-labeling	and	tandem-purification	method	for	temporally	resolved,	unbiased	map-
ping	of	 local	protein	production.	Stress	granule-directed	APEX	proximity	 labeling	provides	 spatial	 resolution,	
while a newly developed metabolic labeling approach termed THRONCAT provides temporal accuracy [2]. We 
combine these methods to map local protein production during stress granule formation and disassembly. Our 
insights into stress granule (dis)assembly may have therapeutic applications in preventing or treating degenera-
tive diseases such as Alzheimer’s disease and amyotrophic lateral sclerosis, which are associated with the failure 
to clear stress granules.    

References
1. Mateju, D., et al., Single-Molecule Imaging Reveals Translation of mRNAs Localized to Stress Granules. Cell, 
2020. 183(7): p. 1801-1812 e13.
2.	Ignacio,	B.J.,	et	al.,	THRONCAT:	Efficient	metabolic	labeling	of	newly	synthesized	proteins	using	a	bioorthogonal	
threonine analog. bioRxiv, 2022: p. 2022.03.29.486210.

Schematic summary of the method; G3BP1 proximity labeling (A) and THRONCAT metabolic labeling (B) provide spatial and 

temporal resolution, respectively. Tandem-affinity purification against biotin and alkyne handles is subsequently applied to 

specifically enrich proteins newly synthesized within stress granules.
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O08-0464

α-synuclein aggregation within biomolecular condensates

Wojciech	Lipiński	1, Brent Visser* 1, Irina Robu, Mireille Claessens 2, Mohammad  Fakhree 2, Saskia Lindhoud 3, 
Evan Spruijt 1

1 Radboud University, Nijmegen, The Netherlands, 2 Nanobiophysics, Faculty of Science and Technology, Enschede, The 
Netherlands, 3 Molecular Nanofabrication, Faculty of Science and Technology, University of Twente, Enschede, The Netherlands

Amyloid protein aggregation occurs in a complex, crowded environment. The presence of biomolecular conden-
sates	can	fundamentally	affect	the	kinetics	of	protein	aggregation.	Currently,	two	pathways	are	known	by	which	
the	presence	of	a	liquid-liquid	phase	separated	(LLPS)	compartment	can	influence	protein	aggregation:	(i)	LLPS	of	
amyloidogenic proteins itself may facilitate a liquid-to-solid transition; (ii) interaction between pre-existing con-
densates and proteins in solution may provide a changed environment for the protein aggregation process. We 
propose that the second pathway can be a general mechanism of altering aggregation kinetics within complex 
environments like the cell, due to the pervasiveness of condensates in cells. By studying the interactions of am-
yloidogenic α-synuclein and two truncated variants (1-108 and 68-78) with three model coacervate systems of 
non-aggregating biomolecules, we show that three main types of condensate-protein interactions can be distin-
guished:	partitioning,	exclusion	and	accumulation	at	the	interface.	We	observe	and	quantify	the	effects	that	these	
interactions have on protein aggregation kinetics. We used an intramolecular Förster resonance energy transfer 
(FRET) probe to show that aggregation indeed occurs at the interface for some of our model systems. Our results 
demonstrate	that	pre-existing	condensates	have	the	potential	to	significantly	speed	up	amyloid	formation	when	
proteins localize to their interface, but also have the potential to suppress aggregation through their unique 
viscous physico-chemical environment of the condensates, potentially providing a protection mechanism from 
amyloid	formation	in	living	cells.	We	finally	studied	the	properties	of	a	range	of	peptide-RNA	model	coacervates	
together with raster image correlation spectroscopy (RICS) and optical tweezers to probe the physical properties 
and their relation to protein aggregation. This new information can provide insight into a better understanding of 
protein aggregation in the complex biochemical environment, and potentially also for the development of new 
therapeutic strategies.

Condensates can affect protein aggregation by: (a) concentrating protein, reducing the diffusion coefficient, and altering 

the propensity for aggregation. The surface (b) can enhance and potentially halt aggregation. Lastly, droplets may undergo 

liquid-to-solid transition or guest aggregates may solidy droplets.
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O09-0072

Targeting triplex DNA by flavonoid derivatives [INV]

Liang	Xue*	1, Landy Gu 1, Vanessa Rangel 1, Nghia Tran 1, Benjamin Ruvalcaba 1

1 University of The Pacific, Stockton, United States

Targeting duplex DNA can be achieved by binding a short synthetic DNA oligonucleotide (also known as tri-
plex-forming oligonucleotide, TFO) into the DNA major groove via Hoogsteen H-bonding to form triplex DNA.  The 
formation	of	triplex	DNA	is	sequence	specific	via	either	purine	or	pyrimidine	motifs,	depending	on	the	nature	of	
the TFO strand.  The binding of TFO to duplex DNA, in theory, blocks the binding of nucleic acid processing en-
zymes to the same region and consequently regulates DNA replication and transcription.  Hence, the formation 
of triplex DNA has been recognized as a promising approach in anti-gene therapy.  However, triplex DNA is not 
as stable as its duplex counterpart, and the formation of triplex DNA is slow under physiological conditions.  An-
ti-gene	enhancers	are	small	molecules	that	specifically	bind	to	triplex	DNA	and	stabilize	it.		In	the	present	work,	
we	report	the	discovery	of	a	novel	class	of	potent	DNA	triplex-specific	binding	ligands	derived	from	flavonoids.		
The binding of these ligands with duplex and triplex DNA is determined using various biophysical and biochemi-
cal tools, including UV, CD, microcalorimetry, and gel electrophoresis.  Thermodynamic parameters of the binding 
and structure-function relationship will be discussed.
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O09-0063

TARGETING CANCER THROUGH THE INHIBITION OF DNA UNZIPPING

Emmanuel Ohaekenyem* 1, Ikenna Onyido 1

1 Pure and Industrial Chemitry, Nnamdi Azikiwe University Awka, Nigeria, Awka, Nigeria

By condensation and complexation processes, a novel 1-10 phenanthroline-based macrocyclic ligand (compound 
A) and its nickel complex (compound B) were produced. Fourier Transformed Infrared, Proton (1H), and Carbon 
13 (13C) Nuclear Magnetic Resonance (NMR), High-Performance Liquid Chromatography (HPLC), and Thermal 
analyses	were	used	to	structurally	analyze	the	produced	compounds.	The	compounds’	anticancer	efficacy	was	
assessed using Deoxyribonucleic Acid (DNA) and Guanine-Cytosine (GC) -rich Amplicon binding assays, as well as 
antioxidative assays. UV/Vis spectrophotometer, Polymerase Chain Reaction (PCR), and Gel Electrophoresis were 
used to assess their binding capacities. The compounds demonstrated high DNA-Ligand/complex binding activ-
ities,	implying	superior	DNA	intercalation	and	external	binding	capable	of	suppressing	DNA	PCR	amplification.	
The interactions of compounds A and B with the GC-rich Amplicon resulted in binding constants of 6.195x105M-1 
and 2.335 x105M-1, respectively, and -5.47x105M-1 and -1.87x105M-1 with cell free (cf)-DNA. They demon-
strated a higher binding constant with GC-rich Amplicon than with cf-DNA. The negative binding constants for A 
and B interactions with cf-DNA, -5.47x105M-1and -1.87x105M-1, indicate that dissociation of the complex was 
preferred over association. The hypsochromic shift seen in Amplicon-compound B interactions suggested a prob-
able reduction in compound B’s aromatic conjugation. The Gibb’s free energy values for compounds A and B’s 
contacts with cf-DNA were +34.05kJ/mol and +31.28kJ/mol, respectively, indicating a non-spontaneous reaction, 
but their interactions with GC-rich Amplicon were spontaneous (-34.37kJ/mol and -31.86kJ/mol). At 500μg/ml, 
the compounds had approximately 26% RSA and individual IC50s of 1.95mg/ml for compound A and 1.11mg/ml 
for	compound	B.	ThermoGravimetric	Analysis	(TGA)	and	differential	thermal	analysis	revealed	that	they	all	had	
superior	thermal	stability	(breakdown	at	an	average	of	about	950K)	and	decompose	via	first-order	kinetics.	These	
compounds can aid in cell function regulation by altering transcription and/or interfering with cell replication 
and DNA repair processes.
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O09-0703

Bioluminescent intercalating dyes for point-of-care nucleic acid diagnostics

Yosta De Stigter* 1,2, Harm  van der Veer 1,2, Bas Rosier 1,2, Maarten Merkx 1,2

1 Laboratory of Chemical Biology, Department of Biomedical Engineering, Eindhoven University of Technology, The Netherlands,  
2 Institute for Complex Molecular Systems, Eindhoven University of Technology, The Netherlands

Rapid and sensitive nucleic acid detection methods that can be conducted at the point of care may aid in the 
disease diagnosis and monitoring. However, translation of current laboratory-based assays has proven chal-
lenging	as	they	typically	rely	on	a	fluorescent	readout	that	requires	lasers	and	optical	instrumentation.	Biolu-
minescence-based sensors provide a promising alternative that circumvents the use of such specialized instru-
mentation by using light-producing luciferase enzymes. In this work, we introduce Luminescent Multivalent 
Intercalating	Dyes	(LUMIDs),	a	new	class	of	bioluminescent	sensor	proteins	that	combine	non-specific	detection	
of double-stranded DNA (dsDNA) with a simple camera-based readout. The LUMID sensors comprise conjugates 
of	the	NanoLuc	luciferase	protein	with	one	or	more	fluorescent	intercalating	dyes	and	display	an	easily	detect-
able color change from blue to green in the presence of DNA. We demonstrate that the incorporation of multi-
ple dyes separated by positively charged linkers is essential for strong DNA binding and that the ratio between 
the	green	and	blue	 light	 can	be	optimized	 through	 the	 location	of	 the	dyes.	 In	order	 to	 introduce	specificity	
and increase sensitivity, we next designed an assay format that integrates LUMID with an additional, isothermal 
DNA	amplification	step	using	 loop-mediated	 isothermal	amplification	(LAMP).	Detection	of	virus-derived	DNA	
sequences was achieved with attomolar sensitivity and a simple camera-based readout, even when all assay 
components	were	combined	into	a	one-pot	reaction.	With	LUMID,	we	thus	developed	a	rapid	off-the-shelve	tool	
that allows simple and sensitive detection of dsDNA, and that is particularly suitable for a point-of-care setting 
where access to resources or trained personnel might be limited.

The LUMID sensors consist of the NanoLuc luciferase (blue) conjugated to intercalating dyes (green) and display a color switch 

from blue to green in the presence of dsDNA. The sensors can be combined with isothermal amplification and camera-based 

readout.
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O09-0602

Bioorthogonally Activated Delivery of Proteins via Cell-Penetrating 
Peptides

Heleen de Jong* 1, Dennis Lowik 1, Kimberly Bonger 1

1 Radboud University, Nijmegen, The Netherlands

Protein-based	therapeutics	have	great	potential	because	of	their	specific	and	complex	functions	[1].	However,	
most proteins cannot enter cells as they protect themselves from external factors with the cell membrane. Short 
(5-30 amino acid long), cationic peptides, known as cell-penetrating peptides (CPPs), are excellent tools to trans-
port protein cargo across the cell membrane while generating minimal stress for the cells [2]. CPPs, however, lack 
cell	specificity	and	thereby	control	of	local	protein	delivery.	In	our	lab,	we	have	recently	developed	a	method	that	
allows the temporal control of protein transport into the cell using a split CPP approach. Here, one inactive CPP 
half is fused to the protein cargo that bio-orthogonally reacts with a second CPP halve to reconstitute the active 
CPP [3]. In this work, we greatly improved on this strategy by 1) developing split CPP pairs to deliver large func-
tional proteins not only in the endosomes, but also into the cytosol; 2) incorporating membrane targeting modal-
ities	to	allow	spatiotemporal	delivery	of	cargo	in	specific	cell	types	and	3)	introducing	so-called	bioorthogonal	
click-to-release chemistry to the liberate the reconstituted CPP-cargo from the targeting modality to facilitate 
cargo uptake. In this presentation, I will discuss the design and biological evaluation of this versatile and targeted 
delivery approach that can be universally applied in many therapeutic areas.

References
1 .Leader, Benjamin, Quentin J. Baca, and David E. Golan. “Protein therapeutics: a summary and pharmacological 
classification.”	Nature	reviews	Drug	discovery	7.1	(2008):	21-39.
2. Kristensen, Mie, Ditlev Birch, and Hanne Mørck Nielsen. “Applications and challenges for use of cell-penetrat-
ing peptides as delivery vectors for peptide and protein cargos.” International journal of molecular sciences 17.2 
(2016): 185.
3. Bode, Saskia A., et al. “Click to enter: activation of oligo-arginine cell-penetrating peptides by bioorthogonal 
tetrazine ligations.” Chemical Science 10.3 (2019): 701-705.

Schematic depiction of targeted delivery using bioorthogonally activated cell-penetrating peptides (CPP). The inactive CPP 

halve with targeting factor binds the target, and upon biorthogonal activation with the complementary halve the CPP is freed 

to be taken up by the cell.
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O09-0683

DNA nanoswitches for continuous biosensing

Anna Swietlikowska* 1, Maarten Merkx 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

There is an increasing need for biosensors that can measure biomarkers continuously. An accurate diagnostics of 
certain diseases, like sepsis, depends on it. The technology of such a sensor can be based on an enzymatic reac-
tion (like for glucose monitoring) or a conformational change (e.g. aptamer recognition). Hence, I am developing 
a molecular switch, made of quasi double stranded DNA, that undergoes a structural reorganization when the 
target biomarker is bound. The system is based on long DNA functionalized in 2 regions. Upon analyte binding, 
2 distant parts of the switch are brought together and form a loop. In this research, a protein G dimer was con-
jugated	to	maleimide-modified	DNA	and	used	as	a	general	antibody	binder.	The	protein	was	then	successfully	
photo-crosslinked	to	infliximab,	an	immunoglobulin	recognizing	TNFα,	an	inflammation	biomarker.	The	presence	
of analyte was detected in various ways. Firstly, when run on an agarose gel, looped and unlooped structures 
migrated	differently	in	electric	field	and	the	target	was	detected	in	the	concentration	as	low	as	3	nM.	Then,	split	
NanoLuc system was fused to protein G to enable bioluminescent readout. Upon addition of TNFα, the biolumi-
nescence level increased seven-fold. Although, the latter is not suitable for continuous sensing (constant sub-
strate addition), it is a great tool to characterize the switching behavior and the importance of distances between 
binders. The use of such a modular material as DNA, also enables easy immobilization of the sensor that could be 
studied	in	flow	with	single	molecule	optical	detection.

Insert graphic O09-0683

Protein G-Antibody complex is conjugated to DNA oligo and hybridized to DNA nanoswitch in 2 places. Upon analyte binding, 

the nanoswitch forms a looped structure. 2 split parts of luciferase are then reconstituted in an active enzyme, emitting blue 

light.
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O10-1189

Harnessing structural insights from cytokine-receptor complexes to 
interrogate their function in physiology and disease [INV]

Savvas Savvides* 1

1 Ghent University, Belgium

We employ integrative structural biology to study the structure, mechanism, and antagonism of proteins and 
protein	complexes	pivotal	to	immunity,	inflammation,	and	cancer.	Our	recent	work	on	Anaplastic	Lymphoma	Ki-
nase receptors and their activating cytokines has revealed novel protein folds and unprecedented receptor-cy-
tokine assemblies.  Furthermore, our work on complete extracellular complexes of leptin receptor, IL-12 and 
IL-23 have highlighted the need to pursue complete cytokine-receptor assemblies.  My seminar will focus on 
leveraging a diversity of structural biology methods and structure-function data to propose biologically relevant 
cytokine-receptor assemblies that could be used for further functional interrogation and therapeutic targeting. 
Furthermore, I will illustrate how the latest developments in protein structure prediction and design can be used 
synergistically with experiment-driven research to help resolve critical debates on the structure and mechanism 
of cytokine-receptor assemblies.
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O10-0115

G-protein signaling regulation by RGS10 and calmodulin

Jeffrey	Urbauer*	1, Karen Ramirez Quintero 1, Cynthia Tope 1, Shelley Hooks 1, Ramona Bieber Urbauer 1

1 The University of Georgia, Athens, United States

Signaling by the alpha subunit (Gα) of the heterotrimeric G-protein (Gα-Gβ-Gγ) is initiated by ligand binding 
to the cognate G-protein coupled receptor (GPCR) and terminated when Gα-bound GTP is hydrolyzed to GDP. 
Healthy cells require signaling termination faster than the intrinsic GTP hydrolysis rate catalyzed by Gα. Accord-
ingly, termination of signaling is accelerated by a family of GTPase accelerating proteins (GAP), denoted RGS 
(Regulators of G-protein Signaling) proteins, that bind to Gα and stabilize the transition state for GTP hydrolysis, 
which accelerates GTP hydrolysis and terminates signaling. The ubiquitous calcium signaling protein calmodulin 
(CaM) is also involved. It binds to some RGS proteins, both free and Gα-bound, but its role in RGS function and 
Gα signaling is unclear. Currently we are examining the interaction between CaM and RGS10, the most abundant 
RGS	protein	in	microglia	and	implicated	in	neurodegenerative	disease,	to	scrutinize	the	affinity	of	the	complex,	
to	localize	the	binding	epitope	for	CaM	on	RGS10,	to	define	structural	and	dynamics	changes	accompanying	CaM	
binding, and to establish mechanistically how these regulate Gα.	Using	intrinsic	tryptophan	fluorescence,	CaM	
binds	to	both	wild-type	RGS10	and	the	RGS	domain	of	RGS10	with	high	affinity	and	1:1	stoichiometry.	Use	of	iso-
lated	N-	and	C-terminal	CaM	domains	reveals	that	the	high	affinity	results	from	interactions	with	the	C-terminal	
CaM	domain.	NMR	chemical	shift	changes	confirm	these	interactions,	localize	the	sites	on	RGS10	that	interact	
with CaM, and rule out previous suggestions for the CaM binding site. NMR results also reveal that CaM binding 
increases	the	mobility/flexibility	of	a	region	of	RGS10	important	for	interacting	with	Gα. Precise control of Gα 
signaling	is	critical	for	normal	cellular	function.	Our	results	should	help	to	define	the	structural	and	mechanistic	
details of RGS10 and CaM co-regulation of Gα signaling.

1H, 15N-HSQC NMR spectra expose the high affinity interaction of the C-terminal globular domain of calmodulin with the RGS 

domain of RGS10 (residues S31-L165) and localize the calmodulin binding epitope on RGS10
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O10-0761

Photocontrolled polyglutamine beta-hairpin folds in Huntington amyloid 
fibers

Raffaella	Parlato*	1,	Jana	Volarić	1, Alessia Lasorsa 1, Piermichele Kobauri 1, Greeshma Jain 1, Ben L. Feringa 1, 
Wiktor  Szymanski 2, Patrick C.A. van der Wel 1

1 University of Groningen, Groningen, The Netherlands, 2 University Medical Center Groningen, Groningen, The Netherlands

Protein aggregation is a hallmark of Huntington’s disease and other ageing-associated neurodegenerative dis-
eases. Prior studies suggest that in Huntington’s disease β-hairpin formation of huntingtin proteins’ polygluta-
mine (polyQ) domain plays a critical role in driving aggregation (Kar et al., 2013; Matlahov & Van der Wel, 2019). 
Therefore, to better understand polyQ aggregation, a photo-inducible polyglutamine β-hairpin based peptide 
was produced by replacing the β-turn with a photosensitive mimic consisting of an azobenzene derivative. The 
azobenzene photoswitch provides an on-demand trigger of β-hairpin formation that allows to investigate polyQ 
aggregation. Nevertheless, the existing azobenzenes are characterized by poor photochemical properties and 
their change in length upon switching does not allow for precise control over the formation of the β-turn struc-
ture (Dong et al., 2006; Behrendt et al., 1999). To overcome these issues, we created an azobenzene construct 
with improved structural features as well as photochemical properties. The peptides featuring this new con-
struct showed distinct aggregation behavior in cis (β-turn-like) and trans (β-hairpin disrupting) conformations 
of the azobenzene switch. Liquid and solid-state NMR (ssNMR) studies were conducted on the soluble peptide 
and aggregates. The ssNMR studies permitted a detailed inspection of the aggregate structure, by direct com-
parison to our previous ssNMR studies of the disease-relevant mutant huntingtin protein. SsNMR shows that the 
inducing of the β-hairpin	 formation	 reproduced	 the	polyQ	core	structure	of	Huntingtin	fibrils.	This	optimized	
photoswitch-based approach would open up new avenues for creating self-assembling light-responsive systems 
and investigations of other disease-causing amyloidogenic proteins and peptides. The obtained results provide 
better deciphering the aggregation process and, in future, develop a treatment for this, at the moment, incurable 
disease.

Figure depicting the trans (top) and cis (bottom) isomerization model of the azopeptide and the respective Electron 

microscopy figures of the aggregates produced by each isomer.
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O10-0265

Sialoglycans trigger spike opening for human coronavirus HKU1

Matti Pronker* 1, Robert Creutznacher 2, Yifei Lang 2, Ieva Drulyte 3,	Zeshi	Li	4, Joost Snijder 1, Frank van 
Kuppeveld 2, Geert Jan Boons 4, Martin Frank 5, Raoul de Groot 2, Daniel Hurdiss 2

1 Biomolecular Mass Spectrometry and Proteomics, Bijvoet Center for Biomolecular Research, Department of Chemistry, Faculty 
of Science, Utrecht University, Utrecht, The Netherlands, 2 Virology Section, Infectious Diseases and Immunology Division, 
Department of Biomolecular Health Sciences, Faculty of Veterinary Medicine, Utrecht University, Utrecht, The Netherlands, 
3Materials and Structural Analysis, Thermo Fisher Scientific, Eindhoven, 5651 GG, The Netherlands, Eindhoven, The Netherlands, 
4Department of Chemical Biology and Drug Discovery, Utrecht Institute for Pharmaceutical Sciences, Utrecht University, Utrecht, 
Utrecht, The Netherlands, 5Biognos AB, Göteborg, Sweden

The spike-mediated cell entry mechanisms of common cold betacoronaviruses are poorly understood. In contrast 
to the highly pathogenic SARS-CoV, SARS-CoV-2 and MERS-CoV, which engage proteinaceous receptors via the 
S1B domain, the spike protein of human betacoronaviruses HKU1 and OC43 have only been visualized in the 
fully closed, prefusion conformation. These viruses preferentially bind to α2,8-linked sialoglycans receptors via 
their spike S1A domain, and critically depend on these sugars for entry. We demonstrate using cryogenic electon 
microscopy (cryo-EM) and all-atom molecular dynamics simulations that 9-O-acetylated disialoside binding to 
the N-terminal domain S1A of the HKU1 spike protein allosterically triggers large-scale conformational changes 
in the S1B domain through intra-domain conformational changes and inter-domain crosstalk, priming the spike 
for subsequent membrane fusion steps. These results further our understanding of the cell entry mechanisms of 
common cold betacoronaviruses.

(A) Three cryo-EM datasets (wt apo, wt+ligand, mutant+ligand) reveal five conformational states of HKU1 Spike (B) 

Previously unresolved parts in green/yellow (glycans/protein) (C) Ligand binding site (D) Allosteric conformational changes 

cause spike opening (E) Proposed mechanism of host cell engagement
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O11-1181

Covalent Inhibitors for the Proteome-wide Identification of New Druggable 
Targets for Antibiotics [INV]

Stephan Hacker* 1

1 Leiden University, The Netherlands

The	potency	and	selectivity	offered	by	covalent	inhibitors	have	led	to	a	resurgence	of	their	application	in	drug	
discovery. Especially, targeted covalent inhibitors (TCIs) that do not rely on the catalytic activity of an enzyme 
but modify proteins based on non-covalent interactions and intrinsic amino acid reactivity have recently been 
very	successful.	In	this	context,	modern	residue-specific	chemoproteomic	approaches	allow	the	highly	parallel	
profiling	of	the	covalent	ligand	binding	capacity	of	whole	proteomes	with	resolution	of	the	targeted	amino	acid.	
This	enables	the	simultaneous	identification	of	many	new	ligandable	binding	sites	in	potential	target	proteins	for	
therapeutic intervention. Our group is developing TCIs in the context of antibiotics, because new antibacterial tar-
gets are urgently needed to overcome bacterial resistance. We have developed a novel method for residue-spe-
cific	chemoproteomics	based	on	the	isoTOP-ABPP	platform.	For	this	technology	that	we	term	isoDTB-ABPP,	we	
have introduced isotopically labeled desthiobiotin azide (isoDTB) tags that are easily synthesized, shorten the 
chemoproteomic	workflow	and	increase	the	coverage	in	bacterial	systems.	We	have	applied	this	technology	for	
the	screening	of	cysteine-directed	ligands	in	S.	aureus	and	identified	268	binding	sites	that	can	be	addressed	
with covalent ligands. Furthermore, we are developing new chemotypes to globally investigate a variety of other 
types of amino acids e.g. lysines, aspartates and glutamates, arginines and tryptophans. These studies will give 
us a broad understanding of the binding sites that can be addressed with covalent ligands in bacteria and will 
identify a plethora of bacterial targets that can be addressed with novel antibiotics.
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O11-0171

Towards new antibiotics; targeting Legionella enzymes.

Halana Vlaming* 1, Gerbrand Van der Heden van Noort 1

1 Leiden University Medical Centre (LUMC), Leiden, The Netherlands

Protein	ubiquitination	is	a	crucial	post-translational	modification	in	eukaryotic	cells.1,2	Conventional	ubiquitina-
tion is executed by a three-enzyme system that requires ATP.3,4 The pathogenic Legionella pneumophila bacte-
rium	uses	a	different	class	of	enzymes,	called	the	SidE	family,	that	ubiquitinate	host	proteins	in	a	unique	fashion.	
Being independent of ATP, this family uses NAD+ to adenosine diphosphate (ADP)-ribosylate ubiquitin as initial 
step, using the mono-ADP-ribosyltransferase (mART) domain.5 Next, the phosphodiesterase (PDE) domain of the 
SidE enzymes catalyze formation of a phosphoribosyl link between ubiquitin and a serine residue in the target 
substrate host protein. Legionella hereby hijacks the hosts ubiquitination system and dampens the host’s im-
mune response towards the bacterial infection.1,4 We here show our investigations on the mechanism of SidE 
mART activity, by synthesizing ubiquitin probes to explore covalent binding with the R-S-E motif of this mART 
domain.3	In	addition,	a	fluorescence-based	assay	will	be	presented	where	ε-NAD	is	used	to	obtain	a	fluorescent	
signal upon SidE activity. With this assay, High-Throughput Screening can be performed where drug-like libraries 
are screened, already resulting in a potent hit that shows an IC50 of 221 nM. Encouraged by these results, further 
screening of several libraries, ranging from drug-like- to covalent fragment-based libraries, are ongoing. The hits 
obtained	from	these	efforts	will	be	further	validated	and	might	lead	to	potential	small	molecule	compounds	for	
future drug-development.

1.Kim, L. et al. J Mol Biol 430, 2843–2856 (2018).
2.Dong, Y. et al. Nature 557, 674–678 (2018).
3.Wang, Y. et al. Cell 173, 1231-1243.e16 (2018).
4.Bhogaraju, S. et al. Cell 167, 1636-1649.e13 (2016).
5.Kalayil, S. et al. Nature 557, 734–738 (2018).

High-Throughput screening (HTS) assay overview, showing the results of a HTS screen of LOPAC library and the IC50 

measurement of a hit of the LOPAC screen.

O11 PARALLEL SESSION 11: Antibiotics and Antivirals



ORAL PARALLEL SESSIONS

141CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O11-0255

Beta-lactamase evolution reveals temperature sensitivity of wild-type 
variant

Marko	Radojković*	1, Marcellus Ubbink 1

1 Leiden Institute of Chemistry, Leiden, The Netherlands

Throughout evolution, enzymes were tailored to work optimally at the temperature of their host. A decrease in 
temperature will exponentially reduce intrinsic rates of chemical reactions catalyzed by enzymes. On the other 
hand, since enzymes are only marginally stable and the equilibrium between native and denatured states is 
temperature dependent, elevated temperatures will shift equilibrium toward the latter. Therefore, every enzyme 
requires an activity-stability compromise to adapt to a temperature change. To test whether temperature can 
act	as	selection	pressure	which	leads	to	different	evolutionary	landscapes,	we	have	evolved	inhibitor	resistance	
of BlaC, a beta-lactamase enzyme from M. tuberculosis, at two temperatures. Using semi-rational approach and 
deep	sequencing,	we	prepared	four	multiple	site-saturation	libraries	and	determined	relative	fitness	effect	for	
1534/1540 (99,6%) unique library variants at 37 °C and 30 °C, with very good correlation between two replicate 
datasets	(r2avg	=	0.9).	Different	distribution	of	fitness	effect	was	observed	for	each	library,	reflecting	distinct	
role	of	chosen	key	residues	in	inhibitor	resistance.	Surprisingly,	we	observed	the	same	trend	of	increased	fitness	
values relative to the wild-type across all four libraries at 30 °C, compared to the 37 °C. Closer examination of se-
quencing	data	revealed	that	global	increase	in	fitness	is	caused	by	severely	impaired	resistance	of	wild-type	vari-
ant	at	lower	temperature,	rather	than	due	to	the	globally	increased	stability.	At	the	same	time,	we	have	identified	
several evolutionary trajectories of BlaC which could result in highly in vivo resistant variants in M. tuberculosis 
context. Our study sheds light on a role of temperature in enzyme evolution and highlights menacing adaptive 
potential of BlaC. 

Figure 1. Relative fitness effect of 400 double mutants evolved in liquid media at 37 °C.
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O11-0539

Antiviral peptides from mRNA display

Seino Jongkees* 1

1 Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

The	current	Covid-19	pandemic	dramatically	illustrates	the	need	to	find	new	anti-viral	agents,	and	underscores	
the	 importance	of	finding	these	agents	before	they	are	needed.	 Influenza	remains	a	pandemic	threat,	and	re-
sistance	is	building	to	many	of	the	current	anti-influenza	treatments	on	the	market.	While	antibodies	are	being	
explored for treatment for both of these viruses, they are not practical to deploy at a population level. As an 
alternative approach that we believe captures many of the advantages of antibodies in a synthetically tracta-
ble	molecule,	we	have	used	mRNA	display	under	a	reprogrammed	genetic	code	(RaPID	system)	to	find	antiviral	
peptides	with	broad	protective	effects	against	infection	by	both	influenza	(H1	and	H5	cross-reactivity)1	and	sar-
becoviruses (SARS and SARS CoV-2 cross-reactivity).2 Hydrogen-Deuterium exchange footprinting of our anti-in-
fluenza	peptides	revealed	a	surprising	preference	for	these	to	bind	to	the	more	conserved	‘stem’	region	of	the	
protein, where the ‘head’ region is typically dominant for antibody binding. Passaging the virus with one of these 
inhibitors does lead to resistance, but raising new peptides against the resistant variant gives new hits that force 
the	virus	to	compromise	fitness	to	escape	when	administered	together	with	the	original	hits.	A	cryo-EM	structure	
of our anti-coronavirus peptide reveals that it is binding to a highly conserved and previously unexploited ternary 
site between the S1A, S1B, and S2 domains. Overall these molecules emphasize the promise of small macrocyclic 
peptides in combating new viral outbreaks by targeting viral proteins on the particle surface.

1.	Pascha,	M.	N.	et	al.	Inhibition	of	H1	and	H5	Influenza	A	Virus	Entry	by	Diverse	Macrocyclic	Peptides	Targeting	
the Hemagglutinin Stem Region. https://doi.org/10.1021/acschembio.2c00040
2. Thijssen, V. et al. A Broad-Spectrum Macrocyclic Peptide Inhibitor of the SARS-CoV-2 Spike Protein. https://doi.
org/10.1101/2022.11.11.516114

Macrocyclic peptides against viral adhesion proteins influenza haemagglutinin (left) and SARS-CoV-2 spike (right), showing 

the binding site as a footprint (blue) for the former and a bound cryo-EM for the latter (peptide in yellow).
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O11-0026

Antimicrobial and anticancer activity of hybrid nitrogen heterocycles

Ionel Mangalagiu* 1, Violeta Mangalagiu 2, Dumitrela Diaconu 2, Ramona Danac 1

1 Alexandru Ioan Cuza University of Iasi; Faculty of Chemistry, Iasi, Romania, 2 Alexandru Ioan Cuza University of Iasi; Institute of 
Interdisciplinary Research- CERNESIM Centre, Iasi, Romania, 3 Alexandru Ioan Cuza University of Iasi; Institute of Interdisciplinary 
Research- RECENTAIR

Five	and	six	member	ring	azaheterocycles	derivatives	are	highly	valuable	scaffolds	in	medicinal	chemistry	be-
ing the core part of most existing drugs on the market. They possess a large range of biological activities, these 
including antibacterial, antifungal, antiplasmodial, antitubercular, antiviral, anticancer, antihypertensive, diuret-
ic, antithrombic, anticoagulant, etc. During the last decades, cancer and microbial diseases represent a major 
challenge to modern medicine, especially because of drug resistance, toxicity of drugs, high prices, etc. As a 
result, obtaining of new chemical entities with antimicrobial and/or anticancer activity continues to remain an 
important task in medicinal chemistry, one of the most useful ways to obtain such of compounds is molecular 
hybridization approach. In this talk we will present some recent advancements obtained by our group in the last 
few	years,	in	the	field	of	hybrid	five	and	six	member	ring	derivatives	antimicrobial	and	anticancer	activity.	The	
presentation	will	be	focused	on	hybrid	p	 reach	five	member	ring	azaheterocyclic	and	p	 deficient	six	member	
ring azaheterocyclic azaheterocycles which are linked/spaced via variously aliphatic and/or hetero (aromatic) 
chains, with variables lengths. The antibacterial, antifungal, antituberculosis and anticancer activity of hybrid 
azaheterocyclic derivatives will be presented, some of the hybrids having an excellent biological activity. For 
the most potent hybrids, a complete ADMET study was performed with excellent results. Some of the hybrids are 
promising leading drug candidates. 

Acknowledgements.	The	authors	are	 thankful	 for	financial	 support	 to	Romanian	Ministry	of	Research,	 Innova-
tion and Digitization, within Program 1—Development of the national RD system, Subprogram 1.2—Institutional 
Performance—RDI excellence funding projects, Contract no.11PFE/30.12.2021, and to CNCS - UEFISCDI, project 
number PN-III-P4-ID-PCE-2020-0371.
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O12-1190

Measuring biophysical properties of cells in health and disease [INV]

Erdinc Sezgin* 1

1 Karolinska Institutet, Sweden

Remodelling of our cells as response to environmental changes is essential for their survival and function. Ability 
of immune cells to pass through tight epithelial cell layers from circulating blood during infection, ability of tu-
mour cells to travel through the body during metastasis, migration potential of the cells after epithelial-to-mes-
enchymal transition could be examples where cells undergo extensive remodelling. Although numerous studies 
aimed	at	finding	protein	markers	during	such	cellular	processes,	 there	 is	a	major	gap	in	our	understanding	of	
how	collective	biophysical	properties	of	the	cells	(such	as	stiffness,	membrane	fluidity,	viscosity	etc)	alter	during	
these crucial biological processes. Similarly, our understanding of how biophysical properties of cells change 
in diseases is also limited. To gain a thorough mechanistic perception of cellular processes and diseases, it is 
essential	to	fill	this	gap	and	have	a	clear	and	quantitative	picture	of	biophysical	remodelling	of	the	cells.	 	We	
and	others	have	made	extensive	effort	to	unravel	the	biophysical	aspects	of	cells	in	a	quantitative	manner.	To	
achieve this, we developed advanced imaging approaches that could reveal the molecular details with very high 
spatiotemporal resolution. These technologies allowed us to see how biophysical properties of cells play crucial 
roles for signalling from molecular to cellular level. Although these technologies were extremely useful to study 
biophysical aspects of cellular life at the molecular level, their low sampling (one cell at a time) has been a major 
obstacle to apply them to medical problems that require measuring thousands of cells. This can be overcome 
with high throughput methodologies that can robustly report on the ensemble biophysical properties of cells 
which require reliable reporters and instruments. Thus, while developing advanced instrumentation, we also de-
velop	reliable	probes	to	quantify	different	biophysical	properties	of	cells.	Here,	I	will	discuss	our	approach	from	
probe development to high throughput biophysical analysis.
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O12-0625

Reformatting improved CXCR4 nanobodies for biophysical detection 
methods

Stephanie Anbuhl* 1,2, Nick Bergkamp 1, Simon Mobach 1, Claudia Perez 1, Marco Siderius 1, Martine Smit 1, 
Raimond Heukers 1,2

1 Vrije Universiteit, Amsterdam, The Netherlands, 2 QVQ Holding BV, Utrecht, The Netherlands

The	chemokine	receptor	CXCR4	and	its	chemokine	ligand	CXCL12	play	an	important	role	in	immune	cell	migra-
tion,	hematopoiesis,	and	cardiovascular	development.	Furthermore,	CXCR4	is	overexpressed	on	a	wide	variety	
of	 cancer	cells.	CXCR4	was	 the	first	GPCR	 targeted	by	camelid-derived	variable	domains	of	heavy	chain-only	
antibodies (single-domain antibodies, also known as VHH or nanobodies). Although these are valuable tools to 
detect	and	antagonize	the	receptor,	all	of	them	bind	to	the	extracellular	side	of	CXCR4	and	displace	CXCL12.	In	
this	study,	we	aimed	to	identify	new	nanobodies	with	higher	affinities	and	potencies,	against	previously	untar-
geted	epitopes	of	CXCR4	and/or	with	new	functionalities.	We	performed	DNA	immunizations	followed	by	single	
or	multiple	phage-display	panning	rounds	under	variable	selection	pressure	using	excess	of	CXCL12	or	existing	
nanobody VUN400, followed by screening and next generation sequencing. Additionally, higher order multiva-
lent nanobody-formats were generated to maximize ligand displacement potencies. The generated nanobodies 
and	formats	displayed	improved	affinities,	modulated	CXCR4	clustering,	antagonized	CXCL12-induced	signaling	
with	picomolar	potencies	and	showed	differing	preferences	for	particular	small	molecule-bound	receptor	confor-
mations.	Binders	were	developed	into	new	probes	for	detecting	endogenous	CXCR4	clusters	using	either	nano-
body-based	time-resolved	fluorescence-	or	bioluminescence	resonance	energy	transfer	(TR-FRET	and	BRET)	with	
luciferase-fused	and	fluorescently	labeled	nanobodies	and	proximity	ligation	assay	(PLA)	using	oligo-conjugated	
nanobodies.	Taken	together,	a	broad	panel	of	new	CXCR4	targeting	molecules	and	formats	with	picomolar	affin-
ities	and	new	modes	of	action	were	identified.	Some	of	these	were	further	developed	to	accommodate	different	
technologies	for	the	investigation	of	endogenous	CXCR4	clusters	with	high	sensitivity	and	resolution.	This	new	
toolbox	can	provide	new	insights	in	CXCR4	and	its	oligomerization	partners	in	cancer.
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O12-0494

Visualizing and Identifying Metabolites Using MSI and IRIS

Jelle Schuurman* 1, Kas Houthuijs 1, Udo Engelke 2, Ron Wevers 2, Andrej Grgic 3, Michiel van den Bosch 3, Ron 
Heeren 3, Rob Vreeken <3,5>, Jonathan Martens 1, Jos Oomens 1,4

1 Felix Laboratory, Radboud University, Nijmegen, The Netherlands, 2 Translational Metabolic Laboratory, Radboud UMC, 
Nijmegen, The Netherlands, 3 Maastricht MultiModal Molecular Imaging Institute, Maastricht, The Netherlands, 4 van ’t Hoff 
Institute for Molecular Sciences, Amsterdam, The Netherlands, 5Pharmaceutical Companies of Johnson and Johnson, Beerse, 
Belgium

Mass spectrometry imaging (MSI) is used to study the spatial distribution of molecules within a sample. Spatially 
resolved metabolomics has proven helpful in bettering our understanding of metabolomic diseases [1]. Even 
though MSI is a relatively sensitive imaging technique, distinguishing isomers and identifying unknown m/z-fea-
tures	remains	a	limitation.	InfraRed	Ion	Spectroscopy	(IRIS)	is	a	flourishing	mass	spectrometry-based	method	that	
provides an orthogonal spectroscopic basis for structural characterization of ions detected in the mass spectrom-
eter. Here we present recent results highlighting the progress towards combining MSI and IRIS for spectroscopic 
characterization of spatially resolved ions. A typical experiment entails measuring an IR spectrum by exploring a 
region of the sample where the m/z feature of interest is present. The frequency of the IR laser is tuned between 
each pixel to generate an IR spectrum of the m/z of interest. To demonstrate the technique, we apply MSI to study 
pyridoxine-dependent epilepsy (PDE) — an inborn error of metabolism — in a mouse model, aiming to generate 
spatially resolved detection of metabolites associated with this disease. Additionally, we highlight how IRIS can 
be	combined	with	MSI	to	confirm	the	molecular	structures	of	ions	detected	in	MSI	[2].

[1] Kirwan, J. A. Translating metabolomics into clinical practice. Nature Reviews Bioengineering 2023.
[2] Engelke, U. F. et al. Untargeted metabolomics and infrared ion spectroscopy identify biomarkers for pyridox-
ine-dependent epilepsy. Journal of Clinical Investigation 2021, 131.

O12 PARALLEL SESSION 12: Revolutionary Imaging Techniques for Studying 
Life at the Molecular and Cellular Level



ORAL PARALLEL SESSIONS

147CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O12-0424

Towards Continuous Cytokine Monitoring in Organ-based Platforms

Maud Linssen* 1, Arthur De Jong 1, Menno Prins 1,2

1 Eindhoven University of Technology, Eindhoven, The Netherlands, 2 Helia Biomonitoring, Eindhoven, The Netherlands

Investigations on organ-based platforms such as organoids, organ-on-a-chip, and transplantation organs, require 
monitoring strategies in order to optimally control the biological systems. However, there is a lack of tools to con-
tinuously	measure	specific	low-concentration	biomarkers	with	minimal	perturbation	[1].	Biosensing	by	Particle	
Motion	(BPM)	is	a	sensing	method	with	single-molecule	resolution	that	has	been	specifically	designed	to	enable	
the continuous monitoring of biomolecules at low concentrations, such as nucleic acids, metabolites, proteins 
and hormones [2]. The method relies on tracking the motion of individual biofunctionalized particles (1 μm in 
diameter) that interact with a biofunctionalized substrate. The particles switch between bound and unbound 
states due to reversible single-molecule interactions, dependent on the presence of analyte molecules. Recently, 
sampling by microdialysis has been investigated [3]. In this paper we present the development of a BPM sensor to 
measure	cytokines,	exemplified	with	the	detection	of	Interleukin-6.	We	will	present	a	study	of	molecular	binders	
and coupling strategies, focusing on sensitivity and reversibility of the sensor. Furthermore, measurements with 
microdialysis will be shown. Finally, we will discuss the prospects of using BPM and microdialysis for the contin-
uous monitoring of low-concentration biomarkers in organ-based platforms.

[1] L. Mou et al. “Integrated Biosensors for Monitoring Microphysiological Systems”, Lab on a Chip (2022)
[2]A. Buskermolen, Y. Lin, L. van Smeden et al. “Continuous biomarker monitoring with single molecule resolution 
by measuring free particle motion”, Nature Communications, 13(1) (2022) 
[3] L. van Smeden et al. “Reversible Immunosensor for the Continuous Monitoring of Cortisol in Blood Plasma 
Sampled with Microdialysis”, ACS Sensors (2022)
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O12-0141

Photoactivatable Xanthone Dyes for Live-cell and Multicolor Nanoscopy

Richard Lincoln* 1, Mariano L. Bossi 2, Ilya Likhotkin 1, Michael Remmel 1, Elisa D’Este 1, Alexey N. Butkevich 1, 
Stefan W. Hell 1,2

1 Max Planck Institute for Medical Research, Germany, 2 Max Planck Institute for Multidisciplinary Sciences, Germany

The	 controlled	 switching	 of	 fluorophores	 between	 non-fluorescent	 and	fluorescent	 states	 is	 central	 to	 every	
super-resolution	fluorescence	microscopy	(nanoscopy)	technique,	and	the	exploration	of	radically	new	switch-
ing mechanisms remains critical to boosting the performance of established, as well as emerging super-reso-
lution	methods.	Photoactivatable	dyes	offer	significant	 improvements	to	many	of	these	techniques,	but	often	
rely on photolabile protecting groups that limit their applications. We have recently described a general meth-
od	to	transform	3,6-diaminoxanthones	into	caging-group	free	photoactivatable	fluorophores	that	operate	on	a	
light-promoted	radical	 reaction[1].	These	photoactivatable	xanthone	(PaX)	dyes	can	be	prepared	from	readily	
available	starting	materials	to	yield	a	family	of	fluorophores	spanning	much	of	the	visible	spectrum.	We	have	
further	shown	that	this	strategy	can	be	extended	to	build	photoactivatable	fluorophores	with	large	Stokes	shift	
emission[2]. Herein we highlight the utility and versatility of these new dyes and labels in optical microscopy 
and nanoscopy techniques including STED (stimulated emission depletion), PALM (photo-activated localization 
microscopy),	and	MINFLUX	(minimal	photon	fluxes).	

1.Lincoln, R.; Bossi, M. L.; Remmel, M.; D‘Este, E.; Butkevich, A. N.; Hell, S. W. A general design of caging-group-free 
photoactivatable	fluorophores	for	live-cell	nanoscopy.	Nat.	Chem.	2022,	14,	1013–1020.
2.Likhotkin,	I.;	Lincoln,	R.;	Bossi,	M.	L.;	Butkevich,	A.	N.;	Hell,	S.	W.	Photoactivatable	large	Stokes	shift	fluorophores	
for multicolor nanoscopy. J. Am. Chem. Soc. 2023, 145, 1530–1534.

Photoactivatble Xanthone (PaX) dyes demonstrated in the super-resolution imaging techniques STED (stimulated emission 

depletion), PALM (photo-activated localization microscopy), and MINFLUX (minimal photon fluxes).
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O12-0687

Aortic valve calcification: details revealed by correlative Raman-EM

Robin van der Meijden* 1,2, Carolien Kuster 1,2, Amber van Broekhoven 3, Wieteke  Broeders 3, Niels Riksen 3,  
Jan-Hein Cornel 3,4,5, Saloua El-Massaoudi 3, Nico Sommerdijk 1,2, Anat Akiva 1,2

1 Deptartment of Biomedical Sciences, Radboudumc, Nijmegen, The Netherlands, 2 Electron Microscopy Center, Radboudumc, 
Nijmegen, The Netherlands, 3 Department of Cardiology, Radboudumc, Nijmegen, The Netherlands, 4 Dutch Network for 
Cardiovascular Research , Utrecht, The Netherlands, 5Department of Cadiology, Northwest Clinics, Alkmaar, The Netherlands, 
6Department of Internal Medicine, Radboudumc, Nijmegen, The Netherlands

Aortic	valve	stenosis	(AS,	heart	valve	calcification)	is	the	most	common	valve	disease	in	Western	countries	and	is	
mostly considered a disease of the elderly. To date, invasive aortic valve replacement is the only curative treat-
ment for AS. Therefore, there is a clinical need to identify new therapeutic targets in the pathophysiology of AS. 
However,	molecular	details	of	 the	extracellular	matrix	 (ECM)	and	the	progressive	calcification	of	 the	diseased	
tissue remain poorly understood. 
We	use	Raman	spectroscopy	to	evaluate	calcification	in	extracted	human	stenotic	aortic	valves.	Raman	spectros-
copy non-destructively analyses the molecular composition of the ECM. Combined with microscopy this allows 
us	to	visualize	the	distribution	of	the	different	matrix	components	at	a	resolution	of	500	nm	and	thereby	the	
formation	of	chemical	images	in	3D.	These	chemical	images	provide	information	on	the	distribution	of	differ-
ent	phenomena	throughout	the	heart	valves,	including:	elastin	degradation,	cholesterol	infiltration,	formation	of	
whitlockite, hydroxyapatite and the local distribution of these components.
Following Raman microscopy, TEM lamella were prepared from the same location. These lamella allow high res-
olution structural analysis and correlation of structural information to the chemical images. These TEM images 
show the presence of the whitlockite crystals in both the unmineralized organic matrix and in the mineralized 
matrix.	Electron	diffraction	shows	a	single	crystalline	projection	in	both	conditions,	whereas	the	hydroxyapatite	
was found to be poly-crystalline, with a mainly random organization.  
These combined observations lead us to the conclusion that, even though osteoblast markers are found in the 
heart	valve	ECM	during	mineralization,	the	process	of	mineral	formation	occurs	radically	different	in	these	tissues	
as compared to bone formation. Understanding the mechanism of mineral deposition will give us further under-
standing on the development of the disease, an may open up new avenues for patient treatment. 
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O13-0207

Controling biological systems by ultrasound: Sonopharmacology and 
sonogenetics [INV]

Andreas Herrmann* 1

1 Dwi - Leibniz Institute For Interactive Materials, Aachen, Germany

The	field	of	optogenetics	has	enabled	the	fundamental	understanding	of	neural	circuits	and	disorders.[1,2]	How-
ever, current optogenetic techniques require invasive surgical procedures to deliver light to target cells due to 
the low penetration depth of light into tissue. Therefore, ultrasound (US) was used as alternative trigger since US 
can deeply penetrate tissue with high spatiotemporal control. Our group develops general molecular technol-
ogies based on nucleic acid aptamers and mechanochemistry to control the activity of proteins and drugs (Fig. 
1)	by	US.[3,4]	Therefore,	we	produce	high	molecular	weight	polynucleic	acids	by	rolling	circle	amplification	or	
transcription that encode multiple aptamer binding sites for proteins or drugs. Once these loaded nucleic acid 
carriers are subjected to ultrasonication, covalent and non-covalent bond cleavage occurs by collapse of US-in-
duced cavitation bubbles leading to activation of protein or drug cargoes. Similarly, we liberate small bioactive 
trigger	molecules	by	US	that	initiate	gene	expression	involving	riboswitches	relying	on	modified	tRNA	scaffolds.
[5] A particular emphasis is paid to reducing US energies to make these sonogenetic and sonopharmacological 
systems compatible with living matter.[3]

[1] W. Haubensak, P. S. Kunwar, S. Ciocchi, J. Biag, H.-W. Dong, K. Deisseroth, E. M. Callaway, M. S. Fanselow, A. Lüthi, 
A. J. Anderson, Nature 468, 270 (2010).
[2] A. V. Kravitz, B. S. Freeze, P. R. Parker, K. Kay, M. T. Thwin, K. Deisseroth, A. C. Kreitzer, Nature 466, 622 (2010).
[3]	P.	Zhao,	S.	Huo,	J.	Fan,	J.	Chen,	F.	Kiessling,	A.	J.	Boersma,	R.	Göstl,	A.	Herrmann,	Angew.	Chem.	Int.	Ed.		60,	14707	
(2021).
[4]	S.	Huo,	P.	Zhao,	Z.	Shi,	M.	Zou,	X.	Yang,	E.	M.	Warszawik,	M.	Loznik,	R.	Göstl,	A,	Herrmann,	Nat.	Chem.	13,	131	
(2021).
[5] A. Paul, E. M. Warszawik, M. Loznik, A. J. Boersma, A. Herrmann, Angew. Chem. Int. Ed. 59, 20328 (2020).
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O13-1188

Harnessing Light to Activate mRNA Translation [INV]

Andrea Rentmeister* 1

1 2D and 3D metal halide perovskites, Germany

Messenger RNAs (mRNAs) enable the production of almost any functional protein/peptide in the human body 
as a vaccine or therapeutic agent. The translation of mRNA is a fundamental process in gene expression, and 
controlling translation is crucial for regulating the production of proteins in cells. However, one cannot control 
when	and	where	mRNA	is	translated	into	protein,	which	then	has	a	pharmacological	effect.	We	developed	5´ cap 
analogues with photo-cleavable groups (FlashCaps) that prohibit binding to the eukaryotic translation initiation 
factor eIF4E and resist cleavage by decapping enzymes. These compounds are compatible with the general and 
efficient	production	of	mRNAs	by	in	vitro	transcription.	The	single	photocaging	group	in	FlashCap-mRNAs	pre-
vents translation in mammalian cells and in vitro while not raising immunogenicity. The native cap is restored by 
irradiation,	resulting	in	effective	translation.	FlashCaps	overcome	the	problem	of	remaining	sequence	or	struc-
ture	changes	in	mRNA	after	irradiation	that	limited	previous	designs.	Multiplexing	for	two	different	mRNAs	was	
achieved by combining 5´ cap analogs with photo-cleavable groups based on coumarin or ortho-nitrobenzyl 
moieties.	Our	results	demonstrate	that	FlashCaps	offer	a	route	to	regulate	the	expression	of	any	given	mRNA	and	
to dose mRNA therapeutics with spatio-temporal control.
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O13-0798

Depleting autoreactive B-cells using photodynamic therapy

Kevin Venrooij* 1, Daphne  Dorst 1, Marije Koenders 2, Kim Bonger 1

1 Radboud Universiteit, Nijmegen, The Netherlands, 2 Radboudumc, Nijmegen, The Netherlands

Autoimmune	diseases	are	on	the	rise	globally.	Yet,	 treatment	 is	often	complex	and	non-specific.	For	 instance,	
in Rheumatoid Arthritis (RA) only a small percentage of autoreactive B cells sustain the disease, while current 
treatment	often	eliminates	the	entire	B-cell	population,	leading	to	immune	deficiency.	We	have	designed	a	small	
synthetic autoantigen targeting the B cell receptor that recognizes citrullinated proteins. We have coupled this 
to	 the	photosensitizer	 IRDye700DX	for	 targeted	photodynamic	 therapy	 (tPDT).	 In	a	Trojan	horse	 like	strategy,	
the autoreactive B cells will bind and internalize the synthetic autoantigen. Subsequently, light activates the 
photosensitizer	at	a	specific	wavelength,	which	locally	produces	reactive	oxygen	species,	killing	the	cell	that	has	
internalized the construct.  
Our construct binds the autoreactive B cell model in nanomolar range and primes it within 60 seconds. After brief 
exposure to 689 nm light we observe selective elimination of 80% of the autoreactive B population compared to 
the untreated control. Light exposure alone does not induce cytotoxicity and there is no cytotoxicity in cells lack-
ing	the	autoreactive	B	cell	receptor,	indicating	that	the	therapy	is	selective	and	specific.	We	have	expanded	this	
model to a 3D collagen co-culture with PBMCs to model how the immune system will react to our treatment. We 
are currently applying our construct to RA patient synovium and are working on setting up a mouse model to test 
biodistribution	and	therapy	efficacy	in	vivo.	This	modular	approach	can	easily	be	translated	to	other	autoimmune	
diseases, greatly expanding its scope. 

The autoreactive B cells are selectively bound by our autoantigen-700DX construct, without adverse effects. Upon 689nm 

exposure, the cells are eliminated.
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O13-0755

Trans-tetrapyridyl ruthenium(II) complexes for multi-targeted photo-
activated chemotherapy

Wessel Verbeet* 1, Sylvestre Bonnet 1

1 Leiden University, Leiden, The Netherlands

Photo-activated chemotherapy (PACT) is a new chemotherapeutic approach where visible light irradiation upon a 
prodrug releases a biologically active compound.[1] The main advantage of PACT resides on the ability to release 
a therapeutic only at the location where it is needed. In recent years, this method has demonstrated great poten-
tial for delivering enzyme inhibitors or DNA-binding ruthenium-based agents.[2, 3] However, the PACT strategy 
may also be used to deliver multiple therapeutics sequentially from a single prodrug, gaining more spatiotem-
poral control.
This study focuses on the use of ruthenium complexes based on the tetrapyridyl bis(bipyridyl)amine (bbpya) 
scaffold	for	the	sequential	photorelease	of	two	different	monodentate	ligands	coordinated	in	axial	positions	on	
the	metal	complex.	Symmetrical	complexes	were	first	synthesized	and	their	photochemistry	evaluated	in	terms	
of light absorption properties, activation wavelength, and photosubstitution quantum yield. The nature of coordi-
nated	ligand	strongly	influenced	the	photosubstitution	properties	of	the	complex.	In	addition,	both	ligands	were	
always	photoreleased.	We	also	synthesized	dissymmetric	complexes	bearing	two	different	axial	monodentate	
ligands.	Remarkably,	they	can	then	be	sequentially	photosubstituted,	the	first	one	with	red	light	and	the	second	
with	green	light.	These	findings	open	new	routes	towards	multi-targeted	ruthenium-based	PACT	compounds.

Figure 1. A multi-targeted ruthenium-based PACT compound: two different monodentate axial ligands are sequentially 

released upon light irradiation depending on the used wavelength.
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O14-0616

Synthesis and Biological Activity of New N-Heterocyclic Chalcogenones 
[INV]

Daniel Rabinovich* 1

1 Joint School of Nanoscience and Nanoengineering, Greensboro, United States

N-heterocyclic thione and selone ligands have been extensively used in coordination chemistry, either directly as 
monodentate ligands or as versatile building blocks in a variety of chelating ligands, including soft analogues of 
the ubiquitous poly(pyrazolyl)borates or scorpionates.  This presentation will outline recent advances in the syn-
thesis and characterization of metal complexes supported by new sterically-demanding NHT and NHSe ligands.  
More	specifically,	 an	overview	of	 the	preparation	of	mercury(II)	 and	silver(I),	will	be	presented,	 including	 the	
isolation of coordinatively unsaturated species and the isolation of compounds with unprecedented molecular 
structures	in	the	context	of	NHT	and	NHSe	coordination	chemistry.		Significantly,	some	of	the	silver	compounds	
display potent anticancer activity, and will also be discussed in this presentation.

Sterically demanding NHT and NHSe ligands.
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O14-0772

Exploring Chemical Glycosylation Reactions: Can We Control It?

Thomas Hansen* 1, Jeroen D. C. Codée 2

1 Vrije Universiteit Amsterdam, The Netherlands, 2 Leiden University, The Netherlands

The synthesis of complex carbohydrates is of paramount importance for medical and biological research. The 
principal challenge in the chemical synthesis of carbohydrates is the stereoselective installation of glycosidic 
bonds. Glycosidic bonds, uniting two building blocks to form more complex carbohydrates, can either exist as 
1,2-trans	or	1,2-cis	diastereomers,	and	the	nature	of	the	linkage	has	a	profound	influence	on	the	structure	and	
function	of	the	carbohydrates.	Insufficient	knowledge	of	the	operative	mechanism	of	the	glycosylation	reaction	
at the atomic level thwarts its rational development. Therefore, we used state-of-the-art computational and ex-
perimental techniques to obtain critical insight into the reaction mechanism. We found that glycosyl cations can 
act as key reactive intermediates and mapped clear structure-reactivity-stereoselectivity relationships for these 
species. The insights gained in these studies paved the way to synthesize a set of highly complex mycobacterial 
glycolipids, delivering more and more complex glycans to fuel glycobiological and glycomedical research.

Figure 1. Mapping the behavior of glycosyl cations by computational and experimental techniques to understand these 

reactive intermediates in the assembly of complex carbohydrates.
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O14-0448

Plant Polyphenols as Precursors for Nature-Inspired Nano(bio)materials

Suhair Sunoqrot* 1

1 Al-Zaytoonah University of Jordan, Amman, Jordan

Plant polyphenols have received considerable attention in recent years due to their ability to undergo oxidative 
coupling reactions, forming biocompatible coatings and nanoparticles (NPs) that could be leveraged for a variety 
of applications. Here we show that untemplated NPs can be green synthesized from plant polyphenols such as 
quercetin	(QCT),	tannic	acid	(TA),	coffee	extracts,	and	grape	seed	extracts,	as	promising	nanocarriers	in	biomedi-
cine. NPs were synthesized by oxidation-triggered self-polymerization of the polyphenol precursors under am-
bient conditions that could be tuned to control the NP size and self-assembly behavior. NPs were characterized 
by various analytical techniques to understand their physicochemical properties. Antioxidant and cell viability 
assays, as well as tumor targeting potential of anticancer drug-loaded NPs, were conducted to demonstrate the 
NPs’ free-radical scavenging ability, biocompatibility, and anticancer activity. NP size was found to be highly de-
pendent on the polyphenol type, synthetic conditions, and the incorporated cargo. The NPs could accommodate 
hydrophobic and hydrophilic drug molecules as well as surface ligands such as poly(ethylene glycol) (PEG). An-
tioxidant activity and biocompatibility support the use of the NPs as dermal UV protective agents. Drug-loaded 
NPs were readily internalized by tumor cells and demonstrated sustained drug release and potent cytotoxicity. 
Our	findings	present	a	promising	new	application	for	naturally	occurring	polyphenols	as	a	renewable	source	of	
versatile nanocarriers that can be synthesized at low cost with minimal equipment.
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O14-0726

Asymmetric Synthesis of Indole Alkaloids Using Cascade Reactions

Brendan Horst 1, Daniël Verdoorn 1, Eelco Ruijter* 1

1 Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

Monoterpene indole alkaloids (MIAs) constitute a very large class of natural products isolated from a wide range 
of	flowering	plants,	most	notably	from	the	Kopsia,	Aspidosperma,	and	Strychnos	genera.	MIAs	often	feature	com-
plex polycyclic molecular architectures as well as potent and diverse bioactivity, making them popular targets for 
total synthesis. Most synthetic approaches thus far have relied on protected tryptamine or other preconstructed 
indole derivatives as the starting material, leading to various limitations in the synthetic route. To circumvent 
these issues, we have developed an intramolecular conjugate addition/Truce–Smiles/E1cb cascade of 2-nitro-
benzenesulfonamide-functionalized	cyclohexenones	as	a	new	entry	to	the	core	scaffold	of	monoterpene	indole	
alkaloids. The method was applied to the asymmetric total synthesis of (–)-limaspermidine, (–)-kopsinilam, and 
(–)-kopsinine, as well as the framework of the kopsifoline alkaloids, thus highlighting its complementarity to 
existing approaches involving the use of indole-based starting materials or the interrupted Fischer indole syn-
thesis. Furthermore, we show that the cascade tolerates various substituents on the nitroarene, opening the way 
to other natural products as well as non-natural analogues.[1]

[1] B. Horst, D. S. Verdoorn, S. Hennig, G. van der Heijden, E. Ruijter, Angew. Chem. Int. Ed. 2022, 62, e202210592. 
DOI: 10.1002/anie.202210592

Long-range nitroaryl transfer cascade as a tool in the asymmetric total synthesis of monoterpene alkaloids
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O15-0347

Therapeutic Peptides - Drugs of the Future?! [INV]

Annette G Beck-Sickinger* 1

1 Leipzig University, Germany, Leipzig, Germany

Peptides hormones play an important role in the regulation of manifold activi-ties in the body. Many of them 
transmit their activity through G protein-coupled receptors (GPCR), which are among the most promising drug 
targets nowadays. However, in addition to their direct activity, indirect mechanisms have been shown to play 
an important role, e. g. as drug shuttles in tumour targeting. Accordingly, in addition to ligand binding, internal-
ization has to be addressed and to be studied, including arrestin recruitment. The neuropeptide Y/pancreatic 
polypeptide	family	contains	36	amino	acid	peptides,	which	bind	to	four	different	so-called	Y-receptors	in	hu-
man.	By	a	combination	of	X-ray	analysis,	cryo-EM,	NMR,	molecular	modelling	and	crosslinking	combined	with	
mass	spectrometry,	we	have	recently	identified	the	distinct	binding	modes	of	NPY	peptides	to	their	Y-receptors.	
Neuropeptide Y receptors have been shown to play a relevant role in the regulation of food intake. Furthermore, 
they participate in adipogenesis and some of them are overexpressed in tumours. By knowing the receptor bound 
structure,	specific	ligands	as	well	as	peptide-drug	conjugates	have	been	designed	to	selectively	address	Y	recep-
tors	in	different	tissues	including	allosteric	modulators.

[1] Tang T, Tan Q, Han S, Diemar A, et al.  Science Adv. 2022 May 6;8(18):eabm1232.
[2]	Yang	Z,	Han	S,	Keller	M,	Kaiser	A,	Bender	B	et	al.,	Nature	2018,	556:520-524.
[3] Tang T, Hartig C, et al. Nat Commun. 2021,12:737.
[4] Krug U et al. Angew Chem Int Ed Engl. 2020, 59:23854-23861.
[5] Sánchez MF, et al. Science. 2021;371(6536):eabb7657.
[6] Schüß C, Vu O, Schubert M, et al. J Med Chem. 2021,64:2801-2814.
[7] Hofmann S et al. Mol Pharm. 2015, 12:1121-30.
[8]	Böhme	D,	Krieghoff	J,	Beck-Sickinger	AG.	J	Med	Chem.	2016;59:3409-17.
[9] Wittrisch S et al. Mol Metab. 2020, 31:163-180.
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O15-0508

Amphiphilic Scorpiand-like Complexes as Superoxide Dismutase Mimics

Mercy Elena Arteaga Vinza* 1, Salvador Blasco 1, Teresa  Albelda 1, Enrique García-España 1

1 University of Valencia, Valencia, Spain

Living organisms rely on Superoxide Dismutase (SOD) enzymes to protect themselves from the deleterious ef-
fects of the superoxide radical. SODs are a family of enzymes that remove highly reactive superoxide radical 
anions	(O₂−	)	and	catalyze	their	dismutation	into	the	non-radical	species	dioxygen	and	hydrogen	peroxide.[1]	In	
humans, alterations in these protective mechanisms have been related to the pathogenesis of many diseases. 
However, the therapeutic use of the native enzyme is hampered by, among other things, its high molecular size, 
low stability, and immunogenicity.[2][3]
In this communication, we present the synthesis, properties, and SOD-like activity for some scorpiand-like ligands 
with amphiphilic properties. These ligands form stable pentadentate complexes with electroactive metals such 
as Cu(II) and Mn(II) as the metal core. Their macrocyclic core is similar to the active center of native MnSOD. Its 
SOD-like activity has been tested by the McCord-Fridovich test and all of them are  capable of SOD-like activity. 
Hydrophobic	pending	groups	of	different	lengths	modulate	the	overall	hydrophobicity	and	seem	to	have	an	im-
portant role in the membrane permeability. The introduction of N-methyl groups also increases the permeability.
This	work	has	been	financed	by	the	University	of	Valencia	with	the	“Juan	Castelló	2020	doctoral	grant.”	
Research project “Santiago Grisolía Program of the Ministry of Innovation, Universities, Science and Digital Soci-
ety ((GRISOLIAP/2021/073) CPI-21-244.”

References:
[1]Clares, M. P.; Serena, C.; et al., Mn(II) Complexes of Scorpiand-like Ligands. A Model for the MnSOD Active Cen-
tre with High in Vitro and in Vivo Activity. Journal of Inorganic Biochemistry 2015, 143, 1–8.
[2]Inclán, M.; Albelda, M. T.; Blasco, S.; et al., E. Mn(II) Complexes of Enlarged Scorpiand-Type Azamacrocycles as 
Mimetics of MnSOD Enzyme. Applied Sciences 2022, 12 (5), 2447.
[3]P. Riley, Chem. Rev., 1999, 99, 2573-2587. (b)  Roland Krämer, Angew. Chem. Int. Ed. Eng.  2000, 39(24), 4469-
4470.

Figure 1: MnSOD mechanism and crystal structutre of a synthetic mimic for this enzyme.
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O15-0025

Fischer’s barbiturates and novel anti-autoimmune diseases drug candidate

Arie Gruzman* 1

1 Bar-Ilan University, Ramat-Gan, Israel

Leukocyte	transendothelial	migration	is	one	of	the	most	important	steps	in	launching	an	inflammatory	immune	
response. However, it can lead to devastating autoimmune diseases. Leukocyte migration inhibitors are consid-
ered	as	promising	and	potentially	effective	therapeutic	agents	to	treat	 inflammatory	and	auto-immune	disor-
ders.	Based	on	in	silico	modeling	we	designed	several	molecules	with	a	modified	barbituric	acid	scaffold	and	
tested them in vitro. One of the molecules, namely, methyl 4-((2-(tert-butyl)-6-((2,4,6-trioxotetrahydropyrimi-
din-5(2H)-ylidene) methyl) phenoxy) methyl) benzoate, (GT-73), completely blocked leukocyte transendothelial 
migration,	without	 any	 toxic	effects	on	 immune	or	endothelial	 cells	 (IC50=2.4	µM).	 	 In	 vivo,	GT-73	exhibited	
significant	therapeutic	effects	in	inflammatory	bowel	disease	(IBD)/Crohn’s	disease,	multiple	sclerosis,	fatty	liver	
disease, lupus, respiratory distress syndrome (RDS), and rheumatoid arthritis mouse models. A detailed acute and 
chronic	toxicity	profile	of	the	lead	compound	in	vivo	did	not	reveal	any	toxic	effects.	GT-73	was	active	in	pharma-
cological relevant doses (10-30 mg/kg) and in several routes of administration. Most important that GT-73 was 
active orally.  In addition, SAR analysis was performed to identify the critical functional groups in the molecule 
that	dictate	its	therapeutic	effect.	The	mechanism	of	the	action	of	the	compound	is	a	reversible	covalent	inhibi-
tion of one of the most important proteins that is responsible for the leukocyte transmigration: PECAM-1. Such a 
type of drug candidate provided a unique starting point for designing a novel class of leukocyte transmigration 
blocking	agents	with	broad	therapeutic	applications	in	inflammatory	and	auto-immune	pathologies.	Indeed,	the	
lead compound now is in use for the advanced steps in the anti-autoimmune diseases drug development.
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O15-0540

Cooperativity as Chemical-Biology Paradigm for Nuclear Receptor Drug-
Discovery

Auke Koops* 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Nuclear Receptors (NRs) are highly relevant drug targets for small molecule therapeutics. Small molecule regula-
tion of NRs through the stabilization of cofactor protein binding is an example of allosteric cooperativity in Pro-
tein-Protein Interaction (PPI) regulation. Traditional NR modulation analyses cannot accurately quantify the com-
plex interplay of this three-body chemical biology system. Here, we present a cooperativity paradigm for small 
molecule NR modulation using the Peroxisome Proliferator Activated Receptor γ (PPARγ) protein. This approach 
describes NR–ligands as allosteric molecular glues and uses a thermodynamic model to appropriately quantify 
reciprocal	effects	of	NR–coregulator	binding	(KID)	and	NR–ligand	binding	(KIID),	jointly	recapitulated	in	the	co-
operativity	factor	(alfa)	for	each	specific	ternary	ligand-NR-coregulator	complex	formation.	These	fundamental	
parameters allow for a new conceptual way of molecular thinking about structure–activity–relationships for NR–
ligands. The talks will also illustrate that especially the cooperativity factor allows for a conceptual optimization 
parameter for so-called partial agonists and to steer NR modulator discovery and optimization in new directions.
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O16-0016

Development of Chemical Tools for Understanding Biological Systems [INV]

Youngmi Kim* 1

1 Kyung Hee University, Seoul, South Korea

The design of highly sensitive and selective molecular sensory materials having easily detectable recognition 
events	is	of	great	interest	in	chemical,	biological,	and	pharmaceutical	sciences.	To	this	end,	fluorescence-based	
sensors have received a great deal of attention due to their highly sensitive optical transduction modes includ-
ing	fluorescence	intensity	modulation,	wavelength	shifts,	or	changes	in	fluoresce	lifetime	upon	analyte	binding.	
Such	signal	transduction	schemes	are	often	based	on	facile	energy	transfer	from	a	fluorophore	donor	to	a	dye	
acceptor (i.e. Fluorescence Resonance Energy Transfer, FRET), intramolecular charge transfer, or photoinduced 
electron	transfer	(PET),	resulting	in	altered	fluorescence	properties	(fluorescence	off/on)	of	the	materials.	In	this	
talk,	the	systematic	studies	on	photophysical	properties	of	organic	fluorophores	recently	developed	in	our	group	
will	be	presented,	and	the	design	of	fluorescent	probes	for	the	detection	of	biological	interesting	analytes	and	
their applications in living systems will be demonstrated.1-2

References 
[1] A. Pandith, Y. Luo, Y. Jang, J. Bae, and Y. Kim, “Self-Assembled Peptidyl Aggregates for the Fluorogenic Recog-
nition of Mitochondrial DNA G-Quadruplexes” Angew. Chem. Int. Ed., 2022, e202215049.
[2]	S.	Jeon,	T.-I.	Kim,	H.	Jin,	U.	Lee,	J.	Bae,	J.	Bouffard,	and	Y.	Kim,	“Amine-Reactive	Activated	Esters	of	meso-Car-
boxyBODIPY: Fluorogenic Assays and Labeling of Amines, Amino Acids, and Proteins” J. Am. Chem. Soc., 2020, 
142, 9231.

Figure. Examples of sensory applications of meso-substituted BODIPY dyes
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O16-0066

A live-cell bioorthogonal fluorescent probe for nutrient uptake

Yixuan Wang* 1, Diana Torres García 1, Sander I. van Kasteren 1

1 Department of Bio-Organic Synthesis, Leiden Institute of Chemistry, Leiden University, The Netherlands

Small	molecule	fluorescent	probes	are	widely	used	in	the	biological	system.	One	of	the	most	common	of	these	
is	carboxyfluoresceindiacetate-succinimidyl	esters	(CFSE),	which	is	a	quenched	fluorophore	that	can	covalently	
react with proteins, and is only turned on after being subjected to the activity of cytosolic esterases. 
Here	we	present	a	modified	variant	of	CFSE	in	which	a	second	quenching	moiety	is	added	to	the	construct,	name-
ly a tetrazine. Only upon reaction of this tetrazine quencher with an electron rich or strained dienophile in an 
Inverse	Electron-Demand	Diels-Alder	(IEDDA)	Ligation	does	the	probe	become	fluorescence,	thereby	effectively	
serving as a sensor for uptake of molecules that contain such an IEDDA-reactive double bond. 
In this talk, the use of this sensor as a probe for nutrient uptake will be discussed. By generating nutrients with 
IEDDA-reactive double bonds and feeding these to live cells pre-loaded with this CFSE-Tetrazine nutrient sensor, 
we	can	show	uptake	of	these	nutrients	in	real	time	in	lived	cell,	presenting	the	first	such	reagent	of	its	kind.	

References : 
Parish, C. R.. Immunology & Cell Biology 1999, 77 (6), 499-508.
Wu, H. et al. Angew Chem Int Ed Engl 2014, 53 (23), 5805-9.
Bertheussen, K. et al. Angew Chem Int Ed 2022, 61 (38), e202207640
Acknowledgement : 
The author would like to thank China Scholarship Council for funding.

General mechanism and workflow of CFSE-Tz. The non-fluorescent CFSE-Tz was first treated with live cells and clickable 

nutrients. Quenchers were removed by intracellular IEDDA reaction and esterase cleavage. The probe was fluorescent and 

suitable for flow
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O16-0568

Calcium sensing via triplet-triplet annihilation upconversion

Valeriia Andreeva* 1, Tingxiang Yang 2, Irene Regeni 1,	Benjamin	Dietzek-Ivanšić	2, Sylvestre Bonnet 1

1 Leiden University, Leiden, The Netherlands, 2 Leibniz Institute of Photonic Technology, Jena, Germany

The	 calcium	cation	 is	 a	 known	cellular	messenger,	 and	many	fluorescence	 sensors	 are	developed	 for	 in	 vitro	
studies	of	intracellular	calcium	fluxes.	For	studies	in	tissues	or	even	animals,	new	sensors	with	increased	signal-
to-noise ratio, deeper light penetration to tissue are needed. Here we demonstrate development and character-
ization of a calcium sensor with upconverted luminescence output. The output was obtained by combining pho-
to-induced electron transfer (PET) quenching with triplet-triplet annihilation upconversion. The PET-based sensor 
was	obtained	by	chemical	modification	of	perylene	with	a	1,2	bis(o	aminophenoxy)ethane-N,N,N’,N’-tetracetic	
acid moiety. The sensor is selective towards Ca2+ and has two binding constants estimated to be 10 μM-1 and 9 
μM-1. The combination of the sensor with a Pd(II)-meso tetraphenyltetrabenzoporphyrin allowed us to detect the 
upconverted luminescence signal only in the presence of calcium ions with a quantum yield of 0.18%.

Strategy of development of calcium sensing system with upconverted luminescence
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O16-0780

Glow-in-the-dark diagnostics using RPA and CRISPR-Cas9-based luciferase 
complementation

Harm van der Veer* 1, Eva van Aalen 1, Claire Michielsen 1, Eva Hanckmann 1, Jeroen Deckers 1,  
Marcel van Borren 2, Jacky Flipse 2, Anne Loonen 3,4, Joost Schoeber 3, Maarten Merkx 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands, 2 Rijnstate Hospital, The Netherlands, 3 Fontys University of 
Applied Sciences, The Netherlands, 4 Pathologie-DNA, The Netherlands

Nucleic	acid	detection	methods	based	on	CRISPR	and	isothermal	amplification	techniques	show	great	potential	
for	point-of-care	diagnostic	applications	in	infectious	disease.	However,	most	current	methods	rely	on	fluores-
cent	or	lateral	flow	assay	readout,	requiring	external	excitation	or	post-amplification	reaction	transfer.	Instead,	we	
developed	a	bioluminescent	nucleic	acid	sensor	(LUNAS)	platform	in	which	target	dsDNA	is	sequence-specifically	
detected by a pair of dCas9-based probes mediating split NanoLuc luciferase complementation. LUNAS is easily 
integrated	with	recombinase	polymerase	amplification	(RPA),	providing	attomolar	sensitivity	in	a	one-pot	assay.	
A calibrator luciferase is included for a robust ratiometric readout, enabling signal detection by a digital camera. 
We designed a reverse transcription (RT)-RPA-LUNAS assay for detecting SARS-CoV-2 RNA without the need for 
cumbersome RNA isolation and demonstrated the diagnostic performance for COVID-19 patient nasopharyngeal 
swab samples. Detection of SARS-CoV-2 from samples with viral RNA loads of ~200 cp/μL was achieved within 
~20, showing that (RT)-RPA-LUNAS is attractive for point-of-care infectious disease testing. Using corresponding 
primers and guide RNAs, this method can be readily adapted to other pathogens, enabling rapid development of 
diagnostics for emerging epidemic threats.

Target DNA/RNA is rapidly amplified through (RT-)RPA and resulting amplicons are bound by dCas9-split-NanoLuc 

ribonucleoproteins, which allows for luciferase complementation, producing blue luminescence. The green light emitting 

calibrator luciferase enables a robust ratiometric readout by digital camera.
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O17-1128

Bioinspired smart hydrogels to engineer advanced artificial tissues [INV]

Julieta Paez* 1

1 University of Twente, The Netherlands

Cell-encapsulating hydrogels are used as extracellular matrix mimics for tissue engineering applications. For 
hydrogels to mimic closely the native cell microenvironment, molecular engineering aims at pre-programming 
smart, dynamic properties in their design. One approach is the use of versatile coupling chemistries to engineer 
the network crosslinks, to control basic properties (e.g., gelation rate, mechanical properties, bioactivity); as well 
as to confer advanced properties (e.g., self-healing, stimuli-responsiveness, adaptability). Notably, the develop-
ment of strategies to integrate these smart hydrogels into existing micro- and biofabrication technologies will be 
crucial to empower in vitro cell culture models to eventually reduce and replace in vivo animal experimentation.  
In this work, the use of bioinspired thiol-mediated chemistry to molecularly engineer hydrogels with tunable 
viscoelastic	properties	and	adaptive	behavior	for	cell	encapsulation	 is	presented.	Firefly-bioinspired	covalent	
chemistry enables the fabrication of tunable and inexpensive hydrogels for 3D cell culture [1], showing advan-
tages like rapid gelation rate and tunability of mechanical and biological properties. A redox-responsive version 
widens	the	application	range	of	this	synthetic	platform	[2],	by	enabling	to	finely	control	the	gelation	onset	and	
rate, which can be exploited to modulate the injectability of these materials. Moreover, the development of dy-
namic	covalent	hydrogels	with	self-healing	and	stress-relaxing	properties	is	presented	and	the	effect	of	molec-
ular network parameters on cell behavior is discussed. In conclusion, these bioinspired smart hydrogels are a 
robust and versatile platform for 3D cell culture. They enable easy adjustment of properties to perform in diverse 
biomedical scenarios and are compatible with bioengineering technologies.

References
[1] Jin, Paez et al ACS Appl. Mater. Interfaces 2022, 14, 5017.
[2] Jin, Paez et al Polym. Chem. 2022, 13, 5116.
[3] Jin, Paez, unpublished work.
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O17-0559

Antibacterial Homopolymer Library Possessing Quaternary Ammonium 
Groups

Meltem Haktaniyan* 1, Richa Sharma 1, Mark Bradley 1

1 The University of Edinburgh/ School of Chemistry, Edinburgh, United Kingdom

Even	though	antibiotics	are	still	powerful	medicines	fighting	against	pathogenic	microbes,	medical	misdiagnosis,	
overuse and misuse of antibiotics lead to multidrug resistance of microbes, which has become a life-threatening 
situation to human health worldwide. To help resolve this problem, antimicrobial polymers have emerged as an 
alternative	against	microbes	in	this	perennial	fight.	Antimicrobial	polymers	have	been	synthesized	from	various	
monomers	via	distinct	polymerization	techniques	or	polymeric	scaffolds	functionalized	with	different	antimi-
crobial groups such as quaternary ammonium groups to enhance the activity of existing antimicrobial polymers. 
Cationic	polymers	have	been	subject	to	specific	interest	as	potential	antimicrobial	agents	due	to	their	ability	to	
interact with negatively charged phospholipid components of the membrane of bacteria leading to membrane 
distortion and lysis [1,2]. 
In this study, a homopolymer library was synthesized using quaternary ammonium group-bearing monomers as 
potential	antimicrobial	agents.	Six	different	monomers	were	selected	and	homopolymers	were	generated	via	
reversible	addition−fragmentation	chain	transfer	polymerization.	The	polymers	were	tested	against	Gram-posi-
tive and Gram-negative bacteria. SEM images revealed the formation of holes in the bacteria by the interactions 
of polymers with the bacteria leading to bacterial death, with potency related to polymer size. The cytotoxicity 
of the polymers was determined by MTT assay on HeLa cells. Importantly, hemolysis assays indicated that the 
polymers did not disrupt sensitive red blood cell membranes highlighting the potential of these polymers in 
applications such as eye drops or surface dressings. 
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O17-0557

Poly(ylides): A new generation of antifouling zwitterionic polymers

Kevin Neumann* 1

1 Radboud University, Nijmegen, The Netherlands

Zwitterionic	polymers	are	widely	employed	building	blocks	for	applications	in	the	fields	of	biomedical	science,	
nanotechnology	and	drug	delivery.	Typically,	polymeric	zwitterions	are	classified	in	two	categories,	namely	poly-
ampholytes and polybetaine.
Recently, we reported poly(sulfur ylides) as a new class of remarkable stable and biocompatible zwitterion-
ic polymers.[1] In contrast to existing zwitterionic polymers, poly(sulfur ylides) bear a ylide functionality and 
therefore	offer	a	vast	and	largely	unexplored	chemical	space	for	the	development	of	new	zwitterionic	materials.	
Notably, the solution- and thermal properties of poly(sulfur ylides) can be easily tailored, which enabled us to 
design	and	fabricate	new	forms	of	nano-carriers	for	applications	in	the	field	of	drug	delivery.	Besides	preventing	
the	adhesion	of	biomolecules,	poly(sulfur	ylides)	also	display	strong	antifouling	behaviour	and	prevent	biofilm	
formation from pathogenic bacteria.[2] Our results indicate that the strong antifouling behaviour of poly(sulfur 
ylides)	is	based	on	a	synergistic	effect	caused	by	a	killing-by-contact	mechanism	and	repellent	barrier.
We would like to introduce poly(sulfur ylides) as a versatile new class of zwitterionic polymers with strong anti-
fouling behaviour and as a valuable addition to the chemical toolbox of zwitterionic polymers with great poten-
tial in biomedical research.

[1]G. Poulladofonou, K. Neumann, Polym. Chem. 2022,13, 4416-4420.
[2]Bela B. Berking, Georgia Poulladofonou, Dimitrios Karagrigoriou, Daniela A. Wilson, Kevin Neumann, submitted.

Poly(sulfur ylides) display strong antifouling behaviour and offer distinct advantages over polyethylene glycol.
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O17-0806

Polymer-based immunobrushes for selective T-cell expansion

Lotte Gerrits* 1, Lea Weiss 2, Marjolein Schluck 2, Carl Figdor 2, Paul Kouwer 1, Roel Hammink 2

1 Radboud University Nijmegen, Nijmegen, The Netherlands, 2 Radboudumc, The Netherlands

Adoptive	transfer	of	tumor	antigen-specific	T	cells	has	achieved	remarkable	results	in	the	treatment	of	cancer.	
However, its widespread implementation in the clinic is hampered by the laborious and time-intense procedures 
necessary to generate functional T cells. Here, we generated micro-sized magnetic beads coated with immu-
nofilament	brushes	(immunobrushes)	to	effectively	expand	and	enrich	antigen-specific	T	cells.	The	polyisocy-
anopeptide-based immunobrushes are functionalized with peptide-loaded major histocompatibility complexes 
and	CD28	antibodies	through	click	chemistry.	The	semiflexible	character	of	the	immunobrushes	allows	receptor	
rearrangement on the T cell surface upon binding. Stimulation with immunobrushes resulted in stronger T cell 
activation when compared to beads with signals directly attached. Moreover, the immunobrushes performed 
comparable	 to	dendritic	 cells	 in	 regard	 to	activating	and	expanding	antigen-specific	T	cells,	while	preserving	
multifunctionality	and	tumor	cell	killing	capacities	two	weeks	after	stimulation.	Furthermore,	antigen-specific	T	
cells	could	be	efficiently	enriched	to	99%	and	expanded	19.4-fold	from	a	pool	of	non-specific	cells.	Overall,	the	
modular	design	of	our	immunobrushes	makes	them	a	versatile	platform	for	antigen-specific	T	cell	expansion	that	
incorporates receptor movement as a prerequisite for T cell activation. As such, immunobrushes have the poten-
tial	to	make	adoptive	T	cell-based	therapies	more	effective.
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O17-0754

Marine-Origin Polysaccharides-based Multilayered Nano-Reservoirs for 
Sustained Therapeutics Delivery

João Borges* 1, Cristiana F. V. Sousa 1, Luís P. G. Monteiro 1, João M. M. Rodrigues 1, João F. Mano 1

1 CICECO - Aveiro Institute of Materials, Department of Chemistry, University of Aveiro, Campus Universitário de Santiago,  
3810-193 Aveiro, Portugal

Over the last decades, there have been unprecedented advances in the design and synthesis of drug nano-reser-
voirs	to	enhance	the	loading,	protection,	controlled	release	and	targeting	efficacy	of	bioactive	agents	to	improve	
human health. Layer-by-Layer (LbL) assembly has proven to be a highly versatile technology to engineer robust 
nano-reservoirs of various sizes and geometries by resorting to multiple building blocks exhibiting complemen-
tary interactions [1,2]. Chitosan (CHT) and alginate (ALG) are sustainable marine biopolymers widely employed in 
the fabrication of LbL nano-reservoirs for bioapplications owing their wide bioavailability, biocompatibility, bio-
degradability, and opposite charge [3]. However, the insolubility of CHT in physiological conditions hinders the 
incorporation of bioactive molecules into CHT-derived LbL nanostructures, thus limiting their bioapplications.
Herein, we report the preparation of electrostatic-driven free-standing multilayered membranes made of wa-
ter-soluble	quaternized	CHT	(Q-CHT)	and	ALG	for	controlled	release	of	model	hydrophobic	drugs.	Two	different	
membranes,	having	either	fluorescein	isothiocyanate-labeled	bovine	serum	albumin	(FITC-BSA)	as	an	intrinsic	
building block [(Q-CHT/ALG/Q-CHT/FITC-BSA)100] or as an outer layer [(Q-CHT/ALG)200/Q-CHT/FITC-BSA] have 
been	produced	onto	poly(vinyl	carbonate)	(PVC)	substrates	(Figure	1).	Their	morphology,	release	profile	and	bio-
compatibility towards human umbilical cord-mesenchymal stem cells (hUC-MSCs) have been studied, compared, 
and will be discussed aiming to develop innovative and sustainable biomedical devices for controlled therapeu-
tics delivery, tissue engineering and regenerative medicine.
Acknowledgments
This work was funded by the European Union’s Horizon Europe research and innovation programme under the 
grant agreement No. 101079482 (“SUPRALIFE”); FCT through PhD grants (2020.04408.BD-C.F.V.S.; 2020.06767.
BD-L.P.G.M.) and Researcher contracts (CEECIND/01363/2018-J.M.M.R.; 2020.00758.CEECIND-J.B.). This 
work was developed within the scope of the project CICECO-Aveiro Institute of Materials, UIDB/50011/2020, 
UIDP/50011/2020	&	LA/P/0006/2020,	financed	by	national	funds	through	the	FCT/MEC	(PIDDAC).
References
[1 ] J. Borges, J.F. Mano, Chem. Rev. 2014, 114, 8883.
[2] R.R. Costa et al., Biotechnol. Adv. 2015, 33, 1310.
[3] J.M. Silva et al., Small 2016, 12, 4308.

Figure 1. Schematic illustration of the two set-ups of free-standing multilayered membranes 

assembled onto PVC substrates – (i) (Q-CHT/ALG/Q-CHT/FITC-BSA)100 and (ii) (Q-CHT/

ALG)200/Q-CHT/FITC-BSA – and respective cumulative release profile and live/dead
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O18-1084

Modulated Excitation Operando FT-IR and Quick-X-ray Absorption 
Spectroscopy of Electrocatalytic Reactions for the Energy Transition [INV]

Charlotte Vogt* 1

1 Technion - Israel Institute of Technology, Israel

Water electrolysis and carbon dioxide electroreduction are examples of electrochemical technologies with great 
promise to aid in the energy transition, for example for the seasonal storage of renewable electricity the abate-
ment of anthropogenic climate change through alternative carbon utilization. Such reactions are often even more 
difficult	to	characterize	“at	work”	than	traditional	thermo-	or	heterogeneous	catalysis,	as	they	bring	at	least	one	
additional complicating variable; the electrolyte which is often liquid phase. Utilizing a combination of poten-
tial-modulated	excitation	experimentation,	reactor	and	internal	reflective	element	design,	and	operando	high	
time	resolution	FT-IR	and	operando	sub-second	time	resolution	X-ray	absorption	spectroscopy,	we	investigat-
ed the catalytic reaction mechanisms and structure-performance relationships of electrocatalytic oxidation and 
reduction	 reactions	 (e.g.,	 ammonia,	 and	urea	oxidation,	 and	CO2	 reduction)	over	 several	different	metals.	We	
thereby are able to introduce mechanical concepts of strain able to accurately describe and predict activity and 
stability	in	electrooxidation	over	Ni-based	catalysts.	We	are	also	able	to	distinguish	the	effect	of	different	anionic	
and cationic electrolyte species to the reaction mechanism. Finally, we show that the use of modulated excitation 
spectroscopy is an excellent tool to overcome some of the common issues dealt with in operando electrocataly-
sis, like weak reaction intermediate signals clouded by electrolyte rearrangement, by elucidating several details 
of mechanisms not yet described in literature. The developed experimental and data analysis tools help us to 
understand not just the reactions in our study, but likely are promising for broad use in the operando study of 
electrocatalysts.
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O18-0520

A quinone-amine radical-ion-pair for homolytic bond activation

Lars	van	der	Zee*	1, Jelle Hofman 1, Chris Slootweg 1

1 University of Amsterdam, Amsterdam, The Netherlands

The activation of small molecules is typically performed in an heterolytic fashion. Homolytic splitting, on the 
other hand, could be advantages for splitting strong covalent bonds. For this, the use of radical ion pairs (RIPs) is 
of interest as they provide simultaneously two radicals and thus the potential for cooperative reactivity. To date, 
only two groups of stable organic RIPs are known, one based on tetracyanoethylene (TCNE)[1] as electron accep-
tor, and one all boron-centred RIP.[2]
The development of novel RIPs has recently been made possible due to the discovery of single electron transfer 
within Frustrated Lewis Pairs (FLPs).[3] The SET occurs from a Lewis base to a Lewis acid, yielding often a RIP as 
fleeting	intermediate.	Recent	activities	focused	on	the	formation	of	stable	RIPs,	e.g.	based	on	quinones	as	the	
electron acceptor and amines and phosphines as the electron donor.[4] For all the quinone-based RIPs investigat-
ed, the SET is facilitated when the quinone is converted into a stronger acceptor by coordination of a Lewis acid.
To simplify the quinone-based RIPs, we developed a RIP without the need of activating the quinone. Careful 
design let to a new set of RIPs, which were characterized using multiple methods (UV-vis, EPR, DFT, NMR) and its 
reactivity explored for homolytic bond activation.

[1]	Selected	review:	Zhang	et	al.	Angew.	Chem.	Int.	Ed.	2019,	58,	9696-9711.
[2] Braunschweig et al. Angew. Chem. Int. Ed. 2014, 54, 359-362.
[3] Selected papers: a) Wang et al. JACS 2013, 135, 14912-14915. b) Stephan et al. JACS 2013, 135, 6446-6449. 
c) Slootweg et al. Angew. Chem. Int. Ed. 2020, 59, 22210-22216. Recent review: Melen et al. Angew. Chem. Int. 
Ed. 2021, 60, 53-64.
[4] a) Wang et al. JACS 2022, 144, 7978-7982. b) Wang et al. CCS Chem. 2023, 5, 334-340. c) Slootweg et al. to 
be submitted.

Formation and analysis of a stable quinone-amine radical ion pair via single electron transfer without the need of Lewis acid 

activation of the quinone.
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O18-0680

Steering automated mechanism exploration in chemical reaction space

Miguel Steiner* 1, Markus Reiher 1

1 ETH Zurich, Zurich, Switzerland

Autonomous	reaction	network	exploration	algorithms	[1,	2]	offer	a	systematic	approach	to	exploring	chemical	
reactions	and	provide	crucial	benefits	for	catalysis	research	[3].	Automated	procedures	can	analyze	many	more	
structures than manual approaches, leading to a clearer understanding of relevant conformations and reaction 
steps. This results in a more accurate formalization of catalytic processes and trustworthy in silico predictions [4].
However, current approaches are computationally demanding for complex catalysts such as mononuclear tran-
sition metals, due to the combinatorial explosion of possible pathways and species, which prohibits brute-force 
explorations.
Here,	we	present	a	computationally	efficient	solution	by	introducing	an	exploration	steering	algorithm	that	is	in-
tuitive	and	widely	applicable.	The	algorithm	enables	the	exploration	to	focus	on	specific	regions	of	an	emerging	
network, allowing to guide automated data generation in the context of mechanism elucidation, catalyst design, 
and other chemical optimization challenges. The implementation and advantages of the steering algorithm are 
demonstrated	through	a	reaction	network	exploration	of	a	catalyzed	olefin	metathesis,	highlighting	how	our	ap-
proach	paves	the	way	to	design	more	sustainable	catalysts	by	elucidating	their	mode	of	action	in	a	cost	efficient	
manner, both in terms of required experiments and carried out calculations.

References
1] Unsleber, J. P.; Reiher, M. The Exploration of Chemical Reaction Networks. Annu. Rev. Phys. Chem. 2020, 71, 
121–142.
[2] Unsleber, J. P.; Grimmel, S. A.; Reiher, M. Chemoton 2.0: Autonomous Exploration of Chemical Reaction Net-
works. J. Chem. Theory Comput. 2022, 18, 5393–5409.
[3] Steiner, M.; Reiher, M. Autonomous Reaction Network Exploration in Homogeneous and Heterogeneous Catal-
ysis. Top. Catal. 2022, 65, 6–39.
[4] Bergeler, M.; Simm, G. N.; Proppe, J.; Reiher, M. Heuristics-Guided Exploration of Reaction Mechanisms. J. Chem. 
Theory Comput. 2015, 11, 5712–5722
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O18-0697

Towards studying thermally induced processes with ultrafast spectroscopy

Han Mertens* 1, Jintao Kong 1, Monique van der Veen 1

1 TU Delft, The Netherlands

Ultrafast spectroscopy can be used to study many dynamic processes on very short time scales (typically fem-
tosecond to nanosecond), but is classically limited to photoinduced processes.¹ Our aim is to extend this tech-
nique to thermally activated processes, such as thermally activated (catalytic) reactions, phase transitions and 
conformational changes. To do this type of study on short time scales, an ultrafast temperature rise is needed. 
We propose a design using core–shell plasmonic nanoparticles, with a gold core to transform an ultrafast laser 
pulse	to	thermal	energy,	and	a	thin	silica	layer	to	prevent	side	effects	from	plasmonic	field	enhancement	and	hot	
electrons. Using a heat transfer model based on that for bare nanoparticles,² we can model the temperature rise 
of these core–shell particles and show that the temperature of the nanoparticle’s immediate surrounding rises 
on the time scale of tens of picoseconds. This is fast enough to study many of the interesting dynamic processes 
mentioned earlier. To validate this model experimentally, we measure light-induced nanobubble formation indic-
ative of the high temperatures reached around the nanoparticles.³

References
1.M. Maiuri, M. Garavelli and G. Cerullo, J. Am. Chem. Soc., 2020, 142, 3–15.
2.G.	Baffou	and	H.	Rigneault,	Phys.	Rev.	B,	2011,	84,	035415;	K.	Metwally,	S.	Mensah	and	G.	Baffou,	J.	Phys.	Chem.	
C, 2015, 119, 28586–28596.
3.S.	Moon,	Q.	Zhang,	Z.	Xu,	D.	Huang,	S.	Kim,	J.	Schiffbauer,	E.	Lee	and	T.	Luo,	J.	Phys.	Chem.	C,	2021,	125,	25357–
25368.

O18 PARALLEL SESSION 18: Advances in Mechanistic Insights



ORAL PARALLEL SESSIONS

175CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O19-1121

Catalysis as a Driver for Sustainable Chemistry [INV]

Javier Perez-Ramirez* 1

1 ETH Zurich, Switzerland

Heterogeneous catalysis, one of the cornerstones of the chemical industry, is at the forefront of innovation to 
make clean energy, use renewable raw materials and minimize waste generation, all of which are key objectives 
for achieving sustainable development. To meet these challenges, catalytic processes must consider multidimen-
sional phenomena, ranging from the design of active centers at the nanometer scale to environmental footprint 
assessment	at	the	planetary	scale.	This	requires	a	Herculean	effort,	integrating	interdisciplinary	fundamental	re-
search with state-of-the-art tools and close collaboration with industry to enable implementation. This approach 
can provide, in addition to rich intellectual satisfaction, decisive processes for society to evolve towards a circular 
economy. This talk will present recent examples from our lab that will unpack this exciting process in more detail.
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O19-0289

The Bermuda Triangle of the Chemical Industry Transformation

Reinier Grimbergen*  

1 TNO, Delft, The Netherlands

The European Green Deal drives the creation of a future proof intrinsically sustainable world leading industry. 
In	this	presentation	the	risks	and	opportunities	specifically	for	the	chemical	industry	related	to	the	Green	Deal	
will	be	identified	and	discussed.	The	pivotal	role	of	chemistry	in	the	transformation	to	a	Net	Zero	and	Circular	
Society	will	be	outlined.	Key	innovation	areas	for	the	coming	decades	will	be	identified	based	on	three	catego-
ries of scarce resources required to create an intrinsically  sustainable chemical industry being (1) low emission 
electricity, (2) circular carbon and (3) sustainable minerals and metals. This unprecedented industrial transfor-
mation has to happen in only 3 decades which requires unconventional high rates of innovation, investments and 
commercialization.

The Industrial Transformation Challenges.
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O19-0822

Sustainable Solutions from Imaging Molecules at Atomic Level

Yunlong	Zhang*	1

1 Exxonmobil, Annandale, United States

Energy plays a vital role in sustaining our economies and enhancing our quality of life, but the continued reliance 
on	petroleum	as	fossil	fuels	poses	a	significant	threat	to	the	environment.	In	this	presentation,	I	will	outline	our	
recent breakthroughs in understanding the composition of hydrocarbon mixtures using non-contact Atomic Force 
Microscopy (nc-AFM) technology. By examining individual structures, we have uncovered numerous previously 
unknown properties of hydrocarbons, including aromaticity, bonding, and persistent organic free radicals. These 
findings	open	up	exciting	new	avenues	for	using	hydrocarbons	to	make	materials	that	can	contribute	to	mitigat-
ing	climate	change	and	reducing	carbon	emissions.	Specifically,	our	studies	have	shown	that	petroleum	hydro-
carbons can be transformed into carbon materials, and we have gained a deeper understanding of the growth 
mechanisms of polynuclear aromatic hydrocarbons.

Reference:
1.	Y.	Zhang,	“Application	of	Noncontact	Atomic	Force	Microscopy	in	Petroleum	Characterization:	Opportunities	
and Challenges”, Energy Fuels 2021, 35, 18, 14422

imaging of single molecules in crude oil and compared with FT-ICR MS
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O19-0126

Hydrogen production from the air

Jining Guo* 1, Gang Kevin Li 1

1 University of Melbourne, Melbourne, Australia

Green hydrogen produced by water splitting using renewable energy is the most promising energy carrier of the 
low-carbon economy. However, renewable energy distribution, such as solar or wind, is scattered, uneven season-
al. There is frequently a geographic mismatch between renewables and freshwater availability – the feedstock 
to the electrolyzer. 
In this work, we propose a hydrogen production method from the air, namely capture freshwater from the atmo-
sphere and convert it to H2 by electrolysis. This so-called direct air electrolysis (DAE) module consists of a water 
harvesting unit in the middle and electrodes on both sides paired with gas collectors. Importantly, the water 
harvesting unit also serves as the reservoir to hold the electrolyte. Porous medium such as melamine sponge, 
sintered glass foam is soaked with deliquescent ionic substance to absorb moisture from the air via the exposed 
surfaces.	The	reservoir	between	the	endplate	and	the	porous	foam	works	as	an	air	barrier	and	a	buffer	for	the	
volume	of	the	ionic	solution	at	excessive	fluctuation	of	the	air	humidity.	Such	DAE	module	can	work	under	the	
air moisture of 4–100 % relative humidity and produce hydrogen sustainably without geographic limitation and 
freshwater	supply,	with	a	current	density	up	to	574	mA	cm−2.	The	power	supply	to	the	electrolyzer	can	be	easily	
coupled with renewables. Our preliminary experimental study using the environmental simulator and power 
supply has proven the concepts and run continuously for 12 days and producing pure hydrogen with a faradaic 
efficiency	of	over	95%.	This	process	can	be	easily	scaled	up	via	numbering	up,	which	 is	demonstrated	at	 the	
University of Melbourne Campus.  Such DAE farms can be easily constructed and generate abundant H2 all over 
the world. 1

1 Guo, J. et al. Hydrogen production from the air. Nat. Commun. 13, 5046, (2022).

The concept of direct air electrolysis (DAE) for hydrogen production. A) A schematic diagram of the DAE module with a water 

harvesting unit. B) A schematic diagram of the cross-section of the DAE module.
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O19-0637

pH visualization at Hydrogen evolving electrodes with FLIM

Jorrit Bleeker* 1, David Vermaas 1, Wolter Jager 1, Aron Kahn 1, Lorenz Baumgartner 1

1 Delft University of Technology, Delft, The Netherlands

The	chemical	 industry	needs	electrochemical	solutions	to	avoid	large	CO₂	emissions.	However,	many	of	these	
electrochemical	processes	suffer	from	poor	mass	transport	around	the	catalyst.	To	optimize	these	technologies,	
we need to gain a better understanding of the local processes at the electrode. This could give us ideas of new 
catalyst and reactor designs to enhance mass transport.
The pH is a parameter that helps us to understand these processes. This is because the catalyst stability and se-
lectivity of many reactions is strongly dependent on the local pH. You need  a non-invasive technique to measure 
in operando spatial maps of pH. Optical techniques are a logical route for this.
Fluorescence	Lifetime	 Imaging	Microscopy	 (FLIM)	 is	a	 technique	 that	measures	 the	fluorescence	 lifetime	of	a	
probe molecule. It is friendly to use, as it is self-referencing (i.e. you do not need to calibrate your system for 
every new measurement). Many electrochemical applications tend to work in alkaline conditions (pH >8). Unfor-
tunately commercial FLIM probes are only available in neutral and mildly acidic pH (4 to 8), owing to their use in 
biological systems.  
We	have	developed	new	fluorescence	lifetime	probes	based	on	the	1-methyl-7-amino-quinolinium	fluorophore	
molecules, that allow pH measurements range: 5.5-13. We have used the probes to visualise the local pH around 
a hydrogen evolving electrode and can show the boundary layer that forms close to the electrode and investigate 
how it is disturbed by gas bubbles at a rate of 3 fps and resolution of 4 μm.

New Fluorescence Lifetime probes allow pH measurements at a high pH, which allows us to monitor mass transport at a 

hydrogen evolving cathode.

O19 PARALLEL SESSION 19: Chemistry Related to Sustainability 1



ORAL PARALLEL SESSIONS

180CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O20-1208

Advances in Operando Spectroscopy and Microscopy of Catalysts [INV]

Bert Weckhuysen* 1

1 Utrecht University, The Netherlands

As	we	enter	the	era	of	catalytic	activation	of	small	molecules,	such	as	CO2,	CO,	and	H2O,	to	realize	the	refinery	of	
the future one of the main questions to answer for scientists involve the coupling of carbon fragments, originat-
ing from CO2, either produced at point sources, or harvested from direct air capture (DAC) units. The overall goal 
is to manufacture increasingly complex carbon-containing molecules from CO2 or via its intermediates CO and 
CH3OH instead of making them from crude oil fractions. This requires a profound knowledge of the processes 
taking place at the catalytic surface of both thermo- and electrocatalytic activation processes of CO2, was well 
as of the subsequent chemical conversion processes in which carbon monoxide (Fischer-Tropsch synthesis, FTS), 
biomethane (selective C-H activation and methanol (methanol-to-hydrocarbons process, MTH) are used. This is 
the topic of this invited lecture, in which we discuss the latest progress made in our group in understanding 
CO2 activation over nickel (thermocatalytic conversion) and copper (electrocatalytic conversion), as well as the 
conversion of CO over cobalt (FTS), the selective conversion of CH4 over lanthanides and CH3OH over zeolites 
(MTH). Special emphasis is on the use of in-situ and operando characterization methods to elucidate reaction 
and deactivation mechanisms. The talk will end with some vistas on the catalytic depolymerization of municipal 
waste,	including	plastic,	as	this	is	also	a	new	carbon	source	for	the	refinery	of	the	future,	as	both	chemical	bond	
breaking and making are essential.
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O20-0149

New insights into methane conversion to graphene microsponge

Qi	Zhao*	1

1 Queen Mary University of London, London, United Kingdom

Graphene mesosponge (GMS) is a new class of mesoporous carbon consisting mainly of single-layer graphene 
walls. Thanks to its excellent and unique features, GMS outperforms conventional carbon materials: they have 
high	electric	conductivity,	elastic	and	flexible	nature	and	unprecedentedly	high	electrochemical	stability,	which	
originates from their three-dimensionally continuous and seamless nanostructure with a large surface area. GMS 
can be synthesised via chemical vapour deposition (CVD) of methane onto a template of metal oxides such as 
magnesium oxide and alumina, which catalyses methane conversion at high temperatures. Here, we report a 
computational investigation of the early stage of CH4 activation toward the porous nanocarbon formation on 
different	metal	oxides.	We	show	the	role	of	oxygen	vacancies	in	the	catalytic	process	without	introducing	any	
transition metal reaction centres used in conventional methane activation catalysts for carbon nanotube growth, 
oxidative coupling ethylene and partial oxidation to methanol. The computational results will be presented 
alongside experimental insights obtained via reaction kinetics using thermogravimetry-mass spectrometry and 
surface	analysis	using	annular	dark-field	scanning	transmission	electron	microscopy	and	in-situ	infrared	spec-
troscopy1-3. Understanding the reaction steps controlling the CH4-CVD process reported in this study will sup-
port the rational synthesis of sophisticated mesoporous carbon materials by using tastefully designed templates 
at lower temperatures via CH4-CVD chemistry on oxide nanoparticles.

Reference:
1.S.	Sunahiro,	K.	Nomura,	S.	Goto,	K.	Kanamaru,	R.	Tang,	M.	Yamamoto,	T.	Yoshii,	J.	N.	Kondo,	Q.	Zhao	and	A.	G.	Nabi,	
2021, 9, 14296-14308.
2.M.	Yamamoto,	Q.	Zhao,	S.	Goto,	Y.	Gu,	T.	Toriyama,	T.	Yamamoto,	H.	Nishihara,	A.	Aziz,	R.	Crespo-Otero	and	D.	Di	
Tommaso, 2022, 13, 3140-3146.
3.Q.	Zhao,	M.	Yamamoto,	K.	Yamazaki,	H.	Nishihara,	R.	Crespo-Otero	and	D.	Di	Tommaso,	2022,	24,	23357-23366.

Scheme of Mechanistic insights into the graphene mesosponge via catalytic methane decomposition on metal oxides.
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O20-0271

Amino Acid-Functionalized Metal-Organic Frameworks for Asymmetric 
Base–Metal Catalysis

Naved Akhtar* 1, Kuntal  Manna  

1 Indian Institute of Technology, New Delhi, India

Naturally occurring amino acids are an important class of chiral ligands in asymmetric metal catalysis as they 
are	 cheap,	 affordable,	 scalable,	 and	also	easily	 tunable,	 and	air-stable.	However,	 the	usage	of	 amino	acids	as	
chiral ligands to construct robust single-site earth-abundant metal catalysts is very limited due to their lack 
of steric bulkiness and limited solubility in common organic solvents. Hence, we have developed amino acids 
functionalized metal-organic frameworks (MOFs) that are used as solid chiral ligands to prepare robust sin-
gle-site earth-abundant metal catalysts via site-isolation for eco-friendly asymmetric organic transformations. 
The	L-valim-UiO-Fe	was	synthesized	by	post-synthetic	treatment	of	L-valine	and	amine-functionalized	Zr-UiO-68	
MOF. The grafting of amino acids within the pores of a metal-organic framework (MOF), followed by post-synthet-
ic	metalation	with	iron	precursor,	affords	highly	active	and	enantioselective	(>	99%	ee	for	10	examples)	catalysts	
for hydrosilylation and hydroboration of carbonyl compounds. Impressively, the MOF-Fe catalyst displayed high 
turnover numbers of up to 10,000 and was recycled and reused more than 15 times without diminishing the 
enantioselectivity. MOF-Fe displayed much higher activity and enantioselectivity than its homogeneous control 
catalyst, likely due to the formation of robust single-site catalyst in the MOF through site-isolation. Further, the 
detailed mechanistic investigation of the catalytic hydrosilylation reactions were also be performed by kinet-
ic, spectroscopic, and computational studies. This research is funded by the Science and Engineering Research 
Board (SERB), India (project ECR/2017/001931). Authors acknowledge the Central Research Facility, IIT Delhi, for 
instrument facilities.

1. Newar, R.†; Akhtar, N. †; Antil, N. †; Kumar, A.; Shukla, S.; Begum, W.; Manna, K., Amino Acid-Functionalized Met-
al-Organic Frameworks for Asymmetric Base–Metal Catalysis. Angew. Chem. Int. Ed. 2021, 60 (19), 10964-10970.
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O20-0621

Bimetallic Pd-based catalysts for selective hydrogenation of butadiene

Oscar Brandt Corstius* 1, H.L. Nolten 1,	Z.	Xu	2, E.J. Doskocil 2, J.E.S. van der Hoeven 1, T. Roberts 3, G.S. Sunley 3, 
P.E. de Jongh 1

1 Materials Chemistry and Catalysis, Utrecht University, Utrecht, The Netherlands, 2 Applied Sciences, bp Innovation and 
Engineering, Chicago, United States, 3 Applied Sciences, bp Innovation and Engineering, Hull, United Kingdom

The catalytic performance of bimetallic nanoparticles critically depends on the atomic distribution of the metals 
within the particles.[1,2] Monometallic Pd and Cu have excellent activity and selectivity in selective hydrogena-
tion reactions, respectively.[2,3] Interestingly, synergistic catalytic performance can be achieved in bimetallic 
CuPd	systems,	due	to	both	geometric	and	electronic	effects.[4,5]
Bimetallic CuPd nanoparticles with molar Cu:Pd ratios varying from 7:1 to 167:1 were prepared by colloidal ap-
proach. In short, Cu(I)- and Pd(II)acetate were heated in trioctylamine and tetradecylphosponic acid which re-
sulted in particles of 7±1 nm in size. Heterogeneous CuPd/C catalysts were prepared by a wet impregnation of 
the colloidal suspension onto carbon support, followed by drying and calcination. After reduction, their catalytic 
performance was tested in the selective hydrogenation of 0.3% 1,3-butadiene from a 30% propylene feedstock 
in 20% hydrogen (He as balance).
Extensive	characterization	comprising	X-ray	diffraction,	electron	microscopy	and	temperature	programmed	re-
duction indicated the co-existence of both metals within individual nanoparticles in all as-synthesized catalysts. 
EXAFS	showed	that	after	reduction	(250	°C,	H2),	Pd	was	coordinated	mainly	to	Cu,	and	to	a	lesser	extent	to	Pd	
for the 7:1, 13:1 and 31:1 ratios. The catalysts were active in selective hydrogenation with a maximum activity 
around 31:1 Cu:Pd ratio (Figure 1). Interestingly, limited alkane formation resulted in an optimum in selectivity 
also at Cu:Pd ratio of 31:1. Insight into the origin of the fraction dependent performance with respect to electron-
ic	or	geometric	effects,	and	to	atomic	redistribution	during	catalysis	is	under	investigation	and	will	be	discussed	
during the conference.

[1] Masoud et al. ACS Catal. 2017, 7, 5594–5603. 
[2] van der Hoeven et al. Nat. Mater. 2021, 20, 1216–1220.
[3] Totarella et al. J. Phys. Chem. C 2021, 125, 366–375. 
[4] Kyriakou et al. Science 2012, 335, 1209–1212.
[5] Hannagan et al. Chem. Rev. 2020, 120, 12044–12088.

Figure 1. (Left) Schematic representation of bimetallic nanoparticles with varying Cu:Pd ratio. (Middle) Butadiene 

activity and (right) butene selectivity during selective hydrogenation of butadiene as function of Cu-fraction.
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O21-1062

Synthesis with and without Transition Metals [INV]

Janine Cossy* 1

1 ESPCI Paris, France

At present, we must try to follow certain rules in chemistry and develop reactions that use abundant and renew-
able	products,	cheap	and	low	toxic	reagents,	and	by	developing	efficient	and	selective	catalytic	processes	that	
generate little waste. In this context, we have developed catalytic and chemoselective methods using cheap tran-
sition metals such as iron, cobalt and nickel to produce potentially bioactive compounds. Furthermore, we will 
show that rare and expensive transition metals, such as ruthenium or rhodium, can be replaced by biocatalysts 
or by using gas plasma.
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O21-0409

Mechanistic Investigation Into Copper(I)-Hydride Catalyzed Formic Acid 
Dehydrogenation

Roel Bienenmann* 1, Anne Olarte Loyo 1, Alexandra Schanz 1, Martin Lutz 1, Daniël Broere 1

1 Utrecht University, The Netherlands

For decades, copper hydrides have been widely used as homogeneous catalysts in reduction reactions.[1] Despite 
this, mechanistic understanding of these catalysts is limited since their nuclearity in solution is often unknown. 
Copper hydrides are also known to reduce CO2 both stoichiometrically and catalytically. However, recently it 
has been found that some copper hydrides exhibit the opposite reactivity, and can catalytically dehydrogenate 
formic acid.[1,2] Understanding the mechanism of this reaction and the reasons leading to the change in direc-
tionality could aid rational catalyst design for either type of reactivity. Currently, however, the dehydrogenation 
reactivity is sluggish and the mechanism for the reported complexes is unknown. We have found that our tetra-
nuclear [PNNP*Cu2H]2 complex (1)[3] can also catalyze formic acid dehydrogenation selectively and under mild 
conditions. This is surprising, since the deprotonated anionic analogue of this complex reacts with CO2, forming 
various species amongst which potassium formate.[4] In contrast with reported systems, our catalyst is well-de-
fined	during	the	formic	acid	dehydrogenation	reaction,	which	enables	us	to	study	the	mechanism.	We	were	able	
to isolate bisformate complex 2 as catalytic intermediate and to monitor the kinetics of the reaction using an 
inline GC for gaseous products. These kinetic measurements revealed that the reaction is inhibited by the formic 
acid substrate. In this work we investigated the origins of this inhibition as well as the general mechanism using 
isotopic labeling and various catalyst analogues, which provides new insights into this unusual reaction.
 
[1] Tanase, T., et al.,  J. Am. Chem. Soc. 2019, 141 (22), 8732–8736. 
[2] Tilley, T. D., et al.,  Angew. Chemie–Int. Ed. 2020, 59 (31), 12769–12773. 
[3] Broere, D. L. J., et al., Chem.–A Eur. J. 2019, 25 (58), 13280–13284. 
[4] Broere, D. L. J., et al., Angew. Chemie–Int. Ed. 2022, 61 (29), 1–6.
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O21-0623

Catalysts for CO2 and renewable monomer polymerization

Christopher Kozak* 1

1 Memorial University of Newfoundland, St John’s, Canada

The	reaction	of	CO₂	and	epoxides	to	give	cyclic	carbonates	or	polycarbonates	is	becoming	a	promising	method	
of	utilizing	CO₂	as	a	C-1	feedstock.	Catalysts	to-date	include	Co,	Zn,	Cr	and	Fe-containing	complexes	with	mul-
tidentate ligands, and the design of the ligands is of course imperative to exacting high activity and selectivity. 
We	have	been	exploring	the	amino-phenolate	ligand	system	as	a	scaffold	for	active	catalysts	for	CO2/epoxide	
ring-opening copolymerization (ROCOP), and recently turned our attention to incorporating other monomers into 
the feedstock. With changes to ligand coordination geometry around the metal centre, and to the steric and elec-
tronic	nature	of	ligands,	selectivity	for	epoxide	ring-opening	polymerization	(ROP),	vs.	CO₂/epoxide	ROCOP	can	
be found. Furthermore, copolymers and terpolymers can be obtained under mild conditions with good activity 
and control.
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O21-0201

Selective Oxygen Reduction by a Bio-inspired Dicopper Complex

Phebe H. van Langevelde* 1, Errikos  Kounalis 2, Lars Killian 2, Emily C.  Monkcom 2, Daniël L. J.  Broere 2,  
Dennis G. H.  Hetterscheid  1

1 Leiden Institute of Chemistry, Leiden University, Leiden, The Netherlands, 2 Institute for Sustainable Circular Chemistry, Utrecht 
University, Utrecht, The Netherlands

Understanding how multicopper oxidases (MCOs) reduce oxygen in the trinuclear copper cluster (TNC) is of great 
importance for development of catalysts for the oxygen reduction reaction (ORR).¹ We present a mechanistic 
investigation into the ORR activity of the dinuclear copper complex [Cu2L(μ-OH)]3+ (L=2,7-bis[bis(2-pyridyl-
methyl)aminomethyl]-1,8-naphthyridine). This complex is inspired by the dinuclear T3 site found in the MCO 
active	site	and	confines	the	Cu	centers	in	a	rigid	scaffold.	We	show	that	the	electrochemical	reduction	of	[Cu2L(µ-
OH)]3+ follows a proton-coupled electron transfer pathway and requires a larger overpotential due to the pres-
ence of the Cu-OH-Cu motif. In addition, we provide evidence that metal-metal cooperativity takes place during 
catalysis	that	is	facilitated	by	the	constraints	of	the	rigid	ligand	framework,	by	identification	of	key	intermediates	
along the catalytic cycle of [Cu2L(μ-OH)]3+. Electrochemical studies show that the mechanisms of the ORR and 
hydrogen	peroxide	reduction	reaction	(HPRR)	found	for	[Cu2L(µ-OH)]3+	differ	from	the	ones	found	for	analogous	
mononuclear copper catalysts.², ³ In addition, the metal-metal cooperativity results in an improved selectivity 
for the four-electron reaction, because reaction intermediates are more strongly bound between both copper 
centers. Overall, the mechanism of the [Cu2L(μ-OH)]3+-catalyzed ORR in our work contributes to understanding 
of	how	the	cooperative	function	of	multiple	metals	in	close	proximity	can	affect	ORR	activity	and	selectivity.	

1.Solomon, E. I.;  Sundaram, U. M.; Machonkin, T. E., Multicopper Oxidases and Oxygenases. Chem. Rev. 1996, 96 
(7), 2563-2605.
2.Langerman, M.; Hetterscheid, D. G. H., Fast Oxygen Reduction Catalyzed by a Copper(II) Tris(2-pyridylmethyl)
amine Complex through a Stepwise Mechanism. Angew. Chem. Int. Ed. 2019, 58 (37), 12974-12978.
3.Langerman, M.; Hetterscheid, D. G. H., Mechanistic Study of the Activation and the Electrocatalytic Reduction of 
Hydrogen Peroxide by Cu-tmpa in Neutral Aqueous Solution. ChemElectroChem 2021, 8 (15), 2783-2791.
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O21-0431

Ligand Design in the Direct Asymmetric Reductive Amination

Maximilian Menche* 1,2

1 BASF SE, Ludwigshafen, Germany, 2 Catalysis Research Laboratory (CaRLa), Heidelberg, Germany

The asymmetric ruthenium-catalyzed reductive amination employing ammonia and hydrogen to primary amines 
is a promising access to important chiral building blocks. After we demonstrated the capability of our catalyst to 
perform the chemo- and enantioselective reaction while using simple ammonia gas as a reagent, one of the most 
attractive and industrially relevant nitrogen sources, the mechanism of this reaction was investigated by means 
of density functional theory. We found a viable pathway, which explains the observed trends and magnitude of 
enantioselectivity through the halide series in good agreement with the experimental data. The in-depth investi-
gation of substrate conformers during the reaction turned out to be crucial in obtaining an accurate prediction for 
the enantioselectivity.¹ Subsequently, a predictive model based on the ligand bite angle was developed to allow 
for	a	big	data	approach	in	screening	different	ligands.	A	selected	set	of	ligands	was	tested	and	validated	with	
DFT	calculations	and	experiments,	which	revealed	a	variety	of	difficulties	and	drawbacks	of	such	approaches.	The	
examples	strongly	support	our	believes	that	computations	and	experiments	work	best	and	most	effectively	hand-
in-hand	with	constant	exchange	and	guided	our	next	steps	in	enantioselectivity	prediction	to	be	more	effective.²

References:
[1] Gallardo-Donaire, J.; Hermsen, M.; Wysocki, J.; Ernst, M.; Rominger, F.; Trapp, O.; Hashmi, A. S. K.; Schäfer, A.; 
Comba, P.; Schaub, T. J. Am. Chem. Soc. 2018, 140, 355-361.
[2] Menche, M.; Klein, P.; Hermsen, M.; Konrath, R.; Ghosh, T.; Wysocki, J.; Ernst, M.; Hashmi, A. S. K.; Schäfer, A.; 
Comba, P.; Schaub, T. ChemCatChem 2022, 14, e202200543.

Figure 1: Computed mechanism for the direct asymmetric Ru-catalyzed reductive amination with NH₃ and H₂.
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O22-1077

Chemical Recycling of Plastics Where we are and how to Improve the 
Recycling Rates [INV]

Haritz Sardon* 1

1 Polymat-university of Basque Country, Spain

Nowadays, less than 8% of the polymers produced each year are recycled and most of them are mechanically 
recycled: grinding and melt-processing, to obtain a low-quality material that will also rapidly ends up as a waste. 
Besides mechanical recycling and pyrolysis, chemical recycling of plastic has emerged as a method to retain the 
value of the plastics as it allows to obtain high purity monomers.  As plastics have been traditionally designed for 
durability and not for recyclability, their chemical conversion to new products is nowadays considered a grand 
challenge	and	difficult	 to	achieve.	 In	 this	 lectura	we	will	 summarize	our	main	activities	 towards	 the	selective	
chemical recycling of plastics and how we are trying ot increase current recycling rates.
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O22-0278

Selective Surface Functionalization for Reproducible Analyte Deposition

Kirsten Siebers* 1, Anouchka Brouwer 1, Laurens Mandemaker 1, Bert Weckhuysen 1, Florian  Meirer 1

1 Utrecht University, Utrecht, The Netherlands

Micro- and nanoplastics in our environment is a topic that currently receives a lot of attention. However, quan-
tification	and	characterization	of	nanoplastics	(<1000	nm)	remains	very	difficult	as	nanoplastics	fall	close	to	or	
below the detection limits and spatial resolution of commonly applied analytical tools. A promising approach 
for a more detailed characterization of nanoplastics, is the combination of spectroscopic and microscopic tech-
niques.¹ For many of these techniques the analyte is placed on a substrate (e.g., metal oxides, glass) by dropcast-
ing	or	spincoating.	For	solutions	containing	small	particles,	these	results	either	in	a	‘coffee-stain	effect’	or	loss	of	
analyte material, respectively, which are problematic for quantitative analysis.² Therefore, the presented work 
aims at developing a methodology to control analyte distribution by selective surface functionalization of the 
substrate. 
The functionalized substrates were synthesized by a photomasking technique, which creates a hydrophilic-hy-
drophobic pattern on the surface (Fig 1).³ A self-assembled monolayer (SAM) was constructed on the surface 
creating a hydrophobic layer. Afterwards, UV ozone cleaning, combined with a self-developed photomask, was 
used to remove the SAM creating clean, hydrophilic areas (negative of the photomask). The distribution of a 
model	analyte	solution	was	mapped	by	confocal	fluorescence	and	atomic	force	microscopy.	Our	first	results	show	
enhanced control over the distribution of particles as a result of preferential drying of the  analyte in the hydro-
philic areas. 
The developed method is versatile and applicable to various substrate materials and analytes. We anticipate that 
our approach will allow a (more) quantitative analysis of microscopic data (e.g., particle counting and determin-
ing recovery rates) and will help to correlate microscopic and spectroscopic techniques with the aim to increase 
our understanding of nanoplastics. 

1.Mandemaker, L.D.B., Meirer, F., Angew.Chem.Int.Ed. 62, e202210494 (2023).
2.Deegan, R., et al., Nature 389, 827–829 (1997). 
3.Bossers, K.W., Mandemaker, L.D.B., et al., Nat.Commun. 13, 4954 (2022). 

Schematic representation of the surface functionalization: I) Clean surface covered with hydroxyl groups (hydrophilic). II) 

SAM of octadecyltrichlorosilane is grafted onto the surface (hydrophobic). III) Photomasking using UV-ozone treatment. IV) 

Substrat
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O22-0641

Biodegradation of model polymers with varying physico-chemical 
properties

Sean Ellacott* 1, Guillaume Cottin 1, Simon Taupin 1, Jérôme  Loriot 1,	Xavier	Schultze	1, Cyril Sweetlove 1

1 L’Oréal Research & Innovation, Aulnay-sous-bois, France

Due to their macromolecular structure, polymers display a wide range of intrinsic mechanical and physico-chemi-
cal	properties,	which	explain	their	use	for	a	certain	number	of	cosmetic	applications	(e.g.,	thickeners,	film	formers,	
conditioners, etc.). Some polymers may however face sustainability challenges. Polymers present in various for-
mulas may end up in wastewater after rinsing, which raises the question of their environmental impact.1 Hence 
the need to use functional polymer alternatives that are biodegradable and non-eco-toxic. Polymer biodegrada-
tion is a complex phenomenon, with an interplay between the polymer structure, physico-chemical factors and 
the environmental exposure conditions. It is therefore important to gather some insights on how well-known 
polymer structures degrade in an appropriate environmental setting.
 
In this work, we performed a systematic study aiming to establish structure-property relationships among dif-
ferent	molecular	 structures	 (different	backbones,	end	groups),	 their	physico-chemical	properties	 (Tg,	molecu-
lar weight, solubility, etc.) and biodegradation measured using standardized tests. Commonly synthesized and 
tailor-made polymers (poly(alkyl glycols), poly(vinyl alcohol), poly(caprolactones), poly(acrylic acid), etc.) were 
chosen as model polymers containing this structural diversity. These model polymers have been characterized 
and their biodegradability assessed using OECD compliant respirometry methods. The results from these studies 
are compared to previous reports;2,3 the importance of the polymer backbone chemical structure (e.g.; PEG vs 
poly(acrylates)), the molecular weight limit or even the polymer macroscopic aspect is demonstrated. The com-
plex interplay between the aforementioned parameters is further discussed, showing the existing challenges to 
create predictive biodegradation models to assist with the design of sustainable polymers.

1S. A. Backer and L. Leal, Acc. Chem. Res., 2022, 55, 2011–2018.
2S. M. Barbon, M. C. D. Carter, L. Yin, C. M. Whaley, V. C. Albright and R. E. Tecklenburg, Macromol. Rapid Commun., 
2022, 43, 2100773.
3F. Kawai, in Biopolymers Online, eds. S. Matsumura and A. Steinbüchel, Wiley, 2001.
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O22-0824

PFAS and Proteins: Environment and Health

Narisham Loganathan 1, Nuno Almeida 1, Semiha Bali 1, Christina Schumm 1, Angela Wilson* 1

1 Michigan State University, East Lansing, United States

Per-	and	polyfluoroalkyl	substances	 (PFAS)	are	vital	compounds	to	 industry	due	to	 their	hydrophobic	and	hy-
drophilic nature, resulting in non-stick and water-resistant properties.  Unfortunately, a number of PFAS do not 
degrade in the environment, can move through soils and contaminate water sources, bioaccumulate in animals 
such	as	fish	and	cattle,		and	have	been	attributed	to	adverse	human	health	and	environmental	effects.		In	this	talk,		
an overview of the PFAS challenges and strategies will be provided, and the computational strategies that are 
being used in our group to provide molecular-level insight about PFAS in soils, ground-water, and freshwater, and 
human and animal health.  Alternatives to traditional PFAS species are also provided.
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O22-0129

Modelling environmental impact of plastics: effects of biodegradation

Felicitas Pellengahr* 1, Elena Corella-Puertas 2, Valérie Mattelin 3, Anne-Marie Boulay 2, Yvonne van der Meer 1

1 Maastricht University, Geleen, The Netherlands, 2 CIRAIG, Department of Chemical Engineering, Montréal, Canada, 3 Ghent 
University, Ghent, Belgium

Plastic	emissions	to	the	environment	and	the	rapid	accumulation	of	plastic	particles	in	different	environmental	
compartments are causing damage to ecosystem services and human health. To determine the magnitude of their 
potential	damage	within	the	full	life	cycle	of	a	product,	it	is	necessary	to	include	the	quantification	of	impacts	
from plastic emissions in Life Cycle Assessment (LCA) modelling. Hence, the main objective of this research is to 
determine the fate factors of biodegradable polymers (polylactic acid (PLA), polybutylene succinate-co-butylene 
adipate (PBSA), polycaprolactone (PCL)) based on primary experimental data for the marine environment. Fate 
factors quantify the distribution and longevity of plastics in the environment. These fate factors are combined 
with	an	existing	exposure	and	effect	factor	to	obtain	characterization	factors,	which	connect	plastic	emissions	
with their potential impacts. In former research, fate factors were based on literature data, assuming that the 
degradation kinetics of macroplastics and microplastic particles would be similar. We aim to test this assumption 
by comparing the degradation kinetics of macro- and microplastics under the same conditions. Although plastics 
contain a multitude of additives, most degradation data are assessed for pure polymers. Therefore, the degrada-
tion kinetics of commercial plastics containing additives and pure polymers are compared to explore whether a 
simplification	is	acceptable.	The	degradation	data	are	obtained	by	monitoring	the	oxygen	consumption,	pH,	and	
microbial growth over a period of six months in natural seawater, sampled at the coast of Oostend (Belgium). 
The determined degradation rates are combined with sedimentation rates based on USEtox recommendations to 
obtain fate factors and subsequently characterization factors. Resulting characterization factors will be tested in 
an LCA case study of synthetic sports clothing based on PLA, a PBSA, and a PCL, allowing for an assessment of the 
relative importance of microplastic impacts compared to the rest of the life cycle.
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O23-1116

Your Chemistry has got Potential [INV]

Kevin Lam* 1

1 The University of Greenwich, United Kingdom

Synthetic organic electrochemistry takes its roots in Faraday and Kolbe’s classic works on the electrolysis of ali-
phatic carboxylic acids. Although a plethora of transformations has been developed ever since, and many of them 
were successfully used in several industrial processes, the potential of preparative organic electrochemistry re-
mains	underestimated.	However,	the	growing	impetus	to	look	for	greener	and	more	cost-effective	alternatives	to	
traditional synthetic methodologies recently led to the development of novel electrosynthetic methods.   This 
presentation	will	disclose	new,	 safe,	green,	affordable,	and	efficient	ways	 to	generate	highly	 reactive	organic	
intermediates, such as iso(thio)cyanates, isocyanides, orthoesters or even diazo compounds! We will also discuss 
their	scale-up	by	using	flow	electrosynthesis.
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O23-0619

Lithium-nitrogen electrochemical cells: trying ammonia synthesis under 
mild-conditions

Anna Mangini 1, Lucia Fagiolari 1, Julia Amici 1, Carlotta Francia 1, Silvia Bodoardo 1, Federico Bella* 1

1 Politecnico Di Torino, Torino, Italy

The lithium-mediated (Li-m) nitrogen reduction reaction (NRR) represents one of the most promising electro-
chemical process for renewable-driven and delocalized ammonia production. Finding a complementary pathway 
to the Haber-Bosh (HB) process allows a step forward to the net-zero carbon emission policy, essential to contrast 
the climate crisis. Indeed, HB causes a global average of 2.86 tons of CO2 emitted per ton of NH3 [1]. 
The	reducing	power	of	lithium	has	been	applied	in	different	strategies;	it	is	possible	to	distinguish	between	con-
tinuous	processes	and	step-by-step	systems.	In	the	first	case,	N2	is	reduced	simultaneously	to	the	protonation	
into NH3, while, in the second option, the Li nitridation is conducted in the absence of H+ to avoid the competitive 
hydrogen evolution reaction. 
The Li–N2 reaction in a completely aprotic environment could maximize Li exploitation, enhancing scalability. 
Indeed, Li reduction, essential for the mediator recirculation, is the most energy-requiring step. Li nitridation has 
been studied both in a direct thermochemical reaction [2] and with promising Li–N2 galvanic cells [3]. In simi-
larity with metallic Li–gaseous batteries (e.g. Li-O2 devices), Li-N2 devices have been recently tested both for 
NH3 production and for energy storage. Even if this technology is still in its infancy, a proof-of-concept of Li3N 
formation	has	been	verified.
In this contribution we present our recent outcomes in the Li-N2 system, discussing the interconnection between 
cell design, electrolyte chemistry and experimental conditions. The possible integration of such a system with a 
powering photovoltaic plant and the potential application in greenhouses will be discussed.

References
[1] Nat. Catal., 2, 377–380, 2019.
[2] Energy Environ. Sci., 10, 7, 1621–1630, 2017. 
[3] Energy Storage Mater., 54, 98–119, 2023. 
This project has received funding from the European Research Council (ERC) under the European Union’s Horizon 
2020 research and innovation programme (grant agreement No. 948769, project title: SuN2rise).
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O23-0792

Bipolar Radicals: Active Materials for Symmetrical Flow Batteries

Jelte Steen 1, Wenlong Tang 1, Johan Hjelm 2, Edwin Otten* 1

1 University of Groningen, Groningen, The Netherlands, 2 Technical University of Denmark, Kopenhagen, Denmark

Redox-active	organic	molecules	are	increasingly	investigated	as	charge-storage	materials	for	redox-flow	batter-
ies (RFBs), but material crossover between posolyte/negolyte and chemical degradation are limiting factors in 
the performance of all-organic RFBs. Bipolar organic radicals can in principle be used to construct batteries with 
symmetrical electrolyte composition, which mitigates issues due to crossover. This presentation will describe 
studies to correlate molecular features with battery cycling stability using representative stable organic radicals. 
We illustrate how an understanding of the reaction pathways that contribute to capacity fade can be used to 
improve battery longevity.
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O23-0654

TEMPERATURE EFFECT ON ELECTROCHEMICAL CO2 REDUCTION ON COPPER

Rafaël Vos* 1, Kees  Kolmeijer 1, Thimo Jacobs 1, Ward van der Stam 1, Bert Weckhuyzen 1, Marc Koper 1

1 Leiden University, Leiden, The Netherlands

Electrochemical reactions in general, and the CO2 reduction reaction (CO2RR) in particular, are commonly studied 
at	room	temperature.	However,	it	is	important	to	elucidate	the	effect	of	temperature	on	the	product	distribution	
and activity of CO2RR on copper as practical electrolyzers will operate at elevated temperatures. Copper is spe-
cifically	interesting	as	it	 is	an	unique	catalyst	for	CO2RR	capable	of	producing	a	variety	of	products	including	
multi-carbon products such as ethylene and propanol. 
In	 this	 study,	we	have	performed	electrolysis	 experiments	 at	 different	 temperature	 and	potentials.	We	 show	
that there are two distinct temperature regimes. From 18 up to ~ 48 °C, C2+ products are produced with higher 
Faradaic	efficiency,	while	methane	and	formic	acid	selectivity	decreases,	and	hydrogen	selectivity	stays	approx-
imately constant. From 48 to 70 °C, we observe that hydrogen evolution dominates and the activity of CO2RR 
decreases. Moreover, the CO2RR products produced in this higher temperature range are mainly the C1 products 
CO and HCOOH. We show that CO surface coverage increases with temperature, which could explain the increase 
in C2+ products with temperature. Moreover, local pH and kinetics probably also play an important role in the 
first	regime.	The	trends	in	the	second	regime	appear	most	likely	to	be	related	to	changes	in	the	copper	surface,	
while	also	a	too	high	local	pH	will	influence	the	CO2RR	negatively.	The	decreasing	CO2	solubility	with	increasing	
temperature does not explain the trends observed.
To	conclude,	we	show	that	it	can	be	beneficial	to	increase	the	temperature	during	electrochemical	CO2	reduction.	
However, the optimum temperature lays around 48 °C; at higher temperatures CO2RR activity decreases and hy-
drogen evolution starts to dominate. 
Based on Vos et al., ACS Catalysis, submitted

The effect of temperature on the selectivity of the electrochemical CO2 reduction on copper.
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O23-0571

Cage-confined Pt clusters for highly efficient hydrogen evolution

Shiqi	Zhou*	1, Jiayin Yuan 1

1 Stockholm University, Stockholm, Sweden

Ultrafine	metal	 cluster	 catalysts	have	 received	wide	attention	owing	 to	 their	 virtue	of	possessing	 the	advan-
tages of both heterogeneous and homogeneous catalysts. The controllable synthesis of metal clusters remains 
challenging due to their high surface energy. Organic molecular cages as newly emerging hosts are promising 
for developing highly catalytical and stable metal clusters due to their unique advantages: i) tunable cavity that 
could	provide	spatial	confinement	for	ultrafine	metal	clusters;	ii)	high	porosities	and	open	channels	allow	high	
exposure of active sites and promote mass transfer; iii) tunable skeletons of the cavity allow the modulating of 
the local coordination environments of the encapsulated metal clusters; iv) uniform active sites could be applied 
as platforms for the mechanism study of reactions which require non-discrete active sites. Inspired by this, the 
ultrathin	cage-confined	Pt	cluster	as	a	high-performance	catalyst	was	constructed	in	this	work.	The	local	struc-
ture	of	the	clusters	was	confirmed	by	high-angle	annular	dark-field	scanning	transmission	electron	microscopy	
and	synchrotron-radiated	X-ray	absorption	spectroscopy.	When	applied	to	HER,	the	cage-confined	Pt	ultrafine	
clusters showed excellent activity and stability under both acidic and alkaline conditions. The structure-activity 
correlation was investigated by applying electrochemical techniques and in situ measurements to get deeper 
insights into the mechanism.

References:
1.	Yang,	X.,	Sun,	J.,	Kitta,	M.,	Pang,	H.,	Xu,	Q.	Encapsulating	highly	catalyticall	active	metal	nanoclusters	inside	po-
rous organic cages. Nat. Catal. 1, 214-220 (2018)
2. Ledezma-Yanez, I., Wallace, W., Sebastian-Pascual, P., Climent, V., Feliu, J. M., Koper, T. M. Interfacial water reor-
ganization as a pH-dependent descriptor of the hydrogen evolution rate on platinum electrodes. Nat. Energy 2, 
17031 (2017).
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O24-1154

Synthesis AND Recycling of (Bio)polyesters with Guanidine Catalysts [INV]

Sonja Herres-Pawlis* 1

1 Rwth Aachen University, Germany

To counteract the global environmental pollution, caused by non-degradable petroleum-based plastics, a circular 
plastics	economy	is	needed	to	fulfill	the	needs	that	plastic	materials	offer	to	modern	societies.	Bioplastics,	such	
as	the	polyester	polylactide	(PLA),	use	renewable	resources,	offer	an	insurance	for	unreclaimed	materials	at	their	
end-of-life (eol) by being biodegradable, but show similar properties than common, petroleum-based plastics, 
such as polyethylene terephthalate (PET). Using chemical recycling strategies, polyester materials can be trans-
formed to value added materials or new virgin-like monomer feedstocks, ensuring closed loop recycling, without 
a loss of product quality. PLA is therefore a highly promising candidate for future circular plastic value chains. 
However, current industrial production via metal catalyzed ring opening polymerization (ROP) relies on the toxic 
catalysts tin octanoate, which can harm the environment and needs to be replaced to make PLA a fully sustain-
able plastic. Herein, we present a new highly active catalyst for both, lactide ROP and the selective chemical recy-
cling	of	(bio)plastics	via	alcoholysis,	based	on	non-toxic	Zn	in	combination	with	a	new	aliphatic	hybrid-guanidine	
ligand, which is accessible in a fast one-pot procedure. Fast catalytic activity towards lactide ROP was demon-
strated under industrially preferred melt conditions, reaching a yield of >90% within 70 s. Methanolysis of poly-
lactide	via	transesterification	to	methyl	lactate	using	mild	reaction	conditions,	showed	a	high	catalytic	activity.	
The reaction rate constant was determined using ¹H-NMR spectroscopy to monitor the PLA degradation, which 
further emphasized the high catalytic activity of the catalyst by exceeding toxic tin octanoate by a factor of 4. 
Selective	PLA	methanolysis	from	different	PLA-PET	mixtures	as	well	as	from	a	polylactide-polycaprolactone	(PCL)	
blend was demonstrated. Methanolysis at elevated temperatures in the polymer melt even further increased the 
activity of the catalyst, achieving full PLA conversion within 10 min, retaining catalytic activity even after catalyst 
recycling. Besides the reaction temperature, the use of additional solvent and the polymer structure were iden-
tified	as	the	key	factors	for	selective	(bio)polyester	alcoholysis,	enabling	the	possibility	for	cascade	polyester	
recycling. This makes the presented catalyst a highly attractive candidate for industry, to implement a circular 
(Bio)plastics economy.
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O24-0050

Upcycling post-consumer polyesters with bio-based components

Louis Pitet* 1

1 Hasselt University, Maastricht, The Netherlands

The world is facing a plastic pollution crisis, and polyesters are a major contributor, being used in a wide variety of 
single-use packaging and textiles. By exploiting the intrinsic reactivity of the ester backbone in polyesters (e.g., 
PET and PBT) we have shown that a diverse range of performance enhanced copolymer constructs can be gener-
ated	through	chemical	diversification.	We	have	employed	a	number	of	primarily	biobased	building	blocks	with	
complementary	functionality,	combining	them	with	waste	polyester.	The	transesterification	that	ensues	allows	
us	to	construct	complex	copolymers,	where	the	final	composition	is	relatively	easily	controlled	by	adjusting	the	
feedstock stoichiometry. A range of products have thus been prepared, covering a broad landscape of thermal 
and mechanical properties, from tough, ductile semi-crystalline materials to highly elastic thermoplastics, to 
self-healing materials. With respect to impact on reducing polyester waste, we have been exploring the reutili-
zation of both bottle-grade post-consumer materials as feedstocks. Recently we have also made headway in the 
reutilization of post-industrial polyester textiles, which represent a largely untapped reservoir of raw materials. 
The	property	profile	depends	heavily	on	the	feedstock	quality,	which	we	uncover	through	a	systematic	bench-
marking, comparing the various potential sources of polyester.
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O24-0199

Covalent Adaptable Networks using Boronates by incorporating 
TetraAzaADamantanes

Simon van Hurne* 1, Maarten Smulders 1, Marijn Kisters 1

1 Wageningen University & Research, Laboratory of Organic Chemistry, Wageningen, The Netherlands

Boronic esters prepared by condensation of boronic acids and diols have been widely used as dynamic covalent 
bonds in the synthesis of both discrete assemblies and polymer networks. In this study we investigate the poten-
tial of a new dynamic-covalent motif, derived from TetraAzaADamantanes (TAADs), with their adamantane-like 
triol structure, in boronic ester-based covalent adaptable networks (CANs). The TAAD-boronic ester linkage has 
recently been reported (Golovanov et al., 2015) as a more hydrolytically stable boronic ester variant, while still 
having a dynamic pH response: small-molecule studies found little exchange at neutral pH, while fast exchange 
occurred at pH 3.8. In this work, bi- and trifunctional TAAD linkers were synthesised and crosslinked with boronic 
acids to form rubber-like materials. The obtained boronate-TAAD materials were thermally stable up to 150 °C. 
This thermal stability, in combination with the intrinsically dynamic bonds inside the polymer network, allowed 
these materials to be reprocessed and healed after damage by hot-pressing.

Comparison between (conventional) bidentate complexation of a boronic acid with a diol, and novel tridentate complexation 

by TetraAzaADamantane. Below, TAAD-based polymer networks. For clarity, the counter anions have been omitted in the 

bottom figure.
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O24-0102

Closed-Loop Recyclable Polyimine Aerogels Derived from Bio-Based 
Resources

Changlin Wang* 1, Fabian Eisenreich 1,	Željko	Tomović	1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Organic aerogels are an intriguing class of highly porous and ultralight materials which have found widespread 
applications in thermal insulation, energy storage, and chemical absorption. These fully cross-linked polymeric 
networks, however, pose environmental concerns as they are typically made from fossil-based feedstock and 
the recycling back to their original monomers is virtually impossible. To overcome these obstacles and create 
next-generation organic aerogels, a set of polyimine aerogels containing reversible chemical bonds which can 
selectively be cleaved on demand is prepared. The resulting polyimine aerogels exhibit low shrinkage, high po-
rosity,	 large	surface	area,	as	well	as	pronounced	thermal	stability	and	flame	resistance.	More	importantly,	 the	
aerogels show excellent recyclability under acidic conditions with high monomer recovery yields and purities. 
This work is expected to spark the development of a circular aerogel economy and drive research on environmen-
tally friendly aerogel materials forward.

Reference:	Wang,	C.,	Eisenreich,	F.,	&	Tomović,	Ž.	 (2022).	Closed‐loop Recyclable High Performance Polyimine 
Aerogels Derived from Bio‐based Resources. Advanced Materials, 2209003

The development of closed-loop recyclable organic aerogels is presented. The polyimine aerogels display superinsulating 

ability and great thermal stability. More importantly, our recycling protocol allows to depolymerize polyimine aerogels on 

demand and recover the original monomers in high purity.
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O25-0146

Ion-pair promoted and hyper-coordination mediated carbon-carbon bond 
formation

Massimo Giammarco 1, Stephen Kerr 1, Fedor Naumkin* 1

1 Faculty of Science, Ontario Tech University, Oshawa, Canada

C-C bond formation is a central theme of chemistry, specifying a major path of development from simple to 
complex molecules and their transformations. The process frequently involves valuable metal catalysts. Here we 
report an ab initio modelling of such bond-making between halocarbon molecules, with (common) alkali-met-
al-atom facilitator attached.
The	 studied	 systems	 feature	metal-halide	 counterion	pairs	 appearing	 along	 the	way.	 Their	 electric	field	 lead	
to	a	mutual	attraction	and	related	mechanochemistry	effects,	as	well	as	influencing	the	process	directly.	Such	
a	combination	appears	to	favour	bonding	of	reactants	via	significantly	(by	about	40%)	reducing	the	associat-
ed potential energy barrier. The process involves curious uncommon species, such as a counterintuitive isomer 
of a metal-halocarbon system bound via so called “collective” ionic bonds. It transforms into an intermediate 
charge-transfer complex exhibiting, in particular, unusual hyper-coordinated carbon, as in the counterparts stud-
ied earlier [1].  The latter system may then evolve into another (also uncommon) metastable insertion-complex 
intermediate with the product molecule trapped between counterions, like those investigated previously [2]. 
In particular, this step may even be bypassed. Finally, the metal-halide ion-pair recombines around the insert, 
releasing the produced species. The overall reaction is found to involve an “umbrella-in-wind” inversions of car-
bon-halogen	bonds	as	well	as	potential-energy-surface	intersections	between	different	systems	[3].
Furthermore, it is possible to reliably monitor the process spectroscopically, via IR spectra all the way from re-
actants via intermediates to products. This is believed to enable experimental detection of the relevant species 
formation,	their	differentiation,	and	tracking	the	overall	system	evolution.	

References:
[1] F. Y. Naumkin, Phys. Chem. Chem. Phys. 10, 6986-6990 (2008).
[2] F. Y. Naumkin, Phys. Chem. Chem. Phys., 8, 4402-4404 (2006).
[3] M. Giammarco and F. Y. Naumkin, ChemistrySelect 8, e202300057 (2023).

Collectively-bonded species can form carbon-carbon bonds via intermediates featuring hyper-valence and counterion-

trapping. “Umbrella”-inversion isomerization is facilitated by intra-complex electric field lowering energy barrier, and is 

followed by frami
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O25-0319

Co(TAML)-Based Artificial Metalloenzymes for Asymmetric Group Transfer 
Catalysis

Eva J. Meeus* 1, Nico V. Igareta 2, Iori Morita 2, Thomas R. Ward 2, Bas de Bruin 1, Joost N. H.  Reek 1

1 Van ‘t Hoff Institute For Molecular Sciences, University of Amsterdam, Amsterdam, The Netherlands, 2 Department of Chemistry, 
University of Basel, Basel, Switzerland

Second	coordination	sphere	effects	are	crucial	for	the	function	of	enzymes	and	hence	laid	the	foundation	for	
an	intensive	and	thriving	area	of	research	devoted	to	catalysis	in	confined	spaces.	For	instance,	transition	metal	
complexes can be placed inside synthetic cages to control their catalytic properties. Alternatively, encapsulation 
inside	a	protein	also	affords	a	well-defined	secondary	coordination	sphere.	The	resulting	artificial	metalloenzyme	
offers	means	to	optimize	the	selectivity	and	activity	towards	a	desired	reaction.	In	this	work,	we	incorporated	a	
biotinylated Co(TAML)-complex (TAML = Tetra Amido Macrocyclic Ligand) into streptavidin (Sav) to assemble an 
artificial	metalloenzyme,	active	in	oxygen	atom	transfer	to	aromatic	olefins.	After	careful	characterization	of	the	
host-guest	system,	screening	of	the	Sav	library—that	included	(double)	mutations	at	the	positions	Sav	S112X	and	
Sav	K121X—demonstrated	a	positive	effect	on	the	selectivity,	which	is	otherwise	not	achieved	in	the	absence	of	
the	protein.	Hence,	the	Co(TAML)-catalyst	proves	amenable	to	designing	and	optimizing	an	artificial	metalloen-
zyme active in asymmetric group transfer catalysis by means of the biotin-streptavidin technology.

[1] E.J. de Vries, D.B. Janssen, Curr. Opin. Biotechnol. 2003, 14, 414–420.
[2] N.P. van Leest, M.A. Tepaske, J.-P.H. Oudsen, B. Venderbosch, N.R. Rietdijk, M.A. Siegler, M. Tromp, J.I. van der 
Vlugt,	B.	de	Bruin,	J.	Am.	Chem.	Soc.	2020,	142,	552−563.
[3] F. Schwizer, Y. Okamoto, T. Heinisch, Y. Gu, M.M. Pellizzoni, V. Lebrun, V. Köhler, J.C. Lewis, T.R. Ward, Chem. Rev. 
2018, 118, 142–231.
[4] J. Serrano-Plana, C. Rumo, J.G. Rebelein, R.L. Peterson, M. Barnet, T.R. Ward, J. Am. Chem. Soc. 2020, 142, 
10617–10623.

Co(TAML)-Based Artificial Metalloenzymes for Asymmetric Oxygen Atom Transfer (OAT) Catalysis
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O25-0166

Immobilization of Supramolecular Cages and their Catalytic Applications

Petrus Cornelis Maria Laan* 1, Eduard O. Bobylev 1, Gadi Rothenberg 1, Joost N. H. Reek 1, Ning Yan 1

1 University of Amsterdam, Amsterdam, The Netherlands

Single-atom supported metal catalysts are a ‘hot topic’ in heterogeneous catalysis owing to their 100% atom 
utilization	and	outstanding	performance.	Yet	controlling	the	first-	and	second-	coordination	sphere	of	these	sites	
to	further	optimize	the	catalytic	properties	is	difficult.	Classic	synthetic	approaches	cannot	address	this	as	they	
rely on thermochemical ligand removal, thereby losing control over the active site’s surroundings. To solve this 
problem,	we	developed	an	immobilization	strategy	for	supramolecular	cages	that	control	the	first-	and	second-	
coordination	sphere.	Different	cage	structures	as	well	as	a	mono-metallic	analogue	have	been	immobilized.	Im-
portantly, the structures remain intact upon immobilization. We studied the kinetics of these catalysts in a model 
reaction, the hydrolysis of ammonia borane. With high-precision Arrhenius plots and kinetic isotope studies we 
show	how	pre-organization	of	1)	active	sites	and	2)	internal	Lewis	bases	affect	the	reaction	mechanism.	More-
over, we show how these supramolecular structures bind to the non-functionalized carbon support and demon-
strate the importance of anions.

Structural characterization of Pt1@Vulcan and Pt2@Vulcan. Aberration corrected HAADF-STEM imaging and energy-

dispersive X-ray spectroscopy (EDX) of Pt1@Vulcan (top) and Pt2@Vulcan (bottom). Spatially isolated Pt atoms and atomic 

pairs are indicated by the white circles and ovals, respectively.
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O25-0585

Oxygen activation in confined spaces of supramolecular cages

Deeksha Setia* 1, Jana  Roithová 1

1 Radboud University, Nijmegen, The Netherlands

Supramolecular	cages	having	a	defined	three-dimensional	cavity	are	being	used	as	efficient	system	in	catalysis.	
In	this	field,	hemicryptophanes	based	on	cyclotriveratrylene	(CTV)	unit	have	been	potentially	growing	interest	
in catalysis.[1] Previously, hemicryptophane cages have been used for methane oxidation using hydrogen perox-
ide with iron tris(2-pyridylmethyl) amine (TPA) complex[2] and cyclohexane oxidation with copper–hemicrypto-
phane complex[3] using hydrogen peroxide.
We have employed tris(2-pyridylmethyl) amine (TPA) –based hemicryptophane complexes with 3d transition 
metals for electrochemical activation of O2. We have observed a conversion of O2 to H2O and we also could use 
the reaction to oxidize organic substrates. The mechanistic insight has been obtained using a coupling of elec-
trochemistry experiment with electrospray mass spectrometry (ESI-MS) for detection of reaction intermediates.
In addition, the cage cavity allows hosting of various neutral or charged guests like ammonium cations[4] and 
alkali	cations	of	halide	anions.	Hence,	we	could	investigate	the	effects	of	the	host-guest	chemistry	on	the	elec-
trochemical oxygen reduction.

References: 
[1]	D.	Zhang,	A.	Martinez,	J.	P.	Dutasta,	Chem.	Rev.	2017,	117,	4900–4942.
[2]	S.	A.	Ikbal,	C.	Colomban,	D.	Zhang,	M.	Delecluse,	T.	Brotin,	V.	Dufaud,	J.	P.	Dutasta,	A.	B.	Sorokin,	A.	Martinez,	
Inorg. Chem. 2019, V.
[3] O. Perraud, A. B. Sorokin, J. P. Dutasta, A. Martinez, Chem. Commun. 2013, 49, 1288–1290.
[4] O. Perraud, V. Robert, A. Martinez, J. P. Dutasta, Chem. - A Eur. J. 2011, 17, 4177–4182.
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O26-1233

Design and implementation of de novo biocatalytic cascades

Sabine Flitsch* 1

1 The University of Manchester, United Kingdom

The combination of sequential biocatalytic reactions in non-natural synthetic cascades is a rapidly developing 
field	and	leads	to	the	generation	of	complex	valuable	chemicals	from	simple	precursors.	By	using	biocatalysis	un-
der physiological conditions in water, many parameters that are considered as green and sustainable chemistry 
are met. As the toolbox of available biocatalysts continues to expand, so do the options for biocatalytic retrosyn-
thesis of a target molecule, leading to new routes employing enzymatic transformations. To facilitate the design 
stage, we have established RetroBioCat, a computer-aided synthesis planning tool for biocatalytic reactions and 
cascades.  The implementation of such cascade reactions requires careful consideration, particularly with respect 
to	whether	the	pathway	is	constructed	in	vitro	or	in	vivo,	in	batch	format	or	in	flow.	This	lecture	will	showcase	
several successful de novo cascades and discuss the relative merits of in vitro, in vivo or hybrid approaches to 
building biocatalytic cascades. These cascades incorporate alcohol oxidations, C-H- activations and acylations via 
acyl-phosphates and thioesters.
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O26-0103

GtHNL catalyzes oxidative C=C bond cleavage

Ulf Hanefeld* 1, Jose Coloma 1, Peter-Leon Hagedoorn 1

1 Technische Universiteit Delft, Delft, The Netherlands

GtHNL is a hydroxynitrile lyase that was successfully utilized for the synthesis of cyanohydrins (Scheme 1B) and 
nitro	aldol	products,	 in	batch	and	 in	flow	[1,2,3].	GtHNL	has	moderate	similarity	 (35%)	with	Tm1459	and	the	
same catalytic metal ion, Mn(II) (Scheme 1A). Enzymes display high selectivity for one type of reaction. Therefore, 
lyases are not expected to catalyze oxidative C=C bond cleavage reactions as Tm1459 does (Scheme 1C) [4]. 
However, examining the structure of GtHNL there is no obvious reason why it should not catalyze the oxidative 
C=C bond cleavage, as described for Tm1459. Equally a hydroxynitrile lyase activity for Tm1459 cannot be ruled 
out. 
 
GtHNL was employed under condition earlier successful for Tm1459 [4]. tert-butyl hydroperoxide (TBHP) was 
used as oxidizing reagent and GtHNL satisfactorily catalyzed the oxidative cleavage of a number of styrene de-
rivatives. Enzyme and reaction engineering led to improved selectivities and yields. On the other hand Tm1459 
displayed only modest hydroxynitrile lyase activity without selectivity. These results question our concepts of 
enzyme selectivity and at the same time open new routes to novel enzyme activities. 
____
[1] I. Hajnal, et al, FEBS J., 2013, 280, 5815–5828.
[2] J. Coloma, et al, Catal. Sci. Technol., 2020, 10, 3613–3621.
[3] J. Coloma, et al, Catalysts 2022, 12, 161. 
[4] I. Hajnal, et al, Adv. Synth. Catal. 2015, 357, 3309 –3316.

Scheme 1: A) Superimposition of GtHNL (PDB code: 4BIF; blue) with Mn(II) in grey coordinated by 5 aminoacids and Tm1459 

(PDB code: 1VJ2;  green) with Mn(II) coordinated by only 4 aminoacids. B) Cyanohydrin formation. C) Oxidative C=C bond 

cleavage.

O26 PARALLEL SESSION 26: Biocatalysis



ORAL PARALLEL SESSIONS

209CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O26-0724

Expanding the enzyme universe: Incorporating functional secondary amines

Alejandro Gran-Scheuch* 1, Elisa Bonandi 1, Johannes Heimgärtner 2, Stefanie Hanreich 1, Kathrin Lang 2,  
Ivana  Drienovská 1

1 Vrije Universiteit Amsterdam, Amsterdam, The Netherlands, 2 ETH Zürich, Zürich, Switzerland

Biocatalysis is a sustainable alternative to environmentally damaging and energy-intensive chemical transforma-
tions.[1] The use of enzymes has become an attractive approach for the chemical and pharmaceutical industries 
because	they	can	catalyze	reactions	with	exquisite	chemo-,	regio-	and	enantioselectivity,	along	with	fulfilling	
the requirements of green chemistry. However, biocatalytic strategies are often restricted to metabolic reactiv-
ities. Whereas, asymmetric chemical approaches, such as the use of organocatalysts; while allowing perform-
ing	abiological	reactions,	tend	to	be	less	effective	exhibiting	low	turnover	numbers.[2]	These	drawbacks	can	be	
addressed by combining both systems through the expansion of the genetic code. In the last 20 years, this ap-
proach has emerged as a powerful strategy to incorporate non-canonical amino acids (ncAAs) with new-to-nature 
chemical groups into proteins.[3] Inspired by well-studied organocatalysts,[2] we aimed to expand the repertoire 
of protein functional groups by incorporating ncAA-bearing secondary amines-based residues. In this work, we 
synthesized and characterized a panel of seven in-house ncAAs, and studied their site-directed incorporation 
via	stop	codon	suppression.[4]	Subsequently,	a	suitable	orthogonal	pair	was	identified	from	a	library	harboring	
exogenous aminoacyl tRNA synthetases and tRNAs pairs. The orthogonal pairs were assessed using sfGFP. After 
confirmation	by	electrophoresis	and	liquid	chromatography-mass	spectrometry	(LC-MS),	four	ncAAs	(two	stereo-
isomers)	were	incorporated	into	a	biomolecular	scaffold.	The	incorporation	of	the	ncAAs	into	the	scaffolds	was	
analyzed by electrophoresis and LC-MS. Finally, the catalytic performance of the obtained variants was investi-
gated upon an iminium catalysis model reaction (Michael addition reaction). Interestingly, one variant showed 
a	higher	substrate	conversion	and,	albeit	observed	with	modest	preference	(e.e.	20%),	enantiospecificity	was	
incorporated into the reaction, whereas wild-type produced a racemic mixture.

References
[1]Intasian, P., et al.(2021) Chemical Reviews, 121(17):10367-10451
[2]Bertelsen, S., & Jørgensen, K.A.(2009). Chemical Society Reviews, 38(8),2178-2189
[3]Agostini, F.,et al.(2017). Angewandte Chemie International Edition, 56(33),9680-9703.
[4]Drienovská, I., & Roelfes, G.(2020). Nature Catalysis, 3(3),193-202.
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O26-0329

Immobilization of Kluyveromyces marxianus inulinase for inulin hydrolysis

Augusto Castillo Calderon* 1, ANY CÓRDOVA CHANG 1

1 Universidad Nacional del Santa, Nuevo Chimbote, Peru

Inulinase enzyme has strong inulolytic activity to produce fructose syrup from inulin in one step. Fructose has 
wide applications in the food and pharmaceutical industries.
Objective: To determine the optimal values of the coupling time and the enzymatic load of covalent immobiliza-
tion of inulinase in chitosan beads for the hydrolysis of inulin.
Method: Starting from a batch culture of Kluyveromyces marxianus in a 2 L Biostat Aplus in an optimized liquid 
medium containing yacon extract as carbon and energy source, to generate the enzymatic extract, then the sep-
aration	and	purification	of	inulinase	by	ethanol	precipitation.	For	the	determination	of	the	value	of	the	variables	
of the covalent immobilization of inulinase in chitosan beads for the hydrolysis of inulin, in a batch system, it was 
carried out by an optimization experimental design comprised of a Rotational Central Composite Design (RCCD) 
and the Response Surface Methodology (RSM),
For the chitosan inulinase immobilization experiment, both the coupling time and the enzyme load were varied 
in	five	values	from	0.68	to	23.31	h	and	from	1.03	to	35	IU	respectively.	Enzymatic	activities	were	determined	by	
initial rate measurements on 10 g/L of inulin at pH 5 and 55 °C for 10 minutes. Analyzes for reducing sugars and 
proteins were done by dinitro salicylic acid (DNSA) and Bradford.
Results: The optimal values determined for the coupling time and the enzymatic load of the covalent immobiliza-
tion of inulinase in chitosan beads were 12.55 h and 17.97 IU respectively, for a predicted immobilization yield 
of 65.57% slightly higher than the validation in a 5.25%.
Conclusion: It was found that the predicted optimization model was adequate to describe the optimization ex-
perimental design.
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O26-0651

Engineering next-generation biocatalysts by in vivo selections

Ana Rita Pereira Oliveira* 1, Rudy Rubini 1, Clemens Mayer 1

1 Stratingh Institute For Chemistry - University of Groningen, Groningen, The Netherlands

Enzymes are impressive catalysts that accelerate reactions with unmatched rates and selectivity. While biocat-
alysts found in nature are rarely suitable for industrial applications, directed evolution can tailor enzyme prop-
erties to a user’s need. Although powerful, enzyme engineering campaigns are notoriously labor- and time-con-
suming, which derives from the need to assess the activities of enzyme variants one-by-one. To overcome this 
bottleneck, we have recently provided proof-of-principle for a directed evolution strategy, in which the activity 
of a model enzyme could be linked to bacterial survival.1 Critically, this strategy allows us to assess millions of 
enzyme variants all at once, removing much of the time, cost and technical challenges associated with enzyme 
evolution. 
Here, we apply such in vivo selections to the directed evolution of mechanistically diverse enzymes, which are 
underexploited, yet promising candidates for the sustainable synthesis of valuable compounds. As target en-
zymes,	we	selected	tyrosine	phenol	lyases,	TPLs,	that	promote	enantioselective	C-C	bond	formations,	and	fla-
vin-dependent halogenases, FDHs, that install halogens at aromatic C-H bonds (Fig. 1). To engineer these bio-
catalysts, we leverage recoded organisms that are addicted to non-canonical amino acids and select improved 
TPLs and FDHs based on their ability to provide these ncAAs from externally-supplied, synthetic precursors. The 
resulting next-generation biocatalysts and the designer microbes that produce them will be employed for the 
synthesis of valuable halogenated building blocks, as well as tyrosine analogs and blockbuster drugs, such as 
L-DOPA and levothyroxine.

1. Rubini, R., Jansen, S. C., Beekhuis, H., Rozeboom, H. J. & Mayer, C., 2023 Selecting Better Biocatalysts by Com-
plementing Recoded Bacteria. Angewandte Chemie International Edition 62, 1–22.

Figure 1 – A: General reactivity of TPLs, and their potential industrial targets. B: General reactivity of FDHs, and their 

potential industrial targets for FDHs.
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O27-1135

Practical solar fuels by high current density (photo)electrochemical devices 
[INV]

Sophia Haussener* 1

1 Epfl, Switzerland

High power density devices are required for economically competitive and sustainable solar fuel devices [1]. I 
will review our solar hydrogen demonstrations at high current density (as a result of operation under highly con-
centrated light) and at large scale based on thermally integrated photo-electrochemical approaches [2]. I discuss 
the	co-generation	ability	of	 this	particular	system	and	show	how	different	operational	strategies	can	provide	
flexibility	 in	 the	system	output	and,	 therefore,	 its	use.	 I	will	 then	show	how	the	thermal-integration	principle	
can be extended for CO2 reduction devices [3]. I will end with discussing that last axis of a practical solar fuels 
device: lifetime. I will show how modelling and experimentation can be used to assess longevity and degradation 
in photoelectrochemical devices operating under concentrated radiation [4].

[1] M. Dumortier, S. Tembhurne, S. Haussener, Energy Environmental Science, 2015, 8, 3614-3628
[2] I. Holmes-Gentel, S. Tembhurne, C. Suter, S. Haussener, Nature Energy, 2023, 10.1038/s41560-023-01247-2.
[3] E. Boutin, M. Patel, E. Kecsenovity, S. Suter, C. Janaky, S. Haussener, Adv. Energy Materials, 2022, 12, 2200585.
[4] F. Bedoya-Lora, I. Holmes-Gentle, S. Haussener, Electrochimica Acta, 2023, 10.1016/j.electacta.2023.142703.
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O27-0419

Plasma-Induced NiFe Nanostructures for Enhanced Water Electrolysis

Ameya Ranade* 1, Mengmeng Lao 1, Remco H.M. Timmer 1, Hans J.N. van Eck 1, Mihalis N. Tsampas 1

1 DIFFER, Eindhoven, The Netherlands

Plasma	technology	has	been	regarded	as	an	efficient	tool	for	material	preparation	and	modification,	benefiting	
from	the	advantages	of	simplified	procedure,	non-toxicity	and	zero-waste.	Herein,	we	demonstrate	a	plasma-pro-
cessing technique for fabricating self-supported nanostructures on planar NiFe substrates. The nanostructured 
electrodes	exhibit	growth	of	fuzz-like	nano-tendrils	which	are	encompassed	by	a	thin	oxide	layer	(≈	10	nm).	The	
nano-tendrils	are	present	in	the	metallic	state	and	are	affixed	to	the	planar	metal	substrate.	This	unique	structure	
increases the active sites while enhancing mass transport and overcoming charge transfer limitations. As a result, 
the nanostructured electrodes deliver a current density of 10 mA cm-2geo at overpotentials of 330 and 354 mV 
for oxygen evolution reaction (OER) and hydrogen evolution reaction (HER), respectively, and show negligible 
decay for 100 h in 1 M KOH. This technique will be further applied to engineer other self-supported 3D substrates 
(e.g., foams, felts, perforated sheets), which are prospective electrode candidates for energy conversion and stor-
age devices.

Schematic Illustration of the growth of nanostructures on metallic surfaces. The in-situ grown nanostructures are utilized as 

electrocatalysts for water splitting in a three-electrode and a two-electrode setup.
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O27-0214

Micellar Nanoreactors from Amphiphilic Copolymer for Thia-Michael 
Addition

Wisanu Sombat 1, Panuwat Padungros 2, Voravee Hoven* 2

1 Program in Petrochemistry and Polymer Science, Faculty of Science, Chulalongkorn University, Bangkok, Thailand, 2 Department 
of Chemistry, Faculty of Science, Chulalongkorn University, Bangkok, Thailand

Micellar	systems	have	been	recognized	as	effective	media	for	chemical	reactions	to	be	performed	in	aqueous	
solution. This research aims to develop micellar nanoreactors from amphiphilic copolymer having a polymer 
precursor,	poly(pentafluorophenyl	acrylate)	(PPFPA)	as	hydrophobic	compartment.	Once	self-assembled	in	water,	
the	amphiphilic	copolymer	would	yield	micellar	nanoparticles	containing	functionalizable	core	which	is	filled	
with	a	number	of	active	pentafluorophenyl	groups.	This	provides	a	versatility	 to	 incorporate	a	wide	 range	of	
chemical	 functionalities	 that	 can	be	 tuned	as	a	 function	of	 selected	nucleophilic	modifiers.	 It	 is	 strongly	be-
lieved	 that	 these	 functional	 nanoassemblies	 can	 serve	 as	 customized	 nanoreactors	 for	 diversified	 chemical	
and biochemical processes. Herein, micellar nanoparticles assembled from a random copolymer of poly(benzy-
lacrylamide)-co-poly(N-isopropylacrylamide), PBzAM-co-PNIPAM obtained from sequential post-polymerization 
modification	of	PPFPA	with	benzylamine	and	n-isopropylamine	were	prepared	and	characterized.	The	micellar	
nanoparticles assembled from the PBzAM-co-PNIPAM were found to be well-dispersed in water with a diameter 
of less than 150 nm. They were then tested as the nanoreactors for Michael addition reaction. Once used as the 
nanoreactors for the Michael addition of trans-4-methyl-b-nitrostyrene with alkyl thiol compounds at relatively 
low concentration of 0.5 wt%, the reaction reached up to 100% conversion for all thiols at room temperature 
within 24 h in the absence of catalyst. Without the nanoreactors, the reaction conversion decreased with increas-
ing alkyl chain length in thiol as a result of the limited solubility in aqueous media. 

Reference
Noree,	S.;	Tangpasuthadol,	V.;	 	Kiatkamjornwong,	S.;	Hoven,	V.	P.,	Cascade	post-polymerization	modification	of	
single	pentafluorophenyl	ester-bearing	homopolymer	as	a	facile	route	to	redox-responsive	nanogels.	J	Colloid	
Interface Sci 2017, 501, 94-102.
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O27-0507

Multiscale Modelling of GaN-Photoelectrodes for Enhanced Solar-to-Fuel 
Performance

Jan Paul Menzel* 1, Victor S. Batista 1

1 Department of Chemistry & Energy Sciences Institute, Yale University, New Haven, United States

The conversion of solar energy into chemical fuels has the potential to play a key role in the transition to a car-
bon-neutral energy infrastructure. Photoelectrochemical cells (PECs) can generate chemical fuels by solar ener-
gy conversion. Photoexcited electrons and holes have the reductive and oxidative power, respectively, to drive 
fuel-forming	reactions.	The	efficiency	of	PECs	depends	critically	on	the	energetics	and	molecular	properties	of	
their	components.	Thus,	all	components	must	be	optimized	for	their	specific	function,	including	the	alignment	
of energy levels to allow for maximized charge separation and chemical conversion. Computational modelling 
can	provide	invaluable	insights	for	design	and	development	of	experimental	efforts,	such	as	in	silico	screening,	
identification,	and	optimization	of	promising	molecules	and	materials	for	efficient	PECs.	However,	the	large	size	
of model interfaces and the multiple time scales involved in the fundamental processes in such devices present 
significant	computational	challenges	for	high	efficiency	yet	accurate	modelling	tools.	In	this	study,	we	employ	a	
wide a range of computational methods to investigate catalytic processes of fuel-forming reactions during solar 
energy conversion on GaN photoelectrode model surfaces. Mechanistic studies based on density functional the-
ory (DFT) reveal key reaction intermediates involved during fuel production and thermodynamic requirements 
of the catalyst, light-absorber and electrode materials, while the combination of semi-empirical methods and 
quantum dynamics allow for real-time simulations of photoinduced charge carrier dynamics, including the initial 
electron-hole	pair	separation,	interfacial	charge	transfer	and	subsequent	redox	reactions.	Our	findings	are	then	
used	to	determine	design	principles	to	avoid	potential	bottlenecks	and	define	property	requirements	to	optimize	
the	photoconversion	efficiency.
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O27-0789

More Energy for Photosynthesis: Stretching the Red Limit

Thomas Oliver* 1, Eduard Elias  1, Roberta Croce 1

1 VU Amsterdam, Amsterdam, The Netherlands

Oxygenic photosynthesis is typically powered by photons in the visible portion of the spectrum, with a maximum 
at 700 nm. This energetic “red limit” of photosynthesis is constrained by chlorophyll a, which cannot absorb light 
of longer wavelengths. However, certain cyanobacteria have evolved the ability to harvest far-red light (FRL) in a 
process called far-red light photoacclimation (FaRLiP) [1]. When exposed to FRL, these cyanobacteria synthesise 
the red-shifted chlorophylls, chlorophyll f and chlorophyll d, and express photosynthetic proteins that can incor-
porate these chlorophylls. This pushes the action spectrum of photosynthesis to 800 nm.
Since the discovery of this process, it has been proposed that a FRL utilising crop plant could be engineered to 
extend its photosynthetic spectrum and improve yields [2]. Given the demand from an ever-increasing popula-
tion,	genetically	modified	crops	that	can	produce	greater	yields	are	essential	for	global	food	security.	Here	we	
describe	an	essential	first	step	in	this	process:	engineering	a	cyanobacteria	that	grows	in	visible	light	(Synechoc-
cocus sp. PCC 7002) to incorporate chlorophyll f into its photosynthetic machinery. Engineered strains have been 
characterised using steady-state and time- resolved spectroscopy, both in vivo and in vitro.
 
[1]						F.	Gan,	S.	Zhang,	N.C.	Rockwell,	S.S.	Martin,	J.C.	Lagarias,	D.A.	Bryant,	Extensive	remodeling	of	a	cyanobac-
terial photosynthetic apparatus in far-red light, Science (80-. ). 345 (2014) 1312–1317. https://doi.org/10.1126/
science.1256963.
[2]      M. Chen, R.E. Blankenship, Expanding the solar spectrum used by photosynthesis, Trends Plant Sci. 16 (2011) 
427–431. https://doi.org/10.1016/j.tplants.2011.03.011.
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O28-1063

Electrochemical Carbon Dioxide Utilisation: Activity, Selectivity, and 
Conversion [INV]

Charles Creissen* 1

1 Keele University, United Kingdom

Electrochemical carbon dioxide conversion is a sustainable technology capable of reducing emissions whilst 
simultaneously	generating	valuable	products	from	renewable	electricity.	Recent	systems	have	benefited	from	a	
combination of catalyst development and device engineering to accelerate understanding of the driving factors 
that can enhance performance. However, there are some key issues that currently limit widespread application 
of such devices. Here, the ways to improve activity through device engineering, selectivity through molecular 
modification	of	catalysts,	and	conversion	by	altering	the	operating	conditions,	are	discussed	to	provide	a	critical	
analysis of current and future CO2 electrolysers.
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O28-0768

High Pressure CO2 Reduction in a Flow Cell

Nandalal Girichandran* 1, Andrew R.T. Morrison 1, Ruud Kortlever 1

1 Tu Delft, Den Haag, The Netherlands

Electrochemical CO2 Reduction (ECO2R) has already been established as a sustainable way of closing the car-
bon cycle while synthesizing useful commodity chemicals. One of the favourable routes to scale up the process 
is the elevated pressure ECO2R because it is one way to increase the concentration of the poorly soluble CO2 
in aqueous systems. Yet, there are not many studies that focus on it owing to the inherent challenges with high 
pressure	systems	such	as	leaks,	product	quantification,	ease	of	operation	etc.	In	this	study,	a	novel	high	pressure	
flow	cell	setup	has	been	designed	and	validated.	The	modular	design	uses	a	clamp	system,	which	facilitates	easy	
stacking	of	multiple	cell	parts	while	being	capable	of	handling	pressures	up	to	50	bar.	The	effects	of	CO2	pressure	
on	the	reaction	were	first	investigated	on	Cu	and	AgCu	tandem	foam	electrodes	in	0.5	M	KHCO3	electrolyte.	The	
selectivity towards CO2R products increased with rise in pressure from 1 to 25 bar. A systematic study on the Ag 
loading,	the	effect	of	cation,	and	flow	rate	of	electrolyte	further	helped	optimize	the	selectivity	towards	differ-
ent CO2R products (reaching FE > 85%). The reported setup provides a robust means to conduct high pressure 
electrolysis experiments in an easy and safe manner, making this technology more accessible to CO2 research 
community.	In	the	future,	this	flexible	design	could	facilitate	the	study	of	ECO2R	under	pressure,	paired	with	oth-
er electrolyzer types like the zero-gap, GDE, or bicarbonate electrolyzer, at industrially relevant current densities.
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O28-0414

Controlling PCET to oxyanions for electrochemical water purification

Noémie Elgrishi* 1, Callie Stern 1, Devin Meche 1, Vanessa Hulse 1, Katy Knecht 1

1 Louisiana State University, Baton Rouge, United States

Research	efforts	in	the	energy	storage	community	have	highlighted	the	fundamental	role	of	proton-coupled	elec-
tron	transfer	(PCET)	processes.	Problematics	of	energy-efficiency	and	facilitating	PCET	processes	are	also	funda-
mental	to	electrochemical	water	purification	methods.	Our	group	works	on	energy-efficient	remediation	of	toxic	
oxyanions from contaminated water and industrial waste streams. Oxyanions are a class of negatively charged 
molecules composed of an atom surrounded by oxygens and include for example chromate, arsenate, perchlo-
rate, nitrite, phosphate, and sulfate. We use electrochemical and spectroscopic methods to explore the PCET 
processes	required	to	affect	the	chemistry	of	these	oxyanions	for	water	purification	or	chemical	recovery.	Recent	
work of the group will be presented on understanding and controlling the movement of protons and electrons for 
water	denitrification	and	for	hexavalent	chromium	reduction.	Results	on	facilitating	these	transformations	using	
molecular	electrocatalysts	will	be	presented	to	improve	the	energy-efficiency	of	the	electrochemical	processes.	
The	mechanism	will	be	described,	along	with	the	pivotal	role	of	buffers	in	these	electrocatalytic	processes.
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O28-0077

Electrosynthesis of novel HTM for perovskite solar cells

Carlos Puerto Galvis* 1, José G. Sánchez 1, Eugenia Martínez-Ferrero 1, Emilio  Palomares 1,2

1 The Institute of Chemical Research of Catalonia (ICIQ), Tarragona,, Spain, 2 ICREA, Barcelona,, Spain

Spiro-MeOTAD and its derivatives have been the most common hole transport materials (HTMs) used in the fab-
rication of high performance perovskite solar cells (PSCs). Traditionally, the synthesis of these HTMs demands 
costly and conventional synthetic procedures with low overall yields.[1] Here, we describe the synthesis of a new 
N–N-linked dimeric Spiro-MeOTAD analogue in a three-step protocol based on electrochemical methods. First, 
commercial carbazole was brominated (>99 %) and then subjected to an electrochemical dimerization for the 
construction of N–N bond (55 %).[2] Finally, the corresponding dimer was functionalized with the diphenylamino 
donor moiety via Ni-catalyzed electrochemical to promote the C–N cross-coupling (63 %). The desired 9,9’-bicar-
bazole-tetraamine was fully characterized by NMR and MS, the optical bandgaps (Eg) and molecular energy levels 
were also measured by UV-vis absorption spectra and CV measurements.[3]
To	evaluate	the	effects	of	9,9’-bicarbazole-tetraamine	on	the	performance	of	perovskite	solar	cells,	we	fabricate	
devices	with	 the	 structure:	 ITO/SnO₂/Perovskite/HTM/Au.	We	used	 the	CsFAMA	perovskite	with	 the	 following	
composition	Cs₀.₀₅(FA₀.₈₅MA₀.₁₅)₀.₉₅Pb(I₀.₀₅Br₀.₅)₃.	Devices	with	the	commercial	HTM	Spiro-OMETAD	were	fabri-
cated as reference. The PSC devices with the HTM 9,9’-bicarbazole-tetraamine showed a good power conversion 
efficiency	(PCE)	comparable	with	that	of		Spiro-OMeTAD-based	devices.		

References
[1] Adv. Energy Sustainability Res., 2022, 3, 2200045.
[2] J. Am. Chem. Soc., 2014, 136, 5571.
[3] Chem. Commun., 2020, 56, 1589.
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A sustainable approach. High-performance perovskite solar cells fabricated with novel and suitable hole transport materials 

prepared through an electrochemical driven oxidative dimerization and C–N cross-coupling strategies
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O29-0290

Advancing the Frontiers of Mechanochemistry [INV]

Koji Kubota* 1

1 Hokkaido University, Sapporo, Japan

First reported in 1944, Birch reduction has long been regarded as one of the most powerful dearomatization 
methods for the synthesis of valuable molecules. In a classical Birch reduction, arenes are reduced by alkali 
metals dissolved in liquid ammonia to produce 1,4-cyclohexadiene derivatives under cryogenic conditions. The 
conventional procedure for Birch reduction requires laborious procedures, including condensation of caustic gas-
eous ammonia under inert conditions at low temperatures. These cumbersome synthetic procedures has prompt-
ed	chemists	to	search	for	appropriate	modifications	to	develop	operationally	simple	Birch	reduction	protocols.	
Although	several	 ammonia-free	modifications	have	been	 reported,	 the	development	of	an	operationally	 sim-
ple,	efficient,	and	scalable	protocol	remains	a	challenge.	Herein,	we	report	an	ammonia-free	lithium-based	Birch	
reduction in air at room temperature without special operating conditions using a ball-milling technique. This 
method is characterized by its operational simplicity and an extremely short reaction time (within 1 min), proba-
bly owing to the in-situ mechanical activation of lithium metal, broad substrate scope, and no requirement for dry 
bulk	solvents.	The	potential	of	our	flash	Birch	reaction	is	also	demonstrated	by	the	efficient	reduction	of	bioactive	
target	molecules	and	gram-scale	synthesis.	In	addition,	highly	efficient	mechanochemical	Birch	reduction	using	
sodium metal was also developed.

Figure. Mechanochemical approach for solvent-free and air-tolerant Birch reduction
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O29-0576

Media-free mechanosynthesis by resonant acoustic mixing (RAM)

Lori Gonnet* 1, Cameron B. Lennox 1,2, Stefan G. Koenig 3, Karthik Nagapudi 3,	Tomislav	Friščić	1

1 University of Birmingham, Birmingham, United Kingdom, 2 McGill University, Montreal, Canada, 3 Genentech, Inc., South San 
Francisco, USA

Over	the	past	two	decades,	mechanochemistry	has	become	widely	recognized	as	an	effective	method	of	Green	
Chemistry	by	offering	the	possibility	to	perform	syntheses	in	the	absence	of	bulk	solvents.	1-2	In	general,	mech-
anosynthesis is conducted using grinding media, milling balls or screws, to transfer mechanical energy to the re-
action mixture. The presence of milling media causes issues such as product contamination due to wear and tear. 
In response to these concerns, media-free technologies have been developed, such as resonant acoustic mixing 
(RAM), a mixing technology based on rapid mechanical agitation.
Our team has recently reported the use of this methodology for the synthesis of cocrystals, metal-organic frame-
works and organic molecules, including active pharmaceutical ingredients (APIs).3-6 Due to the absence of sol-
vent	and	grinding	media,	the	use	of	RAM	simplifies	the	design	and	scale-up	of	mechanochemical	reactions,	while	
eliminating contamination. Focusing on the synthesis of APIs, this presentation will provide a discussion of the 
parameters available in a commercial RAM instrument, such as time, acceleration, temperature and the presence 
of catalytic liquid additives, to control and optimize organic mechanosynthesis.

1) S. L. James et al. Chem. Soc. Rev., 2012, 41, 413–447.
2)	T.	Friščić,	C.	Mottillo	and	H.	M.	Titi,	Angew.	Chem.,	Int.	Ed.,	2020,	59,	1018–1029.
3) K. Nagapudi, E. Y. Umanzor and C. Masui, Int. J. Pharm., 2017, 521, 337–345.
4)	H.	M.	Titi,	J.-L.	Do,	A.	J.	Howarth,	K.	Nagapudi	and	T.	Friščić,	Chem.	Sci.,	2020,	11,	7578–7584.	
5)	L.	Gonnet,	C.	B.	Lennox,	J.-L.	Do,	I.	Malvestiti,	S.	G.	Koenig,	K.	Nagapudi	and	T.	Friščić,	Angew.	Chem.,	Int.	Ed.,	
2022, 61, e202115030. 
6) L. Gonnet, T. H. Borchers, C. B. Lennox, J. Vainauskas, Y. Teoh, H. M. Titi, C. J. Barrett, S. G. Koenig, K. Nagapudi and 
T.	Friščić,	Faraday	Discuss.,	2023,	241,	128.
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O29-0239

Syntheses of Pharmaceuticals by high throughput ‘parallel 
mechanochemistry’

Evelina Colacino* 1

1 Université De Montpellier, Montpellier, France

Although	there	have	been	efforts	to	reduce	the	environmental	impact	of	active	pharmaceutical	ingredient	(API)	
production, the use of organic solvents (responsible for 75% of energy used) is still a critical step in many pro-
cesses.	Solvent-free	synthesis	by	mechanochemistry	fulfills	several	of	the	12	Green	Chemistry	Principles,1	and	
it	is	an	effective	and	more	sustainable	approach	to	improve	chemical	processes	and	their	safety2	and	to	access	
organic molecules or pharmaceutically relevant fragments and functionalities, including APIs. 
However, the main limitation of synthetic mechanochemistry using standard ball mills in batch is the low through-
put. The development of advanced mechanochemical devices using multi-position jars, allows the processing of 
hundreds of samples per day, enabling the rapid investigation of several experimental parameters at the same 
time and increasing the throughput compared to standard milling devices. 
The application of ‘parallel mechanochemistry’3 is illustrated for the eco-conscious preparation of a special class 
of active pharmaceutical ingredients (APIs) opening new opportunities in the green manufacturing of pharma-
ceuticals in batch. 

1. Colacino, E.*; Isoni, V.*; Crawford, D.*; Garcia, F.* Upscaling mechanochemistry: Challenges and Perspectives. 
Trends in Chemistry, 2021, 3, 335-339.
2. Sharma, P.; Vetter, C.; Ponnusamy, E.; Colacino, E.* “Assessing the greenness of mechanochemical processes by 
DOZN	2.0	tool“	ACS	Sustainable	Chem.	Eng.,	2022,	10,	5110-5116.
3. Martina, K.; Rotolo, L; Porcheddu, A.; Delogu, F.; Bisouth, S. R.; Cravotto, G.; Colacino, E. Chem. Commun. 2018, 
54, 551-554.

Keywords : Parallel mechanochemistry, Active Pharmaceutical Ingredients, Ball-mill
Acknowledgements: This work is a contribution to the EU Programme COST Action CA18112 “Mechanochemistry 
for Sustainable Industry”.
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O29-0812

Mechanochemical formation of metal-organic gels

Allan Niidu* 1, Martin Jürisoo 1, Moonika Ferschel 1

1 Taltech Virumaa College, Kohtla-järve, Estonia

Mechanochemistry is an emerging technology in sustainable synthesis of metal-organic materials with a great 
promise	to	reduce	waste	in	research	and	industrial	settings.1	Here	we	report	our	findings	in	synthesis	of	metal-or-
ganic gels via sonication and planetary ball milling. Gel formation was completed in mere minutes using both 
methods while the physical properties of as synthesised materials were mainly controlled via solvent amount. 
Properties of obtained materials after post synthetic washing with methanol and drying were independent of 
solvent amount used in gel formation. Ratio of reactants on the structure of resultant materials were investigated 
via	XRD,	SS-NMR	and	N2	adsorption.

References
1) ACS Cent. Sci. 2017, 3, 1, 13–19. https://doi.org/10.1021/acscentsci.6b00277
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O29-0764

Mechanoredox Catalysis: Impact-free to Direct Mechanoredox Catalysis

Farshid	Effaty*	1,2, Stefan Koenig 4, Karthik Nagapudi 4,	Xavier	Ottenwaelder	2,	Tomislav	Friščić	1,3

1 McGill University, Montreal, Canada, 2 Concordia University, Montreal, Canada, 3 University of Birmingham, Birmingham, United 
Kingdom, 4 Genentech, Inc., South San Francisco, United States of America

On both the laboratory and industrial scales, toxic solvents or expensive noble metal-based catalysts are fre-
quently	used	in	the	process	of	synthesis.	As	a	result,	there	is	a	high	demand	for	time-	and	cost-efficient	synthetic	
processes that reduce toxic waste while being environmentally friendly. For the production of molecules and 
materials without the need of bulk solvents, mechanochemistry—which uses mechanical force to induce chemi-
cal transformations—has emerged as a particularly broad, easily-optimized, and scalable technology. Mechano-
chemistry, as compared to traditional synthesis, enhances atom economy, gives better yields and rapid reactions, 
and presents an intriguing option for the future of industrial chemical production.[1,2]
A very recent mechanochemical concept is to initiate single-electron transfer (SET) reactions by the piezoelectric 
effect,	which	is	charge	separation	in	a	material	under	mechanical	strain.[3]	Here,	we	demonstrate	that	Resonant	
Acoustic	Mixing	(RAM)	enables	mechanoredox	catalysis	in	model	diazonium	coupling	processes	utilising	BaTiO₃	
as the piezoelectric catalyst. RAM performs without formal grinding or impact media, proceeds more quickly than 
an	analogous	ball-milling	method,	and	is	simple	to	scale	up.	Recyclability	of	BaTiO₃	as	a	mechanoredox	catalyst	
under ball-milling or RAM conditions is, however, limited by unwanted boration of the catalyst.[4]
In addition, we will present our design and manufacture of piezo-active milling media for mechanoredox trans-
formations, focusing on model reactions of mechanoredox borylation and arylation of aryldiazonium salts. Piezo-
electric	material	has	been	characterized	using	a	variety	of	techniques,	including	powder	X-ray	diffraction,	and	
vibrational spectroscopy.

[1]	T.	Friščić,	C.	Mottillo,	H.	M.	Titi,	Angew.	Chem.	Int.	Ed.	2020,	59,	1018–1029.
[2]	F.	Effaty,	X.	Ottenwaelder,	T.	Friščić,	Curr.	Opin.	Green	Sustain.	Chem.	2021,	32,	100524.
[3] K. Kubota, Y. Pang, A. Miura, H. Ito, Science, 2019, 366, 1500-1504.
[4]	F.	Effaty,	L.	Gonnet,	S.	G.	Koenig,	K.	Nagapudi,	X.	Ottenwaelder,	T.	Friščić,	Chem.Comm.,	2023,	59,	1010-1013.
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O30-1058

Hydrotalcite-based catalysts for N2O decomposition and CO2 valorization 
[INV]

Patricia Benito* 1

1 University of Bologna, Italy

Hydrotalcite-derived catalysts combine a high dispersion of metallic particles with a tailored basicity/acidity 
of the oxidic matrix, these properties have made them widely investigated for the last 30 years. In this talk, the 
advantages of hydrotalcite-derived catalysts for environmental processes, such as the catalytic decomposition of 
N2O and the CO2 valorization will be described [1-5]. The ability to develop active and stable catalysts contain-
ing either small amounts of noble metals or high loadings of transition metals in close contact with basic sites 
will be presented, accompanied by the full characterization of the materials. Moreover, the possibility to directly 
synthesize the hydrotalcite-type materials on the surface of open-cell metallic foams to prepare structured cata-
lysts	with	enhanced	mass	and	heat	transfer	as	well	as	lower	pressure	drop,	key	properties	for	the	intensification	
of exothermic processes such as the N2O decomposition and the CO2 valorization to CH4, will be presented.

[1]	P.H.	Ho,	M.	Jabłońska,	R.	Palkovits,	E.	Rodríguez-Castellón,	F.	Ospitali,	G.	Fornasari,	A.	Vaccari,	P.	Benito,	Chem.	
Eng. J. 2020, 379, 122259.
[2]	P.H.	Ho,	M.	Jabłońska,	G.	Beltrami,	A.	Martucci,	T.	Cacciaguerra,	W.	Paulus,	F.	Di	Renzo,	G.	Fornasari,	A.	Vaccari,	P.	
Benito, R. Palkovits, J. Mater. Sci. 2021, 56, 15012.
[3] P.H. Ho, G. Sanghez de Luna, S. Angelucci, A. Canciani, W. Jones, D. Decarolis, F. Ospitali, E. Rodriguez Aguado, E. 
Rodríguez-Castellón,	G.	Fornasari,	A.	Vaccari,	A.	M.	Beale,	P.	Benito,	Appl.	Catal.	B:	Env.	2020,	278,	119256.
[4] P. H. Ho, G. Sanghez de Luna, F. Ospitali, G. Fornasari, A. Vaccari, P. Benito, J. CO2 Utiliz. 2020, 42, 101327.
[5] P.H. Ho, G. Sanghez de Luna, N. Schiaroli, A. Natoli, F. Ospitali, M. Battisti, F. di Renzo, C. Lucarelli, A. Vaccari, G. 
Fornasari, P. Benito, Ind. Eng. Chem. Res. 2022, 61, 10511.
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O30-0248

MOF-doped MXene for gas separation

Andrei Kriger 1, Ali Ayati* 1, Pavel Krivoshapkin 1, Elena Krivoshapkin 1, Mahdi Niknam Shahrak 2

1 ITMO university, Saint Petersburg , Russian Federation, 2 Quchan University of Technology , Quchan , Iran

Today,	 the	development	of	efficient	 and	 sustainable	gas	 separation	and	purification	 technologies	 is	 a	 critical	
and challenging global concern since, currently, chemical gas separation is a very energy-intensive process. To 
address this issue, porous adsorbents, such as metal-organic frameworks (MOFs), can be applied. Using MOFs, an 
alternative approach to separating hydrogen and gaseous hydrocarbons can be developed [1]. MOFs are porous 
materials	with	high	crystallinity	and	ultra-high	specific	surface	area.	They	consist	of	metal	ions	or	clusters	and	
organic ligands that form framework structures with tailored pore size and functionality, which makes them suit-
able	for	storage	and	separation	of	target	gases	from	mixtures	[1].		An	almost	infinite	number	of	combinations	of	
different	metals/clusters	and	organic	 linkers	exists;	 therefore,	numerous	MOFs	with	unique	and	tunable	prop-
erties can be designed and developed. The application of MOFs in gas storage and separation has undergone 
considerable advancement over the last decade.
MXenes	are	a	new	type	of	two-dimensional	(2D)	layered	material.	They	have	attracted	significant	attention	in	
different	applications	over	the	last	few	years	because	of	their	unique	features,	namely	their	high	specific	surface	
areas	and	thermal	stabilities	[2].	Their	negatively	charged	surfaces	make	them	promising	substrates	for	firmly	
anchoring	metal	ions	and,	therefore,	efficient	substrates	for	MOFs.	They	are	used	to	enhance	MOF	electrocatalytic	
activity	and	to	negate	MOF	toxicity	caused	by	its	nano	size.	The	low	Li+	diffusion	barrier	properties,	outstanding	
electroconductivities,	and	high	electronegativities	of	MXenes	enhance	MOF	electrochemical	performance	[2].	In	
this	work,	the	performance	of	MOF/MXene	conjugates	in	gas	separation	was	studied,	revealing	their	suitability	
for this application. 

References 
1. Jia, T., Y. Gu, and F. Li, J. Environ. Chem. Eng., 2022. 10(5): p. 108300.
2. Hwang, S.K., et al., Chem.  Eng. J., 2020. 397: p. 125428.
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O30-0224

Light-driven photocatalytic micromotors with surface recognition sites

Katherine Villa* 1

1 Institute of Chemical Research of Catalonia (iciq), Tarrragona, Spain

Photoactivated micro/nanomotors represent the next generation of self-propelled devices that can be easily 
actuated and controlled by using an external light source.[1] Owing to their unique properties of photocatalyt-
ic-based systems—self-propelling as well as the generation of highly reactive radicals upon photoactivation—
they have been widely explored for water cleaning and disinfection, wherein they have shown promising deg-
radation rates. However, the selective removal of toxic persistent organic pollutants from contaminated water 
that contains high concentrations of less harmful pollutants remains a great environmental challenge. Here, we 
present visible-light-driven BiVO4 micromotors provided with surface recognition sites for the selective capture 
of	persistent	organic	pollutants	from	contaminated	water	under	sun-like	irradiation.[2]	The	modification	of	their	
surface	by	molecular	polymer	imprinting	led	to	a	selective	target	of	a	specific	pollutant	from	a	complex	liquid	en-
vironment,	resulting	in	higher	pollutant	removal	rates	compared	to	the	unmodified	ones.	Moreover,	the	behavior	
of photocatalytic micromotors able to autonomously seek and adhere to yeast cells for the removal of microbial 
contamination is also discussed.[3] These approaches based on multifunctional photoresponsive microswimmers 
hold	promising	applications	in	the	fields	of	photocatalytic	disinfection,	water	treatment,	and	the	food	industry.	

[1] K. Villa, et al. Chem. Soc. Rev. 2019, 48, 4966-4978.
[2]	X.	Yuan,	et	al.	Small,	2023,	2207303.
[3] K. Villa, et al. ACS Nano 2019,13, 8135-8145.
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O30-0411

Towards Artifact-Free Measurements of Greenhouse Gas Isotopic 
Composition

Michelle Bailey* 1, Abneesh Srivastava 1, Joseph Hodges 1, Adam Fleisher 1

1 National Institute of Standards and Technology, Gaithersburg, United States

In response to the climate crisis, there is a pressing need to reduce anthropogenic emissions of greenhouse gases 
and establish evidence-based approaches to verify that emissions reduction strategies are successful. One such 
approach is to quantify the isotopic composition of gas samples which can provide critical information regarding 
the	age	and	chemical	or	physical	origin	of	sample	material.	A	significant	challenge	for	isotopic	analysis	is	the	
ability to maintain isotope abundance scales which are generated by comparing sample measurements to that of 
a	known	reference	material.	These	reference	materials	have	finite	quantity	and	stability,	thus	impacting	inter-lab-
oratory agreement and consequently the uncertainty evaluation of new measurement methods. 
Here	we	will	present	SI-traceable	measurement	schemes	that	have	enabled	significant	progress	towards	estab-
lishing artifact-free isotope scales [1] and rapid measurements of isotopic composition [2]. We will discuss how 
optical	spectroscopy	methods	can	be	leveraged	in	combination	with	quantum	chemical	calculations	to	offer	a	
path towards benchtop analysis of absolute carbon, nitrogen, and oxygen isotope ratios. Implications for accurate 
greenhouse gas inventories and source apportionment will be discussed.

[1] A. J. Fleisher, H. Yi, A. Srivastava, et al., Nat. Phys. 2021, 17, 889-893
[2]	D.	M.	Bailey,	G.	Zhao,	and	A.	J.	Fleisher,	Anal.	Chem.	2020,	92	(20),	13759–13766
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O30-1089

Green Sample Preparation Methods for the Analysis of High Carbon Content 
Matrices

Érico Flores* 1

1 Federal University of Santa Maria, Brazil

Nowadays, there is a need for suitable methods for the determination of rare earth elements (REE) in many matri-
ces and some of the analytical techniques used for this purpose are neutron activation analysis (NAA), inductively 
coupled plasma optical emission spectrometry (ICP OES) and inductively coupled plasma mass spectrometry 
(ICP-MS). Inductively coupled plasma mass spectrometry can be considered as the most suitable technique for 
the determination of REE, enabling good sensitivity and multielemental capability. The determination of REE by 
ICP-MS	has	been	generally	performed	using	nebulization	systems,	making	necessary	the	use	of	high	efficiency	
sample	preparation	methods	with	low	acidity	in	final	digests	to	minimize	interferences.	Additionally,	it	is	well	
known that the digestion of some matrices having a high content of carbon as, e.g., crude oil, graphite, carbon 
nanotubes, is not a simple task, making necessary very frequently the use of time-consuming sample preparation 
methods.	Some	options	include	the	direct	analysis	by	ETV-ICP-MS	or	using	a	high	efficiency	digestion	system.	
Nowadays, there is a trend for the development of methods requiring lower reagent consumption, less analytical 
steps	and	lower	waste	generation	combined	with	high	efficiency	of	digestion.	In	addition,	it	is	important	obtain-
ing digests that are suitable for determination techniques avoiding excessive dilution or higher blank levels. Tak-
ing	into	account	the	difficulties	involved	in	REE	determination	in	high	carbon	content	matrices,	modern	methods	
and trends in sample preparation will be discussed as well as the feasibility of using electrothermal vaporization 
system coupled to ICP-MS for REE determination.
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O31-1239

Custodians of Carbon: Project Flue2Chem

Peter Styring* 1

1 The University of Sheffield, United Kingdom

Carbon is the element of life and an essential component of most of the materials and chemicals that characterise 
modern living. We are now at a crossroads where we need to move from a linear economy of extract-use- dispose 
to a circular economy where we re-use and recycle carbon. We are there standing at the start of a new industrial 
revolution. We now need to become custodians rather than users of carbon, where carbon provenance will be-
come of primacy. Carbon dioxide utilisation will hold at least one of the keys to unlock the future. We will need 
policy	change,	financial	and	fiscal	realignment,	and	innovation	to	open	new	markets.	Flue2Chem	is	set	to	become	
a game changer not only because of the ground-breaking science and engineering, but also because it brings 
together global industrial leaders in a unique consortium that aims to innovate through collaboration within an 
extended supply chain ecosystem. This Invited Lecture will consider the background to the project and how car-
bon dioxide can be captured and converted into surfactants that will remove fossil carbon from the supply chain. 
The stakes are high, but so are the rewards. Funded by Innovate UK and involving 13 companies and 2 universities 
the	urgency	for	change	is	reflected	in	that	a	short	24	month	timescale	to	delivery	has	been	mandated.
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O31-0717

Sunlight powered CO2 reduction to CO

Francesc Sastre 1, Anthony Sanderse 1,	Man	Xu	1, Pau Martinez Molina 1, Nicole Meulendijks 1, Pascal  Buskens 1,2, 
Jonathan van den Ham*  

1 TNO, Eindhoven, The Netherlands, 2 Hasselt University, Diepenbeek, Belgium

The urge on reduce the greenhouse gas emission has lead  the develop of new CO2 capture and utilization (CCU) 
technologies.  Direct use of sunlight to synthetize chemicals and solar fuel using CO2 as a feedstock is a plausible 
technology.	In	order	to	scale-up	this	process	is	of	a	vital	importance	to	get	a	deeper	understanding	of	the	effect	
of light intensity and local temperature. Herein we present a plasmonic Au nanoparticles supported on TiO2 that 
promote the CO2 hydrogenation to CO via the reverse Water Gas Shift reaction (rWGS).
Au supported on Titania was synthetized by a deposition precipitation method with an Au particle size of 1.6 
nm.[1] Photocatalytic activity tests were performed Light experiments were carried out illuminating the pho-
tocatalyst	with	simulated	solar	light	(AM	1.5)	at	the	desired	intensity	(1-14	suns)	under	flow.	The	catalyst	bed	
temperature was measured through 4 tailored FBG-FOS temperature sensors placed in the catalyst bed  and a 
thermocouple placed in contact with the bottom side of the catalyst bed.[2] CO  was the main product detect-
ed under 14 suns irradiation without external heating  with a selectivity to CO of 96.9%. To obtain insight into 
photothermal	and	non-thermal	 contributions,	 the	 reaction	was	 studied	under	different	 light	 intensities	 (6-14	
suns)	without	conventional	heating	and	using	the	fiber	Bragg	grating	based	fiver	optic	temperature	sensor	for	in	
operando temperature monitoring.

References
[1]	Martínez	Molina,	P.;	Meulendijks,	N.;	Xu,	M.;	Verheijen,	M.	A.;	Den	Hartog,	T.;	Buskens,	P.;	Sastre,	F.	ChemCatChem	
2021, 13, 4507 – 4513.
[2]	Xu,	M.;	Den	Hartog,	T.;	Cheng,	L.;	Wolfs,	M.;	Habets,	R.;	Rohlfs,	J.;	Van	den	Ham,	J.;	Meulendijks,	N.;	Sastre,	F.;	
Buskens, P. ChemPhotoChem 2022, 6, e202100289.
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O31-0151

Supported Pyridylimine-Cobalt Catalyst for N-Formylation Utilizing Carbon-
Dioxide

Poorvi Gupta* 1, Kuntal Manna 1

1 Indian Institute of Technology, Delhi, Delhi, India

Formamides are of immense importance and widely used as raw materials in agrochemicals and pharmaceuti-
cal	 industries.	N-formylation	of	amines	with	carbon	dioxide	(CO₂)	as	a	cheap	and	non-toxic	C1-feedstock	and	
hydrosilane reducing agents is a practical and environment-friendly method to synthesize formamides. Herein, 
we	reported	direct	N-formylation	of	amine	using	the	primary	greenhouse	gas	CO₂	making	it	eco-friendly,	cheap,	
non-toxic,	and	sustainable.	Among	many	methods	reported,	various	reductants	such	as	H₂,	hydrosilane	or	hy-
droboranes	are	used.		Using	H₂	as	a	reductant	typically	requires	high	pressure	of	CO₂	and	H₂,	therefore,	amine	
formylation	with	hydrosilane	is	often	favourable	to	avoid	the	utilization	of	flammable	high-pressure	H₂	for	safety	
reasons.	Moreover,	the	formylation	reactions	with	CO₂	and	silane	are	generally	more	thermodynamically	favour-
able and undergo under mild conditions. We have developed a robust and reusable Metal-organic framework 
(MOF)-supported	pyridylimine-cobat	catalyst	(pyrim-UiO-Co)	for	mono-N-formylation	of	amines	using	CO₂	and	
PhSiH₃.	The	pyrim-UiO-Co	MOF	has	a	UiO-topology,	and	its	organic	linkers	bear	pyridylimine	ligated	Co	catalytic	
moiety.  The pyrim-UiO-Co-catalyzed N-formylation reactions have a broad substrate scope, excellent functional 
group	tolerance	for	aliphatic	and	aromatic	amines,	and	excellent	yields	under	1-5	bar	CO₂	pressure.	The	mecha-
nistic investigation using kinetic, spectroscopic and density functional theory studies suggests that the formyla-
tion	of	benzyl	amine	proceeds	sequentially	via	oxidative	addition	of	PhSiH₃,	CO₂	insertion,	followed	by	turn-over	
limiting reaction with amine. Our research emphasizes the importance of MOF-based earth-abundant metal cata-
lysts	for	practical	and	eco-friendly	synthesis	of	fine	chemicals	from	inexpensive	feedstocks.	
This research is funded by CSIR-HRDG [01(3040)/21/EMR-II]. The authors acknowledge the Central Research Fa-
cility, IIT Delhi, for instrument facilities.

Metal-organic framework supported single-site pyridylimine-cobalt species is a chemoselective and reusable catalyst for 

N-formylation of amines using CO₂.
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O31-0243

Metal-Organic Framework-Encaged Cobalt(III) Enable Methane Oxidation to 
Methanol

Manav Chauhan* 1

1 Indian Institute of Technology, Delhi, New Delhi, India

Developing	highly	efficient	catalysts	for	chemoselective	oxidation	of	methane	to	methanol	under	mild	condi-
tions is a grand challenge. We reported the successful design and synthesis of a heterogeneous single-site cobalt 
hydroxide	catalyst	[Ce-UiO-Co(OH)]	supported	by	the	nodes	of	a	cerium	metal−organic	framework	(Ce-UiO-66	
MOF),	which	is	efficient	in	partial	methane	oxidation	using	hydrogen	peroxide	at	80°C,	giving	an	extraordinarily	
high	methanol	yield	of	2166	mmol	gcat	−1	in	99%	selectivity	with	a	turnover	number	of	3250.	The	Ce-UiO-Co	
catalyst	is	significantly	more	active	and	selective	than	its	iso-structural	zirconium	analogue	Zr-UiO-Co	in	meth-
ane to methanol conversion. Experimental and computational studies suggested the formation of the Co III (η 2 
-hydroperoxide)	intermediate	coordinating	with	one	µ-	4	-O	−	and	two	neutral	carboxylate	oxygens	of	Ce	4+	oxo	
nodes within the pores of Ce-UiO-66, which undergoes σ-bond	metathesis	with	the	methane	C−H	bond	in	the	
turnover
limiting	step	of	the	catalytic	cycle.	The	significantly	lower	activation	energy	of	Ce-UiO-Co	than	Zr-UiO-Co	is	due	
to	the	highly	electron-deficient	nature	of	the	cobalt	ion	of	the	Co(η 2 -O 2 H) species supported by the Ce-UiO 
nodes,	which	promotes	facile	C−H	activation	of	methane	via	σ-bond metathesis. This MOF-based catalyst design 
holds promise in developing molecular electrophilic abundant metal catalysts for chemoselective functional-
ization of saturated hydrocarbons. This research was funded by CSIR-HRDG [01(3040)/21/EMR-II]. The authors 
acknowledge the Central Research Facility, IIT Delhi, for instrument facilities.

ACS Catalysis 2022, 12 (18), 11159-11168.

Ce-UiO-Co displayed a TON of 3250 and a methanol productivity of 2166 mmol gcat–1 with 99% alcohol selectivity, which 

are, to the best of our knowledge, the highest in direct methane to methanol conversion catalyzed by any non-precious metal-

based catalys
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O32-0067

Furfural-derived biopolyesters: syntheses and properties [INV]

Juha Heiskanen* 1, Tuomo Kainulainen 1, Asmaa Ahmed 1

1 University of Oulu, Oulu, Finland

Polyesters are widely utilized e.g., as packaging materials for food and household goods. Society is highly depen-
dent on plastics because of their excellent properties such as lightness, resistance against humidity and chemi-
cals, and versatile processability. Due to the negative environmental impact associated with fossil-based plastics, 
new high-performance bio-based alternatives are desirable.
Poly(ethylene 2,5-furandicarboxylate) (PEF) has attracted interest in the last few decades due to its highly prom-
ising properties and its often considered as a bio-based alternative to PET. The monomer of PEF (FDCA) is pro-
duced	from	5-(hydroxymethyl)furan-2-carbaldehyde	 (HMF)	which	 is	 received	as	a	product	of	biorefining	from	
cellulose-based C6 sugars. By comparison, the utilization of furfural, that is produced from hemicellulose-based 
C5 sugars, is far less known and documented as a raw material for polymers. The limited previous interest in the 
utilization of furfural is most likely due to monofunctional nature of furfural compared to dual functionality of 
HMF.
Our	 research	 team	 has	 developed	 synthetic	methods	 for	 three	 different	 furfural-based	monomers,	 2,2’-bifu-
ran-5,5’-dicarboxylic acid (2,2’-BFDCA)¹,², 3,3’-bifuran-5,5’-dicarboxylic acid (3,3’-BFDCA)³, and 5,5’-sulfanedi-
yldi(furan-2-carboxylic	acid)	(SFA)⁴,	bearing	two	carboxylic	acid	groups	available	for	polymerizations.	All	poly-
esters derived from these novel monomers show special features which are related to their chemical structures. 
Perhaps most notably, all polyesters show intrinsic UV-blocking capability and improved gas barrier behavior 
compared to PET.

¹Kainulainen, T. P.; Sirviö, J. A.; Sethi, J.; Hukka, T. I.; Heiskanen, J. P. Macromolecules 2018, 51, 1822.
²Kainulainen,	T.	P.;	Hukka,	T.	I.;	Özeren,	H.	D.;	Sirviö,	J.	A.;	Hedenqvist,	M.	S.;	Heiskanen,	J.	P.	Biomacromolecules	
2020, 21, 743.
³Kainulainen, T. P.; Parviainen, T. A. O.; Sirviö, J. A.; McGeachie, L.; Heiskanen, J. P. ACS Macro Lett. 2023, 12, 147.
⁴Ahmed,	A.	M.;	Kainulainen,	T.	P.;	Sirviö,	J.	A.;	Heiskanen,	J.	P.	Biomacromolecules	2022,	23,	1803.

Furfural-derived monomers for high-performance biopolyesters
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O32-0480

Renewable and UV-curable Latexes via Polymerization Induced Self-
Assembly

Katrien Bernaerts* 1, Jules Stouten 1

1 Maastricht University, Geleen, the Netherlands

Waterborne acrylic latex coatings play an important role in the modern world. They contribute to the durability, 
performance,	and	beautification	of	material	surfaces	in	for	example,	construction	and	carpentry.	Latex	formula-
tions are considered environmentally friendly, but they still contain a considerable fraction of high boiling toxic 
solvent as coalescing agent. Moreover, latices do not have some of the desirable properties such as excellent 
barrier and mechanical properties, gloss, and chemical resistance, which are found in cross-linked solvent based 
coatings. Another problem is that the acrylate esters used for latex binder synthesis are derived from fossil re-
sources, the global production of which exceeds 5.2 million metric tons per year.
In this work, we developed renewable and UV-curable latex binders via Polymerization Induced Self-Assembly 
(PISA) under Reversible Addition-Fragmentation chain-Transfer (RAFT) control of a multifunctional renewable 
monomer, 4-oxocyclopent-2-en-yl acrylate (4CPA). Upon polymerization, the pendent cyclopentenone units can 
dimerize under UV-light to form networks, which avoids the need of a coalescing agent. The copolymerization 
of	4CPA	with	other	renewable	acrylic	monomers	in	emulsion	was	investigated	to	produce	latexes	with	different	
composition	and	glass	 transition	 temperature.	Of	 these	 latexes,	 the	film	formation	and	UV	cross-linking	were	
investigated	as	well.	The	resulting	freestanding	films	and	coatings	were	characterized	for	their	mechanical	prop-
erties, solvent resistance, gloss, contact angle with water, blocking resistance, and adhesion to substrate.  Me-
chanical	properties	of	the	films	could	be	tuned	by	the	addition	of	cellulose	nanocrystals.
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O32-0114

Mechanocatalytic Depolymerization of Polypropylene with Surface-
Activated Grinding Spheres

Adrian H. Hergesell* 1, Bert M. Weckhuysen 1, Ina Vollmer 1

1 Utrecht University, The Netherlands

Only 12% of plastic waste is recycled, mainly because the commonly employed melting and re-extrusion pro-
duces a lower-quality material [1]. Alternatively, depolymerization yields monomers to make high-quality plas-
tics	again.	However,	thermal	and	even	catalytic	pyrolysis	of	polypropylene	(PP)	offers	only	low	selectivities	and	
low-value product mixtures, due to the high temperatures applied, which are required for thermal C–C bond 
cleavage	[1].	In	contrast,	organic	radicals	form	even	at	−196	°C	when	PP	is	exposed	to	mechanical	force	[2].	In	this	
study, we combine mechanochemical bond scission with heterogeneous catalysis to explore the direct mechano-
catalytic depolymerization of PP.
We	investigated	the	bond	cleavage	of	PP	in	a	ball-mill	reactor	with	gas	connections	(Figure	1A)	using	ZrO₂	spheres	
at room temperature (RT). Generated organic radicals were stabilized using nitrosobenzene, and analyzed via 
electron spin resonance spectroscopy (ESR, Figure 1B). Longer milling times lead to more trapped radicals, sug-
gesting continuously occurring chain scission events. Milling waste (food container) and model (Sigma-Aldrich) 
PP at RT without nitrosobenzene produces the monomer propene (Figure 1C) and other hydrocarbons in a steady 
stream. To boost productivity, we employed the concept of direct mechanocatalysis, incorporating catalytic spe-
cies	on	the	surface	of	grinding	spheres.	We	functionalized	ZrO₂	spheres	via	a	high-temperature	treatment	with	
H₂SO₄,	creating	acidic	sulfated	zirconia	sites.	Notably,	while	 the	temperature	needed	for	catalytic	cracking	of	
PP is typically > 250 °C, sulfated zirconia grinding spheres enhance the depolymerization of waste PP through a 
synergy	of	mechanochemical	and	catalytic	effects	even	at	RT	(Figure	1D).	Compared	to	their	untreated	analogues,	
sulfated zirconia spheres boost the formation rates of propene and methane by factors of 4 and 10, respectively.

[1] Vollmer, I. et al. Angew. Chem., Int. Ed. 2020, 59, 15402–15423.
[2] Sakaguchi, M. et al. Polym. Sci., Part B: Polym. Phys. 1975, 13, 1233–1245.

Figure 1. A) Container, chain scission, spin trapping and propene formation. B) Mass-normalized ESR after milling of model 

PP with nitrosobenzene. C) Milling with untreated ZrO₂ spheres (propene flow). D) Milling of waste PP with untreated and 

sulfated ZrO2 spheres.
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O32-0530

Carbonatation of ethylene - glycidyl methacrylate based polymers

Bruno Guerdener* 1,2, Virgile Ayzac 3, Paul Besognet 1, Jean Raynaud 2, Vincent Monteil 2, Véronique Dufaud 2, 
Véronique Bounor-Legaré 1, Yvan Chalamet 1

1 IMP (CNRS UMR 5223), Saint-Etienne/Villeurbanne, France, 2 CP2M (CNRS UMR 5128), Villeurbanne, France, 3 LCPO (CNRS UMR 
5629), Bordeaux, France

The major socio-economic challenges for the plastics industry are to move from a linear economic model to 
a circular one to face resource depletion. One of the main ways to enable this economic transition is polymer 
post-modification	in	order	to	potentially	target	further	recycling	or	even	better	upcycling.
In	this	context,	the	aim	of	the	DICARBOREX	project	is	to	introduce	CO₂	–	containing	moieties	(e.g.	cyclic	carbonate	
functions), via carbonatation reactions[1,2], on polymers to modify their physicochemical characteristics eventu-
ally	improving	their	recyclability.	The	challenge	of	the	project	is	to	apply	such	chemical	modifications	on	polyole-
fins	in	a	one-step	process	suitable	for	industry,	using	reactive	extrusion	under	high	pressure	with	carbon	dioxide	
as C1 source and harnessing organocatalysis, for sustainable considerations and to avoid hazardous conditions.
As	a	first	approach,	the	carbonatation	of	polar	copolymers	of	ethylene	containing	epoxide	pendant	groups	was	
studied	to	demonstrate	the	feasibility	of	such	a	process.[3]	The	post-modification	was	studied	first	in	a	batch	pro-
cess to identify the optimal conditions and catalyst structure. Quantitative conversion of the epoxide moieties to 
cyclic	carbonate	moieties	was	observed	according	to	¹H	NMR	and	ATR-IR	analyses.	The	modification	with	CO₂	was	
transposed to reactive extrusion under solvent-free conditions and a conversion of 80 % of epoxide moieties 
was obtained. Process conditions could allow for a precise dial-in of cyclic carbonates in the upgraded polymers. 
SEC	and	DSC	analyses	confirmed	that	molar	masses	and	the	thermal	properties	remain	intact	after	modification.	
Carbonated polymers can be used as compatibilizers, or precursors for cross-linked materials synthesis.

References:
[1]       M. Cokoja, M. E. Wilhelm, M. H. Anthofer, W. A. Herrmann, F. E. Kühn, ChemSusChem 2015, 8, 2436–2454.
[2]							J.	Liu,	G.	Yang,	Y.	Liu,	D.	Wu,	X.	Hu,	Z.	Zhang,	Green	Chem.	2019,	21,	3834–3838.
[3]							Patent	filed	(FR2300220)	and	manuscript	in	preparation
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O32-0048

Mild approach towards highly sulfonated aromatic polymers

Laure Kayser* 1, Chun-Yuan Lo 1

1 University of Delaware, Newark, United States

Sulfonated	polymers	have	many	uses	in	ion-exchange	resins,	filtration	membranes,	energy	storage,	organic	elec-
tronics, and even pharmaceuticals for the treatment of high potassium. The preparation of sulfonated polymers is 
typically done by sulfonation polymers bearing aromatic groups (e.g., polystyrene, PS) via electrophilic aromatic 
substitution. Common sulfonating agent (e.g., sulfuric acid, sulfur trioxide, chlorosulfonic acid), however, all suf-
fer	from	drawbacks	such	as	the	use	of	large	excess	of	dangerous	reagents,	defects	in	the	final	polymer	due	to	
crosslinking or chain scission, low mass recovery due to a complete change in solubility from organic solvents to 
water, and sometimes limitation regarding the size of the polymer to be sulfonated (< 100 μm). These drawbacks 
make	it	difficult	to	sulfonate	any	type	of	aromatic	polymer,	including	plastic	waste,	with	high	purity	for	existing	or	
new applications. To address these issues, we developed a mild approach which uses an imidazolium salt, [Dsim]
Cl, as a sulfonating agent at room temperature in dichloromethane. Using PS as a model polymer, we showed that 
poly(styrene sulfonate) with up to 96% sulfonation, no defects, and >99% regioselectivity for the para position 
can	be	obtained.	The	[Dsim]Cl	was	also	effectively	recovered,	regenerated,	and	re-used	for	future	sulfonations.	
This approach was applicable to expanded PS waste plastics, and other aromatic polymers such as polyethylene 
terephthalate (PET), polyether sulfone (PES), and the thermoplastic elastomer styrene-ethylene-butylene-sty-
rene (SEBS).  To demonstrate the quality of sulfonated materials obtained using this approach and derived from 
plastic waste, we prepared conductive polyelectrolyte complexes of PSS with poly(3,4-ethylene dioxythiophene) 
(PEDOT:PSS) and integrated them in hybrid solar cells and organic electrochemical transistors. These plastic-de-
rived electronics performed at the same level as commercially-available products, paving the way for plas-
tics-to-electronics upcycling.
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O33-1129

Exploring new avenues in photocatalysis through unconventional radical 
acceptors [INV]

Mattia Silvi* 1

1 University of Nottingham, United Kingdom

Over the past decade, radical chemistry has witnessed a renaissance, triggered by the introduction of novel mild 
methods to generate reactive radical species under remarkably mild conditions. In this regard, visible light me-
diated	photoredox	strategies	have	played	a	key	role,	significantly	enhancing	the	sustainability	of	organic	radical	
reactions.  While these innovative synthetic methods stimulated many exciting conceptual and practical innova-
tions	in	the	field	of	organic	chemistry,	a	number	of	long-standing	synthetic	challenges	still	remain	unsolved.	For	
instance, photoredox reactions often require the pre-installation of activating groups such as halides or redox 
active	esters.	This	involves	significant	synthetic	efforts,	when	complex	molecules	are	involved.	We	have	recently	
introduced the use of unconventional radical acceptors in photoredox radical chemistry (e.g., vinyl phosphonium 
and sulfonium ions). This allowed us to develop a practical reactivity framework for the chemo- and stereo-con-
trolled C-C functionalisation of complex molecules in their native form (without the need of pre-activation or 
protecting strategies). The concept was also demonstrated to successfully tackle traditionally accepted scope 
limitations of radical chemistry (i.e., polarity mismatch in radical addition to alkenes).  These novel methodolo-
gies aim to open new opportunities in organic chemistry, streamlining synthetic sequences and extending the 
chemical space available to scientists for the development of the molecules of tomorrow.
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O33-0172

C6-carbohydrate upgrading via dimethyl carbonate: an overview

Fabio Arico’* 1

1 Ca’ Foscari University of Venice, Venezia, Italy

D-sorbitol and 5-(Hydroxymethyl)furfural have been indicated by the US Department of Energy among the 15 
target	molecules	of	special	interest	for	biorefinery.[1]	This	presentation	focuses	on	the	reactivity	of	these	mole-
cules with green reagent and solvent dimethyl carbonate (DMC).[2] Dehydration of D-sorbitol via DMC (solvent 
and	reagent)	in	the	presence	of	a	base	resulted	to	be	an	efficient	and	viable	process	for	the	preparation	of	iso-
sorbide. This procedure is “chlorine-free”, one-pot, environmentally friendly and high yielding. The reactivity of 
HMF with DMC is equally interesting as it can lead to the formation of dicarboxymethyl isosorbide (DCI) in high 
yield	without	any	time-wasting	purification.[3]	DCI	has	been	used	as	monomer	for	isosorbide-based	polycarbon-
ate. Dimethyl isosorbide (DMI)[4] - a well-known bio-based solvent used as green alternative to conventional 
dipolar media - was also obtained by reaction of isosorbide and DMC. The methylation of isosorbide can be 
promoted by a strong base (NaOMe), a superbase (1,8-Diazabicyclo(5.4.0)undec-7-ene - DBU) or USING a simple 
nitrogen base (N-methyl pyrrolidine). Furthermore, the direct conversion of D-sorbitol into DMI via DMC chemis-
try was also investigated using ,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) as catalyst.  In this procedure, DMC takes 
part	in	different	steps	of	the	process	as	carboxymethylating,	leaving-group	(cyclization),	and	methylating	agent,	
besides being also the reaction media. 
Recently we have also investigated new synthetic approaches for another C-6 carbohydrate derivative, HMF and 
its derivatives via DMC chemistry focusing on gram scale procedures employing commercially available catalysts, 
green solvents and mild reaction conditions.

References
[1]F. Aricò, Curr. Opin. Green Sustain. Chem., 2020, 21, 82–88.
[2]P. Tundo, M. Musolino and F. Aricò, Green Chem., 2018, 20, 28–85.
[3]P. Fuertes, F. Aricò, et al., WO 2007/096511 A1, 2007.
[4]M. Annatelli, D. Dalla Torre, M. Musolino, F. Aricò, Catal. Sci. Technol., 2021, 11, 3411-3421.
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O33-0549

The role of liquid in organic mechanochemical transformations

Linda Bechnak* 1,4, Robin  Stein 2, Cameron Lennox 1,4, Hatem Titi 4, Stefan Koenig 3, Karthik Nagapudi 3,  
Tomislav		Friščić	4

1 McGill University, Montreal, Canada, 2 Bruker UK, Coventry, England, 3 Genentech , South San Francisco, United States of 
America, 4 University of Birmingham , Birmingham , England

In	 the	past	 decade,	mechanochemistry	 has	been	established	 as	 an	 influential	 tool	 for	 green	 and	 sustainable	
synthesis.1,2	While	a	number	of	parameters	have	been	shown	to	affect	mechanochemical	reactions,	they	remain	
poorly understood. A particularly important one among such parameters is the amount of liquid, designated by 
the parameter η. Whereas the role of η in mechanochemical co-crystallization was highlighted in several stud-
ies,3,4 little to no work exists in the context of organic mechanochemical reactions.5 Using resonant acoustic 
mixing (RAM), we now present a unique study of the role of η parameter in an accessible model organic reaction, 
the	Schiff	base	condensation.6,7	This	work	will	present	RAM	as	a	unique	platform	for	investigating	the	role	of	liq-
uid over a wide spectrum of η-values, ranging from neat reactions (η = 0 μL/mg) to liquid-assisted transformations 
at low η values, as well as slurry and solution conditions (η > 0 μL/mg). 

[1]	Do,	J.-L.;	Friščić,	T.		ACS	Cent.	Sci.	2017,	3,	13-19.
[2] Moores, A. Curr. Opin. Green Sustain. Chem. 2018, 12, 33-37.
[3]	Friščić,	T.	et	al.	CrystEngComm.	2009,11,	418-426.
[4] Hasa, D.; Miniussi, E.; Jones, W. Cryst. Growth Des. 2016, 16, 4582–4588.
[5] Chen, L. et al. ACS Catal. 2016, 6, 868–872.
[6] Nagapudi, K. et al. Int. J. Pharm. 2017, 521, 337-345.
[7] Titi, H. M. et al. Chem. Sci. 2020, 11, 7578-7584.
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O33-0488

Photochemical Synthesis of Biaryls and Cyclophanes

Veit Haensch* 1, Toni  Neuwirth 1, Johannes Steinmetzer 2, Florian Kloss 1, Alexander Bergner 1, Jakob Bruhnke  1, 
Stefanie Gräfe 2, Hemlar Görls  3, Stephan Kupfer  2, Christian  Hertweck 1,4

1 Leibniz Institute for Natural Product Research and Infection Biology, HKI Jena, 07745 Jena, Germany, 2 Friedrich Schiller 
University Jena, Institute for Physical Chemistry, 07743 Jena, Germany, 3 Friedrich Schiller University Jena, Institute of Inorganic 
Chemistry, Jena, Germany, 4Friedrich Schiller University Jena, Faculty of Biological Sciences, 07743 Jena, Germany

Two new photochemical and metal-free reactions for the formation of C-C bonds in biaryls and cyclophanes are 
reported.	Using	a	flow	reactor,	important	biaryl	pharmacophores	for	numerous	therapeutics	are	prepared	starting	
from sulfonamides. We found that, in addition to sulfonamides, a surprisingly large number of functional groups 
facilitate	light-induced	aryl	fusion	and	identified	several	linkers.	Thioether-linked	derivatives	can	be	synthesized	
with a thiol-ene (click) reaction and enable environmentally friendly processes without toxic byproducts. Small 
variations of the linker allow the selective synthesis of strained cyclophanes involving the unexpected photo-
chemical fusion of a carboxylic acid ester and a methyl group. We investigated the scope and mechanism of 
photochemical biaryl and cyclophane synthesis. An ipso–ipso coupling and the formation of a U-shaped confor-
mation	and	traversal	of	a	five-membered	transition	state	in	case	of	biaryl	synthesis	and	intramolecular	hydrogen	
abstraction in the case of cyclophane synthesis is postulated. 

References:
1.Kloss, F.; Neuwirth, T.; Haensch, V. G.; Hertweck, C., Metal‐Free Synthesis of Pharmaceutically Important Biaryls 
by Photosplicing. Angew. Chem. Int. Ed. 2018, 57, 14476–14481.
2.Haensch, V. G.; Neuwirth, T.; Bergner, A.; Bruhnke, J.; Kloss, F.; Hertweck, C., Sustainable and highly controlled 
aryl couplings revealed by systematic assessment of photoactivatable linkers. Chem. Sci. 2022, 13, 5680–5686.
3.Haensch, V. G.; Görls, H.; Hertweck, C., A Photochemical Macrocyclization Route to Asymmetric Strained [3.2] 
Paracyclophanes. Chem. Eur. J. 2022, 28 (69), e202202577.
4.Haensch, V. G.; Neuwirth, T.; Steinmetzer, J.; Kloss, F.; Beckert, R.; Gräfe, S.; Kupfer, S.; Hertweck, C., Metal‐Free 
Aryl Cross‐Coupling Directed by Traceless Linkers. Chem. Eur. J. 2019, 25 (70), 16068–16073.

Photochemical Synthesis of Biaryls and Cyclophanes
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O33-0601

N-(Trimethylsilyl)imines facilitated Asinger Multicomponent Reactions

Vincent Reinartz* 1, Jordy Saya 1, Jules Harings 1, Romano Orrù 1

1 Maastricht University, AMIBM, Geleen, The Netherlands

In recent years, a rising interest has sparked in the development of multicomponent reactions (MCRs) due to their 
relative straightforward way in making complex molecules with a high degree of modularity.[1-3] The Asinger 
multicomponent reaction can play a major role in drug discovery and natural product synthesis due the fairly 
underexplored	Δ³-thiazolines	moieties	it	produces	and	their	potential	bio-active	properties.[4,5]	In	the	majority	
of recent advances in the Asinger reaction aromatic aldehydes have proven to be challenging, most likely due to 
the unfavoured in situ formation of corresponding aromatic imines (Fig 1). This work focused on broadening the 
existing scope of aromatic aldehydes and α-halogen carbonyls used in the Asinger MCR, by employing various 
N-(Trimethylsilyl)imines, α-halogen	ketones/aldehydes	and	Sodium	hydrosulfide	(Fig	1).	The	formation	of	these	
novel	aromatic	2-and/or	4-substituted-Δ³-thiazolines	could	lead	towards	improved	synthetic	methodologies	for	
the development of new pharmaceutical compounds as well as natural products and advanced materials.
References:
[1]Dömling, A.; Wang, W.; Wang, K. Chemistry and Biology Of Multicomponent Reactions. Chem. Rev. 2012, 112 
(6), 3083–3135. https://doi.org/10.1021/cr100233r.
[2] Cioc, R. C.; Ruijter, E.; Orru, R. V. A. Multicomponent Reactions: Advanced Tools for Sustainable Organic Synthe-
sis. Green Chem. 2014, 16 (6), 2958–2975. https://doi.org/10.1039/C4GC00013G.
[3]	Ruijter,	E.;	Scheffelaar,	R.;	Orru,	R.	V.	A.	Multicomponent	Reaction	Design	in	the	Quest	for	Molecular	Complexity	
and Diversity. Angew. Chemie Int. Ed. 2011, 50 (28), 6234–6246. https://doi.org/10.1002/anie.201006515.
[4] Griboura, N.; Gatzonas, K.; Neochoritis, C. G. Still Relevant Today: The Asinger Multicomponent Reaction. 
ChemMedChem 2021, 16 (13), 1997–2020. https://doi.org/10.1002/cmdc.202100086.
[5]	Asinger,	F.;	Offermanns,	H.	Syntheses	with	Ketones,	Sulfur,	and	Ammonia	or	Amines	at	Room	Temperature.	
Angew. Chemie Int. Ed. English 1967, 6 (11), 907–919. https://doi.org/10.1002/anie.196709071.

Figure 1: Traditional Asinger MCR versus the novel TMS-protected approach, and its potential application in luciferin 

synthesis.
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O34-0429

Benzenoid Aromatics from Renewable Resources [INV]

Johannes G. de Vries* 1,	Shasha	Zheng	1,	Zhihong	Wei	2, Bartosz Wozniak 1, Fabian Kallmeier 1, Eszter Baráth 1, 
Haijun Jiao 1, Sergey Tin 1

1 Leibniz Institut für Katalyse e. V., Rostock, Germany, 2 Institute of Molecular Science, Key Laboratory of Materials for Energy 
Conversion and Storage of Shanxi Province, Shanxi University.,  030006 Taiyuan, P. R. China

In order to reduce greenhouse gas emissions the use of fossil resources needs to be reduced as far as possible. 
This also implies that the chemicals we need to sustain our every day life need to be produced from renewable 
resources, such as lignocellulose or their constituents, sugars, fats, or terpenes. Many chemical routes have al-
ready been developed for the production of aliphatic chemicals from renewable resources, however, the devel-
opment of routes towards aromatic compounds has been lagging behind. In this talk we will report on entirely 
new methodology that we have developed to produce a range of 4-dialkylaminophenols, 1,4-bis-(dialkylamino)
benzenes (Wurster’s Blue analogues), hydroquinone as well as catechol starting from 5-hydroxymethylfurfural 
(HMF)	 (Scheme	1).	 In	 the	first	step	HMF,	which	can	be	obtained	by	acid-catalysed	dehydration	of	 fructose,	 	 is	
hydrogenated under aqueous, mildly acidic conditions to obtain 1-hydroxy-2,5-dioxohexane (HHD) in 70% iso-
lated yield.  Copper-catalysed oxidation of HHD using air as oxidant proceeded to give 2,5-dioxohexanal (DOH) 
in 93% isolated yield.  And although this compound would seem to be highly reactive, attempted base-catalysed 
intramolecular aldol condensation of DOH failed to give the desired 6-membered ring. In contrast, reactions in 
the	presence	of	pyrrolidine	or	derivatives	thereof,	catalysed	by	acids,	such	as	acetic	acid	or	trifluoracetic	acid	
(TFA), proceeded at elevated temperatures to give mixtures of 4-dialkylaminophenols and 1,4-bis-(dialkylamino)
benzenes, the ratio of which could be steered by the choice of acid and conditions. Reaction of DOH with TFA 
produced hydroquinone. Acid-catalysed cyclisation of 2,3-dioxohexanal, which can be prepared from HMF via a 
different	pathway	led	to	formation	of	catechol.	DFT	calculations	were	performed	to	gain	more	insight	into	the	
(lack of) reactivity of DOH.

Scheme 1 Three step conversion of bio-based HMF into aromatics 
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Synthesis of biomass-based comonomers for sustainable flame retardants

Kevin Sabel* 1, Laura Hetjens 1,2, Andrij Pich 1,2, Regina Palkovits 1

1 Institute of Technical and Macromolecular Chemistry, RWTH Aachen University, Aachen, Germany, 2 DWI – Leibniz institute for 
interactive materials e.V., Aachen, Germany

The textile and packaging industries account for a large part of our economy. Most of these materials are high-
ly	flammable	in	their	unprocessed	state.	For	this	reason,	these	products	must	be	treated	with	flame	retardant	
chemicals. Many of these chemicals are toxic to both humans and the environment and are derived from fossil 
feedstocks.
Polyphosphazene-polyphenol	cyclomatrix	polymers	should	offer	an	environmentally	friendly,	cost-effective	and	
non-toxic alternative. The basis for this is formed by polyphosphazene building blocks, which react with bio-
mass-based bisphenols to form colloidal particles. Toxic, petrochemically based bisphenol A derivatives are to be 
substituted by non-toxic biobased bisphenol derivatives.[1] 
In our research, the acid-catalyzed acetalization reaction of biomass-based vanillin and erythritol to the cor-
responding bisphenol was investigated, which will later serve as comonomer building block for the synthesis 
of	the	cyclomatrix	phosphazenes.	Zeolites	as	heterogeneous	catalysts	have	proven	to	be	particularly	suitable	
for this purpose, as they contain functional acid groups, can easily be separated and are recyclable. Systematic 
studies highlight the importance of zeolite structure and composition. The highest yield of bisphenol (93%) was 
obtained with the zeolite HMOR-16 of the Mordenite structure type, with a reaction time of 4 h at 130 °C. Overall, 
this	approach	enables	a	sustainable	access	to	novel	biomass-based	building	blocks	for	flame	retardant	design	
and beyond.

Acknowledgments: This work is funded by the Industrielle Gemeinschaftsforschung (IGF) within the research 
association Forschungsnetzwerk Mittelstand (AiF, 22206 N).

References:	[1]	A.	Deniz,	N.	Zaytoun,	L.	Hetjens,	A.	Pich,	ACS	Appl.	Polym.	Mater.	2020,	2	(12),	5345-5351.

Figure 1 Simplified illustration showing the synthesis of a bisphenol derivative followed by the preparation of phosphazene 

polyphenol cyclomatrix polymers in cooperation with the DWI.
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New building-blocks for novel plastics through biotransformation

Iris Cornet* 1, Jordy Bauwelinck 1, Boris Gilis 1, Nils Cop 1

1 University of Antwerp, Antwerpen, Belgium

Long-chain dicarboxylic acids (LDCAs) are versatile chemical intermediates and valuable building blocks for the 
chemical industry. Their double acid functionality makes them ideal molecules for the production of polymers, 
coatings and high-grade lubricants. Compared to short-chain dicarboxylic acids, the LCDAs have chain lengths 
of 10 or more carbon atoms allowing the development of new polymers with superior performance, such as 
water	repellency	and	higher	flexibility.	The	chemical	production	of	these	highly	valuable	molecules	has	many	
drawbacks, including harsh reaction conditions, expensive catalysts and the formation of several by-products, 
including high greenhouse gas emissions. The biochemical production of long-chain dicarboxylic acids using the 
genetically-modified	Candida	 tropicalis	ATCC20962	yeast	solves	 these	problems	by	operating	at	atmospheric	
pressure, at room temperature, without expensive catalysts and without chemical by-products. 
The use of vegetable oil substrates and derivatives has been investigated in our research [1]. However, as most of 
above substrates compete with the food industry, other renewable feedstocks were investigated, namely choc-
olate	waste	and	DAF	sludge	(dissolved	air	flotation	sludge).	These	substrates	showed	to	be	suitable	for	the	pro-
duction	of	LDCAs,	as	they	have	high	fat	contents	and	no	or	limited	toxic	effects	at	high	doses.	Due	to	the	lower	
production compared to the pure vegetable oil substrates, the process needs to be optimised by pre-treatment  
of the waste stream and process optimisation. This process makes the valorisation of large quantities of waste 
streams with almost no value worthwhile [2].
Future trends being investigated in LCDA production include the use of lipid waste streams such as used cooking 
oil and grease trap waste [3], the search for non-pathogenic yeasts, and tailored chain lengths.

[1] Jordy Bauwelinck et al. (2020) Biochemical engineering journal. vol 161 p.1-9
[2] Jordy Bauwelinck et al. (2021) Biochemical engineering journal. vol 167 p.1-10 
[3] Boris Gillis et al. (2023) submitted
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O34-0560

Novel micro/nano biomass carbons for sustainable energy utilization

Fenghua Liu 1,	Xingyu	Xu	1, Yunjiao Gu 1, Weiping Wu* 1

1 Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai, China

Carbon is one of the most widespread chemical elements of the earth, it is an important material for the sustain-
able transformation of life and energy. However, it is very challenging to prepare graphene and nano structured 
carbon from biomass. We have synthesized a range of novel micro/nano structured carbon materials from bio-
mass and studied their sustainable solar energy harvest and storage. Using a green methods, the biomass was 
converted to hierarchical porous carbon. Flexible, porous graphene-carbon hybrid micro/nano structures were 
also obtained by in situ Joule induced chemical reactions on biomass carbon, the hydrophilic and hydrophobic 
properties of its surface were changed. In order to enhance the ideal absorption of the solar spectrum, biomass 
carbon materials were processed by environmentally friendly laser direct writing, which not only realized the 
ideal absorption of light, but also controlled the chemical properties of the surface. Our research indicates that a 
series	of	construction	and	modification	of	the	micro/nano	structured	carbon	materials	under	different	chemical	
effects.	Our	new	approach	enables	us	to	establish	a	new	path	to	realize	sustainable	utilization	of	biomass	carbon	
materials,	 including	solar	energy	harvesting,	freshwater	production	and	energy	storage	based	on	the	confine-
ment	effect	of	micro-nano	structures.

References
1.	F.	Liu,	B.	Zhao,	W.	Wu,	H.	Yang,	Y.	Ning,	Y.	Lai,	R.	Bradley,	Advanced	Functional	Materials,	28,	1803266,	2018.
2.	F.	Liu,	H.	Pang,	Y.	Gu,	Y.	Ning,	R.	Bradley,	B.	Zhao,	W.	Wu,	Journal	of	Materials	Chemistry	A,	10	(43),	22992-23000,	
2022.
3.	F.	Liu,	Y.	Gu,	Y.	Hu,	Z.	Wang,	Y.	Ning,	R.	Bradley,	D.	Lou,	B.	Zhao,	W.	Wu,	Solar	RRL,	2200803,	2022.
4.	L.	Wang,	F.	Liu,	A.	Pal,	Y.	Ning,	Z.	Wang,	B.	Zhao,	R.	Bradley,	W.	Wu,	Carbon,	179,	327-336,	2021.
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O34-0657

Understanding starch oxidation with homogeneous catalyst [MnIV2(µ-
O)3(tmtacn)2][(CH3COO)2]

Onno Broekman* 1, Jelle Brinksma 2, Peter Deuss 1

1 Green Chemical Reaction Engineering, Engineering and Technology institute Groningen (ENTEG), University of Groningen, 
Groningen, The Netherlands, 2 Avebe Innovation Center, Groningen, Netherlands

We have developed a greener method for the oxidation of starch using homogeneous, binuclear Manga-
nese-based catalyst [MnIV2(μ-O)3(tmtacn)2][(CH3COO)2] (Mncat, with tmtacn = 1,4,7-trimethyl-1,4,7-triazacy-
clononane). With this catalyst at ppm loadings and H2O2, oxidation of starch at mild conditions is possible.[1] 
It has potential to replace the existing process for the oxidation of starch which uses NaOCl generating wastes 
such as salts and chlorinated by-products.[2] However, further understanding on the fate of the catalyst and the 
location of oxidation in the complex granular architecture of the starch are needed. We hypothesise hydrolysis 
is essential for our system to be able to oxidise starch.[1] Model compounds studies have indicated that Mncat 
in water at high pH is not active for the oxidation of alcohols, but is very capable of oxidising aldehydes to the 
corresponding acid groups. For example, we found platform chemical HMF, which has both an alcohol and alde-
hyde in its structure, can be converted selectively to the alcohol acid derivative HMFCA. Questions remain on the 
reason	for	this	remarkable	selectivity	as	the	catalyst	can	convert	alcohols,	olefins	and	aldehydes	in	acetonitrile.
[3]	A	possible	explanation	is	the	influence	of	pH,	which	is	proportional	with	the	oxidation	activity	and	which	we	
believe changes the active catalyst structure. We have performed mechanistic studies (f.e. ESI-MS, kinetic stud-
ies), model compound studies and techniques such as chemical peeling to understand the process and the impact 
on the granular structure of starch better.

Literature
[1] O. Broekman, H. C. Genuino, H. J. Heeres, J. Brinksma, T. Wielema, P. J. Deuss, Catal. Sci. Technol. 2023, DOI: 
10.1039/D2CY01629J.
[2] K. Sangseethong, N. Termvejsayanon, K. Sriroth, Carbohydrate Polymers 2010, 82, 446–453.
[3] P. Saisaha, L. Buettner, M. van der Meer, R. Hage, B. L. Feringa, W. R. Browne, J. W. de Boer, Advanced Synthesis 
& Catalysis 2013, 355, 2591–2603.
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O35-1240

Computer-designed revalorization and controlled-degradation of chemical 
wastes

Sara	Szymkuć*	1

1 Allchemy Inc, United States

The	field	of	computer-assisted	organic	chemistry	has	recently	experienced	a	dramatic	progress	 including	 	the	
classic problem of retrosynthetic analysis for which we have recently demonstrated completely automatic design 
of routes leading to complex natural products. Yet, algorithmic synthetic design is broader than retrosynthesis, 
and	has	ramifications	for	the	global-importance	problems	of	sustainability	and	‘circular’	chemistry.	My		talk	will	
focus on two aspects related to these problems – namely, how to revalorize chemical wastes into value-added 
larger molecules and also how to degrade larger waste-streams into smaller but more useful (and more expen-
sive) end-products. To address this problem we applied an bottom-up ‘forward-synthesis’ approach whereby ex-
pert-level chemical rules were applied to collections of waste substrates and propagated iteratively to delineate 
the spaces of molecules synthesizable in this manner. In one modality, the traditional, mass building rules were 
used to track pathways from wastes to some 300 drugs and agrochemicals; in another modality, degradative 
chemistries were used to convert wastes into smaller building blocks with concomitant prices increase by a factor 
of at least 300.   One of the main points of my talk will be the discussion of process and environmental criteria 
that the machine used to evaluate all these synthetic routes to ultimately prioritize some for laboratory and pi-
lot-plant experimental validations.  Taken together, these cases studies demonstrate convincingly the usefulness 
of computers equipped with high-quality chemical and process knowledge in helping us transition to greener and 
more benign chemical industry of the future.
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CRIPT: Informatics Tools for Polymer Materials

Dylan Walsh* 1, Klavs Jensen 1, Bradley Olsen 1

1 MIT, Cambridge, United States

Polymeric materials are integral components of nearly every aspect of modern life. However, developing chemin-
formatic	 solutions	 for	polymers	has	been	difficult	 since	 they	are	 large	stochastic	molecules	with	hierarchical	
structures spanning multiple length scales. A combination of structural descriptors (like a chemical drawing) and 
distribution	information	is	therefore	required	to	fully	define	the	molecular	structure.	Additionally,	data	collection	
methods are highly variable, typically provide relative structural information (ex. molecular weight relative to a 
polystyrene standard), and/or use models which require expert knowledge to put into context. In some cases, 
experimentally obtaining structural information is impossible, and information from prior processing steps is 
needed. Ultimately, data sets and representations that do not completely capture all the relevant polymer, pro-
cess, and characterization information pose challenges for advancing data-driven research.
Here, we discuss the development of CRIPT and supporting polymer informatics innovations. CRIPT is an open-
source community driven digital polymer data ecosystem. At the core of CRIPT is a universal data model that 
provides a unique graph-based representation which enables the full scope of polymer data to be captured and 
organized in an intuitive manner. A key aspect of CRIPT is BigSMILES, an extension of SMILES to handle the sto-
chasticity	of	polymers,	which	serves	as	a	structural	identifier	for	visualizing,	searching,	and	organizing	polymer	
data. To support these technologies, we have launched a website and python API to enable everyone, from chemists 
to	data	scientists,	to	add	and	retrieve	data	in	an	efficient	manner.	Overall,	CRIPT	seeks	to	accelerate	material	innova-
tion by providing well-structured data and informatic tools needed for modern data science methodologies.
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Exploiting molecular descriptors discovered from (meta)stable-state data

Alberto Pérez De Alba Ortíz* 1, Thor van Heesch 1, Bernd Ensing 1

1 University of Amsterdam, Amsterdam, The Netherlands

Discovering relevant descriptors for complex biomolecular processes is a daunting dimensionality reduction 
task, yet it holds the key to sample, interpret and even control the functional dynamics of proteins, nucleic acids 
and	other	 systems.	 In	 recent	years,	 a	number	of	novel	approaches	have	been	proposed	 to	find	such	descrip-
tors,	or	collective	variables,	by	applying	machine	learning	and	data	mining.	We	present	a	flexible	multi-method	
framework—DiSSCoVa: Discovery of Stable State-based Collective Variables—which bootstraps several well-es-
tablished	approaches.	Requiring	only	data	from	two	disconnected	stable	states,	DiSSCoVa	progressively	filters	
molecular	features	to	find	the	ones	that	are	most	separated	[1],	slow	in	motion	[2]	and	non-redundant	[3].	The	
framework is able to reduce several thousands of features to a sensible set of only a few tens of descriptors. Since 
any set larger than three descriptors is still challenging for conventional sampling techniques, we perform an ad-
ditional dimensionality reduction: i.e., rather than exploring the full descriptor-space, we sample the 1D progress 
along an adaptive path connecting two known states. We apply the framework to intricate molecular transitions 
in various systems, including the controverted activation of a light-sensing protein [5]. The activation process, 
from the dark- to the light-adapted state, involves several motions including hydrogen bonds breaking and form-
ing, residues rotating and entering or leaving the active site, and secondary structure displacements. DiSSCoVa 
and the adaptive path formalism are not only compatible, but complement each other to provide a promising 
strategy for automated sampling, and potentially control, of complex biomolecular processes. 

[1] Mendels et al., J. Phys. Chem. Lett. 9, 2776 (2018).
[2] Pérez-Hernández et al., J. Chem. Phys. 139, 015102 (2013).
[3] Reshef et al., Science 334, 1518 (2011).
[4] Pérez de Alba Ortíz et al., J. Chem. Phys. 149, 072320 (2018).
[5] Fujisawa et al., Biophys. Rev. 10, 327 (2018).

To discover optimal descriptors, we progressively filter molecular features to find the ones that are most separated, non-

redundant and slow in motion.
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Self-supervised graph neural networks for polymer property prediction

Qinghe Gao* 1, Tammo Dukker 1, Artur Schweidtmann 1

1 Delft University of Technology, The Netherlands

The estimation of polymer properties is of crucial importance in many applications such as energy, and health-
care [1-2]. Recently, graph neural networks (GNNs) have shown excellent results in polymer properties prediction 
tasks in a supervised learning manner [3]. However, the training of GNNs in supervised learning demands a huge 
amount of annotated polymer properties data, and the process of collecting the annotation is time-consuming, 
and computationally/experimentally expensive. On the other hand, an abundance of unlabelled polymer struc-
ture	data	is	accessible	to	researchers.	Self-supervised	learning	[4]	offers	a	great	potential	for	the	pretraining	of	
GNNs	on	existing	unlabelled	polymer	data.	These	pretrained	GNNs	can	 then	be	fine-tuned	on	 the	supervised	
property prediction task using a small labelled dataset. 
We propose to leverage self-supervised learning manner in GNNs for polymer property prediction. We employ 
a recent polymer graph representation which captures the essential features of polymer, such as chain architec-
ture,  monomer stoichiometry,  and degree of polymerization through a tailored GNN architecture [3]. We investi-
gate three self-supervised learning setups: (i) node and edge level pretraining, (ii) graph level pretraining, and (iii) 
ensembled node, edge, and graph level pretraining. We illustrate the performance of the self-supervised learning 
method by changing the label accessibility in the training dataset, as well as comparing it with the supervised 
learning method.

References
[1]	Lopez,	J.,	Mackanic,	D.	G.,	Cui,	Y.,	&	Bao,	Z.	(2019).	Designing	polymers	for	advanced	battery	chemistries.	Na-
ture Reviews Materials, 4(5), 312-330.
[2] Liechty, W. B., Kryscio, D. R., Slaughter, B. V., & Peppas, N. A. (2010). Polymers for drug delivery systems. Annual 
review of chemical and biomolecular engineering, 1, 149-173.
[3] Aldeghi, M., & Coley, C. W. (2022). A graph representation of molecular ensembles for polymer property pre-
diction. Chemical Science, 13(35), 10486-10498.
[4] Dillard, L. (2021). Self-supervised learning for molecular property prediction
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Immune cell signatures independently associated with endothelial 
dysfunction

Gerjen Tinnevelt* 1, Teun Schuncken 1, Coen Stehouwer 2, Casper Schalkwijk 2, Jeroen Jansen 1,  
Kristiaan Wouters 2

1 Radboud University, Institute for Molecules and Materials, Analytical Chemistry, Nijmegen, The Netherlands, 2 Department of 
Internal Medicine, CARIM School for Cardiovascular Diseases, MUMC+, Maastricht, The Netherlands

Low-grade	inflammation	and	endothelial	dysfunction	(ED)	are	important	for	the	development	of	cardiovascular	
diseases (CVD), which are the leading cause of death globally. We investigated the relation between immune 
cell signatures and endothelial dysfunction in a large population-based cohort study (Maastricht Study) to gain 
more knowledge on the contribution of immune cells to cardiovascular diseases. Circulating immune cells were 
measured	of	798	participants	using	flow	cytometry	(18	proteins).	The	flow	cytometry	data	was	used	to	identify	
an	immunological	signature	in	the	blood	that	is	associated	with	ED,	determined	as	the	combined	Z-score	of	sV-
CAM1,	vWF,	E-selectin,	and	sICAM1.	Since	many	known	risk	factors	for	CVD	also	influence	the	immune	system,	we	
developed	a	novel	approach	to	correct	multivariate	flow	cytometry	analysis	for	potential	confounding	factors	to	
find	an	independent	relationship	between	immune	cell	signatures	and	ED.	First,	the	impact	of	the	confounders	
on	ED	was	deflated	using	 regression.	 Second,	flow	cytometry	data	was	 converted	 to	 cellular	distributions	by	
principal	component	analysis	and	subsequently	deflated	by	potential	confounders	using	sequential	orthogonal	
partial	least	squares	regression.	Third,	a	model	was	made	to	predict	the	deflated	ED	from	the	deflated	cellular	
distributions,	representing	immune	cell	signatures.	Immune	cell	signatures	were	finally	used	together	with	the	
potential confounders to predict ED in a separate test set. Confounders included age, sex, waist circumference, 
HbA1c, LDL/HDL ratio, statin use, smoking status, systolic blood pressure, presence of CVD, and education level. 
Crude analysis showed that B-cell, granulocytes and NK cell signatures were not associated with ED. Correction 
for	age	and	sex	resulted	in	a	significant	associated	between	T-cell	and	monocytes	signatures	with	ED.	However,	
after	correction	for	all	confounders,	we	only	found	a	significant	relationship	between	T-cell	signatures.	Further	
research is warranted on the precise phenotype and role of these T cells in ED.

Figures display cellular distributions based on multivariate analysis for Monocytes (A) and T-cells (B). Populations 

significantly higher in participants with low ED are highlighted in red, while populations that are elevated in people with 

high ED are highlighted in blue. 
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Meta-learning accelerates material discovery using prior experimental data

Temesgen Muruts Weldengus 1,	Longhan	Zhang*	1, Ruixuan Song 2, Jing Jiang 1

1 Research Center for Intelligent Sensing Systems, Zhejiang Laboratory, Hangzhou, China, 2 Research Center for Sensing Materials 
and Devices, Zhejiang Laboratory, Hangzhou, China

Bayesian optimization has been demonstrated as a powerful approach for combinatorial material discovery 
(maybe in robotic labs) in high-dimensional design space exploration. But it’s challenging to determine which 
experiments	for	the	following	experiments	provide	the	most	information	gain,	leading	to	an	inefficient	search	
and	extended	iterations.	The	next	question	is	how	we	can	improve	the	discovery	efficiency	further.	We	thought	
about synthesizing our prior experience, data in particular, to shorten this process. 
Inspired by the methodology in meta-learning, where prior information was synthesized to tune machine-learn-
ing parameters faster[1], we have developed a Meta-learning based Bayesian Optimization search that incorpo-
rates prior experimental data to guide and speed up the search toward optimal input combinations. As a proof-
of-concept,	we	focused	on	the	perovskite	material	MAxFAyCs1-x-yPbaSn1-aIbBr3(1-a-b).	We	aimed	to	find	the	
optimal combination of the ratios (x, y, a, b) that achieve a particular desired bandgap. Several heterogeneous 
predictive	machine	 learning	models	were	first	 trained	on	experimental	bandgap	data	 to	generate	continuous	
prior	functions	since	the	data	were	not	significant	enough	to	be	used	as	separate	functions	and	were	not	defined	
on the same set of discrete points. Then, a neural-net-based acquisition function (NAF) was trained using rein-
forcement	learning	to	learn	the	implicit	structure	shared	by	the	different	functions	and,	therefore,	accelerate	the	
optimization process. 
We have validated our hypothesis by splitting the functions into training and test sets. Compared to other acqui-
sition functions, the trained neural acquisition function reached the target bandgap value with fewer time steps, 
demonstrating	that	it	has	effectively	incorporated	the	prior	knowledge.	This	approach	(NAF)	enables	researchers	
to	use	prior	experimental	data	obtained	from	different	sources	to	efficiently	explore	the	space	of	possible	combi-
nations,	providing	a	solution	to	the	problem	of	determining	an	exact	combination	that	achieves	a	specific	desired	
result.    

[1] M. Volpp et al., ICLR 2020. 

(a) Problem formulation (b) General task description (c) Meta Learning steps, continuous source functions generation, and 

prior knowledge transfer to target function through NAF (d) Comparative performance showing NAF achieved an optimal 

point in fewer Bayesian optimization iterations.
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Mimicking Native Cryptic Sites in Synthetic ECM Materials

John Matson* 1, Ronit Bitton 2

1 Virginia Tech, Blacksburg, US, 2 Ben Gurion University, Be’er Sheva, Israel

The native extracellular matrix (ECM) contains embedded peptide sequences that are revealed upon enzymatic 
action. These cryptic sites play critical roles in the life of a cell. Hydrogels that accurately mimic cryptic sites may 
enhance bioactivity in materials for tissue engineering and regenerative medicine by providing a “gain of func-
tion” upon enzymatic activity. We have developed polymer hydrogels with appended depsi-peptides designed 
to undergo an enzyme-triggered change in primary sequence, forming a bioactive epitope. These “switch pep-
tides” rearrange after being triggered by trypsin to generate the signaling pentapeptide YIGSR, which is derived 
from the ECM protein laminin. We evaluated the rate of enzymatically triggered rearrangement and the gain of 
the	bioactivity	through	mass	spectrometry	and	fluorescence	studies	on	the	peptide	units.	The	switch	could	also	
be designed to response to aminopeptidase N, an enzyme present on the surface of endothelial cells. Alginate 
hydrogels decorated with the YIGSR switch peptide showed increased adhesion of endothelial cells after the 
switch compared to controls, validating the activation of the biological function in this synthetic ECM construct.

Graphical description of the gain of function capability of the switch peptide hydrogels
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Metabolic Materials Systems Inspired from Life [INV]

Andreas Walther* 1

1 University of Mainz, Germany

Living self-organizing systems operate far-from-equilibrium and display energy-dependent adaptive functional-
ities that are orchestrated through feedback loops and metabolic reaction networks to allow tailored response in 
complex sensory landscapes. These principles serve as an inspiration to promote complexity and life-like func-
tions in soft matter systems, which include for instance to pre-organize temporal behavior or install mechanisms 
for complex adaptative behavior. The pre-organization of the temporal fate of systems requires new types of 
internal control mechanisms, such as kinetic control over opposing reactions (built-up/destruction), the integra-
tion of feedback mechanisms, or the use of energy dissipation to sustain structures only as long as a chemical 
fuel is available. Even higher complexity and new functions are in reach by essentially embedding multi-sensory 
metabolic reaction networks into these systems.    In this talk, I will discuss two avenues towards autonomous 
and adaptive self-assemblies and materials. I will discuss in particular the use of pH-feedback systems to pre-pro-
gram self-assemblies and materials, and will emphasize how mechanical information, chemical information and 
structural information can be intertwined to generate feedback mechanisms.
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Energy parasitism: a route towards fueling life-like systems?

Laura Heinen* 1, Bert Poolman 1

1 University of Groningen, Groningen, The Netherlands

Living systems depend on a continuous input of energy. Cells, for example, need energy to grow, divide, process 
information and synthesize the basic building blocks. Intact biological cells usually absorb sugars or light, convert 
this energy, and store it in the form of adenosine triphosphate (ATP). However, for example, certain pathogenic 
intracellular bacteria and organelles also rely on energy parasitism. This means that they take up energy from the 
environment to fuel their energy-demanding functions. We make use of this concept and developed synthetic 
vesicles that can shuttle ATP across their membrane. In my presentation I will demonstrate an example of ATP 
cross-feeding synthetic organelles. One population of vesicles produces and exports ATP while a second popula-
tion of vesicles takes up the ATP and uses this chemical energy to fuel ATP-consuming reactions. The hydrolyzed 
ATP	feeds	back	into	the	first	vesicle	population	where	it	will	be	recycled,	and	the	interdependent	metabolic	cycle	
can start again. The vesicles are a future platform technology to fuel ATP-dependent processes in a sustained 
fashion and with wide applications such as in synthetic cells and as biological nanoreactors and life-like materi-
als. Fundamentally, they allow us to study non-equilibrium processes in an energy-controlled environment and 
will promote our understanding of constructing life-like materials.
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Binary mixture DNA-PEG nanostructures produced by photopolymerization-
induced self-assembly(PhotoPISA)

Siriporn Chaimueangchuen* 1

1 University of Birmingham, Uk, Birmingham, United Kingdom

DNA	nanotechnology	has	seen	significant	development	recently.	Over	the	past	few	decades,	DNA-polymer	hy-
brids have been attracting interest as adaptable functional materials in various bio-related applications. How-
ever, the conjugation of hydrophilic DNA with hydrophobic polymers remains challenging. In recent years, po-
lymerization-induced	self-assembly	 (PISA)	has	attracted	significant	attention	 for	constructing	nano-objects	of	
various	morphologies	owing	to	the	one-step	nature	of	the	process	leading	to	a	beneficial	method	for	the	creation	
of amphiphilic DNA-polymer nanostructures. One of the most intriguing phenomena of DNA is hybridization as 
it is a key to control the function of DNA-based materials in nanoscience. However, hybridization on DNA corona 
could cause unstable DNA-polymer nanoparticles due to repulsive force on DNA corona. In this work, we initially 
adjusted the DNA volume fraction on the particle coronas with poly(ethylene glycol) (PEG) in PISA reaction to 
create various morphologies i.e. spherical micelles, worms, and vesicles. The increased PEG mole fraction on 
particle coronas provided that particles are more stable in hybridization condition. Additionally, hybridization 
chain	reaction	(HCR)	was	firstly	applied	to	be	a	tool	to	enhance	DNAs	amount	on	DNA-based	nano-object	without	
disturbing particle morphologies, these could address the development of DNA nanotechnology and polymer 
nanostructuring.

The concept for photo PISA from ssDNA or PEG113. CEPA-functionalized ssDNA and CEPA-PEG113 served as the macroCTAs in 

RAFT-PISA polymerization for the generation of functional DNA-copolymer conjugates.
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Artificial enzymes based on metal-oxo clusters

Tatjana Parac-Vogt* 1, Francisco de Azambuja Simms, Francisco de Azambuja Savic, Francisco de Azambuja  

1 KU Leuven, Brussels, Belgium

Effective	catalysts	for	the	controlled	transformation	of	complex	biomolecules	are	rare	and	challenging	to	devel-
op.	In	particular,	selective	hydrolysis	of	proteins	by	non-enzymatic	catalysis	is	difficult	to	achieve,	yet	it	is	crucial	
for many modern applications in biotechnology and proteomics. In recent years we have discovered conceptually 
new way to selectively cleave proteins by combining the enzyme-like molecular recognition ability of polyoxo-
metalate	(POM)	scaffolds	with	hydrolytic	activity	of	a	strong	Lewis	acid	metal	cation	imbedded	into	POM	struc-
ture	(Fig	1a).[1]	A	selective	cleavage	has	been	demonstrated	in	a	range	of	different	proteins	differing	in	structure,	
size,	and	charge.	More	recently,	we	have	shown	that	{Zr6O8}	-based	MOFs	act	as	very	effective	heterogeneous	
catalysts for the hydrolysis of the peptide bond.[2,3]  The catalytic activity of MOFs (Fig 1b) was shown to be 
excellent through a broad pH range, resulting in the rate constants which are more than 4 orders of magnitude 
faster compared to the uncatalyzed reaction. [2,3] The potential of metal-oxo clusters as nanozymes for protein 
hydrolysis has been further demonstrated on the example of discrete Hf18 cluster (Fig 1c) which showed excel-
lent selectivity in the hydrolysis of myoglobin, cleaving the protein only at six solvent accessible Asp residues 
among 154 residues.

References
(1) de Azambuja, F.; Moons, J.; Parac-Vogt, T. N. Acc. Chem. Res., 2021, 54, 1673.
(2) Ly, H. G. T.; Fu, G.; Kondinski, A.; Bueken, B. De Vos, D.; Parac-Vogt T. N. J. Am. Chem. Soc. 2018, 140, 6325. 
(3) Wang, S. ; Ly, H. G. T. ; Wahiduzzaman, M.; Simms, C.; Dovgaliuk, I.; Tissot, A.; Maurin, G. ; Parac-Vogt, T. N.; Serre. 
C. Nat. Commun. 2022, 13, 1284.    
(4) Moons, J.; de Azambuja, F.; Mihailovic, J.; Kozma,K.; Smiljanic, K.; Amiri, M.; Cirkovic-Velickovic, T. ; Nyman, M.; 
Parac-Vogt, T. N. Angew. Chem. Int. Ed., 2020, 132, 9179.

Figure 1. Structures of nanozymes: a) Zr-POM, b) {Zr6O8} -based MOF-808 and c) Hf18 cluster
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Autonomous Soft Robots Empowered by Chemical Reaction Networks

Daniele Del Giudice* 1, Giorgio Fusi 2, Oliver Skarsetz 2, Stefano Di Stefano 1, Andreas Walther 2

1 University of Rome “La Sapienza”, Rome, Italy, 2 University of Mainz, Mainz, Germany

Activated carboxylic acids are acids able to undergo base catalysed decarboxylation under mild conditions. 
These acids have been used so far as chemical fuels to control in a dissipative fashion the operation of several 
pH responsive supramolecular systems, such as molecular machines, DNA nanodevices, and host-guest systems, 
allowing	to	finely	tune	their	properties	over	time	[1].	In	this	work,	we	translated	such	programmability	from	the	
molecular level to the macroscopic one. This has been achieved by coupling fuel triggered transient pH variations 
to the operation of hydrogel based soft robots [2]. We designed hydrogel-based actuators able to (de)swell in 
response to pH change, exploiting the time control of solution pH by means of tribromoacetic acid, an activated 
carboxylic acid, to control their mechanical motion over time. Bilayer actuators able to perform autonomous back 
and forth motion under fuelled conditions were developed, showing how the magnitude of their bending can 
be	controlled	by	employing	different	fuel	amounts.	The	unique	benefits	of	this	system	were	demonstrated	by	
designing	devices	able	to	operate	in	a	fire	and	forget	mode,	or	actuators	featuring	more	sophisticated	self-regula-
tion behaviour by means of chemomechanical feedback, exploiting a mechanically-activated compartmentalized 
urea/urease reaction. Such easy strategy to program and tune system’s operation could help in the design of even 
more sophisticated life-like materials capable of autonomous, adaptive, and self-regulated behavior [3].

References
[1] D. Del Giudice, F. Frateloreto, C. Sappino, S. Di Stefano, Eur. J. Org. Chem. 2022 e202200407.
[2] Y. Lee, W.J. Song, J.-Y. Sun, Materials Today Physics 20 2020 100258.
[3] A. Walther, Adv. Mater. 2020, 32, 1905111.

Transient variation of solution pH under the action of an activated carboxylic acid, and the consequent change in the swelling 

ratio of the employed pH-responsive hydrogels. Several soft robotic devices were designed, whose operation can be easily 

tuned and programmed.
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Characterization of electrochemical reaction intermediates using mass 
spectrometry.

Adarsh Koovakattil Surendran* 1, Jana Roithová ks  

1 Radboud University, Faculty of Science, Nijmegen, The Netherlands

The idea of using electricity as a reagent for chemical transformation has been an attraction, especially from a 
sustainability point of view. Understanding the mechanism of the electrochemical reactions is paramount for 
their further optimization. Trapping and characterizing the reaction intermediates is the key to unraveling the 
underlying	mechanistic	pathways.	Intermediates	are	short-lived	species,	and	their	identification	has	always	been	
challenging;	in	the	case	of	electrochemical	reactions,	it	becomes	even	more	difficult	as	the	intermediate	species	
form only in the vicinity of the electrode under an applied potential. The development of novel characterization 
techniques to study electrochemically generated species at the electrode surface is essential to accelerate the 
research. We present an innovative approach for analyzing homogenous electrochemical reactions by coupling 
electrochemistry with mass spectrometry (ECMS). Developing an optimized ECMS system enabled us to trap the 
critical intermediates generated during the electrochemical reduction of CO2 and O2 catalyzed by metal com-
plexes. The transfer of intermediate ions into the gas phase of the mass spectrometer opens the opportunity to 
mass isolate and study the unimolecular properties of individual intermediates. Mass spectrometric detection in 
the gas phase also allowed us to characterize the intermediates using IR-photodissociation spectroscopy (IRPD).
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Charge Transport via Redox Ligands in Quantum Dots

Yan B. Vogel* 1, Arjan J. Houtepen  

1 Tu Delft, Delft, The Netherlands

We present a strategy to actively engineer long-range charge transport in colloidal quantum dot (QD) assemblies 
by using ligand functionalities that introduce electronic states and provide a path for carrier transfer.¹ This is 
a paradigm shift away from the use of inactive spacers to modulate charge transport through the lowering of 
the tunneling barrier for interparticle carrier transfer. It has immediate implications in the design of QD lasers, 
light-emitting diodes, solar cells and photodetectors where charge transport determines the device performance.
The introduced states are narrow and only available at a certain Fermi energy, which makes it challenging to 
explore. To overcome this challenge, we turned to an electrochemical approach that allows to set the Fermi en-
ergy while simultaneously measure the rate of charge transport. We show that charge transport occurs through 
a succession of self-exchange reactions between the immobile redox ligands distributed at random positions in 
the assembly and their density is readily controllable. This allows to adjust the conductivity which is explained by 
a percolation model. Modulating the Fermi energy allows to switch between charge transport mechanisms, from 
self-exchange to electron hopping, and this is shown to be accompanied by ion transport.
Overall, the strategy presented here enables a means to actively control long-range charge transport in QD as-
semblies that remained until now unexplored.

References:
1. Vogel, Y. B.; Stam, M.; Mulder, J. T.; Houtepen, A. J., Long-Range Charge Transport via Redox Ligands in Quantum 
Dot Assemblies. ACS Nano 2022, 16, 21216-21224.

Charge transport pathways in quantum dots/redox ligand assemblies. The red curve is a cyclic voltammogram containing the 

fingerprint of charge transfer processes occurring in the assembly, while the blue curves represent their respective mobilities.
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Tunneling transport across encapsulin protein cages containing cargoes

Riccardo	Zinelli*	1, Saurabh Soni 1, Sandra Michel-Souzy 1, Jeroen J.L.M Cornelissen 1, Christian A. Nijhuis 1

1 University of Twente, Hengelo, The Netherlands

Charge	transport	across	protein	nanocages	can	be	surprisingly	efficient	over	long	distances.	However	it	is	still	not	
known why, and under which conditions this long-range tunneling regime can be accessed (e.g., type of cargo, 
number of redox sites, and molecular dimensions)[1]. This work describes molecular tunneling junctions based 
on an encapsulin (Enc) protein cage, with an outer diameter of 24 nm and an internal nano-compartment of 17-
20 nm in diameter. It can be loaded with several types of proteins, also referred to as “cargo”. We demonstrate 
with dynamic light scattering, transmission electron microscopy, and atomic force microscopy that Enc, with and 
without	cargo,	can	be	purified	and	are	stable	in	solution	and	immobilized	on	gold	surfaces	without	aggregation.	
We investigated the electronic properties of Enc by measuring the current density for a applied bias of ±1.5 V and 
±2.5 V in EGaIn-based tunnel junctions (EGaIn = eutectic liquid metal alloy of Gallium and Indium widely used to 
contact	organic	monolayers)[2].	The	encapsulated	cargo	can	have	an	important	effect	on	the	electrical	properties	
of the junctions. The measured current densities are higher for junctions with Enc loaded with a ferritin-like pro-
tein (native cargo for this encapsuling protein cage) than those junctions without cargo or redox-inactive cargo 
(green	fluorescent	protein).	These	findings	open	the	door	to	charge	transport	studies	across	complex	biomolec-
ular hierarchical structures.

[1] K. S. Kumar, R. R. Pasula, S. Lim, and C. A. Nijhuis, “Long-Range Tunneling Processes across Ferritin-Based Junc-
tions,” Advanced Materials, vol. 28, no. 9, pp. 1824–1830, Mar. 2016, doi: 10.1002/adma.201504402.
[2]	R.	Zinelli,	S.	Soni,	J.	J.	L.	M.	Cornelissen,	S.	Michel-Souzy,	and	C.	A.	Nijhuis,	“Charge	Transport	across	Proteins	
inside	Proteins:	Tunneling	across	Encapsulin	Protein	Cages	and	the	Effect	of	Cargo	Proteins,”	Biomolecules,	vol.	
13, no. 1, p. 174, Jan. 2023, doi: 10.3390/biom13010174.

(a) Illustration of EncH{FLP} tunneling junction with lipoic acid as linker SAM. (b) Semilog plots of current density (log|J|) and 

(c) rectification R versus voltage (V) for the bias range of ±2.5 V of EncH{} EncS{sfGFP}, EncH{sfGFP}, and EncH{FLP}.
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O38-1167

Automated Glycan Assembly as Basis for Life and Material Science [INV]

Peter H. Seeberger* 1

1 Max-Planck Institute for Colloids and Interfaces, Germany

Rapid preparation of polysaccharides by automated glycan assembly (AGA) using a synthesizer provides access 
to diverse glycans as large as 151-mers. Accelerated microwave-assisted synthesis methods are now used to pre-
pare ever more complex glycans including cis-linked polysaccharides are enabling fundamental investigations 
into the structure and function of polysaccharides.
Synthetic glycans in combination with single molecule imaging, molecular modelling and other physical methods 
to characterize carbohydrate structure allow us to address fundamental questions of carbohydrate structure, 
folding	and	material	science.	Recently,	we	described	the	design,	synthesis,	and	characterization	of	the	first	sta-
pled oligosaccharides with increased enzymatic stability and cell penetration. Synthetic glycans are the basis 
for	the	development	of	vaccines	against	different	bacteria	that	are	currently	in	clinical	evaluation.	Monoclonal	
antibodies and nanobodies against glycans are the basis for a program aimed at developing novel diagnostics 
and therapeutics.
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O38-0555

Anion-induced helical folding remotely controlled by light

Indigo Maria Bekaert* 1, Suchismita Saha 1,	David		Villarón	Salgado	1, Maxime A Siegler 2, Sander J Wezenberg 1

1 Leiden University, The Netherlands, 2 Johns Hopkins University, United States of America

An important aspect of living organisms is their ability to receive and respond to signals from the environment – 
a	process	that	involves	a	complex	network	of	signaling	pathways.	Mimicking	these	events	in	artificial	molecular	
systems	would	offer	fundamental	understanding	of	biological	communication	processes,	assist	in	efforts	to	emu-
late the complexity of life and allow for new routes to smart materials and pharmaceuticals. 
We envisioned that synthetic photoresponsive receptors could be a powerful tool in the processing of informa-
tion in such emulative supramolecular systems. Through irradiation with light a guest may be ejected, which can 
then	function	as	a	messenger	to	activate	a	secondary	process.[1]	Few	artificial	communication-type	systems	are	
known and guest variety is low.[2] Even though anionic species play an important role in signal processing and 
information storage in biology, they have not yet been used as messengers in this context.
In	this	work,	a	stiff-stilbene	strapped	calix[4]pyrrole	receptor	and	a	newly	developed	chiral	oligo(aryl-triazole)	
foldamer that both bind chloride, are combined.[3,4] Light-induced isomerization of the photoreceptor releases 
chloride, which then functions as messenger to trigger helical folding of the oligo(aryl-triazole), generating a 
circular	dichroism	(CD)	output.	Back	 isomerization	of	 the	receptor	with	 light	of	a	different	wavelength	allows	
reuptake of the anion by the receptor and unfolding of the foldamer. A rudimentary communication-type process 
is thus created. 

References
1)	H.	Tian	et	al.,	Chem.	Rev.,	2015,	115,	7543−7588.	
2)	P.	Remón,	U.	Pischel,	ChemPhysChem,	2017,	18,	1667–1677.	
3)	D.	Villarón,	M.A.	Siegler,	S.J.	Wezenberg,	Chem.	Sci.,	2021,	12,	3188−3193.
4)	I.M.Bekaert,	S.	Saha.	D.	Villarón,	M.A.	Siegler,	S.J.	Wezenberg,	manuscript	in	preparation.

A stiff-stilbene strapped calix[4]pyrrole receptor and a chiral triazole foldamer are combined to form a rudimentary 

communication-type system with chloride functioning as the messenger.
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O38-0629

Host-guest interaction inducing chiroptical recognition in Europium 
helicates

Maria Rando* 1, Marzio Rancan 2, Jacopo Tessarolo 3, Alice Carlotto 1, Silvia Carlotto 1,2, Lucrezia Barchi 1,  
Elisa Bolognesi 1, Roberta Seraglia 2, Gregorio Bottaro 2, Maurizio Casarin 1, Guido H. Clever 3, Lidia Armelao 1,4

1 Dipartimento di Scienze Chimiche - University of Padova, Padova, Italy, 2 ICMATE - CNR, Padova, Italy, 3 Department of Chemistry 
and Chemical Biology - TU Dortmund University, Dortmund, Germany, 4 DSCTM - CNR, Roma, Italy

Chiral information transfer is crucial to design new functions like, for instance, sensing through chiroptical probes, 
in which the input is readout as a consequence of a chiral recognition event. Herein, we report lanthanide quadru-
ple-stranded	helicates	[Ln₂L₄]	that	show	a	guest-to-host	chirality	transfer	[1].	As	confirmed	by	X-ray	diffraction	
(XRD)	and	density	functional	theory	(DFT)	calculations,	these	cages	are	present	in	solution	as	an	equilibrating	ra-
cemic mixture of left- and right-handed helicates [2]. The helicates adapt their helical conformation by encapsu-
lation of a chiral guest enabling also enantiomeric excess determination. Asymmetric induction is demonstrated 
by circular dichroism (CD) and circularly polarized luminescence (CPL), and a helicity inversion mechanism based 
on a Bailar twist is proposed and studied by DFT calculations. The presented research contributes to the design 
of	helicates	with	a	unique	combination	of	confined	cavities	[3],	adaptive	chirality,	and	peculiar	luminescent	prop-
erties,	finding	applications	toward	the	development	of	optical	probes	for	selective	chiral	sensing	via	molecular	
recognition.

[1] Rancan M., Tessarolo J., Carlotto A., Carlotto S., Rando M., Barchi L., Bolognesi E., Seraglia R., Bottaro G., Casarin 
M., Clever G. H., Armelao L., Cell Reports Physical Science, 2022, 3, 100692.
[2] Carlotto S., Armelao L., Rancan M., Int. J. Mol. Sci., 2022, 23 (18), 10619.
[3] Rancan M., Rando M., Bosi L., Carlotto A., Seraglia R., Tessarolo J., Carlotto S., Clever G. H., Armelao L., Inorg. 
Chem. Front., 2022, 9, 4495.

Self-assembly of a racemic mixture of quadruple-stranded helicate-cages and hierarchical chirality transfer from the chiral 

guest to the host.
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O38-0712

Dendrimer-based Superstructures

Aldrik Velders* 1, Jan Bart Ten Hove, Rebecca  Kaup, Anton Bunschoten, Fijs van Leeuwen  

1 Wageningen University & Research, Wageningen, The Netherlands

Understanding the formation and overall stability of complex hierarchically-organized self-assembled supramo-
lecular structures, and in particular the mechanistic aspects of subcomponent dynamics thereof, is of great inter-
est from a fundamental point of view as well as of importance for a plethora of potential applications. We inves-
tigate polyamidoamine (PAMAM) dendrimer-based coacervate-core micelles (dendrimicelles) to obtain insight 
in	such	complex	superstructures,	and	for	the	formation	of	novel	superstructures.	Light	scattering,	fluorescence	
spectroscopy	and	(cryo-)electron	microscopy,	and	in	particular	also	high-resolution	diffusion	NMR	spectroscopy	
(DOSY) has allowed us to obtain detailed insights in the cores of such structures.  Our studies show that dendrim-
er generation, charge density, and stoichiometry are important mechanistic factors for controlling the dynamics 
of complex coacervate core micelles, parameters that can be used to tune micelles between kinetically trapped 
and dynamic systems, with control over exchange and/or release speeds, to be tailored for applications in, e.g., 
material science, sensors, or drug delivery.

ten Hove, J. B.; Wang, J.; van Leeuwen, F. W. B.; Velders, A. H. Nanoscale 2017, 9, 18619
ten Hove, J. B.; van Leeuwen, F. W. B.; Velders, A. H. Nat. Commun. 2018, 9, 5207.
ten Hove, J. B.; van Oosterom, M. N.; van Leeuwen, F. W. B.; Velders, A. H. Sci. Rep. 2018, 8, 13820.
ten Hove, J. B.; Wang, J. Y.; van Oosterom, M. N.; van Leeuwen, F. W. B.; Velders, A. H. ACS Nano 2017, 11, 11225
Kaup, R.; ten Hove, J. B.; Bunschoten, A.; van Leeuwen, F. W. B.; Velders, A. H. Nanoscale 2021, 13, 15422
Kaup, R.; Ten Hove, J. B.; Velders, A. H. ACS Nano 2021, 15, 1666
Kaup R. & Velders A.H. ACS Nano 2022, 16, 14611

Dendrimicelle-core components can be chemically cross-linked to form discrete dendrimer-based superstructures; these can 

be isolated and investigated by transmission electron microscopy and tomography in which dendrimer-encapsulated gold 

nanoparticles provide contrast and reveal aggregation size and shape.
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O39-1180

Reconstructing a prebiotic evolution machine using 2’,3’-cyclic RNA 
chemistry [INV]

Dieter Braun* 1

1 Lmu Munich, Germany

A	likely	first	step	in	the	molecular	evolution	of	life	is	the	assembly	of	RNA	from	single	nucleotides.	A	moderate	
temperature	difference	at	an	air-water	interface	seems	to	be	an	ideal	micro-reactor	for	this	purpose,	since	the	
fluctuating	interface	drives	wet-dry	cycles.	We	found	the	ring-opening	polymerization	with	20%	yield	of	RNA	
from 2’,3’-cyclic nucleotides [1] together with their length-selective accumulation [2]. Only an alkaline pH of 
9-11 and dry conditions are required.  Under the same pH conditions, replication by templated ligation was found 
to	occur	with	40%	yield	using	the	above	RNA	strands	with	2’,3’-cyclic	ends	and	a	sequence	fidelity	of	95-98%.	
When accelerated by a protein, such replication chemistries create complex self-selecting sequence networks 
[3][4][5]. Ribozymes were found to thrive at air-water interfaces [2], allowing RNA to separate from its template 
after	replication	[6],	setting	the	stage	for	exponential	replication.	These	findings	are	the	basis	for	future,	albeit	
slower, autonomous evolution experiments using 2’,3’-cyclic phosphate activation chemistry. Surprisingly, the 
air-water interface also hosts modern biochemistry: a highly diluted PURE system accumulated at the heated 
air-water interface, triggering the expression of proteins such as GFP using the Ribosome. In addition, the accu-
mulated	molecules	are	efficiently	encapsulated	into	vesicles	when	lipids	are	added	[2].	We	thus	have	found	a	
physical setting for chemical molecular evolution, micking conditions in volcanic, prebiotic environments. The 
ability of the experiments to span a wide time period of evolution makes us optimistic that prebiotic evolution 
can be recreated in the laboratory sooner rather than later.

[1] ChemSystemsChem doi.org/10.1002/syst.202200026 (2022).
[2] Nature Chemistry, doi.org/10.1038/s41557-019-0299-5 (2019).
[3] PNAS doi:10.1073/pnas.2018830118 (2021).
[4] Nature Physics doi.org/10.1038/s41567-022-01516-z (2022).
[5]	Physical	Review	X	doi.org/10.1103/PhysRevX.9.011056	(2019).
[6] Nature Communications doi.org/10.1038/s41467-023-37206-4 (2023)
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O39-0536

Coacervate protocells formed by native chemical ligation

Annemiek Slootbeek* 1, Evan Spruijt 1

1 Radboud University, Nijmegen, The Netherlands

During the origin of life small and simple molecules must have evolved into more complex molecular systems 
that came to show life-like behaviour. However, how molecular complexity emerged from small molecules re-
mains a mystery. Compartmentalization by coacervate droplets could have played an important role. Here, we 
investigate how short peptide building blocks that can be linked together into longer protein fragments by native 
chemical ligation are capable of compartmentalization. This compartmentalization is based on the phase sepa-
ration of the elongated peptide sequence and RNA into coacervates. These coacervates not only function as a 
compartment,	but	also	show	autocatalytic	effects	on	the	native	chemical	ligation	reaction.	By	studying	the	degree	
of	autocatalysis	as	a	function	of	peptide	sequence	and	coacervate	composition,	we	first	get	more	insight	in	how	
molecular complexity may have originated from simple molecules. Secondly, we get more insight in selectivity 
between ligation reactions and how compartments played a role in both.

We want to investigate if compartments made by native chemical ligation show any signs of autocatalysis or selectivity as 

result of compartmentalization. This will give use more insight in how compartments could play a role at the origin of life.
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O39-0121

Towards the emergence of modern cells

Claudia	Bonfio*	1

1 University of Strasbourg, Strasbourg, France

The complexity of modern biochemistry suggests that a systems biochemistry approach is required to under-
stand and potentially recapitulate the network of prebiotic reactions that led to the emergence of life.
Early cells probably relied upon interconnected chemistries to link nucleic acids, peptide-based catalysts and 
membranes. In this context, I will discuss our recent advancements about:
•what, how and when membrane-based compartments appeared on early Earth;
•whether primitive membranes could be compatible with prebiotic chemistries and metal-driven catalytic pro-
cesses;
•what biophysical or biochemical mechanisms could enable primitive cell cycles to retain continuity of function.
Addressing all these points can help us to elucidate the prebiotic pathways that led to the emergence of popula-
tions of functional primitive cells and, from there, the rise of life as we know it.
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O39-0765

Controlling prebiotic phosphorylation with histidine-rich coacervates

Iris Smokers* 1, Oliver Maguire 1, Almuth Schmid 1,	Zhangfan	Li	1, Evan Spruijt 1

1 Radboud University, Nijmegen, The Netherlands

The emergence of complex, organized molecular systems out of a mixture of prebiotic molecules must have been 
an	important	step	at	the	origins	of	life.	A	living	cell	contains	a	complex	mixture	of	thousands	of	different	chemical	
species that can co-exist and exhibit an ordered metabolism, without side reactions disrupting the cell’s function. 
One of the mechanisms by which life achieves this level of order is through the use of kinetically stable thermo-
dynamically activated (KSTA) molecules, like ATP and NADH, in which chemical energy can be stored.[1] When 
required, enzymes can release the energy giving spatiotemporal control over the reactions in the cell. Taking 
inspiration from this mechanism, we have developed the prebiotically plausible KSTA imidazole phosphate to ac-
quire control over prebiotic phosphorylation reactions.[2] Imidazole phosphate can be accumulated in aqueous 
solution under mild conditions by using cyanate to activate orthophosphate and then reacting it with imidazole. 
When subsequently dried to a paste, imidazole phosphate phosphorylates all the essential building blocks of 
life. Integration of this chemistry into a wet/dry cycle enables the continuous recycling of orthophosphate and 
the accumulation of phosphorylated compounds. Stepping up the complexity, we have investigated peptides 
containing histidines that can act as prebiotic analogues of the enzymes that use KSTA molecules in extant life. 
We found that histidyl peptides can catalyze phosphate transfer, and become incorporated into phase-separated 
coacervate compartments, whose physicochemical microenvironment could further tune phosphorylation reac-
tions in a manner that is similar to enzymes.

1. Walsh, C.T.; Tu, B.P.; Tang, Y. Eight Kinetically Stable but Thermodynamically Activated Molecules that Power Cell 
Metabolism.	Chem.	Rev.	2018,	118,	1460−1494.
2. Maguire, O.R.; Smokers, I.B.A.; Huck, W.T.S. A physicochemical orthophosphate cycle via a kinetically stable 
thermodynamically activated intermediate enables mild prebiotic phosphorylations. Nat. Comm. 2021, 12, 5517.

Histidine-rich coacervates to control prebiotic phosphorylation.
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O39-0388

A Hofmeister effect on water droplet motility

Beatrice Marincioni* 1, Karina Nakashima 1, Nathalie Katsonis 1

1 University of Groningen, Groningen, Netherlands

A primary objective of chemistry is to recreate life-like behavior in minimal and fully synthetic models of living 
systems. Our research group is interested in autonomous, and chemotactic motion as a fundamental functional 
property of living systems. In this context, we are interested in the motility of water droplets as active supramo-
lecular compartments. [1]
Water	droplets	exhibit	motile	behavior	in	lipid-rich	fluids	because	lipid	micelles	solubilize	the	droplets.[2]	This	
gradual dissolution results in the emergence of a gradient of interfacial tension at the interface between the wa-
ter	droplet	and	the	lipid-rich	fluid.	In	this	work,	I	demonstrate	that	salts	classified	as	chaotropic	in	the	Hofmeister	
series	cause	faster	droplet	movement.	I	also	show	that	lipid	hydrolysis	influences	droplet	motility.	Moreover,	we	
look	into	the	chemotactic	properties	of	these	water	droplets	and	how	their	movement	may	affect	chemical	reac-
tions.	We	will	also	investigate	the	effect	of	salts	in	the	inverse	system.	
In a large parameter space, droplet motility emerges only for a small subset of parameters, including tempera-
ture, droplet size, viscosity, lipid concentration, etc. Our research expands the parameter space within which 
motility	can	be	observed	reproducibly.	This	system	also	offers	opportunities	for	chemistry-controlled	selective	
mass transport, and provides potential insights into the life-like behavior of active, prebiotically-relevant com-
partments.

References
1.  Babu, D., Katsonis, N., Lancia, F. et al. Motile behaviour of droplets in lipid systems. Nat Rev Chem 6,  377– 388 
(2022).
2.		Z.	Izri,	M.N.	van	der	Linden,	S.	Michelin,	O.	Dauchot	,	Phys.	Rev.	Lett.	113,	248302	(2014).
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O39-0588

Chiral Amplification through Asymmetric Crystal Growth and Dissolution

Sjoerd Van Dongen* 1, Wim Noorduin 1,2

1 AMOLF, Amsterdam, The Netherlands, 2 University of Amsterdam, Amsterdam, The Netherlands

Understanding the emergence of homochirality is part and parcel to discussions on the origin of life: virtually all 
amino acids are left-handed and all sugers are right-handed. Obtaining enantiomerically pure compounds is also 
a major challenge to the pharmaceutical industry: More than 50% of drugs is chiral. Unfortunately, traditional 
synthetic methods often only yield racemic mixtures. In 2005, Viedma showed that sodium chlorate, a conglom-
erate auto-racemizing in solution, could be spontaneously deracemized by grinding [1]. This concept also applies 
to organic molecules, both using grinding and temperature cycling [2,3]. However, the mechanism behind these 
various	effective	forms	of	crystallization-induced	enantiomeric	 transformations	has	not	yet	been	fully	under-
stood. It is evident that all variants–at some level–share a combination of dissolution and growth of conglomerate 
crystals	[4].	Here,	we	demonstrate	how	amplification	of	an	initial	enantiomeric	excess	can	be	achieved	during	
crystallization under racemizing conditions [5]. We reveal a surprising mode of asymmetric crystal growth that 
results in virtually enantiopure growth onto only partially enriched seed crystals. We also investigate the exper-
imental	conditions	that	benefit	these	asymmetric	growth	modes	leading	to	chiral	amplification.	Our	results	shed	
new light on mechanisms common to all crystallization-induced deracemizations, with direct consequences for 
improving chiral resolution processes and understanding the emergence of biological homochirality.

[1] C. Viedma, Phys. Rev. Lett., 2005, 94, 065504.
[2] W.L. Noorduin, T. Izumi, A. Millemaggi, M. Leeman, H. Meekes, W.J.P. van Enckevort, R.M. Kellog, B. Kaptein, E. 
Vlieg, D.G. Blackmond, JACS, 2008, 130, 1158–1159.
[3] K. Suwannasang, A.E. Flood, C. Rougeot, G. Coquerel, Cryst. Growth Des., 2013, 13, 3498–3504.
[4] K. Intaraboonrod, T. Lerdwiriyanupap, M. Hoquante, G. Coquerel, A.E. Flood, Mendeleev Commun., 2020, 30, 
395–405.
[5] S.W. van Dongen, I. Ahlal, M. Leeman, B. Kaptein, R.M. Kellogg, I. Baglai, W.L. Noorduin, JACS, 2023, 145, 436–
442.

Seed crystals of low enantiopurity can surprisingly yield virtually enantiopure products through asymmetric crystallization. 

This impacts our grasp of chiral amplification mechanisms during crystallization, offers a basis for producing enantiopure 

molecul
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O40-1245

Imagine a world where anyone can make molecules

Martin Burke* 1

1 The University of Illinois, United States

Toolmaking made us human, and over the last 2 million years we’ve gotten pretty good at it. But we’ve only been 
intentionally making tools on the molecular scale for about 200 years. And currently only a tiny fraction of a frac-
tion of the world’s population can meaningfully participate in the molecular innovation process. Consider that 
many of the most important challenges facing society today likely have molecular solutions that await discovery. 
Then imagine the impact we could achieve together if everybody could make molecules.   Small molecules in 
particular possess tremendous functional potential that remains largely untapped due to “the synthesis bottle-
neck”.	This	limits	both	the	efficiency	with	which	small	molecules	can	be	made	by	chemists	and	the	participation	
of non-specialists in the molecular innovation process. An automatable Lego-like platform based on iterative 
coupling of iminodiacetic acid boronate building blocks is accelerating and expanding access to small molecule 
synthesis.	This	platform	has	specifically	been	leveraged	to	develop	molecular	prosthetics	–	small	molecules	that	
autonomously perform protein-like functions and thus have the potential to treat a wide range of currently in-
curable	diseases,	including	cystic	fibrosis	and	anemias.	Recent	advances	in	Csp3	cross-coupling	are	substantially	
expanding the scope of complex small molecules that are accessible. Interfacing this approach with frontier AI 
and automated functional testing methods is further opening the door to autonomous discovery of new molecu-
lar	functions.	A	first	of	its	kind	“Molecule	Maker	Lab”	has	now	been	created	at	UIUC	that	has	opened	the	door	for	
non-specialists to enter the molecule making process. And we are dreaming about globally accessible innovation 
competitions	that	leverage	such	resources	to	capture	so	many	brilliant	imaginations	that	the	field	of	chemistry	
has been missing out on. Continued advances in these directions have the potential to democratize molecular 
innovation and thereby broadly empower tomorrow’s molecule makers worldwide.
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O40-0443

The Potassium promotion for Iron-carbide catalysts in FTS

Xianxuan	Ren*	1, Ivo Filot 1, Emiel Hensen 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Fischer–Tropsch synthesis (FTS) is an established chemical process, in which syngas is converted into clean fuels 
and chemical building blocks. Besides Co, Fe can be used as the active ingredient of industrial FTS catalysts due 
to	its	low	price	and	the	possibility	to	tune	the	selectivity	toward	liquid	fuels)	and	light	olefins.	The	evolution	of	
the active phase of Fe-based catalysts is very complex, resulting in considerable debate on the composition of 
the active phase and the mechanism of the FTS reaction. In practice, promoters such as Mn, Cu, and alkali metals 
are used to enhance the performance of Fe-based catalysts. K is one of the most used promoters and its addition 
typically	improves	the	olefins	selectivity,	while	suppressing	the	formation	of	CH4.	The	mechanistic	role	of	K	re-
mains however unclear. 
In	 this	work,	 the	effect	of	K2O	promoter	 for	CO	hydrogenation	was	 investigated	by	density	 functional	 theory	
(DFT) calculations on the χ-Fe5C2 (010) surface in combination with microkinetic modelling. The addition of K2O 
results in a stronger adsorption of CO, a lower activation energy for C-O bond scission and a decreased selectivity 
towards	CH4,	in	line	with	experimental	findings.	COHP	(crystal	orbital	Hamiltonian	population)	and	Bader	charge	
analysis	were	used	to	reveal	differences	in	the	electronic	structure	along	the	reaction	pathway	of	CO	dissoci-
ation for promoted and unpromoted models. The addition of K results in an increased electron density in the 
anti-bonding	molecular	orbital	of	CO,	effectively	weaking	the	C-O	bond.	The	decreased	CH4	selectivity	upon	K	
promotion is caused by an increase of the barriers for subsequent CHx hydrogenation events, while C-C coupling 
steps	remain	largely	unaffected.	Overall,	this	results	in	an	increased	olefins	selectivity	at	the	expense	of	the	CH4	
selectivity for the promoted surface.

[1] Angew. Chem. Int. Ed, 2012, 51,1–6.
[2]	J.	Am.Chem.	Soc.	2012,	134	(39),16207−16215.

(a) COHP of C-O bond on (010) and K-(010) surfaces; (b) The charge density difference map of CO adsorption on the (010) 

and the K-(010) surfaces; (c) Microkinetic simulation selectivity of methane, ethylene and CO2 and surface coverage on the 

χ-Fe5C2.
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O40-0570

Machine Learning for MOF photocatalyst discovery

Marco Anselmi* 1

1 Queen Mary University of London, London, United Kingdom

The	rising	levels	of	CO₂	in	the	Earth’s	atmosphere	is	one	of	the	most	pressing	problems	that	society	is	confront-
ing.	The	 reduction	of	CO2	 into	added-value	chemicals,	 for	example	methane(CH₄),	methanol	 (CH₃OH),	 formic	
acid (HCOOH) is currently one of the most attractive solutions to lower the amount of this greenhouse gas. Metal 
Organic	Frameworks	(MOFs)	have	recently	gained	attention	as	potential	photocatalyst	for	the	reduction	of	CO₂.	
Due	to	their	tunable	morphology	and	chemical	composition,	it	is	possible	to	create	an	almost	infinite	amount	of	
structures that can be adjusted to have easily accessible catalytic sites with desirable electronic structures.
To aid and guide the discovery of new MOFs, computational methods can be utilized to calculate their properties 
and perform high throughput screenings. Machine learning (ML) methodologies have recently started being ex-
plored as alternatives to classical quantum chemistry techniques, as they are computationally less expensive and 
faster. With regards to MOFs, however, not a lot of research has been done, neither in the creation of databases, 
nor	in	the	development	of	MOF	specific	ML	models,	clearly	indicating	a	gap	in	the	literature.	In	this	presentation,	
therefore, we aim to introduce the prliminary work carried out on the development of a ML model for the predic-
tion of bandgaps and band alignments for periodic structures like MOFs, called the Molecular Graph-Transformer 
(MGT). The initial design of the MGT has managed to achieve an error of 0.317 eV on the bandgaps reported in 
the latest version of the QMOF database [Rosen et al., Matter, 2021], an improvement with respect to some of the 
best	models	in	the	literature,	such	as	the	CGCNN	[Xie	et	al.,	Phys.	Rev.	Lett.,	2018]	and	the	ALIGNN	[Choudhary	et	
al., Matter, 2021] models, which, achieved errors of 0.396 eV and 0.343 eV respectively.

O40 PARALLEL SESSION 40: Chemistry and AI: Reaction Mechanics and 
Catalysts 



ORAL PARALLEL SESSIONS

278CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O40-0211

OBeLiX: an automated workflow for in-silico TM-complex generation/
featurization

Adarsh Kalikadien* 1, Andrian Mîrza 1, Aydin Najl Hossaini 1, Sreenithya Avadakkam 1, Ivan Chernyshov 1,  
Evgeny Pidko 1

1 Delft University of Technology, Delft, The Netherlands

This	presentation	will	 introduce	OBeLiX	 (Open	Bidentate	 Ligand	eXplorer)	 for	 in-silico	 catalyst	design,	 a	 cut-
ting-edge	workflow	for	automated	generation	and	featurization	of	bidentate	ligands	for	transition	metal	cata-
lysts. Automated generation of reasonably accurate geometric representation of functionalized transition-metal 
containing homogeneous catalysts is highly desirable for data-driven cheminformatics applications. This forms 
one	of	the	many	challenges	in	this	multidisciplinary	field.	We	use	our	Python	based	open-source	workflows	for	1)	
3D coordinates generation for complexes of d-/f-elements and 2) local chemical space exploration. These work-
flows	 together	with	 automated	descriptor	 calculation	on	various	optimization	 levels	 are	 currently	 integrated	
in	OBeLiX.	We	can	evaluate	the	predictive	capability	of	our	formulated	model	structures.	Analysis	of	the	ligand	
classes based on chemical space maps and thermodynamic parameters are done. This computational data can be 
related to experimental data for the training and testing for predictive models. I will provide an overview of the 
workflow,	including	key	features	and	applications,	as	well	as	results	from	case	studies	on	industrially	relevant	
homogeneous transition metal catalysts demonstrating this approach.
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O40-0636

Standardizing Machine Learning Model Evaluation for Reaction Prediction

Victor Sabanza Gil* 1,2,3, Andres C. Marulanda Bran 1,2, Philippe Schwaller 1,2, Jeremy Lutherbacher 2,3

1 Laboratory of Artificial Chemical Intelligence (LIAC), Institut des Sciences et Ingénierie Chimiques, Ecole Polytechnique Fédérale 
de Lausanne (EPFL), Lausanne, Switzerland, 2 National Centre of Competence in Research (NCCR) Catalysis, Ecole Polytechnique 
Fédérale de Lausanne (EPFL), Lausanne, Switzerland, 3Laboratory of Sustainable and Catalytic Processing (LPDC), Institut des 
Sciences et Ingénierie Chimiques, Ecole Polytechnique Fédérale de Lausanne (EPFL), Lausanne, Switzerland

Artificial	Intelligence	(AI)	and	machine	learning	(ML)	have	been	successfully	applied	to	core	problems	in	organic	
chemistry, like reaction outcome prediction and synthesis planning (1). The underlying ML models are commonly 
evaluated using simple metrics like top-n accuracy on randomly split in-distribution test sets based on patent 
data (2). Despite their usefulness for fast comparison, those assessment methods lack an in-depth view of a 
deeper insight of model limitations and improvements. This work presents an approach to standardizing and 
extending the assessment of ML chemical models for reaction prediction.
To tackle this, we have cleaned, curated, and manually evaluated a dataset of organic reactions mined from a set 
of high-impact factor journals (3), and used it to benchmark a set of models published in the literature. We have 
introduced a model assessment pipeline and software package, which include an extensive evaluation suite that 
attempts	to	quantify	model	performance	in	chemistry-specific	metrics,	such	as	per-reaction-type	accuracies,	and	
generalization to out-of-distribution reaction and product types. Furthermore, we have included sustainability 
metrics related to models’ energy consumption during the training and inference stages, widening the scope of 
evaluation metrics to also consider the environmental impact of models, beyond bare performance.
This	work	represents	an	initial	effort	toward	chemistry-specific	ML	model	benchmarking	standardization.	It	pro-
vides tools for a richer analysis of models from a perspective closer to the human chemist and facilitates wide-
spread	adoption	through	a	simple-to-use,	flexible,	and	open-source	software	package.

References
1: Schwaller et al.; WIREs Comput Mol Sci. 2022, 12, e1604. DOI: 10.1002/wcms.1604
2: Lowe; Extraction of Chemical Structures and Reactions from the Literature. Ph.D. Thesis, University of Cam-
bridge, 2012. DOI: 10.17863/CAM.16293
3: S. Jiang et al.; IEEE Access, 2021, 9, 85071-85083. DOI: 10.1109/ACCESS.2021.3083838
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O41-1186

Liquid crystal network actuators - inspired by life? [INV]

Arri Priimägi* 1

1 Tampere University, Finland

Biological systems, viewed within the materials science perspective, are excessively complex. They are adaptive, 
multifunctional and -responsive, dissipative, self-regulating, and capable of evolving and learning from their past 
experiences. Hence, biological systems have provided a great source of inspiration for scientists aiming to design 
functional and “intelligent“ materials. Liquid crystal network (LCN) and hydrogel -based soft actuators provide a 
rich platform for simplistically mimicking some of the properties of natural systems, as demonstrated by recent 
examples of systems that are deemed autonomous, adaptive, or self-regulating, i.e., “life-like”. Naturally, synthet-
ic materials fall short on their natural counterparts in terms of complexity, capability to respond to environmental 
changes, and to “learn” from past experiences. Having this in mind, is the terminology used to describe synthetic 
soft	actuators	justified?	The	aim	of	this	talk	is	to	reflect	on	this	question,	using	our	own	work	on	light-responsive	
LCNs as an example.
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O41-0238

Reversible “Perspiring” Artificial Fingerprint Coating

Dongyu	Zhang*	1, Dirk J. Broer 1, Danqing Liu 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Fingertip perspiration is a vital process within human predation, to which our species owes its survival and its 
biological success. Here we recreate the human ability of perspiration and controlled friction in self-assembled 
cholesteric	 liquid	crystal,	mimicking	the	natural	processes	that	occur	 in	human	fingertips.	This	 is	achieved	by	
inducing porosity in our responsive, liquid-bearing material through the controlled-polymerization phase-sep-
aration	process.	The	unique	topography	of	human	fingerprints	is	further	emulated	in	our	materials	by	balancing	
the parallel chirality-induced force and the perpendicular substrate-anchoring force during synthesis. As a result, 
our	artificial	fingertips	are	capable	of	secreting	and	re-absorbing	liquid	upon	light	illumination.	Furthermore,	it	
exhibits	a	controllable	anti-sliding	comparable	to	human	fingertips	and	subsequently	attains	a	higher	degree	of	
biomimicry.	We	envision	this	biomimetic	fingertip	being	applied	in	a	multitude	of	fields,	ranging	from	biomedical	
instruments to interactive, human-like soft robotic devices.

[1]	Zhang,	Dongyu,	et	al.	“Reversible	Perspiring	Artificial	“Fingertips”.”	Advanced	Materials	(2023):	2209729.

Schematic illustration of ‘perspiring’ artificial fingerprint coating
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O41-0087

Biodegradable polyphosphoesters: make them and break them

Frederik Wurm* 1

1 Universiteit Twente - Sustainable Polymer Chemistry, Enschede, The Netherlands

Biobdegradable	Polymers	are	of	growing	interest	in	many	fields	like	packaging	to	biomedicine.	This	presentation	
will give the state-of-the-art of novel degradable polyphosphoesters (PPEs).(1) The talk will show, how we make 
PPEs (by living anionic ring-opening polymerization), and how we break them (by controlled microstructure con-
trolling hydrolysis rates from minutes to years).
PPEs can be prepared in a living fashion from so-called phospholane monomers, i.e. 5-membered cyclic phosphoe-
sters. Phosphates and phosphonates can be obtained in high yields and allow the design of a systematic library 
of functional, water-soluble or hydrophobic PPEs.(2)
Several,	well-defined	and	water-soluble	or	dispersable	PPEs	will	be	presented,	their	polymerization	and	degrada-
tion kinetics will be presented. Also, potential applications in drug delivery, e.g. in nanoparticles or as theranostic 
devices (in combination with magnetic resonance imaging) will be presented. (3)

References
(1) Bauer et al Prog Polym Sci 2017 10.1016/j.progpolymsci.2017.05.004
(2) Pelosi et al. European Polym J 2020 10.1016/j.eurpolymj.2020.110079
(3) Schöttler et al. Nat Nano 2016 10.1038/nnano.2015.330
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O41-0774

Modeling water transport to prevent oil paint deterioration

Sander Van Lith* 1,2, Jorien Duivenvoorden 1,2, David Thickett 3, Joen Hermans 1,2, Katrien Keune 1,2

1 University of Amsterdam, The Netherlands, 2 Rijksmuseum, The Netherlands, 3 English Heritage Trust, United Kingdom

In	its	lifetime,	an	oil	painting	is	exposed	to	air	with	fluctuating	temperatures,	humidity,	dust	but	also	to	conserva-
tion treatments like cleaning and consolidation. Water exposure is an important factor, because water absorbed 
in oil paintings due to environmental humidity or conservation treatments can result in undesirable changes in 
the materials in an oil painting. The presence of water can accelerate change by increasing oil binder hydrolysis, 
triggering metal soap formation, facilitating ionic reactions, or altering the mechanical properties of paint layers. 
Therefore,	we	investigate	water	transport	inside	a	stratified	oil	painting	coupled	to	induced	chemical	reactivity.	
As	a	first	step	towards	this	linked	computational	and	experimental	research,	we	showcase	our	extended	water	
transport	model	based	on	absorption	isotherms	and	diffusion	coefficients,	as	well	as	water	transport	experiments	
obtained with time- and spatially resolved transmission FTIR imaging spectroscopy [1,2]. For these experiments, 
we use synthesized linseed oil-based ionomer systems representing the chemical structure of aged oil paint 
binders [3].
This work is part of the GoGreen project (2022-2026), a Horizon Europe project aiming to develop clear and reli-
able parameters for environmentally friendly and healthy conservation methodologies for cultural heritage. We 
aim to develop a damage function for oil paintings to aid decisions on cleaning strategies and designing accept-
able indoor climate conditions. 

[1] L.  Baij,  J.  J.  Hermans,  K.  Keune  and  P.  D.  Iedema, Macromolecules, 2018, 51, 7134–714.
[2] J. R. Duivenvoorden et al., International Journal of Heat and Mass Transfer, 2023, 202, 123682.
[3] L. Baij, J. J. Hermans, K. Keune and P. Iedema, Angewandte Chemie - International Edition, 2018, 57, 7351–7354.

Schematic overview of water-induced swelling of a paint film and a set of spatially-resolved normalized water concentration 

maps at the paint/water boundary obtained with transmission FTIR imaging spectroscopy.
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O42-1070

The cell as a material [INV]

Gijsje Koenderink* 1

1 Delft University of Technology, The Netherlands

Cells are dynamic but also need to withstand large mechanical loads. This paradoxical mechanical behavior is 
governed	by	 a	fibrous	protein	 scaffold	 known	as	 the	 cytoskeleton.	 It	 is	 still	 poorly	understood	how	 this	bio-
polymer networks can combine mechanical strength with the ability to dynamically adapt their structure and 
mechanics.	I	will	summarize	our	recent	findings	obtained	via	quantitative	measurements	on	synthetic	cells	re-
constituted	from	purified	biological	constituents.	I	will	focus	on	the	role	of	mechanical	crosstalk	between	the	four	
cytoskeletal	networks	in	the	cell:	actin	filaments,	microtubules,	intermediate	filaments	and	septins.	These	four	
filamentous	 systems	contribute	different	 structural	 and	dynamical	properties,	enabling	 specific	cellular	 func-
tions.	I	will	highlight	our	recent	efforts	to	biochemically	reconstitute	their	interplay,	which	allows	us	to	connect	
the collective mechanical properties of cytoskeletal networks to the underlying molecular interactions, which 
involve cytoskeletal crosslinkers, motors, and the plasma membrane.
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O42-0583

Monodirectional Photocycle Drives Proton Translocation

Nol Duindam* 1, Michelle van Dongen 1, Maxime A. Siegler 2, Sander J. Wezenberg 1

1 Leiden University, The Netherlands, 2 Johns Hopkins University, USA

Photoisomerization of retinal in bacteriorhodopsin is at the basis of proton pumping across the bacterial mem-
brane. Inspired by their operating mechanism, synthetic systems capable of directionally moving macrocyclic 
rings over a nonsymmetric axle[1] have been developed. Yet analogous light-driven pumping of small biological-
ly relevant substrates, including protons and ions, has not been achieved and remains a fundamental challenge.  
We demonstrate unique protonation-controlled isomerization behavior for N-heterocyclic hemi-indigos.[2] Al-
most	quantitative	 conversion	 from	Z	 to	 E	 isomer	 and	 vice	 versa	 is	 induced	by	 addition	of	 acid	 and	base,	 re-
spectively.	More	remarkably,	isomerization	is	strongly	accelerated	by	visible-light	irradiation.	Forward	Z→E pho-
toisomerization takes place only when protonated, while the reverse E→Z	photoisomerization	occurs	only	 in	
the neutral state as is shown for various N-heterocyclic derivatives. Such behavior is to our best knowledge 
unprecedented	in	the	field	of	molecular	photoswitches.	Since	in	the	presence	of	acid,	the	neutral	and	protonated	
hemi-indigo	species	are	in	equilibrium,	they	are	interchanged	photochemically	in	a	specific	order	under	irradi-
ation with a single wavelength of light, giving rise to a unique monodirectional photocycle of interconversion.
[3] As a consequence, the associated protons are displaced in one direction with respect to the photoswitchable 
scaffold.	We	envision	that	the	selective	inhibition	of	either	forwards	or	backwards	photoisomerization	paths	by	
binding of a substrate[4] can be applied as a general approach for directional transport of that substrate.

References
[1] Canton, M. et al. J. Am. Chem. Soc. 143, 10890-10894 (2021).
[2] Petermayer, C. et al. J. Am. Chem. Soc. 139, 15060-15067 (2017).
[3] Duindam N, van Dongen M, Siegler M, Wezenberg S, ChemRxiv. [Preprint], 2023. DOI: 10.26434/chemrx-
iv-2023-f7n5n 
[4] Wezenberg S. J. Chem. Commun. 58, 11045-11058 (2022).
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Forward isomerization takes place in the protonated state and backward isomerization occurs only after deprotonation. Since 

the neutral and protonated species are in equilibrium, a sequence-specific monodirectional photocycle arises that results in 

directional proton displacement with respect to the scaffold.
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O42-0527

Intermolecular Covalent Interactions

Lucas de Azevedo Santos* 1, Trevor Hamlin 1, Matthias Bickelhaupt 1

1 Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

Pnictogen	(PnB),	chalcogen	(ChB),	halogen	(XB),	and	hydrogen	(HB)	bonds	are	intermolecular	interactions	of	the	
type	DmZ•••A,	where	Z	=	Pn,	Ch,	X,	H.¹	These	intermolecular	interactions	play	a	crucial	role	in	chemical	reactiv-
ity, supramolecular materials, and drug design.² Typically, the σ-hole model is invoked to rationalize the unex-
pected attraction between two partially negatively charged atoms and the geometry of these intermolecular 
interactions.³	This	model	posits	that	the	DmZ•••A	complexes	are	bound	and	linear	due	to	a	Coulombic	attraction	
between	a	positive	electrostatic	potential	on	the	molecular	surface	of	the	bond	donor	(DmZ)	and	the	negative,	
point	charge-like	bond	acceptor	(A).	We	show	how	this	treatment	of	atoms	and	molecules	is	oversimplified	and	
unphysical.⁴	Not	the	Coulombic	 interactions,	but	 the	steric	Pauli	 repulsion	 is	 the	driving	force	preventing	the	
bending	of	the	bond	acceptor	away	from	D–Z•••A	linearity.	In	fact,	the	Coulombic	interactions	favor	(not	oppose)	
bending. The cohesion in these interactions furthermore receives a major contribution from HOMO–LUMO orbital 
interactions. Therefore, we suggest abandoning the term non-covalent interactions for such bonds and instead 
using the designation intermolecular covalent interactions (ICI).

(1) a) L. de Azevedo Santos, T. A. Hamlin, T. C. Ramalho, F. M. Bickelhaupt, Phys. Chem. Chem. Phys. 2021, 23,13842; 
b) L. de Azevedo Santos, S. C. C. van der Lubbe, T. A. Hamlin, T. C. Ramalho, F.M. Bickelhaupt, ChemistryOpen 2021, 
10, 391; c) L. Wolters, F. M. Bickelhaupt, ChemistryOpen 2012, 1, 96.
(2) S. Benz, A. I. Poblador-Bahamonde, N. Low-Ders, S. Matile, Angew. Chem. Int. Ed. 2018, 130, 5506.
(3) J. S. Murray, P. Politzer, ChemPhysChem 2021, 22, 1201.
(4) L. de Azevedo Santos, T. C. Ramalho, T. A. Hamlin, F. M. Bickelhaupt, Chem. Eur. J. 2023, e202203791.
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O42-0389

Lanthanide Complexes for Highly Luminescent Materials

Lidia Armelao* 2

1 National Research Council of Italy, Department of Chemical Sciences and Materials Technologies (DSCTM CNR),  
Piazzale A. Moro, 7 - Roma, Italy, 2 University of Padova, Department of Chemical Sciences, Via F. Marzolo, 1 - Padova , Italy

Lanthanoid complexes and their smart grafting on suitable surfaces represent a wide source and a promising 
way for the development of luminescent materials. The use of rare earth cations (Eu, Tb), beta-diketones and 
divergent	ligands	is	here	described	for	the	preparation	of	molecular	systems	with	different	dimensionality,	di-
nuclear complexes and coordination polymers (CPs). Due to the peculiar temperature-dependent luminescent 
properties of the systems [1,2], we investigated them as possible luminescent molecular thermometers. In par-
ticular, we discuss the temperature-dependent emission and the temperature range of applicability for europi-
um beta- diketone dinuclear compounds with formula [Eu2(β-dike)6(L-MO)x] and for mixtures of homometal-
lic	[Ln(hfac)3(bipy)]n	CPs	(Ln	=	Eu	or	Tb)	with	different	Eu/Tb	ratios.	Concurrently,	we	exploited	the	grafting	of	
lanthanoid N,N-dialkylcarbamate complexes on oxide substrates [3,4] and we present here an approach toward 
sequence-dependent luminescent materials based on a stepwise assembly on a silica surface of lanthanide ions 
(Ln = Eu and Tb) and the 1,4-benzenedicarboxylate ligand (T), organized in an ordered sequence Ln1-T-Ln2. 

[1] Bellucci, L.; Bottaro, G.; Labella, L.; Causin, V.; Marchetti, F.; Samaritani, S.; Belli Dell’Amico, D.; Armelao L. Inorg. 
Chem. 2020, 59, 18156.
[2] Bellucci, L.; Bottaro, G.; Labella, L.; Marchetti, F.; Samaritani, S.; Belli Dell’Amico. D.; Armelao, L. Materials 2021, 
14, 6445. 
[3]	Armelao,	L.;	Belli	Dell’Amico,	D.;	Bellucci,	L.;	Bottaro,	G.;	Di	Bari,	L.;	Labella,	L.;	Marchetti,	F.;	Samaritani,	S.;	Zinna,	
F. Inorg. Chem. 2017, 56, 7010.
[4] Bellucci, L.; Bottaro, G.; Labella, L.; Marchetti, F.; Samaritani, S.; Belli Dell’Amico, D.; Armelao, L. J. Mater. Chem. 
C, 2019, 7, 4415. 
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O43-1160

From ordered molecular structures to collective macroscopic actuation [INV]

Ghislaine Vantomme* 1

1 TU/e, The Netherlands

To make materials able to sense, move, communicate, and learn requires amplifying molecular events from the 
nanoscopic to the macroscopic scales. Such a level of control is achieved in nanoscale ordered materials and 
self-assembly is the common strategy to build these structures with precise molecular arrangement. But, despite 
the enormous progress, a major goal remains to dictate the molecular organization at mesoscopic levels and to 
translate and connect these structures to macroscopic function. In this presentation, the focus is on the synthesis 
of nanoscale ordered materials and our approach towards collective macroscopic motion.
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O43-0506

Droplet motility in oscillating supramolecular systems

Chanikan Wongkaew* 1, Dhanya Babu 1, Rémi Plamont 1, Alexander Ryabchun 1, Nathalie Katsonis 1

1 University of Groningen, Groningen, The Netherlands

A primary goal of chemistry is to recreate life-like behaviour in self-assembling models of minimal life forms. 
Our research group is concerned with autonomous, and chemotactic motion as a life-like phenotype, and here we 
focus on the motility of droplets in aqueous solutions. In aqueous solutions, lipids spontaneously form micelles 
and vesicles. These supramolecular aggregates likely played a role in the emergence of prebiotic compartments 
at the beginning of life, possibly transforming into droplets or into one another. This paper demonstrates that 
both lipid micelles and vesicles can act as fuel to drive the interfacially-driven motility of droplets, whereas 
this mechanism had previously only been demonstrated for micelles [Nat. Rev. Chem. 2022, 6, 377-388]. The 
coupling of droplet motility to thiol-Michael reaction showed the selective motility between two distinct droplet 
populations. Moreover, similar to those observed in complex biological networks, we have designed a system that 
oscillates between vesicles and micelles based on this observation. The dynamic behaviour of our system across 
length scales would provide opportunities for chemistry-controlled selective mass transport.

The design of supramolecular oscillator that couples with droplets motility systems
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O43-0198

Sergeants-and-soldiers effect increasing magnetic response of polymeric 
nanomotors

Sandra Kleuskens* 1,2, Remi Peters 1, Sjoerd Rijpkema 1, Daniela A. Wilson 1, Peter Christianen 1,2,  
Hans Engelkamp 1,2

1 Radboud University, Nijmegen, The Netherlands, 2 HFML, Nijmegen, The Netherlands

The development of self-propelling nanomotors has exciting potential for environmental remediation[1], bio-im-
aging in diagnostics[2] and drug delivery[3]. Autonomous motion of these nanomotors is mostly achieved by the 
chemical	conversion	of	fuels	 into	mechanical	 forces.	For	applications,	 the	motion	of	nanomotors	to	a	specific	
destination	needs	to	be	directed.	We	propose	to	use	magnetic	fields	as	an	external	stimulus	to	steer	the	motion.	
Previously, we showed partial magnetic alignment of catalase PEG-PS (poly-(ethylene glycol)-b-polystyrene) 
polymersome nanomotors at 30T, owed to their diamagnetic anisotropy, which resulted in directional motion. 
These	magnetic	fields	are	too	high	for	practical	drug	delivery	applications.	In	order	to	lower	the	necessary	mag-
netic	fields,	the	magnetic	response	of	the	polymersome	membrane	must	increase.	To	this	end,	isotactic	PEG-PS	
was	synthesized	to	induce	order	and	increase	the	anisotropy.	This	effect	is	enhanced	by	the	sergeant-and-soldier	
effect	as	the	isotactic	PEG-PS	imposes	its	order	on	the	other	polymers.	This	resulted	in	a	50%	reduction	of	the	
necessary	magnetic	field	strength	at	a	10%	incorporation.	This	offers	great	potential	for	future	applications	in	
drug delivery.  

1. Safdar, M., J. Simmchen, and J.J.E.S.N. Jänis, Light-driven micro-and nanomotors for environmental remediation. 
2017. 4(8): p. 1602-1616.
2.	Owens,	E.A.,	et	al.,	Tissue-specific	near-infrared	fluorescence	imaging.	2016.	49(9):	p.	1731-1740.
3. Tezel, G., et al., Current status of micro/nanomotors in drug delivery. 2020: p. 1-17.
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O43-0168

A catalytically active small organic molecule oscillator

Matthijs ter Harmsel 1, Oliver Maguire 2,	Sofiya	Runikhina*	1, Albert Wong 3, Wilhelm Huck 2,  
Syuzanna R.  Harutyunyan 1

1 University of Groningen, Groningen , The Netherlands, 2 Radboud University, Nijmegen, The Netherlands, 3 University of Twente, 
Enschede, The Netherlands

Out of equilibrium molecular systems are involved in many important life processes such as  cell division¹, circa-
dian rhythms², etc. Several studies³ have suggested that bistable network of organic chemical reactions played 
a	central	part	in	the	origin	of	life.		Although	a	number⁴	of	biologically	relevant	organic	oscillator	has	been	devel-
oped to comprehend the principles of complex behaviour, there is almost no implementation of such systems 
in synthetic organic chemistry. To feel this gap we have developed a catalytically active small organic molecule 
oscillator based on autocatalytic Fmoc deprotection. The positive feedback loop – initiation and autocatalysis 
– requires only two components, Fmoc-piperidine (1) and N-methylpiperidine (2). The negative feedback loop 
only requires the two acetylating agents, p-nitrophenyl acetate (3) and phenyl acetate (4). The system produces 
sustained	oscillations	in	an	open	flow	system	and	its	product	catalyzes	a	Knoevenagel	condensation.	We	also	
have demonstrated that the pulses of catalysis can be used to obtain selectivity in chemical transformations, 
implementing	catalytic	oscillator	as	a	filter.	The	general	design	principles	that	will	be	outlined	in	this	talk	open	
up exciting new pathways for coupling the non-linear out-of-equilibrium kinetics of the oscillator to a wide range 
of reactions that require catalytic rate enhancement using the principles of organocatalysis.

1.Tyson,	J.	J.	et	al.	Sniffers,	buzzers,	toggles	and	blinkers:	dynamics	of	regulatory	and	signaling	pathways	in	the	
cell. Curr. Opin. Cell Biol. 15, 221–231 (2003).
2.Goldbeter, A. A model for circadian oscillations in the Drosophila  period protein (PER). Proc. R. Soc. London. Ser. 
B Biol. Sci. 261, 319–324 (1995).
3.Nghe, P. et al. Prebiotic network evolution: six key parameters. Mol. Biosyst. 11, 3206–3217 (2015).
4.Semenov, S. N. et al. Autocatalytic, bistable, oscillatory networks of biologically relevant organic reactions. 
Nature 537, 656–660 (2016).

Fig. 1. Design of the organocatalytic oscillator.
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O43-0261

Using supramolecular machinery to enhance photoelectrochemical cells

Tessel Bouwens* 1,2, Tijmen Bakker 2,	Kaijian	Zhu	3, Jenny Hasenack 2, Mees Dieperink 2, Albert Brouwer 2, 
Annemarie Huijser 3, Simon Mathew 2, Joost Reek 2

1 University of Cambridge, Cambridge, United Kingdom, 2 University of Amsterdam, Amsterdam, The Netherlands, 3 University of 
Twente, Enschede, The Netherlands

Harnessing	 solar	 energy	under	diffuse	 light	 conditions	 is	 a	 challenge	 that	 can	be	 addressed	with	photoelec-
trochemical	 cells	 (PECs).	However,	PECs	 suffer	 from	efficiency	 losses	due	 to	electron-hole	 recombination.	We	
demonstrate the use of supramolecular machinery with a pseudorotaxane topology as a strategy to inhibit re-
combination	 through	 the	organization	of	molecular	 components	 that	enables	unbinding	of	 the	final	electron	
acceptor upon reduction.[1] We show that preorganization of a macrocyclic electron acceptor to a dye undergoes 
a fast (completed within ~50 ps) ‘ring launching’ event upon electron transfer from the dye to the macrocycle. The 
anionic macrocycle is released creating a spatial separation of charges, thereby, reducing charge recombination. 
The PECs based on supramolecular machinery demonstrated a 16-fold and 5-fold increase in power conversion 
efficiency	compared	to	devices	featuring	two	control	dyes	that	do	not	facilitate	pseudorotaxane	formation.	This	
approach to integrate supramolecular machinery in PECs demonstrates the impact of molecular organization and 
motion on the performance of devices for solar conversion technologies.

[1]	Bouwens,	T.;	Bakker,	T.;	Hasenack,	J.;	Dieperink,	M.;	Zhu,	K.;	Brouwer,	A.;	Huijser,	A.;	Mathew,	S.;	Reek,	J.	Using	
supramolecular machinery to engineer directional charge propagation in photoelectrochemical devices, Nature 
Chem, 2022, Accepted. DOI: 10.1038/s41557-022-01068-y

Schematic representation of the ring-launching mechanism involving the pseudorotaxane based molecular machine based on 

the PSTATION Dye with docking stations for the 3-NDI-ring macrocycle. Excitation of the dye initiates electron transfer steps, 

leading to the ring-launching event.
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O44-1123

Supramolecular Ruthenium Catalysts with High Water Oxidation Activity 
[INV]

Frank Würthner* 1

1 Universität Würzburg, Germany

Water	oxidation	catalysis	(WOC)	represents	one	of	the	key	steps	for	the	ambitious	goal	of	artificial	photosynthe-
sis and the replacement of fossil fuels by alternative energy carriers. Ruthenium complexes have shown excel-
lent performance for the kinetically sluggish proton-coupled four electron transfer process required for oxygen 
generation	and	recently	enabled	the	first	“all-in-one”	nanoparticle	system	for	water	splitting	into	hydrogen	and	
oxygen	without	sacrificial	reagents.	Accordingly,	a	plethora	of	different	frameworks	based	on	mono-	and	mul-
tinuclear	ruthenium	complexes	have	been	reported	in	recent	years	leading	to	significant	enhancement	of	cat-
alyst	efficiency.	Herein,	we	present	our	research	on	multinuclear	ruthenium	6,6’-dicarboxylate-2,2’-bipyridine	
(bda) complexes including macrocycles, linear oligomers and covalent organic frameworks that are employed for 
chemical, electrochemical and photochemical WOC. Our research shows how the desirable mechanistic switch 
towards water nucleophilic attack can be accomplished by the organization of water networks, leading to sig-
nificant	rate	enhancements	for	proton-coupled	electron	transfer	steps.	These	systematic	studies	for	a	variety	of	
metallosupramolecular arrays recently culminated in a mononuclear Ru(bda) complex endowed with a suitable 
pocket	for	water	organization	in	front	of	the	ruthenium	centre.	This	enzyme	mimic	affords	turn-over	frequencies	
comparable to those found for the natural manganese cluster in photosynthesis.
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O44-0021

In situ anticancer monoclonal antibodies-DNA electrochemical biosensor 
interaction

Ana Maria Oliveira-Brett* 1, A.-M. Chiorcea-Paquim, S.C.  Oliveira, V.C. Diculescu, W.B.S.  Machini  

1 University of Coimbra, Coimbra, Portugal

Oxidative damage to peptides, proteins, and DNA is considered to be one of the major causes of cancer- and 
age-related diseases. The interaction of biomolecules with solid electrode surfaces is not only a fundamental 
phenomenon but is also a key to important and novel analytical sensing applications in biosensors. Electrochem-
ical methods can provide insight into the redox mechanisms of a variety of fundamental biological processes.
Many compounds bind and interact with DNA causing changes in the structure of DNA and in the base sequence, 
leading to perturbations in DNA replication. The need for the detection of oxidative damage and interactions 
of DNA with molecules led to the development of DNA-nanoscale electrochemical biosensors that consists of 
a	device	in	which	the	DNA	is	immobilized	on	the	electrochemical	transducer	surface	to	detect	specific	binding	
processes	with	different	molecules,	and	to	monitor	changes	in	the	DNA	conformational	structure	the	after	inter-
action. The electrode is itself a tuneable charged reagent as well as a detector of all surface phenomena. 
Tumour cells, like most normal cells, have a high diversity of receptors on their surfaces. Immunotherapeutic 
drugs, anti-cancer monoclonal antibodies (mAbs), have been recently used in clinical oncology, as they recognise 
and	lock	on	to	specific	antigen	proteins	on	the	surface	of	cancer	cells,	helping	the	body’s	immune	system	recog-
nise the cancer cells and destroy them. 
The direct electrochemical oxidation mechanisms of some native and denatured mAbs, rituximab, bevacizumab 
and nivolumab, enabled the detection of mAbs-dsDNA interaction, using dsDNA-electrochemical biosensors, and 
showing that they bind to DNA but do not cause oxidative damage. The changes in the dsDNA structural morpho-
logical conformation observed were related to the condensation, distortion of the double helix, binding of the 
molecules in the DNA grooves, and release of guanine and adenine residues. 
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O44-0058

Reusable polymer brush-based photocatalysts for light-mediated 
polymerization

Kirsten Bell 1, Sarah Freeburne 1, Christian W Pester* 1

1 The Pennsylvania State University, University Park, United States

Photoredox catalysis is a potent approach that provides user-friendly access to small and macromolecular mol-
ecules under mild reaction conditions and visible light irradiation. However, the photocatalysts’ inherent visi-
ble	light	absorption	means	that	catalyst	residuals	in	final	polymers	product	can	lead	to	discoloration	and	their	
excited states can promote material degradation. Further, the high cost of common transition metal photocat-
alysts and complex synthetic pathways for organic alternatives makes their use on large scales economically 
prohibitive. This presentation introduces a heterogeneous photoredox catalysis platform based on fully organic 
fluorescein	functionalized	polymers	grafted	to	micron-scale	glass	beads.	These	photocatalytic	beads	were	used	
for light-mediated heterogeneous photoredox RAFT polymerizations. Monomer conversion is possible in excess 
of	90%,	and	the	polymerization	can	be	switched	on	and	off	by	triggering	the	light	source.	Furthermore,	good	
oxygen	tolerance	is	possible.	Recyclability	of	the	heterogeneous	catalyst	was	verified	through	sequential	re-use	
of	the	particles	for	multiple	polymerizations.	Finally,	through	the	covalent	tether,	final	products	are	obtained	free	
of catalyst impurities.
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O44-0459

Dopamine detection using electrochemical microfluidic flow injection 
analysis

Yilei	Xue*	1,2, Qusai Hassan 1,2, Meissam Noroozifara 1, Ruby Sullan 1,2, Kagan Kerman 1,2

1 University of Toronto , Toronto, Canada, 2 University of Toronto Scarborough, Toronto, Canada

Dopamine (DA) is a critical neurotransmitter acting as a chemical messenger in the nervous system [1]. Abnormal 
concentration levels of DA correspond to various neurological diseases, such as Parkinson’s, Huntington’s, and 
Alzheimer’s diseases [1]. As an electroactive neurotransmitter, electrochemical sensors can perform a facile de-
termination of DA with high sensitivity, low cost, and miniaturization potential for diagnostic purposes [2]. In this 
project,	a	dynamic	analysis	system	for	on-chip	DA	detection	was	developed	using	flow	injection	analysis	(FIA),	mi-
crofluidics,	and	electrochemical	sensors.	The	multi-walled	carbon	nanotubes-modified	screen-printed	electrode	
(CNTSPE) was coated with copper nanoparticles (CuNPs) via the covalent diazonium chemistry to form a layer of 
4-thiophenol-CuNPs (CuNPs-CNTSPE). The anodic peak potential for DA was measured at -0.08 V using CuNPs-
CNTSPE in phosphate electrolyte solution (pH 6), which is 80 mV lower than the one measured using CNTSPE. Dif-
ferent	parameters	of	the	microfluidic	FIA	system,	such	as	concentration	and	type	of	surfactants,	carrier	flow	rate,	
loop volume, and pH of carrier, were optimized. A surfactant, Tween 20®, was added to the carrier solution to 
improve conductivity and reduce surface tension. In optimal conditions, the on-chip measurement achieved a lin-
ear range from 1.5 to 500 nM with a limit of detection of 0.33 nM, which was 20-fold lower than the one analyzed 
using the on-bench system. This system was successfully applied for DA detection in real samples with recovery 
ranging	from	96.5	to	103.8%.	Integrating	CNTSPE	with	a	microfluidic	FIA	system	allowed	for	the	rapid	detection	
of biomarkers with high sensitivity and excellent reproducibility on a miniaturized scale, which has the potential 
to be further developed into automated point-of-care devices for diagnostic electrochemical analysis of DA. 

Reference:
[1] Si, B.; Song, E. Chemosensors 2018, 6 (1), 1. 
[2] Lakshmanakumar, M.; Nesakumar, N.; Kulandaisamy, A. J.; Rayappan, J. B. B. Measurement 2021, 183, 109873.

Schematic diagram of the microfluidic FIA system used for the electrochemical detection of DA, where the DA solution is 

shown in orange and the carrier stream is shown in bule.
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O45-1146

Templated Out-of-Equilibrium Self-Assembly of Branched Au Nanoshells 
[INV]

Pierangelo Metrangolo* 1

1 Politecnico Di Milano, Italy

Out-of-equilibrium	self-assembly	of	metal	nanoparticles	(NPs)	has	been	devised	using	different	types	of	strat-
egies	and	fuels,	but	achieving	finite	3D	structures	with	a	controlled	morphology	through	this	assembly	mode	is	
still rare. Here, a spherical peptide-gold superstructure (PAuSS) is used as a template to control the out-of-equi-
librium self- assembly of Au NPs, obtaining a transient 3D-branched Au-nanoshell (BAuNS) stabilized by sodium 
dodecyl sulphate (SDS). The BAuNS dismantles upon SDS concentration gradient equilibration over time in the 
sample solution, leading to NPs disassembly and regression to PAuSS. Notably, BAuNS assembly and disassembly 
promotes temporary interparticle plasmonic coupling, leading to reversible and tunable changes of their plas-
monic properties, a highly desirable behavior in the development of optoelectronic nanodevices.

Marchetti, A.; Gori, A.; Ferretti, A. M.; Arenas Esteban, D.; Bals, S.; Pigliacelli, C.; Metrangolo, P. Small 2023,  https://
doi.org/10.1002/smll.202206712.
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O45-0317

DNA Nanocranes for Trigger-Responsive Protein Modification

Bauke Albada* 1

1 Wageningen University & Research, Wageningen, The Netherlands

Biological functions of proteins can be enhanced by their chemical alteration. Therefore, the genetic DNA code 
that programs proteins has been hacked in order to embed unnatural functionalities designed to enhance their 
functions. In this presentation I show how we can enrich the structure of DNA with functional features that en-
ables	 the	 chemical	modification	of	wild-type	proteins	 [1].	 I	will	 present	how	we	developed	nanometer-sized	
DNA-based	molecular	cranes	of	different	types	in	order	to	control	modification	of	the	sites	of	the	same	protein,	
depending on the type of crane and on the presence of an external trigger [2]. Furthermore, using orthogonal 
protein	anchors,	we	control	which	side	of	the	protein	is	modified	[3].	Lastly,	I	will	show	how	we	can	do	this	in	
complex protein mixtures and even in cell lysates.

[1] Biopolymers, 2022, e23483.
[2] Chem. Eur. J., 2022, e202200895.
[3] Chem. Commun. 2021, 12960.

Schematic illustration of a trigger-responsive DNA robot designed for site-selective protein modification.
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O45-0107

Chemical Clocks for Time-Controlled Self-Assembly: Principles and 
Applications

Guido Panzarasa* 1

1 ETH Zürich, Zürich, Switzerland

The astounding ability of living organisms to make materials of high complexity arises from the ability to con-
trol self-assembly in time, which they achieve through biochemical networks. Understanding and modeling such 
processes	with	artificial	reaction	networks	holds	the	promise	to	develop	novel	far-from-equilibrium	materials.	
In this context, chemical clocks appear as versatile tools for programming in time the autonomous and transient 
self-assembly of organic as well as inorganic building blocks. 
Here I will showcase examples of how to program chemical systems to give rise to stable or transient structures, 
from colloidal particles to macroscale gel assemblies, eliminating the need for external control: chemical clocks 
resulting	 in	 the	 production	 of	 transient	 pH	 changes	 (especially	 the	methylene	 glycol-sulfite-propanesultone	
(MGS-PrS)	system),	 iodine	clocks	for	controlling	sol-gel	 transition	 in	time,	and	the	first	reported	example	of	a	
“thermochemical clock”.
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O45-0781

Construction of Hybrid Conjugation via Boron Cage Extension

Jordi Poater* 1,2, Miquel Solà 3, Deshuang Tu 4, Hong Yan 4

1 Universitat De Barcelona, Barcelona, Spain, 2 ICREA, Barcelona, Spain, 3 Universitat de Girona, Girona, Spain, 4 Nanjing 
University, Nanjing, China

Aromatic polycyclic systems have been extensively utilized as structural subunits for the preparation of various 
functional molecules. Currently, aromatics-based polycyclic systems are predominantly generated from the ex-
tension of two-dimensional (2D) aromatic rings. In contrast, polycyclic compounds based on the extension of 
three-dimensional (3D) aromatics such as boron clusters are less studied. Here, we report three types of boron 
cluster-cored tricyclic molecular systems, which are constructed from a 2D aromatic ring, a 3D aromatic nido-car-
borane, and an alkyne. These new tricyclic compounds can be facilely accessed by Pd-catalyzed B–H activation 
and the subsequent cascade heteroannulation of carborane and pyridine with an alkyne in an isolated yield of 
up to 85% under mild conditions without any additives. Computational results indicate that the newly generat-
ed ring from the fusion of the 3D carborane, the 2D pyridyl ring, and an alkyne is non-aromatic. However, such 
fusion	not	only	leads	to	a	1H	chemical	shift	considerably	downfield	shifted	owing	to	the	strong	diatropic	ring	
current of the embedded carborane but also devotes to new/improved physicochemical properties including 
increased thermal stability, the emergence of a new absorption band, and a largely red-shifted emission band 
and	enhanced	emission	efficiency.	Besides,	a	number	of	bright,	color-tunable	solid	emitters	spanning	over	all	
visible	light	are	obtained	with	absolute	luminescence	efficiency	of	up	to	61%,	in	contrast	to	aggregation-caused	
emission quenching of, e.g., Rhodamine B containing a 2D-aromatics-fused structure. This work demonstrates 
that	the	new	hybrid	conjugated	tricyclic	systems	might	be	promising	structural	scaffolds	for	the	construction	of	
functional molecules.¹,²

1) F. Sun, S. Tan, H.-J. Cao, C.-S. Lu, D. Tu, J. Poater, M. Solà, H. Yan, J. Am. Chem. Soc. 2023, 6, 3577-3587.
2) J. Poater, C. Viñas, M. Solà, F. Teixidor, Nat. Comm. 2022, 13, 3844.
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O45-0241

Synthesis and properties of 2D boron atomic layers

Tetsuya Kambe* 1,2, Kimihisa Yamamoto 1,2

1 Tokyo Institute of Technology, Yokohama, Japan, 2 JST-ERATO, Japan

Since	2004,	graphene	has	been	the	focus	of	countless	research	efforts	across	multiple	fields.	It	is	a	two-dimen-
sional (2D) carbon sheet with a thickness of one atom. These days, various 2D materials including metal complex 
nanosheets have been reported.[1] In this study, we have achieved the atomically-thin 2D nanosheet liquid ma-
terial, “liquid borophene,” and its use in an inorganic optical device.
	 	 	 	An	atomically	flat	boron	network	skeleton	was	synthesized	through	a	simple	solution-based	method.	X-ray	
analysis revealed the 2D material, in which layers of boron atoms bridged with oxygen atoms to form a hexagonal 
2D network were intercalated with layers of potassium atoms. Various types of measurements including elec-
tron	microscopy,	spectroscopy,	and	atomic	force	microscopy	confirmed	that	the	proposed	method	was	effective	
in	producing	 the	desired	atomically	flat	borophene	oxide	 sheets.	 The	 characteristic	 conducting	properties	of	
stacked borophene sheets were also revealed from the temperature dependence experiments.[2,3] In addition, 
the	liquid	crystalline	feature	was	achieved	by	chemical	modification	of	the	edge	part.	The	obtained	liquid	crystal	
exhibited	high	thermal	stability	and	optical	switching	behavior	even	at	low	voltages.	These	findings	highlight	the	
strong potential of borophene oxide-derived liquid crystals for use in widespread applications.

[1] T. Kambe, R. Sakamoto, H. Nishihara et al. J. Am. Chem. Soc. 2013, 135, 2462; J. Am. Chem. Soc. 2014, 136, 
14357; Chem. Lett. 2014, 43, 252; ChemPlusChem. 2015, 80, 1255; J. Am. Chem. Soc. 2015, 137, 4681.
[2] T. Kambe, K. Yamamoto et al. J. Am. Chem. Soc. 2019, 141, 12984. 
[3] T. Kambe, K. Yamamoto et al. Nature Commun. 2022, 13, 1037.
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O45-0730

G-quadruplex based perfusable supramolecular hydrogels for 
bioapplications

Vera Sousa* 1, Adérito J. R. Amaral 1, Edgar J. Castanheira 1, Igor Marques 1, João M. M. Rodrigues 1, Vítor Félix 1, 
João Borges 1, João F. Mano 1

1 CICECO – Aveiro Institute of Materials, Department of Chemistry, University of Aveiro, Aveiro, Portugal

G-quadruplexes are ubiquitous noncanonical four-stranded structures formed in guanine-rich DNA sequences 
that have attracted considerable interest owing to their unique self-assembled structures and multiple biologi-
cal roles [1,2]. Herein, a novel dynamic hyaluronic acid (HA)-functionalized G-quadruplex based supramolecular 
hydrogel denoting self-healing, thermo-responsive, injectable and conductive properties was successfully de-
veloped at physiological pH by multicomponent self-assembly of guanosine and 3-aminophenylboronic acid 
functionalized HA in the presence of K+ ions, as demonstrated by an experimental-computational study. The 
intrinsic instability of the G-quadruplex structures was used to bioengineer size and shape tunable perfusable 
microchannels to be embedded in virtually any kind of photocrosslinkable supporting 3D matrices at physio-
logical conditions (Figure 1). The microchannel-embedded 3D constructs denoted enhanced cell viability when 
compared to the bulk hydrogels, holding great promise for being use in drug delivery, modular tissue engineering 
and regenerative medicine. 
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References
1.R. Hänsel-Hertsch, M. Di Antonio, S. Balasubramanian, Nat. Rev. Mol. Cell Biol. 2017, 18, 279-284.
2.D.	Varshney,	J.	Spiegel,	K.	Zyner,	D.	Tannahill,	S.	Balasubramanian,	Nat.	Rev.	Mol.	Cell	Biol.	2020,	21,	459-474.

Figure 1. Development of a dynamic and multicomponent HA-functionalized G-quadruplex based supramolecular hydrogel to be 

used as sacrificial material for bioengineering perfusable 3D constructs to promote long-term cell survival through the efficient 

diffusion of nutrient and oxygen.
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O46-1159

A Hybrid Digital Chemical Information Processor [INV]

Abhishek Sharma* 1

1 University of Glasgow, United Kingdom

Chemical	 systems	have	 the	potential	 to	efficiently	process	 information	beyond	 the	 limits	of	digital	 computa-
tion,	however,	to	achieve	high	performance	and	scalability,	a	well-defined	programmable	logic	is	required.	We	
present a hybrid digital-chemical architecture capable of performing probabilistic computation using an inter-
connected network of chemical oscillators. This hybrid architecture distributes information between digital and 
chemical	domains	and	utilizes	chemical	clocking	logic	and	error	correction	to	perform	efficient	computation.	The	
computational system and the implemented algorithms combine probabilistic outcomes from nearest neighbour 
interactions	and	hysteresis	effects	from	the	chemical	domain	and	deterministic	logic	from	the	digital	domain.	
We demonstrate a novel computation by implementing one-dimensional probabilistic cellular automata, two-di-
mensional cellular automata inspired by Conway’s Game of Life and solutions to combinatorial optimization 
problems.

O46 PARALLEL SESSION 46: Molecular Computing



ORAL PARALLEL SESSIONS

304CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O46-0158

Molecular interactions between water-oil-illite on basal-edge surfaces

Jorge Anderson Arboleda Lamus* 1, Leonardo Muñoz-Rugeles 1, Jorge Martin Del Campo Ramirez 2,  
Nicolas Santos Santos 1, Julio Cesar Perez Angulo 1, Enrique Mejia-Ospino 1

1 Universidad Industrial De Santander, Floridablanca, Colombia, 2 Universidad Nacional Autonoma de Mexico, Ciudad de Mexico, 
Mexico

Affinity	between	the	surface	(basal	and	edge)	of	the	illite	K₂(Si₇Al)(Al₃Mg)O₂₀(OH)₄	and	some	hydrocarbons	was	
studied through molecular dynamics (MD). Calculus of contact angle (CA) and height of drops (Hds) for hydro-
carbon and water droplets on surfaces of illite was used to determine the interaction between the two systems. 
In order to develop the simulations, an unit cell was constructed following Löwenstein’s rule. Hydrocarbons se-
lected were heptane and toluene, and mixtures of heptane-heptanoic acid, heptane-heptanoate, heptane-hexyl-
amine and heptane-hexylammonium. For heptane-heptanoate and heptane-hexylammonium mixtures, Na+ and 
Cl- ions were added to neutralize excess charge, respectively. 24 simulations were run at 1 atm and 298.15 K as 
follows: 1 ns NVT, 1 ns NPT, 1 ns NVT and 5 ns NPT for production stage. Results showed that, both surfaces inter-
act strongly with aqueous phases (CA < 45°), except for the one where continuous phase was the heptane-hep-
tanoic acid mixture on the edge surface, which showed intermediate interaction (CA 87.6600°), due to hydrogen 
bonds generated between acid groups and hydroxyl groups (silanols and alumminols) of the edge (Fig. 1a). On 
another hand, the surfaces do not positively interact with the hydrocarbon droplets. However, the drop of the 
heptane-heptanoic acid mixture located closer to both surfaces than the another droplets. For that, we consider 
droplet	was	the	most	affine	to	the	surfaces	(Hds	2.5224	and	4.2839	Å),	due	to	hydrogen	bonds	between	acid	
groups	and	first	and	second	water	layers	that	formed	on	the	surfaces.	

Acknowledgement
This work has been supported by the MinCiencias (Grant Number M801PR15MO1).

Fig.1.  a)  Water in heptane-heptanoic acid and on edge surface. b) heptane-heptanoate in Na+ and water phase. Carbon, 

hydrogen, oxygen, sodium, silicon, aluminum, potassium, and magnesium atoms are shown in gray, white, red, yellow, ochre, 

silver, purple, and green, respectively.
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O46-0279

Emergent computation in self-organizing chemical reaction networks

Mathieu Baltussen* 1, Thijs De Jong 1, William Robinson 1, Quentin Duez 1, Wilhelm Huck 1

1 Radboud University, Nijmegen, The Netherlands

Living systems show a great capacity for information processing. Encouraged by examples from biology, neu-
roscience, and AI research, many attempts have been made to unlock the information processing potential in 
chemistry, designing novel biochemical and molecular systems which can act as computers. However, a main 
limitation	of	these	systems	is	a	lack	of	controllability	in	the	type	and	speed	of	different	chemical	interactions.	
New approaches are needed to harness the already existing chemical interactions without necessitating a high 
level	of	microscopic	control	and	finetuning.
We report on the discovery of emergent information processing capabilities in the formose reaction, a self-or-
ganizing prebiotic chemical reaction network. We establish techniques to use the formose reaction as a reser-
voir computer, enabling in chemico computation, and show how it can perform neural network-like operations 
on	chemical	inputs	without	the	need	for	microscopic	control	or	finetuning.	The	network	can	perform	advanced	
computational	tasks,	including	nonlinear	classification	tasks	such	as	the	XOR	gate,	and	universal	function	approx-
imation. Additionally, we show how the system can predict future behaviour of complex dynamical systems such 
as	nonlinear	transfer	functions,	and	ordinary	differential	equations	such	as	Lotka-Volterra	models	and	the	Lorenz	
attractor.
Our	findings	showcase	a	novel	direction	in	the	design	and	application	of	chemical	systems	for	computation,	and	
encourage	a	new	look	at	complex	chemical	systems	and	their	information	processing	capacity,	allowing	the	field	
of molecular information processing to reach its full potential. 

Our system consists of a simple flow-reactor setup which receives chemical inputs from connected syringes. The reactor 

content is continuously monitored using timsTOF mass-spectrometry. Computation is achieved by multiplying the chemical 

output concentrat 
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O46-0283

Revising the Rationale Behind C–H Bond Distances

Pascal Vermeeren* 1

1 Vrije Unversiteit Amsterdam, Amsterdam, The Netherlands

A fundamental and ubiquitous phenomenon in chemistry is the contraction of the C–H bond going from, for ex-
ample, ethane to ethylene to acetylene. As introduced by Linus Pauling more than 90 years ago,[1] and described 
in most chemistry textbooks,[2] this structural trend originates from the increasing percentage of s-orbital char-
acter of the hybrid orbital, as the carbon atom involved changes in s–p hybridization from sp3 to sp2 to sp. This 
results in an optimal bond overlap at shorter C–H bond distances. During this talk, it will become evident that 
this rationale behind this structural phenomenon is incorrect. By quantum-chemical bonding analyses based on 
Kohn-Sham molecular-orbital theory,[3] I will show that this C–H bond contraction is, in fact, caused by a dimin-
ishing steric (Pauli) repulsion between the substituents around the pertinent carbon atom as the coordination 
number of the carbon atom of interest decreases from 4 to 3 to 2 along ethane, ethylene, and acetylene.[4]

[1] a) Pauling, J. Am. Chem. Soc. 1931, 53, 1367; b) L. Pauling, General Chemistry. W.H. Freeman & Co., San Fran-
cisco, 1970.
[2] a) M. B. Smith, March’s Advanced Organic Chemistry: Reactions, Mechanisms, and Structure. Wiley, New York, 
2013; b) E. V. Anslyn, D. A. Dougherty, Modern Physical Organic Chemistry. University Science books, Sausalito, 
2006; c) J. Clayden, N. Greeves, S. Warren, Organic Chemistry, 2nd ed., Oxford University Press, Oxford, 2012.
[3] a) P. Vermeeren, S. C. C. van der Lubbe, C. Fonseca Guerra, F. M. Bickelhaupt, T. A. Hamlin, Nat. Protoc. 2020, 15, 
649; b) P. Vermeeren, T. A. Hamlin, F. M. Bickelhaupt Chem. Commun. 2021, 57, 5880.
[4]	a)	P.	Vermeeren,	W.-J.	van	Zeist,	T.	A.	Hamlin,	C.	Fonseca	Guerra,	F.	M.	Bickelhaupt	Chem.	Eur.	J.	2021,	27,	7074;	
b) P. Vermeeren, F. M. Bickelhaupt Nat. Sci. 2022, 3, e20220039.

Figure 1. The contraction of the C–H bond going from ethane to ethylene to acetylene as a consequence of the diminished 

steric (Pauli) repulsion between the substituents around the pertinent carbon atom.
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O46-0783

Another Potential Click Reaction: SuPhenEx –  Computational Insights

Akash Krishna* 1

1 Wageningen University and Research, Wageningen, Netherlands

The	quest	 for	new	and	efficient	approaches	 to	synthesising	numerous	biologically	active	scaffolds	and	mate-
rials has led to the emergence of Click Chemistry as a promising strategy[1]. Sulfur-Fluoride Exchange (SuFEx)
[2] chemistry has evolved as a next-generation click chemistry; however, it still requires additional reagents/
catalysts and carefully controlled conditions in most syntheses. To overcome these limitations, we aim to gen-
eralise S(VI) exchange chemistry, using 4-nitrophenyl phenylmethane sulfonate as an example, where the nitro-
phenolate group is exchanged for a wide range of (substituted) phenols – Sulfur-Phenolate Exchange (SuPhenEx)
[3] – Figure 1. We achieve this by using computational approaches (Density Functional Theory) to understand the 
mechanism	and	reactivity	and	identify	Lewis	acids’	effect	on	sluggish	reactions.
Two questions about the reaction mechanism of SuPhenEx cannot be fully explained by total energy calculations: 
What	specific	details	of	bond	formation	drive	the	reaction?	What	causes	the	observed	change	in	barrier	energy	
when Lewis acids are used? We answer these questions using Energy Decomposition Analysis (EDA)[4], which 
decomposes the interaction energy between fragments in the transition state and associates it with chemical 
bonding concepts.

References:
[1]aH. C. Kolb, M. G. Finn, K. B. Sharpless, Angewandte Chemie International Edition 2001, 40, 2004-2021; bH. C. 
Kolb, K. B. Sharpless, Drug Discovery Today 2003, 8, 1128-1137.
[2]J. Dong, L. Krasnova, M. G. Finn, K. B. Sharpless, Angewandte Chemie International Edition 2014, 53, 9430-
9448.
[3]Y.	Chao,	A.	Krishna,	M.	Subramaniam,	D.-D.	Liang,	S.	P.	Pujari,	A.	C.	H.	Sue,	G.	Li,	F.	M.	Miloserdov,	H.	Zuilhof,	Ang-
ewandte Chemie International Edition 2022, 61, e202207456.
[4]P. Vermeeren, S. C. C. van der Lubbe, C. Fonseca Guerra, F. M. Bickelhaupt, T. A. Hamlin, Nature Protocols 2020, 
15, 649-667.

Figure 1. SuPhenEx reaction with 4-nitrophenyl phenylmethane sulfonate as the starting compound.
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O46-0406

Random Graph Modelling of Cycle Formation during Polymerization

Tamika	Van	‘t	Hoff*	1, Piet Iedema 1

1 Universiteit van Amsterdam, Amsterdam, The Netherlands

Accurately predicting the photocuring of acrylates is important for large-scale printing¹. During the free radical 
photo-polymerization	of	1,6-hexanediol	diacrylate	(HDDA)	the	solidification	of	liquid	monomer	takes	place	at	
strongly decreasing rates². The formed polymer network was modeled by Schamboeck et al. using a random 
graph model³. Here, monomers were viewed as nodes and chemical crosslinks as edges to form connected com-
ponents to simulate oligomers and polymers. The model allows to accurately predict global properties of the 
polymers from local monomer connectivity expressed as the ‘degree distribution’. However, inherent to random 
graph methodology is the loss of information about local, chemically induced processes. One key feature to incor-
porate	is	the	formation	of	cycles	and	superstructures,	as	shown	by	Torres-Knoop	et	al.⁴	⁵	The	presence	of	cycles	
in	the	polymer	network	has	a	significant	influence	on	the	elasticity	of	the	formed	polymer⁶	and	is	thus	essential	
for accurate property prediction. We propose a methodology, where cyclisation reactions are assumed to create a 
different	bond	type	than	‘regular’	propagation	reactions.	Furthermore,	the	structural	influence	of	a	cycle	is	imple-
mented	by	defining	a	‘cycle	node’	that	connects	to	all	reaction	components,	effectively	creating	a	bipartite	graph	
to	describe	the	polymer⁷.	Preliminary	results	show	a	delay	of	the	gel	point	of	HDDA	with	the	presence	of	cycles,	
as these do not contribute to the connectivity in the network.

References
[1] Lee, Hye-Ju, et al. Ceramics International 47.3 (2021): 3867-3875.
[2] Iedema, P.D., et al. Chemical Engineering Science 207 (2019): 130-144.
[3] Schamboeck, Verena, Ivan Kryven, and Pieter D. Iedema. Macromolecular Theory and Simulations 26.6 (2017): 
1700047.
[4] Torres-Knoop, Ariana, et al. Soft matter 14.17 (2018); 3404-3414.
[5] Torres-Knoop, Ariana, et al. Communications Materials 2.1 (2021): 1-9.
[6] Panykov, Sergey. Macromolecules 52.11 (2019): 4145-4153.
[7 ]Newman, Mark EJ. Physical review letters 103.5 (2009): 058701.
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O47-1102

Life but not alive: engineering synthetic cells [INV]

Kate Adamala* 1

1 University of Minnesota, United States

All of biological research is done on a single sample: that of modern, terrestrial life. In the quest to engineer syn-
thetic living systems, we seek to expand that sample size, enabling investigation of  general properties of life in 
the lineage agnostic, synthetic organisms.
Synthetic	cells	are	liposomal	bioreactors	that	have	some,	but	not	all	properties	of	live	cells.	Creating	artificial	
living systems allows us to diversify the chassis of biological studies, and provides novel opportunities for bio-
engineering. We can begin to answer questions about healthy and diseased natural cells, and ask new questions 
about	the	limits	of	biology.	Engineering	synthetic	cells	with	fundamentally	different	physical	and	chemical	prop-
erties, we can compare behaviors and begin drawing broad conclusions about basic rules of biological life.
Synthetic	 cells	 are	 fully	 defined	 and	engineerable,	 enabling	 studies	 of	 natural	 processes	with	 level	 of	 detail	
unavailable in complex and messy live cell. In synthetic system, there is less noise from underlying endogenous 
processes of cells, and no limitations of survivability. Synthetic cells provide new chassis for biological studies, 
for broadening understanding of our own type of biology, and for investigating alternatives to the single known 
life form.
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O47-0495

From interstellar ice to prebiotic molecules

Ko-ju Chuang* 1, Serge Krasnokutski 2, Cornelia Jäger 2, Nico Ueberschaar 3, Thomas Henning 4

1 Leiden University, The Netherlands, 2 Max Planck Institute for Astronomy, Friedrich Schiller University Jena, 3 Friedrich Schiller 
University Jena, Germany, 4 Max Planck Institute for Astronomy, Germany

Rosetta mission towards the comet 67P/C-G has revealed an incredible inventory of simple and organic mol-
ecules, including H2O, CO, NH3, CH3OH, and even NH2CH2COOH, which are believed to be inherited from in-
terstellar molecular clouds before star formation[1]. This is in line with the recent Early-Release-Science from 
the space-borne JWST(ERS:IceAge), revealing the chemical composition of the interstellar ice in star-forming 
objects[2].	Cross-disciplinary	studies	have	spent	efforts	explaining	possible	extraterrestrial	chemistry	and	pro-
vided a better understanding of how these volatile molecules are formed under harsh space environments. For 
example, O atoms accrete on interstellar dust at 10 K and successively associate with H atoms, forming H2O 
ice coating on bare siliceous grains. The same atom-addition reactions apply to N and C atoms resulting in the 
formation of NH3 and CH4, respectively. However, little is known about how and when these simple molecules 
are further converted into prebiotic compounds like amino acids and proteins uncovered in meteorites. In this 
work, a novel solid-state pathway involving C atoms, CO, and NH3 is experimentally investigated under interstel-
lar conditions to validate the aminoketene (NH2CHCO) formation suggested by theoretical calculation[3]. The 
further	polymerization	of	aminoketene	due	to	diffusion	and	association,	mimicking	the	warming-up	processes	
during	star	formation,	leads	to	peptides	with	different	lengths	(i.e.,	H-(NHCH2CO)n-).	The	studied	reactions	skip	
the stage of amino acid formation/condensation in protein synthesis and can take place at relatively low tem-
peratures without additional energy input like UV or cosmic rays. The delivery of bio-polymers formed through 
the	two	abundant	interstellar	molecules	CO	and	NH3	might	offer	critical	bio-fragments	to	early	(exo-)planets	and	
ultimately facilitate the origins of life.

[1] K. Altwegg, et al., ARAA, 57, 113-155 (2019).
[2] M.K. McClure, et al., Nature Astronomy, 1-13 (2023).
[3] S.A. Krasnokutski, et al., Nature Astronomy, 3(6), 381-386 (2022).

Extraterrestrial reactions involving the most common interstellar ices (CO and NH3) contribute to the emergence of prebiotic 

molecules without energetic irradiation.
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O47-0511

Artificial molecular motors probing the stiffness of membranes

Manee Patanapongpibul* 1, Alexander Ryabchun 1, Nathalie Katsonis 1

1 University of Groningen, Groningen, The Netherlands

The	 stiffness	of	 a	 lipid	bilayer	defines	 its	 ability	 to	bend	and	 to	undergo	deformations,	which	 is	 essential	 to	
cellular	 life.	 There	are	 several	methods	 for	measuring	membrane	stiffness,	 including	micropipette	aspiration,	
fluctuation	spectroscopy,	atomic	force	microscopy,	and	X-ray	diffraction;	however,	they	all	require	complex	set-
ups	and	only	provide	information	about	the	membrane	stiffness	of	a	single	cell	or	vesicle.	Our	group	has	shown	
that	the	rotation	movement	of	artificial	molecular	motors	can	be	integrated	to	supramolecular	systems,	to	form	
responsive soft matter. Here, we show that, reciprocally, the rotational frequency of the motors is substantially 
modified	by	the	physical	properties	of	their	environment	–	with	a	special	focus	on	stiffness	and	organisation.	As	
a	result,	we	set	out	to	use	molecular	motors	as	a	probe	for	the	stiffness	of	lipid	bilayers.	We	synthesized	artificial	
molecular motors and incorporated them into phospholipid membranes. Using UV-visible spectroscopy, we then 
investigated the kinetics of thermal helix inversion, which is the rate-limiting step in the four-step rotation cycle 
of overcrowded alkenes. The results indicate that molecular motors rotate slower in those membranes that are 
more rigid and ordered. 
In addition, we have examined the rotation frequency of motors in micelles and we have demonstrated that the 
rotation frequency of the molecular motors is dependent on the degree of organization in these micelles.
Our research on the relationship between the rotation frequency of molecular motors and the degree of order of 
their molecular environment paves the way for molecular systems in which molecular machines drive soft matter, 
which	in	turn	affects	the	operation	of	the	molecular	machines,	thus	establishing	a	feedback	loop	between	the	
molecular and macroscopic levels.
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O47-0206

Enzymatic Regulation of Protein-Protein Interactions in Artificial Cells

Thijs Van Veldhuisen* 1, Wiggert  Altenburg 1, Madelief Verwiel 1, Lenne Lemmens 1, Alexander Mason 1,  
Maarten Merkx 1, Luc Brunsveld 1, Jan van Hest 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Membraneless organelles are important for spatial organization of proteins and regulation of intracellular pro-
cesses.[1]	Client	proteins	can	be	recruited	to	these	condensates	by	specific	protein-protein	or	protein-nucleic	
acid	 interactions,	which	are	often	 regulated	by	post-translational	modifications.[2]	However,	 the	mechanisms	
behind	these	dynamic,	affinity-based	protein	recruitment	events	are	not	well	understood.	Here,	we	present	a	
coacervate	system	that	incorporates	the	biologically	relevant	14-3-3	scaffold	protein	to	study	enzymatically	reg-
ulated recruitment of 14-3-3-binding proteins, which mostly bind to 14-3-3 in a phosphorylation-dependent 
manner.[3]	Synthetic	coacervates	based	on	polyelectrolytes	were	efficiently	loaded	with	14-3-3,	and	phosphory-
lated binding partners, such as the c-Raf pS233/pS259 peptide (c Raf), showed 14 3 3-dependent sequestration 
with	up	to	161-fold	increase	in	local	concentration.	Furthermore,	the	recruitment	of	proteins	based	on	affinity	
for	14-3-3	was	demonstrated	by	 fusion	of	 the	 c-Raf	domain	 to	 green	fluorescent	protein	 (GFP-c-Raf).	 In	 situ	
phosphorylation of GFP-c-Raf by a kinase led to enzymatically regulated uptake into the coacervates, with a 
72-fold enhanced local concentration. The introduction of a phosphatase into coacervates preloaded with the 
phosphorylated	14-3-3-GFP-c-Raf	complex	resulted	in	a	significant	cargo	efflux	mediated	by	dephosphorylation.	
Finally, the general applicability of this platform to study protein-protein interactions was demonstrated by the 
phosphorylation-dependent	and	14-3-3-mediated	active	reconstitution	of	a	split-luciferase	inside	artificial	cells.	
This work presents an approach to study dynamically regulated protein recruitment in condensates, using bio-
logically relevant interaction domains.

[1] Y. Shin, C. P. Brangwynne, Science 2017, 357, 1253.
[2] J. A. Ditlev, L. B. Case, M. K. Rosen, J. Mol. Biol. 2018, 430, 4666.
[3] C. Johnson, M. Tinti, N. T. Wood, D. G. Campbell, R. Toth, F. Dubois, K. M. Geraghty, B. H. C. Wong, L. J. Brown, J. 
Tyler, A. Gernez, S. Chen, S. Synowsky, C. MacKintosh, Mol. Cell. Proteomics 2011, 10, M110.005751.

Schematic overview of coacervate preparation and affinity-based, enzymatically regulated uptake of 14-3-3 binding 

partners, which is regulated by phosphorylation state.
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O48-1111

Functional Nanomateriales for helping drugs overcoming biological barriers 
[INV]

María J. Alonso* 1

1 University of Santiago De Compostela, Spain

Advanced therapies that utilize proteins and RNA-based polynucleotides, are taking an increasing space in the in-
dustry pipelines. Despite their potency, the adequate exploitation of these macromolecules has been restrained 
by	their	difficulties	for	overcoming	biological	barriers	and	reach	the	intracellular	targets.
Fortunately, improved understanding of the biological barriers, as well as advances in chemical biology and the 
synthesis of functional biomaterials is paving the way for a more comprehensive and rational design of advanced 
nanomedicines.	Our	laboratory	has	significantly	contributed	to	this	field.	As	an	example,	in	the	90’s	we	were	the	
first	to	report	that	nanoparticles	made	of	biopolymers	and/or	lipids	were	efficient	vehicles	for	the	transmucosal	
delivery of proteins, antigens and polynucleotides. In the last decades, we have made design nanocarriers for 
the	intracellular	delivery	of	monoclonal	antibodies	and	RNA	molecules.	These	efforts	have	resulted	in	an	array	
of nanotechnologies that can be used to develop advanced therapies and vaccines as well as personalized treat-
ments.
In my presentation, I will focus on the design of functional nanomaterials for the targeted delivery of proteins 
and	RNA	molecules.	Namely,	I	will	report	our	efforts	in	two	major	therapeutic	areas:	(i)	nanovaccines,	i.e.	HIV	and	
COVID vaccines (ii) oncological personalized therapies based mAb and siRNA targeted to intracellular onco-pro-
teins (iii) Nanocarriers for treating brain diseases using RNA.
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O48-0742

Designing Peptide and DNA Self-Assembly at the Nanoscale

Torsten John* 1,2

1 Massachusetts Institute of Technology (MIT), Cambridge, United States, 2 Leibniz Institute of Surface Engineering (IOM), Leipzig, 
Germany

Over many years, nature has elegantly developed complex functionalities from simple building blocks. Examples 
are	the	dense	storage	of	genetic	information	in	DNA,	the	strength	of	protein	fibrils	in	muscles,	or	the	efficiency	
of viruses to infect cells. Humankind has not yet reached the superior design principles of nature. However, bot-
tom-up approaches for the self-assembly of small molecules into nanoscale and microscale arrays are increasing-
ly advancing the design of new materials, complementing traditional top-down syntheses.
In this work, we present molecular insights into nanoscale self-assembly of peptides and DNA. First, we demon-
strate	how	nanoscale	interfaces	such	as	nanoparticles	and	liposomes	influence	peptide	self-assembly.[1]	A	par-
ticular	focus	is	on	the	impact	on	amyloid	fibril	formation,	a	process	associated	with	the	development	of	neuro-
degenerative	diseases.	Second,	we	investigate	the	influence	of	nanoparticles	in	nanomedicine	and	the	role	of	
surface chemistry and curvature in accelerating or inhibiting peptide self-assembly.[2,3] Finally, this work will 
explore the potential of DNA nanotechnology to design arbitrarily shaped 2D and 3D functional structures with 
applications in materials and biomedicine.[4,5]

References
[1] T. John, A. Gladytz, C. Kubeil, L. L. Martin, H. J. Risselada, B. Abel, Nanoscale 2018, 10, 20894–20913.
[2] T. John, J. Adler, C. Elsner, J. Petzold, M. Krueger, L. L. Martin, D. Huster, H. J. Risselada, B. Abel, J. Colloid Interface 
Sci. 2022, 622, 804–818.
[3] T. John, S. Piantavigna, T. J. A. Dealey, B. Abel, H. J. Risselada, L. L. Martin, bioRxiv 2022, 2022.08.02.502408.
[4]	H.	Jun,	X.	Wang,	M.	F.	Parsons,	W.	P.	Bricker,	T.	John,	S.	Li,	S.	Jackson,	W.	Chiu,	M.	Bathe,	Nucleic	Acids	Res.	2021,	
49, 10265–10274.
[5]	X.	Wang,	S.	Li,	H.	Jun,	T.	John,	K.	Zhang,	H.	Fowler,	J.	P.	K.	Doye,	W.	Chiu,	M.	Bathe,	Sci.	Adv.	2022,	8,	eabn0039.

Illustration of the role of nanoscale surfaces for peptide self-assembly (Cover Image from Nanoscale, https://doi.

org/10.1039/C8NR90256A)
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O48-0397

Real-time biomolecular sensor for monitoring cell-based production 
processes

Selina Janssen* 1,2, Arthur de Jong 1,2, Menno Prins 1,2,3

1 Eindhoven University of Technology, Eindhoven, The Netherlands, 2 Institute for Complex Molecular Systems, Eindhoven,  
The Netherlands, 3 Helia Biomonitoring, Eindhoven, The Netherlands

Cell-based production processes in bioreactors and fermentors need to be carefully monitored due to the com-
plexity	of	the	biological	systems	and	their	growth	processes.	Critical	parameters	are	identified	and	monitored	
over time to guarantee product quality and consistency and to minimize over-processing and batch rejections. 
Sensors are already available for monitoring parameters such as temperature, glucose, pH, and CO2, but not yet 
for low-concentration substances like proteins and nucleic acids. 
We present a sensing technology for the real-time continuous monitoring of biomolecules in concentration 
ranges from picomolar to micromolar. The continuous sensing method is called Biosensing by Particle Motion 
(BPM)1–4 and comprises hundreds to thousands of biofunctionalized micrometer-sized particles that undergo 
reversible single-molecule interactions with a biofunctionalized surface. The reversible interactions lead to a 
switching	behavior	that	is	continuously	optically	detected	and	dynamically	reflects	the	concentration	of	the	tar-
get molecules in solution. 
In this work, we develop a BPM sensor for the continuous monitoring of host cell DNA in bioreactors. We describe 
the development of DNA binders and molecular sensing architectures. Experimental results are shown, focusing 
on	the	sensitivity,	specificity,	and	reversibility	of	the	sensor.	Finally,	we	discuss	the	prospects	of	continuous	re-
al-time biomolecular sensing for improving cell-based production processes.

1. Visser, E. W. A. et al., Nat Commun 9, 1–10 (2018).
2. Yan, J. et al., ACS Sens 5, 1168–1176 (2020).
3. Buskermolen, A. D. et al., Nat Commun 2022 13:1 13, 1–12 (2022).
4. van Smeden, L. et al., ACS Sens 7, 3041–3048 (2022).
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O48-0537

Uniquely Defined Polymer Nanoparticles in Controlled Drug Delivery

Jos Paulusse* 1

1 University of Twente, Enschede, The Netherlands

As	the	area	of	nanomedicine	is	increasingly	finding	application	in	a	variety	of	diseases,	with	different	targeting	
sites	and	drug	candidates	being	identified,	there	is	an	urgent	need	for	adjustable	nanocarrier	systems.	Due	to	
their chemical diversity and highly modular nature, polymers and polymeric nanoparticles in particular are pop-
ular drug carrier materials. Most polymeric nanoparticles are in the 50-200 nm size range, which is unfortunate, 
since proteins, enzymes and some viruses are considerably smaller in size. In order to access the sub-20 nm size 
regime, we are investigating single-chain polymer nanoparticles (SCNPs) as nanocarriers for therapeutics deliv-
ery and targeted imaging. SCNPs are prepared through intramolecular crosslinking of individual polymer chains 
into	individual	nanoparticles	and	thus	offer	tremendous	control	over	size	and	dispersity.	Through	exclusive	intra-
molecular crosslinks, SCNPs are an order of magnitude smaller than conventional polymer nanoparticles, easily 
and rapidly accessible on large scale and without the requirement of complex synthetic strategies.
Highly modular in nature, these uniquely sized polymer nanoparticles enable encapsulation and controlled re-
lease of drug molecules, irrespective of their hydro- or lipophilicity. Preparation of SCNPs from prepolymers 
containing	pentafluorophenol	activated	esters,	followed	by	functional	amine	substitution,	allows	for	careful	en-
gineering of the nanoparticle surface, providing control over distribution behavior and enabling the mimicking of 
proteins	in	terms	of	shape,	composition	and	even	function.	Current	efforts	focus	on	the	design	of	these	nanopar-
ticles	for	effective	delivery	to	the	brain.

Preparation of single chain polymer nanoparticles and simultaneous encapsulation of therapeutics for controlled drug 

delivery and targeted imaging.
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O49-1093

Probing Reaction Environment of Electrical Double Layer [INV]

Taek Dong Chung* 1

1 Seoul National University, South Korea

Since the electrical double layer (EDL) is where heterogeneous electron transfer occurs, understanding the ef-
fects	of	the	electrode-electrolyte	interface	structure	on	electrocatalysis	is	important.	The	strong	electric	field	in	
the	EDL	offers	unique	environment	for	electrochemical	reactions	by	altering	the	solvation	structure	and	mass	
transport of redox species. Yet, it is challenging to evaluate the physicochemical properties of the matter with-
in EDL, especially for the inner Helmholtz plane (IHP), where most electrochemical reactions occur. Herein, the 
microscopic environment in the IHP of ionic liquids (ILs) is investigated through the reorganization energy (l) 
reflecting	 the	 solvation	 structure.	 Exceptionally	 fast	mass	 transport	of	Br2	 in	N-methyl-N-ethyl-pyrrolidinium	
polybromide (MEPBr2n+1) allows to obtain Br2 reduction voltammograms in which the current plateau is gov-
erned by electron-transfer kinetic and to evaluate l based on the Marcus-Hush-Chidsey model. Regulating the 
potential	of	zero	charge	(PZC)	of	electrodes	by	surface	modification	and	preparation	of	alloys	with	various	ele-
mental compositions, the surface charge sensitive-ionic structure in ILs is discussed. Furthermore, high-through-
put	investigations	of	the	PZC	of	high-entropy	alloy	material	library	(HEA-ML)	using	the	scanning	electrochemical	
cell	microscopy	(SECCM)	technique	reveals	the	correlation	between	acidic	HER	activities	on	the	HEA	and	its	PZC.	
These highlight the surface charge-dependent EDL structure as one of the electrocatalyst designing principles.
Keywords: Electrical double layer, Potential of zero charge, Reorganization energy
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O49-0598

Chemo-mechanical transduction of disassembling microcrystalline fibres

Luis Claudio Pantaleone* 1

1 University of Groningen, Groningen, The Netherlands

Bio-molecular polymerization motors are molecular systems that use supramolecular polymerization to mediate 
the conversion of chemical potential into useful mechanical work. Microcrystallization has attracted interest in 
efforts	to	reverse	engineer	this	strategy	in	artificial	systems,	since	the	self-organization	of	monomers	in	a	crystal	
lattice has the potential to harvest mechanical work originating at the molecular level. With the intent to ex-
plore new chemo-mechanical transduction strategies, we developed a synthetic mechanically active molecular 
system designed to generate forces via controlled disassembly. The amphiphilic monomer self-assembles into 
rigid,	high-aspect	ratio	microcrystalline	fibers	with	assembly	regulated	by	a	coumarin-based	pH	switching	motif.	
In the structures formed, the crystal morphology determines the monomer reactivity at the interface, resulting 
in	anisotropic	etching	of	the	fibers.	This	effect	is	used	to	exert	directional	pulling	forces	on	microscopic	beads	
adsorbed on the crystal surface through weak multivalent interactions. Mechanistic insights were provided by 
optical	 tweezers	 (OT)	 force	spectroscopy,	which	quantified	a	stall	 force	of	2.3	pN	(+/-	0.1	pN)	exerted	by	this	
ratcheting	mechanism	and	the	mechanical	work	produced	by	the	fibers’	disassembly.

During force spectroscopy measurement with OT, to maintain the multivalent interactions with the crystal surface, the 

microspheres are displaced from the centre of the optical trap which acts as a Hookean spring.
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O49-0682

Intrinsically Chiral Click Chemistry

Alyssa van den Boom 1, Chao Yang 2, Muthusamy Subramaniam 1, Sidharam Pujari 1, Fedor Miloserdov 1,  
Han	Zuilhof*	1,2

1 Lab of Organic Chemistry - Wageningen University, Wageningen, The Netherlands, 2 School of Pharmaceutical Science - Tianjin 
University, Tianjin, China

Click chemistry has revolutionized many facets of the molecular sciences, with the realization of reactions that 
are	‘‘modular,	wide	in	scope,	give	very	high	yields,	generate	only	inoffensive	byproducts	that	can	be	removed	
by	nonchromatographic	methods	and	are	stereospecific”.		Yet	surprisingly	little	attention	has	been	given	to	the	
development	of	intrinsically	chiral	click	reactions	(potentially	enantiospecific,	rather	than	‘only’	enantioselective	
due to chiral auxiliary groups), while the modularity of many click reactions is best compared to one-dimensional 
LEGO.  Of course, much could be done within the constraints – hence forementioned revolution – but it drove 
attention towards an extension of available click chemistries.  
The	talk	will	focus	on	the	resulting	investigations	in	the	field	of	S(VI)	exchange	chemistry,	with	specific	emphasis	
on	the	development	of	the	intrinsically	enantiospecific	click	reactions	and	their	use	to	e.g.	make	synthetic	poly-
mers with 100% backbone chirality that combine stability & degradability (Figure 1). 

Relevant references:
A)	Liang,	D.D.;	....;	Zuilhof,	H.	Silicon-free	SuFEx	reactions	of	sulfonimidoyl	fluorides:	scope,	enantioselectivity,	and	
mechanism. Angew. Chem. Int. Ed. 2020, 59, 7494-7500. 
B)	 Liang,	D.D.;	 ...;	 Zuilhof,	 H.	 Configurationally	 chiral	 SuFex-based	 polymers.	 Angew.	 Chem.,	 Int.	 Ed.	 2022,	 61,	
e202116158. 
C)	Chao,	Y.;	...;	Miloserdov,	F.M.;	Zuilhof,	H.	Sulfur-Phenolate	exchange:	SuFEx-derived	dynamic	covalent	reactions	
and degradation of SuFEx polymers. Angew. Chem., Int. Ed. 2022, 61, e202207456.
D)	Li,	S.;	 ...;	Zuilhof,	H.;	Moses,	J.;	Sharpless,	B.	SuFExable	polymers	with	helixal	structure	derived	from	thionyl	
tetrafluoride.	Nat.	Chem.	2021,	13,	858-867.

Figure 1. Enantiospecific SuFEx click chemistry.
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O49-0258

Exosome inspired RNA compartmentalisation in coacervate artificial cells

Alexander Cook* 1, Jan van Hest  

1 Tu/e, Eindhoven, The Netherlands

The	mimicking	of	biological	communication	and	information	transfer	in	artificial	multicellular	systems	has	been	
a	target	for	researchers	over	the	past	few	years.	Development	of	artificial	protocell	systems	has	the	potential	to	
increase our understanding of cellular processes and biological functions, produce therapeutic technologies for 
advancement of global healthcare, and give rise to further understanding into how life evolved on earth. Progress 
towards replicating these complex biological pathways in synthetic systems has only recently come to fruition. 
A variety of compartmentalised protocells have been fabricated with lipid vesicles, polymersomes, complex coa-
cervates,	and	hydrogel	microparticles.	While	signalling	usually	involves	diffusion	of	small	molecules	from	sender	
protocells to receiver protocells, to activate compartmentalised enzyme cascade reactions,[1] recently, this dif-
fusion-based	signalling	has	been	expanded	to	include	naked	nucleic	acids,	which	is	a	significant	step	towards	
more life-like information processing in synthetic cells.[2] However, in nature, transfer of genetic information 
between cell populations occurs with nucleic acids protected in further subcellular compartments – exosomes, 
as	was	demonstrated	in	2007	for	the	first	time	for	RNA	communication	between	cells.[3]	Coacervate	protocells	
have been successfully formed, along with light responsive charge switching polymersomes. Encapsulation of 
RNA into the polymersomes was successful, as was loading of polymersomes into coacervates. This example of 
UV triggered nucleic acid containing polymersome transfer between coacervates and living cells is a proof of 
concept for going beyond more stable DNA-based transfer. 

1) Buddingh’ et al., Acc Chem. Res., 2017, 50, 769; and Buddingh’ et. al., Nat. Commun., 2020, 11, 1652 
2) Joesaar et al., Nat. Nano, 2019, 14, 369; and Estirado et. al., J. Am. Chem. Soc., 2020, 142, 9106 
3) Valadi et al., Nat. Cell. Biol., 2007, 9, 654
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O49-0538

Precise synthesis of gold clusters using dendrimer

Hisanori Muramatsu* 1, Tetsuya Kambe 1,2, Takamasa Tsukamoto 1,2,3, Takane Imaoka 1,2, Kimihisa Yamamoto 1,2

1 Laboratory for Chemistry and Life Science, Tokyo Institute of Technology, Yokohama, Japan, 2 JST-ERATO, Yokohama, Japan,  
3 JST-PRESTO, Chiyoda-ku, Japan

Synthesis of metal clusters consisting of a few to several dozen metal atoms has been investigated in the gas 
or	liquid	phases.	Among	them,	thiol-protected	Au	clusters	including	Au₂₅(SR)₁₈	have	been	studied	extensively	
since	the	liquid-phase	synthesis	by	Brust	and	Schiffrin	[1].	Although	various	studies	have	been	conducted	[2,3],	
including	single	crystal	structure	analysis	and	blending	of	different	elements,	the	synthesis	of	Au₂₅(SR)₁₈	have	a	
relatively time-consuming process to increase the yield by etching reactions.
Use	of	dendrimer-templates	 is	 efficient	way	 for	 the	 liquid-phase	 synthesis	of	metal	 clusters.	 In	 this	method,	
metal salts are assembled in dendrimers in advance and reduced to form the desired metal clusters. The 4th-gen-
eration phenylazomethine dendrimer (TPM G4) developed by our group has been reported to be used for various 
clusters [4,5]. In this study, we have developed a new synthetic method for thiol-protected gold clusters using 
the	dendrimer.	AuCl3	salts	were	coordinated	with	the	TPM	G4	stepwisely.	Then,	the	Au₂₅(SR)₁₈	cluster	was	syn-
thesized	by	simultaneous	addition	of	NaBH₄	and	thiol	ligand	to	the	solution	of	dendrimer-metal	complexes	[6].

[1]	Brust,	M.;	Schiffrin,	D.	J.;	et	al.,	J.	Chem.	Soc.	Chem.	Commun.,	1994,	0,	801–802.	
[2]	Zhu,	M.;	et	al.,	J.	Am.	Chem.	Soc.,	2008,	130,	5883–5885.	
[3] Dharmaratne, A. C.; et al., J. Am. Chem. Soc., 2009, 131, 13604–13605. 
[4] Tsukamoto, T.; Yamamoto, K. et al., Nat. Commun., 2018, 9, 3873. 
[5] Kambe, T.; Yamamoto, K. et al., Nat. Commun., 2017, 8, 2046. 
[6] Muramatsu, H.; Kambe, T.; Yamamoto, K. et al., Molecules, 2022, 27, 3398. (Cover article)
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O50-0226

Open Technologies: from microfabrication to automation [INV]

Vittorio Saggiomo* 1

1 Wageningen University, Wageningen, The Netherlands

What’s	the	point	of	having	scientific	and	technological	innovations	when	only	a	few	can	benefit	from	them?	How	
can we make science more inclusive? 
Those questions are always in the back of my mind when we perform research in our laboratory, and we have a 
strong	focus	on	the	scientific	accessibility	of	our	developed	methods	from	microfabrication	to	sensor	develop-
ment. In this presentation, I will give some examples of our open technology approach. 
One	of	the	first	examples	of	this	approach	can	be	seen	in	our	microfluidics	fabrication	method,	[1]	usually	done	
with expensive machinery and by highly trained scientists. We simplify this process and now you can make micro-
fluidics	practically	at	home.	We	have	also	shown	recently	how	to	make	the	molecular	pattern	inside	microfluidic	
channels.[2] 
We also developed a non-instrumental device for nucleic acid detection which is simple, cheap, sturdy and does 
not produce a large amount of waste at the end of its lifecycle.[3] The SARS-CoV2 detection device is based on 
an	aluminum	coffee	pod,	which	can	be	produced	in	high	amounts	in	a	short	time,	useful	for	a	pandemic	of	this	
dimension. This device is almost universal and can be used in low- and lower-income countries and places. 
Recently we have also proven that cheap 3D printers’ hardware and software can be repurposed for automation 
in the lab. This approach is cheap, fast, and simple to reproduce. We have transformed 3D printers into sets of 
syringe pumps,[4] an automatic tissue staining machine,[5] and automatic microscopes.  

1 https://doi.org/10.1002/advs.201500125 
2 https://doi.org/10.1039/C9AN02407G 
3 https://doi.org/10.1002/gch2.202100078 
4 https://doi.org/10.1016/j.ohx.2021.e00219 
5 https://doi.org/10.1016/j.ohx.2022.e00370 

Few examples of open technology projects done in our group. From at-home fabrication of microfluidic devices and molecular 

patterning, to SARS-CoV2 sensors, to transforming 3D printers for lab automation.

O50 PARALLEL SESSION 50: Automation and Robotics



ORAL PARALLEL SESSIONS

323CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O50-0005

Automation + Miniaturization = Acceleration

Alexander Domling* 1

1 Palacky University, Olomouc – Holice, Czech Republic

The mantra ‘Automation + Miniaturization = Acceleration’ is successfully applied in many research areas and 
technologies, however not in synthetic chemistry, which is largely believed to be not automatable. However, with 
the	potential	to	accelerate	discoveries	while	flattening	costs,	to	increase	safety,	to	streamline	data	generation,	
to enhance reproducibility, and to lower the environmental footprint,  automation and miniaturization are two 
promising approaches to synthesis and worthwhile to invest into and pursue.
In	2018	I	have	introduced	for	the	first-time	acoustic	droplet		ejection		(ADE)		technology		as		well		as	the		imme-
diate  droplet  on  demand  (iDOT)  dispensing technology for the automated, highly miniaturized nano scale 
organic synthesis of compounds.I elaborated the advantages of ADE and iDOT for the synthesis of a sparse matrix 
compounds	space.	In	a	flow	of	publications,	I	have	shown	the	general	usefulness	of	the	automated	nano	synthe-
sis concept by applying to indole, isoquinoline syntheses and several other heterocycle syntheses, as well as 
application in medicinal chemistry. Meanwhile, several academic and industrial groups adapted my miniaturized 
ADE-based synthesis method. Together with HT screening and machine learning, nanoscale synthesis promises to 
accelerate the discovery of novel materials and drugs in an automated and autonomous way.

References
Acoustic Droplet Ejection Enabled Automated Reaction Scouting. Wang & Shaabani et al. ACSCentralScience 
2019 5 ), 451-457;
Rapid approach to complex boronic acids. Neochoritis & Shaabani et al., ScienceAdvances 2019, DOI: 10.1126/
sciadv.aaw4607;
Multicomponent  reaction–derived  covalent  inhibitor  space. Sutanto & Shaabani et al., ScienceAdvances 2021, 
DOI: 10.1126/sciadv.abd9307;
Nanoscale,  automated,  high  throughput  synthesis  and  screening  for  the  accelerated  discovery  of 
protein	modifiers.	Gao	&	Shaabani	et	al.,	RSCMedicinalChemistry	2021,12,	809-818;
Combining  High-Throughput  Synthesis  and  High Throughput  Protein  Crystallography  for Accelerated Hit Iden-
tification.	Sutanto	&	Shaabani	et	al.,	Angew.	Chem.Int.Ed.Engl.	2021,	60,	18231.
Automated,  Accelerated  Nanoscale  Synthesis  of  Iminopyrrolidines. Osipyan & Shaabani et al., Angew. Chem.
Int.Ed.Engl. 2020, 12423.

High throughput experimentation enabled discovery of a novel mild isoquinoline synthesis using acoustic droplet ejection 

automated nanosynthesis. ADE synthesis is versatile, safe, very fast, highly economic, automated, hence sustainable.
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O50-0577

Robot-accelerated colorimetric array sensors development for binary gas

Longhan	Zhang*	1, Yangguan Chen 1, Temesgen Muruts Weldengus 1,	Zhehong	Ai	1, Yifan Long 1, Jing Jiang 1

1 Research Center for Intelligent Sensing Systems, Zhejiang Laboratory, Hangzhou, China

Designing a colorimetric sensor mini-array for mixed gas presents a complex task that requires sensing units’ 
recipe	tuning	and	combinations,	resulting	in	dozens	of	dimensions’	parameter	space.[1]	Despite	the	significance	
of systematic sensor array optimization, limited work has been devoted to this challenge due to its intricate and 
labor-extensive nature. However, the advent of the Design-Build-Test-MachineLearning (DBTM) method based on 
robotics	and	artificial	intelligence	has	provided	a	promising	solution.	This	method	has	been	effectively	applied	
to bio/chem research and discovery, providing high-dimensional pattern discovery and optimization capabili-
ty for experiment-oriented problems.[2] To extend the DBTM method to colorimetric sensing, we developed a 
high-throughput autonomous system that can build 96 sensing recipes and test 384 sensing units in one iter-
ation. By combining the high-throughput autonomous system with search algorithms, we developed a sensor 
array for testing mixed binary gas, consisting of three steps: (a) Generate a pool of sensing units satisfying kinetic 
figures	of	merits	(FOMs)	requirements	(reversibility,	response	time,	sensitivity)	and	are	responsive	to	NH3	and	
CO2 separately with DBTM in ~5 iterations; (b) Create a responsivity database of each sensing unit to each gas; (c) 
Combinatorial optimization of sensing array based on array-relative-error metric (AREM) and genetic algorithm, 
achieving quasi-qualitatively accuracy of ~0.79% mean relative error when estimating each gas component’s 
concentration	simultaneously.	We	identified	an	array	of	5	sensing	units	providing	the	lowest	error.	The	results	
demonstrate the superiority of our DBTM-Search approach in utilizing high-throughput, high-quality data and the 
ability to conduct fast exploitation of the potential that lies in the vast and promising design space of colorimet-
ric sensor arrays in mixed gas sensing.

1. Hunter, G.W., et al., Editors’ Choice-Critical Review-A Critical Review of Solid State Gas Sensors. Journal of The 
Electrochemical Society, 2020. 167(3).
2. Burger, B., et al., A mobile robotic chemist. Nature, 2020. 583(7815).

(a) Workflow of DBTM-Search; (b) Bayesian optimization of sensors' kinetic FOMs; (c) Left: 

genetic algorithm search based on AREM; Right: array size optimization; (d) In a gas mixture, 

comparison between predicted and actual value of NH3, CO2; relative prediction error.
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O51-1072

DNA origami directed virus capsid polymorphism [INV]

Mauri Kostiainen* 1

1 Aalto University, Finland

Most known viruses protect their genome by encapsulating it inside a protein capsid. Viral capsids can adopt 
various geometries, most iconically characterized by icosahedral or helical symmetries. The assembly process of 
native capsids is highly cooperative and governed by the protein geometry, protein-protein as well as protein-nu-
cleic acid interactions. Importantly, the high control over the size and shape of virus capsids would have advan-
tages in the development of new vaccines and delivery systems. However, tools to direct the assembly process 
in	a	programmable	manner	are	exceedingly	elusive	or	strictly	limited	to	specific	structures.	Here,	we	introduce	a	
modular approach by demonstrating DNA origami directed polymorphism of single protein subunit capsids. We 
achieve	control	over	the	capsid	shape,	size,	and	topology	by	employing	user-defined	DNA	origami	nanostructures	
as binding and assembly platforms for the capsid proteins. Binding assays and single-particle cryo-electron mi-
croscopy	reconstruction	show	that	the	DNA	origami	nanoshapes	are	efficiently	encapsulated	within	the	capsid.	
Further, we observe that helical arrangement of hexameric capsomers is the preferred mode of packing, while a 
negative curvature of the origami structure is not well tolerated. The capsid proteins assemble on DNA origami 
in	single-	or	double-layer	configurations	depending	on	the	applied	stoichiometry.	In	addition,	the	obtained	viral	
capsid	coatings	can	efficiently	shield	the	encapsulated	DNA	origami	from	nuclease	degradation	and	prevent	the	
structures from aggregation. Our approach is, moreover, not limited to a single type of capsomers and can also 
be	applied	to	RNA-DNA	origami	structures.	Therefore,	these	findings	may	in	addition	find	direct	implementations	
in DNA nanotechnology-based bioengineering by paving the way for the next-generation cargo protection and 
targeting strategies.
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O51-0236

Plasmonic and Magnetic Nanoparticles for Biomedical Applications

Nguyen Thi Kim Thanh* 1

1 University College London, London , United Kingdom

The development of new chemical methods for the next generation of nanoparticles with very high magnetic 
moment,	fine	tuning	Au	nanorods	and	novel	hybrid	and	multifunctional	nanostructure	is	presented.
Detailed mechanistic studies of their formation by sophisticated and advanced analysis of the nanostructure 
allows tuning of the physical properties at the nanoscale; these can subsequently be exploited for diagnosis and 
treatment of various diseases. The studies are conducted to provide insight for future material design approach-
es. It will also help to identify the critical process parameters that can be manipulated in order to obtain the 
suitable physical properties for the intended applications.             

Ref: 
1. Storozhuk, L., Besenhard M. O., Mourdikoudis, S., LaGrow, A. P., Lees, M.R., Tung, L. D., Gavriilidis, A., Thanh, N. T. 
K*	(2021)	Simple	and	Fast	Polyol	Synthesis	of	Stable	Iron	Oxide	Nanoflowers	with	Exceptional	Heating	Efficiency.	
Journal	of	Applied	Materials	and	Interface.	13:	45870−45880)
2. See more publicaiton here: https://scholar.google.com/citations?user=pK_qvc0AAAAJ

Figure 1. A TEM image of Nanoflowers at 40k times magnification with outstanding heating efficiencies (ILP of 8.4 nH m2/

kgFe) measured at a frequency of 488 kHz and a field strength of 25 kA m−1  [1, 2]
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O51-0407

Low molecular weight hydrogelator droplets for drug delivery

Eleonora Calicchia* 1, Anna Salvati 1, Giuseppe Portale 1

1 University of Groningen; The Netherlands, Groningen, The Netherlands

Low molecular weight gelators (LMWGs) are molecules deriving from biocompatible and biodegradable units 
which have the capability to form self-supporting gels via physical interactions [1]. They are gaining interests as 
potential	drug	delivery	systems	because	of	their	high	drug	loading	efficiency	and	their	biocompatible	features	
[2]. So far, they have been explored in biomedical applications mainly in the form of bulk gels. However, they 
may have interesting application also as drug carriers to deliver drugs inside cells. Therefore, for such use, nano 
droplets are needed. Thus, in this project we optimized the preparation of nanosized gel droplets (50-200 nm) 
in order to test their potential use as vehicles to deliver drugs (i.e. doxorubicin) inside cancer cells. The chosen 
molecule (Fmoc-Lys(Fmoc)-OH) [3] is a cheap and commercially available gelator that can gelate water after pH 
trigger.	In	order	to	form	gel	droplets	of	defined	size,	we	triggered	gelation	in	a	water	in	oil	emulsion.	After	op-
timization	of	the	conditions	required	to	form	stable	emulsions	with	relatively	low	size	polydispersity,	different	
techniques	such	as	Dynamic	Light	Scattering	(DLS),	Small	Angle	X-Ray	Scattering	(SAXS),	Transmission	Electron	
Microscopy	(TEM)	and	Cryo-EM	have	been	used	to	characterize	the	emulsion	and	confirm	gelation	of	the	droplets.	
In order to apply the droplets in a biological environment, the oil phase in which they are dispersed has been 
removed via centrifugation and resuspension in a solution of Tween80 in water. The resulting droplets have been 
characterized	by	SAXS,	DLS	and	Cryo-EM	and	preliminary	tests	on	their	behavior	on	cancer	cells	(HeLa)	have	been	
conducted.

[1] E. R. Draper, D. J. Adams; Langmuir, 2019, 35, 6506-6521
[2] E. R. Draper, D. J. Adams; Chem, 2017, 3, 390-410
[3] S. M. M. Reddy et al.; Soft Matter, 2015, 11, 8126-8140
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O51-0017

Polypeptide Nanoparticles with J-Aggregates for Efficient NIR-IIa 
Phototheranostics

Lifeng Yan* 1, Changchang Teng 1

1 University of Science and Technology of China, Hefei, China

The second near-infrared IIa window (NIR-IIa, 1300nm~1400nm) enables high-resolution imaging and deep-tis-
sue	tumor	treatment	due	to	its	unique	low	tissue	scattering	and	autofluorescence,	high	temporal-spatial	reso-
lution,	deep	tissue	penetration,	and	NIR-IIa	fluorescence	imaging-guided	phototherapy	is	of	specific	attractive.	
However, organic dyes and their nanoparticles for NIR-IIa phototheranostics are still scarce. Here, we have syn-
thesized	a	Br-	and	piperazine-modified	cyanine	dye	(FN)	and	its	nanomicelles	encapsulated	by	an	amphiphilic	
polypeptide with sidechains of tertiary amine (PEA). The J-aggregates of P@FN9 with 1116 nm absorption and 
efficient	NIR-IIa	fluorescence	emission	has	been	formed	by	the	self-assembly	of	FN	and	PEA.	P@FN9	nanoparti-
cles	(NPs)	show	good	stability	and	high	photothermal	conversion	efficiency	(55.4%).	In	addition,	the	high	spatial	
resolution	and	signal-to-background	ratio	(SBR)	of	P@FN9	were	proven	by	NIR-IIa	fluorescence	imaging	of	mouse	
vasculature,	and	the	P@FN9	NPs	successfully	performed	the	NIR-IIa	fluorescence	imaging-guided	photothermal	
therapy,	and	both	in	vitro	and	in	vivo	experiments	indicated	that	the	P@FN9	NPs	exhibited	effective	antitumor	
effects	under	the	NIR-II	(1064	nm)	laser	irradiation.	
Acknowledgments
This work is supported by the National Natural Science Foundation of China (No. 51873201).

References:
1.Changchang	Teng,	Huiping	Dang,	 Shangzhong	Zhang,	Yixuan	Xu,	Dalong	Yin,	 Lifeng	Yan.	Acta	Biomaterialia,	
2022, 154, 572–582.
2.Quan	Cheng,	Youliang	Tian,	Huiping	Dang,	Changchang	Teng,	Kai,	Xie,	Dalong	Yin,	Lifeng	Yan.	Adv.	Healthc.	Ma-
ter. 2022, 11(1), 2101697.

Scheme 1. Schematic illustration of (a) the formation of J-aggregates and (b) NIR-IIa fluorescence imaging-guided 

photothermal therapy.
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O51-0336

Light-responsive elastin-like polypeptide based nanotransformers

Duc Le* 1, William Leenders 2, Roland Brock 2, Jan  van Hest 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands, 2 Radboud University Medical Center, Nijmegen,  
The Netherlands

Elastin-Like Polypeptide (ELP) based nanoparticles (NPs) are one of the promising protein-based delivery vectors 
in nanomedicine for their well-controlled sequence-directed self-assembly properties. In addition, their ther-
mo-responsiveness towards environmental cues can be used to design “smart” vehicles with controlled release 
properties.	Below	a	specific	transition	temperature	(Tt),	which	can	be	precisely	engineered,	ELPs	are	hydrophilic	
and soluble in aqueous solutions while they reversibly self-assemble into particles upon heating above Tt. The 
proteins	can	be	modified	via	chemical	conjugation	or	genetic	cloning	to	load	a	wide	variety	of	cargos	ranging	
from small compounds to macromolecules. In this work, we aim to develop a novel self-assembly system that can 
rapidly undergo size transformation upon near infrared light irradiation for better tissue penetration in order to 
overcome one of the main current hurdles in nanomedicine.
The system comprises an amphiphilic diblock ELP responsible for micelle formation upon heating and a hydro-
phobic monoblock ELP conjugated with a photosensitizer which will be encapsulated within the micelle (Figure 
1). For targeting purposes, a nanobody is fused to the diblock ELP. Via a kinetic-driven self-assembly process, 
all three components co-assemble into homogenous NPs with sizes of approximately 100-110 nm (Pille et al., 
Small	2019).	Intriguingly,	these	NPs	are	sensitive	to	light	irradiation	and	re-organize	themselves	into	significantly	
smaller nanoclusters with sizes of 20 nm while the targeting function still is preserved after transformation. The 
transformation results from the oxidation of the encapsulated monoblock ELP by reactive singlet oxygen gener-
ated	from	TT1.	The	reduced	sizes	allow	better	tissue	penetration,	as	well	as	the	preserved	targeting	moieties	offer	
effective	cargo	delivery	into	target	cells.	By	using	this	system,	we	have	explored	the	(co-)delivery	of	photosensi-
tizers	and/or	chemo-drugs	for	more	efficient	anticancer	treatments.	

Figure 1. Schematic of the co-assembly of various ELP species into a NP and its response towards light irradiation. The 

corresponding cryoEM images indicate the size reduction upon light irradiation.
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O52-1173

From colloidal hinges towards reconfigurable colloidal materials [INV]

Daniela Kraft* 1

1 Leiden University, The Netherlands

Conformational	flexibility	provides	functionality	to	many	biological	systems,	for	example,	different	conforma-
tions may enhance or inhibit a protein’s activity in allosteric regulation or be used to control ion conduction 
through membrane channels. On a much larger length scale, machines and robots and the next generation of 
smart materials, mechanical metamaterials, also rely on changes in their conformation.
However,	on	the	colloidal	scale,	conformational	flexibility	has	been	elusive	while	it	is	crucial	for	creating	the	next	
generation of smart materials, that can adapt their shape and hence properties. 
In	this	talk	I	will	present	how	conformational	flexibility	can	be	introduced	and	controlled	on	the	colloidal	scale.	
I will show how we create colloidal analogues of joints and hinges [1] and how they can be used to design and 
control	the	conformational	flexibility	of	larger	structures	[1,2].	I	will	focus	on	small	flexible	clusters,	so	called,
colloidal molecules, as an example and demonstrate their self-assembly in high yields and with controlled shape, 
directional	binding	and	multiple	stable	conformations	[2,3].	Leveraging	our	insights	of	the	impact	of	flexibility	
I	will	show	how	we	shape	the	assembly	pathway	into	larger	well-ordered	and	flexible	lattices,	and	extract	the	
global	reconfiguration	modes	which	are	key	to	creating	functional	structures	at	the	colloidal	scale.	[4,5]	

References:
[1] I. Chakraborty, V. Meester, C. van der Wel, D.J. Kraft, _Nanoscale_
(2017) p. 3541 
[2] Y. Shelke, F. Camerin, S. Marin-Aguilar, R. Verweij, M. Dijkstra,
D.J. Kraft, _ACS Nano_ (accepted, 2023) 
[3] I. Chakraborty, D. Pearce, R. Verweij, S.C. Matysik, L. Giomi, D.J.
Kraft, _ACS Nano_ (2022), p. 2471-2480 
[4] Y. Shelke, D.J. Kraft (in preparation) 
[5] J. Melio, S. Henkes, D.J. Kraft (in preparation). 
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O52-1213

Enhancing MOF performance through the Introduction of polymer guests 
[INV]

Wendy Queen* 1

1 EPFL, Switzerland

Among several classes of porous materials, metal-organic frameworks (MOFs) are particularly attractive due to 
their unprecedented internal surface areas (up to 7800 m2/g),[1] easy chemical tunability, and strong, selective 
binding of a host of guest species. Through judicious selection of MOF building blocks, which include metal ions 
and organic ligands, one can readily modify their properties for a variety of potential applications. Despite these 
attractive	features,	there	are	still	challenges	in	the	field	that	limit	our	ability	to	use	MOFs	as	a	solution	for	a	wide	
range of industrial problems. For instance, some MOFs have limited mechanical and chemical stability, particular-
ly in highly humid, acidic or basic environments. Overcoming this problem could lead to extended lifetimes and 
hence increased feasibility for their use in areas where such conditions are required.  In response to these needs, 
we	have	recently	begun	to	combine	MOFs	and	polymers	in	an	effort	to	boost	MOF	performance	and	extend	their	
stability.[2]	Our	recent	work	demonstrates	that	selected	polymers	can	significantly	enhance	MOF	performance	
in a number of important liquid and gas separations[3-5] as well as extend catalyst lifetimes in selected reac-
tions.[6-7] In addition to this, controlled polymerization processes were employed to enhance the mechanical 
stability[8] of large pore frameworks and extend the chemical stability of a number structurally diverse MOFs 
not only in humid environments, but also in acidic and basic media.[9] We hope such work can help bring these 
frameworks a few steps closer to their deployment into a range of ecologically and economically important ap-
plications. In this presentation, our recent work, devoted to the development of novel MOF polymer composites, 
will be outlined.

References:
1. Hönicke, I. M.; Bon, I. S. V.; Baburin, I. A.; Bönisch, N.; Raschke, S.; Evans, J. D.; Kaskel, S.  Angew. Chem. Int. Ed. 
2018, 57, 13780.
2. Yang, S., Karve, V. V. ; Justin, A. ; Kochetygov, I ; Espín, J., ; Asgari, M. ; Trukhina, O.; Sun, D. T. ; Peng, L.; Queen, W.L.; 
Coord. Chem. Rev., 2021, 427, 213525.
3. Sun, D; Peng, L.; Reeder, W. R.; Britt, D. K.; Moosavi, M.; Tiana, D.; Oveisi, E.; Queen, W. L.; ACS Central Sci, 2018, 
4, 3, 349.
4. Sun, D; Yang, S.; Oveisi, E.; Gasilova, N.; Queen,  W. L. J. Am. Chem. Soc. 2018, 140, 48, 16697.
5. Peng, L.; Yang, S.;  Sun, D; Asgari, M.; Queen, W. L. Chem. Commun. 2018, 54, 10602.
6. Karve, V. V.; Sun, D. T.; Trukhina, O.; Yang, S.; Oveisi, E.; Luterbacher, J.; Queen, W. L. Green Chemistry 2020, 22, 
368.
7. Karve, V. V.; Nekrasova, N. A.; Asgari, M.; Trukhina, O.; Kochetygov, I.; Abedini, H.;  Yang, S.; Alexandrov, E. V.; Lut-
erbacher, J.; Queen, W.L.; Chem. Mater. 2022, 34, 22, 9854.
8. Peng, L.; Yang, S.; Jawahery, S.;  Moosavi, S. M.;  Huckaba, A. J.; Asgari, M.; Oveisi, E.; Nazeeruddin, Md K.; Smit, B.; 
Queen, W. L.  J. Am. Chem. Soc., 2019, 141, 12397.
9. Yang, S.; Peng, L.; Sun, D; Asgari, M.; Oveisi, E.; Trukhina, O.; Bulut, S.; Jamali, A.; Queen, W. L. Chem. Sci. 2019, 
10, 4542.
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O52-0716

Paints: stronger or faster?

Gabor Ersek* 1, Giuseppe  Portale 1, Jurgen  Scheerder 2, Ilse  van Casteren 2

1 University of Groningen, Groningen, The Netherlands, 2 Covestro (Netherlands) B.V., Waalwijk, The Netherlands

Currently, the coating industry is facing an ever-growing need for waterborne colloidal polymer coatings as they 
represent environmentally friendly products [1]. Among them, polyacrylate/polyurethane (PAc@PU) coatings are 
widely used as protective layers on furniture, textile, metal, etc. Introducing rigid polyacrylate to the soft polyure-
thane	matrix	significantly	improves	the	coating’s	mechanical	properties	and	results	in	better	weather	resistance.
During	film	formation,	the	initial	polymer	dispersion	undergoes	a	multi-step	process,	influenced	by	the	speed	of	
the	particle’s	deformation	and	diffusion,	and	the	water	evaporation.	To	predict	the	structure	and	properties	of	
the	formed	film,	it	is	crucial	to	understand	how	the	PAc	changes	the	behavior	of	the	particle	coalescence	during	
the	film	 formation.	 In	 this	 contribution,	we	present	a	detailed	 in-situ	analysis	of	 the	nanostructure	evolution	
during the drying of PAc@Pu coatings with various architectures and compositions. We apply grazing-incidence 
small-angle	X-ray	scattering	as	a	non-destructive	tool	for	the	analysis	of	coating	formulations	[1].
Our results show that the presence of polyacrylate (due to its hydrophobic nature and rigidity) slows down the 
drying	process	significantly,	altering	its	coalescence	mechanism	and	delaying	the	interface	formation.	We	also	
show that introducing the PAc phase to the results of the coating segregated, inhomogeneous structure on the 
micro-scale. Moreover, both the blend and hybrid systems show depth-dependent ordering.
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We want to thank Covestro (Netherlands) B.V. for their support. This research received funding from the Dutch 
Research Council (NWO) in the framework of the ENW PPP Fund for the top sectors and from the Ministry of 
Economic	Affairs	 in	 the	 framework	of	 the	 ‘PPS-Toeslagregeling’.	As	 these	experiments	were	performed	at	 the	
NCD-SWEET	beamline	at	the	ALBA	Synchrotron	with	the	collaboration	of	ALBA	staff,	we	would	like	to	thank	the	
support of Eduardo Solano.
[1] A. Vagias et.al., ACS Appl. Polym. Mater.,1, 9, 2482

Figure 1: Schematic view of drying of various PU-based systems.
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O52-0615

Ordered mesoporous graphene with uniform and tunable pores

Kelly J. H. Brouwer* 1, Evert Simons 1, Alfons van Blaaderen 1

1 Soft Condensed Matter, Debye Institute for Nanomaterials Science, Utrecht University, Utrecht, The Netherlands

Porous carbon materials like carbon nanotubes, graphene, and porous carbons are an innovative class of techno-
logically important materials. In particular, nanostructures with ordered mesopores in the range of 2–50 nm have 
attracted increasing attention.[1] Their interconnected ordered pore system, high surface area and adjustable 
pore	symmetry	have	wide	application	 in	energy	storage	and	supercapacitors.[2]	Most	current	methods	suffer	
from the ability to simultaneously control and engineer the porosity and morphology of the graphene frame-
works. To be able to control the porosity and morphology, we work with ordered nanoparticle (NP) templates 
to synthesize graphene materials with highly 3D ordered mesopores. Using NP self-assembly in slowly drying 
dispersion	droplets,	monodisperse	Fe₃O₄	NPs	are	ordered	into	crystalline	supraparticles.[4]	The	ligands	stabi-
lizing the NPs are used as carbon source for the formation of graphene layers by heat treatment.[3] In an etch 
step,	Fe₃O₄	is	removed	to	open	up	the	mesoporous	material.	Resulting	in	highly	ordered	mesoporous	graphene	
materials with interconnected mesopores, large pore volume (ca. 18 cm³ g-1), and high surface area (ca. 1000 
m² g-1).[3] Partial NP etching, leaves iron NPs behind on a graphene support, directly functionalizing the support 
material.
The pore size of the 3D mesoporous graphene materials is directly tunable by the NP size. Moreover, the shape 
of the mesopores is tunable by the NP shape. In this work we focus on the synthesis of ordered 3D mesoporous 
graphene	materials	with	well-defined	pore	size	and	shape.	We	tuned	the	pore	size	from	8	to	22	nm,	and	pore	
shape from spherical, rounded cube-shaped, to cubic and the overall symmetry of the pores from cubic to icosa-
hedral[4].

1.Ryong, R. et al. Advanced Materials, 13, 677(2001)
2.Nishihara, H. et al. Advanced Materials, 24, 4473(2012)
3.Yucong, J. et al., Angewandte Chemie, 127, 5819(2015)
4.Wang, D. et al., Nature communications, 9, 1(2018)

A: Ordered spherical supraparticles formed by slowly drying emulsion droplets filled with monodisperse 8 nm Fe₃O₄ 

nanoparticles. B: Ordered mesoporous carbon supraparticle with spherical 8 nm mesopores, nanoparticles in inset. C: Ordered 

mesoporous graphene
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O52-0112

Self-Assembled Polymer Nanomaterials Using Anodic Aluminum Oxide 
Templates

Jiun-Tai Chen* 1

1 National Yang Ming Chiao Tung University, Hsinchu, Taiwan

Template wetting methods have been widely applied in the preparation of one-dimensional (1D) polymer nano-
materials.	We	study	the	fabrication	and	characterization	of	different	polymer-related	nanomaterials	by	wetting	
porous templates. The templates we choose are anodic aluminum oxide (AAO) templates because of the regular 
pore distribution, high pore density, and high aspect ratio of the pores. Using AAO templates, we report novel 
smart nano membranes (SNM) by grafting AAO templates with spiropyran molecules. The ultraviolet and visible 
light responses of the SNM under acid vapors are investigated. Under UV irradiation, the ring-closed spiropyran 
on the AAO templates transform to ring-opened merocyanine, which contains phenolate oxygen and can be fur-
ther protonated by acids. We also present a facile light-induced nanowetting (LIN) method to fabricate patterned 
nanoarrays. Photoresponsive azobenzene-containing polymers (azopolymers) that exhibit light-induced revers-
ible solid-to-liquid transitions are used. Notably, using designed photomasks, the patterns of the nanoarrays 
can be ingeniously controlled with the characteristic of erasable and rewritable nanostructures. In addition, we 
demonstrate photoresponsive composite polymer electrolytes, consisting of gel polymer electrolyte (GPE) and 
spiropyran-immobilized nanoporous anodic aluminum oxide (SP-AAO) templates. We also present versatile and 
on-demand photocontrollable ionic conductive nanocomposite hydrogels via host-guest chemistry.

Light-responsive composite membranes
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Storing heat in K2CO3: a quest for power and stability [INV]

Henk Huinink* 1

1 Eindhoven University of Technology, The Netherlands

Energy storage is critical for implementation of renewable energy sources in our energy system, as these sources 
are intermittent in nature. Since thermal energy is one of the major forms of energy we consume and have avail-
able,	there	is	a	strong	need	for	long	term	compact	energy	storage.	Thermo-Chemical	Energy	Storage	(TCES)	offers	
the option to store energy loss free as it uses reversible reactions: energy is stored loss free as long as the reac-
tants are kept separate. Salt hydrates are promising candidates for storing low temperature heat (40 – 100oC), 
which	is	particularly	relevant	for	the	built	environment.	K2CO3	has	been	identified	as	a	suitable	candidate.	It	un-
dergoes a solid-solid phase transitions, while it hydrates or dehydrates. The rates of these processes determine 
the power out- and input of a K2CO3-based heat battery. Next to power, stability over cycling is an important 
aspect.  In this talk our present understanding of the kinetics (power) of the hydration transitions of K2CO3 will 
be discussed in detail. We have found that water not only plays the role of a reactant, but also catalyzes the hy-
dration reaction. Extensive studies on K2CO3 have revealed that there is strong interplay between the hydration 
dynamics, nucleation, and ionic mobility. Absorbed water accelerates the ionic mobility at crystal surfaces and 
thereby the hydration kinetics. Based on this we have started to dope our materials with extremely deliquescent 
salts, which further increased the rate of the hydration reaction. This insight opens the door for targeted manipu-
lation of the power output. Furthermore, hybrid materials have been developed to improve the stability of K2CO3 
particles over cycling. Progress and challenges considering stabilization will be discussed.
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O53-0461

Unraveling interface-induced ion conductivity in metal hydride/oxide 
nanocomposites

Sander Lambregts* 1, Peter Ngene 2, Ernst van Eck 1, Arno Kentgens 1

1 Magnetic Resonance Research Center, Institute for Molecules and Materials, Radboud University, Nijmegen, The Netherlands,  
2 Materials Chemistry and Catalysis, Debye Institute for Nanomaterials Science, Utrecht University, Utrecht, The Netherlands

Nanocomposites	of	complex	metal	hydrides	(such	as	LiBH₄)	and	metal	oxides	(e.g.	SiO₂)	are	a	promising	class	of	
electrolytes for all-solid-state batteries.[1] The ionic conductivity of the nanocomposites is often enhanced by 
several	orders	of	magnitude	compared	to	the	components	separately.	This	effect	is	attributed	to	an	interaction	
at the interface between the metal hydride and the oxide.[2] Understanding this interaction, and the origin of 
the enhancement in conductivity, is crucial for the design of novel electrolytes with excellent properties. To this 
end, solid-state NMR provides unique information on the local structure and dynamics of the ions and the oxide 
scaffold,	and	is	therefore	excellently	suited	to	unravel	the	interface	interactions.
Using	LiBH₄	in	silica	scaffolds	as	a	model	system,	we	could	reveal	that	there	is	continuous	exchange	between	
LiBH₄	in	the	interface	region	and	bulk-like	LiBH₄	located	further	away	from	the	silica	surface.	The	thickness	of	this	
interface region depends on the temperature and pore size, but also on the thickness of the walls of the insulat-
ing	silica	scaffold.[3,4]	Results	from	a	combination	of	multinuclear	NMR	correlation	techniques	will	be	presented	
to	demonstrate	that	the	siloxane	bonds	at	the	silica	surface	are	broken	during	melt	infiltration,	and	a	dynamic	
Si...H...BH₃	complex	is	formed,	in	addition	to	exchange	of	nearby	silanol	groups	with	lithium	ions.[4]	We	attribute	
the high ion conductivity of the nanocomposites to the formation of this interface compound. Furthermore, it 
has	become	clear	that	the	preparation	method	of	the	nanocomposite	significantly	affects	the	chemistry	at	the	
interface, and hence the ion conductivity.

[1] Adv. Funct. Mater. 24 (2014), 2267.
[2] J. Alloy. Comp. 901 (2022), 163474.
[3] J. Phys. Chem. C 123 (2019), 25559.
[4] ACS Appl. Energy Mater. 5 (2022), 8057.
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Nucleation pathways in salt hydrates as thermochemical materials

Martina Cotti* 1, Hartmut Fischer 2, Henk Huinink 1, Olaf Adan 2

1 Eindhoven University of Technology, Eindhoven, The Netherlands, 2 Materials Solutions TNO, Eindhoven, The Netherlands

Salt hydrates are thermochemical materials capable of storing and releasing heat through reversible binding 
with water [1]. The hydration reaction of salts is characterized by a nucleation barrier, named metastable zone, 
which limits the operational window of salt hydrates by reducing the temperature output of the reaction. This 
activation barrier raises from a solution mediated stage of the reaction, during which the reagent phase has to 
dissolve before recrystallizing in the product form. This liquid mediated process has been probed for several sin-
gle hydration transitions by thermal gravimetric analysis as well as by electrochemical impedance spectroscopy 
[2,3]. Many salts however have more than one hydrated phase and display overlapping metastable zones (CuSO4, 
CaCl2, SrCl2), therefore it is useful to obtain insight into the occurring mechanism in order to develop strategies 
to reduce the metastable zone of these salts. The hydration of CuSO4.H2O (C1H) to CuSO4.5H2O (C5H) is taken 
as a model system for this investigation. According to the phase diagram C1H is in equilibrium with CuSO4.3H2O 
(C3H), which is in equilibrium with C5H [4]. By using thermal gravimetric analysis, infrared spectroscopy and 
in-situ	x-ray	diffraction	we	can	show	that	the	hydration	reaction	proceeds	through	two	parallel	paths,	at	least.	The	
first	one	goes	through	the	dissolution	and	recrystallization	of	both	C1H	and	C3H,	before	the	nucleation	of	C5H	
takes place. According to the second path, nucleation of C5H can take place directly from the dissolution of C1H. 
In the end we will show which kind of consequences these mechanisms have on the hydration rate of the salts, 
hence on the power released.

[1] P. A. J. Donkers, Applied Energy, 2017
[2] L-C. Sögütoglu; Crystal Growth & Design, 2019
[3] J.Houben; Crystal Growth & Design, 2022
[4]	F.Hoffler	and	M.Steiger;	Monatshefte	für	Chemie	-	Chemical	Monthly,	2018

Phase diagram of CuSO4 and H2O and depiction of the nucleation processes occurring at 

different conditions pH2O and T. Rectangles stand for CuSO4.H2O (C1H) , triangles for 

CuSO4.3H2O (C3H) and pentagons for CuSO4.5H2O (C5H). MSZ indicate metastable zone.
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O53-0305

Paraffin-Graphene Composites for Thermal Energy Storage

Lisette Wijkhuijs* 1, Friedrich Heiner 1, Remco Tuinier 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Renewable energy resources are essential for ensuring intergenerational equity in energy consumption. There-
fore, it is imperative to develop energy storage solutions to overcome the intermittent supply of these renewable 
energy sources. Currently, over 75 % of the domestic energy demand is related to heating, such as space heating, 
water heating, and cooking.1 This thermal energy demand makes the use of thermal energy storage (TES) sys-
tems	a	promising	and	efficient	way	to	store	large	amounts	of	heat.2,3	TES	heavily	rely	on	phase	change	materials	
(PCM), since they possess the ability to absorb energy in the form of latent heat, have a high energy density, 
are non-toxic and low cost. However, organic PCMs have too low thermal conductivity, resulting in slow thermal 
transport	and	inefficient	heat	storage.	It	has	been	shown	that	this	disadvantage	can	be	partially	overcome	by	add-
ing	highly	thermally	conductive	fillers	such	as	graphene.	In	this	research,	the	enhancement	of	the	thermophysical	
properties of organic PCM using graphene nanoplatelets (GNP) is investigated. To this end, the morphology and 
filler	network	formation	of	three	general	experimental	routes	were	explored:	1)	mixing	of	PCM	and	GNP	creat-
ing random networks, 2) vacuum impregnation of thermally expanded graphite, and 3) microencapsulation of 
paraffin	with	GNP,	resulting	in	thermal	conductivities	up	to	8.3	W/mK.	The	outcomes	presented	are	achieved	by	
combining experimental work with simulations and modeling.

1. Raudjärv, R. & Kuskova, L. ENERGY CONSUMPTION IN HOUSEHOLDS - Estonia. Stat. Explain. 21–28 (2011).
2.	Gasia,	J.,	Miró,	L.	&	Cabeza,	L.	F.	Review	on	system	and	materials	requirements	for	high	temperature	thermal	
energy storage. Part 1: General requirements. Renew. Sustain. Energy Rev. 75, 1320–1338 (2017).
3. Ltd, D. E. & E. Evidence Gathering: Thermal Energy Storage (TES) Technologies. Dep. Business, Energy Ind. 
Strateg. (2016).
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O53-0084

Electrochemistry-performance analysis of aqueous soluble 
2,3-dihydroxyphenazine redox-active material

Gyungmin Hwang* 1, Yunsun Kim 1, Doeun  Kim 1, Daewon  Chung 1, Joonhyeon Jeon 1

1 Dongguk University, Seoul, South Korea

Introduction:	Redox	flow	batteries	(RFBs),	which	have	the	advantage	of	being	highly	scalable	and	capable	energy	
and power, are emerging as large-scale energy storage systems. However, an important aspect of an organic re-
dox couple-based aqueous RFB performance is the ability to obtain the highest concentration and reversibility of 
charge storage species possible. This paper introduces a new approach of using a 2,3-dihydroxyphenazine (DHP, 
C₁₂H₈N₂O₂)	as	an	aqueous	soluble	organic	 redox-active	material,	 resulting	 in	exceptionally	high	stability	and	
reversibility as well as excellent solubility in aqueous environments.
 Results and discussion: The DHP is prepared via a dehydration condensation reaction between 1,2-phenylene-
diamine	 (C₆H₈N₂)	 and	2,5-dihydroxy-1,4-benzoquinone	 (C₆H₄O₄)	 in	 a	 vacuum	oven	purged	with	nitrogen	 [1].	
Experimental	results	showed	that	The	DHP	exhibits	the	significantly	excellent	electrochemical	performance	such	
as highly negative redox potential of –1.1 V (vs. SHE, pH=14), high redox peak–current ratio close to 1, and sig-
nificantly	 improved	reaction	kinetics.	Further,	 the	DHP/Fe(CN)6	flow-cell	cycling	 for	100	cycles	at	20	mA/cm²	
displays	high	average	coulombic	and	energy	efficiencies	of	99.1	and	81.2	%,	respectively.
 Conclusion: The proposed DHP leads to the apparent redox reaction that is not only electrochemically stable and 
reversible, but also quasi-reversible and symmetric. This paper presents a new direction to improve the perfor-
mance of organic redox-active species and introduces DHP as an active species for aqueous organic RFBs.

Acknowledgments. This work was supported by the Korea Institute of Energy Technology Evaluation and Planning 
(No. 20224000000020), Republic of Korea.

Reference
 [1] Chem. Commun., 57 (2021), 2986–2989.

Fig. 1. (a) synthesized DHP compound and (b) CV curves at a scan rate of 20~100 mV/s
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Some like it hot!

Andries Meijerink* 1, Markus Suta 1, Thomas  van Swieten 1, Robin Geitenbeek 1, Harold de Wijn 1,  
Jeroen Vollenbroek 2, Albert van den Berg 2, Anne Eva Nieuwelink 1, Bert Weckhuysen 1, Freddy Rabouw 1

1 Utrecht University, Utrecht, The Netherlands, 2 University of Twente, Enschede, The Netherlands

Luminescence thermometry has rapidly developed in the past decades to a powerful method for remote tem-
perature sensing. More recently, nanothermometry relying on the temperature dependent luminescence of lan-
thanide ions doped into nanocrystals has emerged, especially in biological applications for accurate sensing and 
mapping	of	temperature	profiles	in	the	range	270-330	K.[1]
In our work, we have extended the temperature range to beyond 900 K by creating temperature stable (upcon-
version)	nanocrystals.[2]	 	Here	we	first	discuss	fundamental	aspects	of	 luminescence	thermometry,	especially	
the role of Boltzmann equilibrium and a new theoretical approach to understand and predict the optimum single 
ion (nano)thermometer.[3,4] Maximizing thermal sensitivity will be demonstrated with real-case examples based 
on these predictions and a careful analysis actual temperature accuracy that can be realized will be shown to 
strongly depend on the brightness of the luminescent temperature probes.[5] Some pitfalls will also be discussed 
and	warnings	will	be	given![4,5]	All	the	considerations	finally	lead	to	clear	guidelines	for	optimizing	ratiometric	
lanthanide-based	luminescent	thermometer	for	a	specific	application.	
In the second part of the talk examples of the unique capabilities of luminescence nanothermometry will be 
given, including temperature mapping with μm resolution to probe temperature variation in microheaters used 
in	synchrotron	and	TEM	experiments,	temperature	sensing	in	catalytic	reactors	and	applications	in	microfluidics	
where	measuring	temperature	variations	inside	the	microchannels	is	notoriously	difficult.[2]	An	outlook	will	be	
given towards the future of lanthanide doped nanoparticles temperature sensing.

References
[1] D. Jaque, F. Vetrone, Nanoscale 2012, 4, 4301-4326
[2] R. G. Geitenbeek et al., ACS Catal. 2018, 8, 2397-2401
[3] R. G. Geitenbeek, H. W. de Wijn, A. Meijerink, Phys. Rev. Appl. 2018, 10, 064006.
[4] M. Suta, A. Meijerink, Adv. Theory Sim. 2020, 3, 2000176.
[5] T.P. van Swieten, A. Meijerink and F.T. Rabouw, ACS Photonics 2022, 9, 1366-1374 

Figure 1 – Possibilities for remote temperature sensing relying on temperature dependence of (1) luminescence life time, (2) 

intensity, (3) peak position, (4) line width or (5) luminescence intensity ratio.
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Development of photoconductive polymers for fingerprint image sensors

In Hwan Jung* 1

1 Hanyang University, Seoul, South Korea

Currently, research on organic photodetectors (OPDs) using polymers or organic materials is being actively stud-
ied	for	application	to	flexible	electronic	devices	and	sensors.	Organic	photoconductive	materials	with	high	re-
sponsivity (R) and detectivity (D*) are highly important for high-resolution and fast-response image detection. 
Panasonic and Samsung have demonstrated organic image sensors by changing from using a thick silicon photo-
conductive layer to a thin organic layer or vertical stacking of green-selective organic photoconductive layers on 
red	and	blue	color	filters.	Recently,	we	developed	several	photoconductive	polymers	showing	high	R	values	of	>	
0.38 A/W and D* values of > 1.3 × 1013 Jones in p-n bulkheterojunction OPDs. Notably, it showed ultrafast signal 
response time of 3 μs under the self-powered operation. Based on the promising OPD performance, we could 
realize	organic	fingerprint	image	sensors.
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Developing SERS for understanding high-temperature catalyst reaction 
pathways

Harith Gurunarayanan* 1, Jesse Buckman 1, Alfons van Blaaderen 1

1 Soft Condensed Matter, Debye Institute for Nanomaterials Science, Utrecht University, Utrecht, The Netherlands

In catalysis, one of the key challenges is to arrive at precise understanding of the role of catalysts at a molecular 
level. Here we are interested in high temperature (600 °C and above) conversions of methane into more useful 
products. Examples for such molecular understanding would be the initial C-H activation step, where and how 
C-C coupling occurs, tuning the degree of dehydrogenation depending on the envisioned products and so on. 
To investigate reactions at such high temperatures we propose to extend the use of Surface-enhanced Raman 
spectroscopy	 (SERS).	SERS	 is	a	spectroscopic	 technique	that	provides	detailed	chemical	 (fingerprint)	 informa-
tion about reacting molecules. SERS can essentially be seen as a surface sensitive method as the enhancement 
solely take place within 10 nm of noble metal nanostructures with plasmonic properties. In this work we want 
to develop SERS in combination with material optimization for real-time high-temperature in-line monitoring of 
gas-phase	products.	It	has	been	recognized	that	for	anisotropic	rod-shaped	Au	particles,	local	EM	field	enhance-
ments at the tips can be orders higher as compared to spheres. Even further stronger enhancement is possible 
by arranging the rods standing in layers parallel to each other as in smectic liquid crystal layers with the tips of 
the nanorods close together. The ultimate goal of this research is to self-assemble thermally stable Pd alloyed 
Au-based nanorods along with suitable colloidal nano-catalysts into so-called supraparticle. Such that in these 
binary supraparticles, catalysis and SERS sensing are combined and will allow for not only following the catalytic 
events, but also deactivation pathways of the catalyst at high temperatures.

a) HAADF and EDS of insitu heating of silica-coated Au@Pd core–shell nanorods b) Raman spectra of crystal-violet measured 

in the presence of Au@Ag@SiO2, Au@Pd@SiO2 NRs, and Au@SiO2 NRs c) HAADF and EDS of binary-supraparticle of Au@

SiO2 NR and FexOy catal
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Investigations of halide perovskite for optoelectronic applications– what 
have we learned so far? [INV]

Selina Olthof* 1

1 University of Cologne, Germany

Novel semiconducting materials for application in optoelectronic devices have been a prominent research topic 
in the past decades. Recently, this has been especially true for halide perovskites, which show extraordinary 
efficiencies	when	used	as	absorber	material	in	solar	cells.	Here,	the	current	rapid	improvements	in	performance	
are impressive, however much remains to be learned about this material class. After a short overview over the 
exciting	research	field	of	halide	perovskites,	 I	will	 introduce	photoelectron	spectroscopy.	 In	particular,	we	are	
interested	in	probing	the	positions	of	the	charge	transport	levels	and	figuring	out	how	these	can	be	tuned	by	
changing the perovskite composition or its dimensionality.  In addition, we are also investigating the interface 
chemistry	between	halide	perovskites	and	the	adjacent	transport	layers	used	in	solar	cell	devices.	We	find	that	
the	perovskite	composition	and	film	formation	can	be	significantly	influenced	by	chemical	reactions	taking	place	
at	these	interfaces.	Understanding	and	mitigating	these	processes	is	crucial	for	the	development	of	efficient	and	
stable optoelectronic devices.
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Reactive Molecular Dynamics Simulations of Metal Halide Perovskites

Mike Pols* 1, Adri C.T. van Duin 2, Sofía Calero 1, Shuxia Tao 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands, 2 Pennsylvania State University, State College, United States

The outstanding optoelectronic properties of halide perovskites have attracted a lot of attention from the sci-
entific	community.	Despite	their	significant	increase	in	efficiency,	the	commercialization	of	perovskite	optoelec-
tronic devices has been hampered by long-term stability issues. Solution processing, their common fabrication 
method,	is	known	to	produce	polycrystalline	films	with	a	wide	variety	of	defects.	Although	the	optoelectronic	
effects	of	these	defects	have	been	studied	widely,	a	detailed	understanding	of	the	degradation	dynamics	at	the	
atomic scale, caused by such defects, is still lacking.
In	this	presentation,	I	will	outline	our	recent	advances	in	studying	the	dynamical	effects	of	defects	in	halide	per-
ovskites	with	reactive	molecular	dynamics	simulations	using	two	levels	of	theory:	machine	learned	force	fields	
[1]	and	ReaxFF	force	fields	[2,	3].	Combining	these	simulation	approaches,	we	study	defect	migration	and	de-
fect-induced degradation. We observe the migration of both halide interstitials and vacancies, with an overall 
faster	migration	for	interstitials.	Moreover,	we	find	that	the	migration	of	point	defects	is	 inhibited	by	a	better	
packing of the crystal lattice. Finally, we highlight the role of halide vacancies in the degradation of perovskites, 
establishing that the presence of lead dangling bonds and an absence of steric hindrance are critical factors for 
degradation at surfaces and grain boundaries. Using the obtained atomistic insights, we propose passivation and 
mitigation strategies to stabilize halide perovskites.

[1]	M.	Pols	et	al.	How	Fast	Do	Defects	Move	in	Halide	Perovskites:	Comparison	of	CsPbI₃	and	CsPbBr₃	with	On-the-
fly	Machine	Learning	Force	Fields.	In	preparation.
[2] M. Pols et al. J. Phys. Chem. Lett. 2021, 12, 5519-5525.
[3] M. Pols et al. ACS Appl. Mater. Interfaces 2022, 14, 40841–40850.

Long-term evolution of a perovskite surface and grain boundary in CsPbI₃ using reactive molecular dynamics simulations.
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Multifunctional Hybrid Perovskite Materials for Smart Photovoltaics

Jovana Milic* 1

1 Adolphe Merkle Institute, University of Fribourg, Fribourg, Switzerland

Hybrid organic-inorganic perovskites have emerged as one of the leading materials for solar-to-electric energy 
conversion in photovoltaics. However, their instability under operating conditions poses an obstacle to practical 
applications. While this can to an extent be overcome by incorporating organic moieties within hybrid perovskite 
frameworks that form low-dimensional architectures with superior operational stabilities, their insulating char-
acter often compromises the resulting photovoltaic performances. We demonstrate the capacity to rely on supra-
molecular engineering of (photo)electroactive organic species to enhance the functionality of hybrid perovskites 
by enabling control of their properties in response to external stimuli, such as voltage bias, light, and pressure, 
opening a path toward multifunctional materials for smart photovoltaics.

References:
1.J.	V.	Milić*,	Chimia	2022,	76,	784–791.	
2.W.	Luo,	G.	AlSabeh,	J.	V.	Milić*,	Photochemistry	2022,	50,	342–366.
3.J.	V.	Milić*,	J.	Mater.	Chem.	C	2021,	9,	11428–11443.	
4.Mishra,	P.	Ahlawat,	G.	Fish,	F.	Jahanbakshi,	M.	Mladenović,	M.	A.	Preciado-Ruiz,	M.	Almalki,	M.	C.	Gelvéz-Rueda,	V.	
Dufoulon,	T.	Schneeberger,	D.	J.	Kubicki,	R.	Poranne,	F.	C.	Grozema,	S.	M.	Zakeeruddin,	J.	E.	Moser,	U.	Rothlisberger,	
L.	Emsley*,	J.	V.	Milić*,	M.	Graetzel*.	Chem.	Mater.	2021,	33,	6412–6420.	
5.L.	A.	Muscarella,	A.	Dučinskas,	M.	Dankl,	M.	Andrzejewski,	N.	P.	M.	Casati,	U.	Rothlisberger,	J.	Maier,	M.	Graetzel,	B.	
Ehrler*,	J.	V.	Milić*,	Adv.	Mat.	2022,	202108720.	
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Schematic representation of stimuli-responsive  

hybrid perovskite materials
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Halide Perovskites Compositional Analysis by ss-NMR and XPS

Tatiana Soto Montero* 1, Suzana  Kralj 1, Jennifer Sarelly  Gómez Badillo 2, Christoph  Baeumer 1,  
Arno P. M.  Kentgens 2, Monica Morales Masis 1

1 University of Twente, Enschede , The Netherlands, 2 Radboud University, Nijmegen, The Netherlands

The employment of hybrid halide perovskites on various optoelectronic applications requires the preparation of 
thin	films	whose	composition	plays	a	crucial	role	in	determining	their	final	performance.	Solution	process	meth-
ods	rely	on	the	nominal	stoichiometries	of	the	mixed	powder	precursors	to	report	the	final	thin-film	composition.	
In contrast, physical vapor deposition methods (PVD) usually employ quartz microbalances for stoichiometry 
control.	However,	the	actual	composition	of	the	final	thin	film	may	differ	from	the	initial	perovskite	precursor	
solutions or powders; thus, there is still a need for improved protocols for accurately reporting the actual compo-
sitions of halide perovskites. 
In	this	study,	we	combine	solid-state	nuclear	magnetic	resonance	spectroscopy	(ss-NMR)	and	X-ray	photoelectron	
spectroscopy	 (XPS)	 to	gain	a	 comprehensive	understanding	of	 the	 local	 chemical	environment	of	halide	per-
ovskites to probe the actual composition, using the double-cation perovskite MA1-xFAxPbI3 with x = 0 to 1, MA+ 
= CH3NH3+, FA+ = CH(NH2)2+. We employ mechanochemical synthesis (MCS) as a fully-dry synthetic route to 
study	the	pure	halide	perovskite	powders.	The	results	of	our	study	were	further	validated	using	X-ray	diffraction	
(XRD)	and	photoluminescence	(PL),	which	confirm	the	formation	of	the	different	perovskite	phases	by	changing	
the cations ratio (x).  
We also explore MCS to prepare halide perovskite targets for pulsed laser deposition (PLD). We present the PLD 
of	MA1-xFAxPbI3	halide	perovskite	thin	films,	with	PLD	having	the	unique	advantage	among	PVD	methods	of	
employing only one source target. Here we focus on the target quality and composition as critical parameters 
for	achieving	the	desired	stoichiometric	halide	perovskite	thin	film.	By	comparing	the	thin-film	composition	of	
PLD-grown	halide	perovskite	absorbers,	measured	by	ss-NMR	and	XPS,	with	that	of	the	pure,	mechanochemically	
synthesized perovskite powders, we aim to provide guidelines for further analysis of the actual composition of 
halide	perovskite	materials	in	bulk	and	thin-film	forms.	

(A) MSC Schematics to prepare halide perovskite powders and pellets for structural (XRD), optical (PL), and actual 

compositional analysis (ss-NMR, XPS). (B) MSC for preparing high-quality halide perovskite PLD targets. (C) Composition 

correlation of thin film MA1-xFAxPbI3 grown by PLD.

O55 PARALLEL SESSION 55: Materials for Photovoltaics and Energy Harvesting 1



ORAL PARALLEL SESSIONS

347CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O56-1118

Electron catalysis: from charge to spin [INV]

Guowei Li* 1

1 Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, China

Exotic electronic states are realized in various topological phases, from topological insulators to recently re-
ported	Weyl/Dirac	 semimetals,	nodal	 line	 semimetals,	 and	magnetic	 semimetals.	 They	 strongly	 influence	 the	
surface electronic structures of the investigated materials and could serve as a good platform to gain insight 
into the catalytic mechanism of surface reactions. Topological Semimetals such as PtSn4 and Co3Sn2S2 adopt 
quasi-two-dimensional structures and could expose the crystal surfaces constructed by transition metal atoms. 
Topological non-trivial surface states are observed at the crystal surfaces, which are located near the Fermi level. 
These topological surface states can act as both electron acceptors or donators for molecular adsorption, thus 
tailoring the adsorption energy and Gibbs free energy in the electrochemical catalytic reactions. We also investi-
gated the spin polarization at the transition metal sites, where we found the vital role of spin-polarized electrons 
for	catalytic	efficiency	optimization.
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Interrogating thermal expansion in earth-abundant oxides

Joya Cooley* 1, Erica Esteban 1, Jasmine Garcia 1, Fitu Malepeai 1, Garrett Mahler 1

1 California State University, Fullerton, United States

Conventionally, materials exhibit positive thermal expansion (PTE) and expand when temperature is increased, 
but some materials exhibit negative thermal expansion (NTE). Controllability of thermal expansion can be 
achieved	when	PTE	and	NTE	materials	are	composited	and	the	thermal	expansion	of	the	final	material	can	be	
tuned to what is desired. In order to allow for tuning of thermal expansion, understanding the tunability of ther-
mal expansion on an atomic level is key. NTE has been seen above 500 °C in transition metal pyrovanadates 
(Zn₂V₂O₇	and	Co₂V₂O₇)¹,²	and	tuning	composition	on	the	transition	metal	site	has	shown	tunability	of	NTE	in	
other	pyrovanadates	and	pyrophosphates.³,⁴	To	understand	the	tunability	compounds,	compounds	were	modi-
fied	as	solid	solutions.	Solid	state	ceramic	methods	were	used	to	synthesize	solid	solutions.	Samples	were	char-
acterized	with	synchrotron	X-ray	and	neutron	diffraction	techniques,	and	variable	temperature	synchrotron	X-ray	
diffraction	was	used	 to	understand	 the	 temperature-dependence	of	 the	unit	cell	dimensions.	Total	scattering	
techniques will be employed to understand phenomena not represented in the average structure.

1.He,	X.,	Zhang,	C.	&	Tian,	D.	The	structure,	vibrational	spectra,	and	thermal	expansion	study	of	AVO₄	(A=Bi,	Fe,	Cr)	
and	Co₂V₂O₇.	Materials	13,	1628	(2020).
2.Rotermel,	M.	V.	&	Krasnenko,	T.	I.	Mechanism	of	thermal	expansion	of	structural	modifications	of	zinc	pyrovana-
date. Crystallography Reports 62, 703–709 (2017).
3.Shi,	N.	et	al.	Strong	negative	 thermal	expansion	of	Cu₂PVO₇	 in	a	wide	 temperature	 range.	Chem.	Mater.	33,	
1321–1329 (2021).
4.Shi,	N.	et	al.	Tuning	thermal	expansion	from	strong	negative	to	zero	to	positive	in	Co₂-xZnxP₂O₇	solid	solutions.	
Scr. Mater 207, 114289 (2022).
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Mixed hydride-electronic conductivity in Rb2CaH4 and Cs2CaH4

Henrik Rodenburg*, Nongnuch Artrith 1, Peter Ngene 1

1 Materials Chemistry and Catalysis, Debye Institute for Nanomaterials Science, Utrecht University, Utrecht, The Netherlands

Hydride-ion conductors and mixed hydride-electronic conductors are promising materials for numerous applica-
tions, for example as catalysts, catalyst supports or promotors for hydrogenation reactions, especially ammonia 
or methanol production. They could also be used in (electro)chemical energy conversion and storage devices 
such as batteries, fuel cells and reversible hydrogen storage systems. Therefore, there is a major interest in hy-
dride-ion conductors with high conductivity at moderate temperatures.
Many	hydride-ion	conductors	are	oxyhydrides,	many	of	which	have	the	K₂NiF₄-type	structure.[1-5]	As	oxide	ions	
occupy part of an oxyhydride’s anion sublattice, not all anions participate in hydride-ion transport, thereby po-
tentially limiting the ionic conductivity at moderate temperatures. In this presentation, the synthesis and elec-
trochemical	characterization	of	two	novel	oxygen-free	K₂NiF₄-type	structured	hydride-ion	conductors,	Cs₂CaH₄	
and	Rb₂CaH₄,	will	be	discussed.
By electrochemical analysis, both materials are found to exhibit mixed ionic-electronic conductivity at moderate 
temperatures. The ionic and electronic conductivity of both materials increases gradually at temperatures above 
40 °C. Temperature-programmed desorption measurement results indicate that this is likely related to hydrogen 
gas evolution, so the conductivity should be due to hydride transport.
The	total	conductivities	at	the	highest	measured	temperature,	190	°C,	are	1.4×10^-6	S/cm	and	4.8×10^-8	S/cm	
for	Cs₂CaH₄	and	Rb₂CaH₄,	respectively.	Rb₂CaH₄	is	primarily	ionically	conductive	at	all	measured	temperatures,	
while	 Cs₂CaH₄	 is	 primarily	 electronically	 conductive.	 The	 discovery	 of	mixed	 hydride-electronic	 conductivity	
in these materials opens up new possibilities to explore mixed hydride-electronic conductors in catalysis and 
low-temperature energy conversion and storage applications.

1. G. Kobayashi et al., Science, 2016, 351, 1314-1317.
2. A. Watanabe et al., Electrochemistry, 2017, 85, 88-92.
3. Y. Iwasaki et al., J. Mater. Chem. A, 2018, 6, 23457-23463.
4. F. Takeiri et al., Inorg. Chem., 2019, 58, 4431-4436.
5. F. Takeiri et al., Nat. Mater., 2022, 21, 325-330.

The total conductivity (σ) of Cs₂CaH₄ and Rb₂CaH₄. The conductivity increases by an order of magnitude during six 

measurement cycles (150 hours).
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Perturbing magnetic stripes by uniaxial stress in La1.885Ba0.115CuO4

Machteld Kamminga* 1,2, Kristine Krighaar 2, Astrid Rømer 2, Lise Sandberg 2, Pascale Deen 2,3, Martin Boehm 4, 
Genda Gu 5, John Tranquada 5, Kim Lefmann 2

1 Utrecht University, Utrecht, The Netherlands, 2 University of Copenhagen, Copenhagen, Denmark, 3 European Spallation Source 
ERIC, Lund, Sweden, 4 Institut Laue-Langevin, Grenoble, France, 5 Brookhaven National Laboratory, New York, USA

In	this	work	we	present	the	effect	of	uniaxial	stress	on	the	magnetic	stripes	in	the	cuprate	system	La2-xBaxCuO4	
with x = 0.115, previously found to have a stress-induced enhancement in the superconducting transition tem-
perature [1]. By means of neutron scattering, we show that the static stripes are suppressed by stress, pointing 
towards	a	trade-off	between	superconductivity	and	static	magnetism,	in	direct	agreement	with	the	previously	re-
ported μSR measurements. Additionally, we show that some of the reduced weight in the elastic channel appears 
to	have	moved	to	the	inelastic	channel.	Moreover,	a	stress-induced	momentum	shift	of	the	fluctuations	towards	
the typical 1/8 value of commensurability is observed. These results impose a strong constraint on the theoreti-
cal interpretation of stress-enhanced superconductivity in cuprate systems [2].

[1] Guguchia et al., PRL 125, 097005 (2020).
[2]	Kamminga	et	al.,	under	review	(2023),	preprint	available:	arXiv:22923.00558
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The Role of Morphology in Amorphous Silicon Nitride

Lukas Hückmann* 1, Jonathon Cottom 1, Jörg Meyer 1

1 Leiden University, Leiden, The Netherlands

Amorphous	silicon	nitride	[a-Si₃N₄]	is	an	essential	material	for	nanoelectronics	due	to	its	excellent	mechanical	
and electrical properties. A unique feature of silicon nitride-based memory devices is long-term charge trapping, 
but how this phenomenon impacts the structure, including any charge-induced breakdown, is an open question. 
Photoemission and EPR experiments provide a valuable snapshot of the N- and Si-centered defects, their geom-
etry, and associated electronic defect states [1]. In combination with electronic structure calculations, structural 
defects are considered responsible for charge trapping [2].
This	work	combines	simulations	at	force	field	[FF]	and	density	functional	theory	[DFT]	level.	Hundreds	of	structur-
al models are created with the melt-quench procedure using the MG2-FF [3], followed by further structural opti-
mization	using	the	PBE	functional	[4].	Consequently,	adequate	sampling	of	the	configurational	space	of	a-Si₃N₄	
is possible and enables to generate [statistically meaningful] distributions of all further investigated properties. 
This	work	identifies	and	examines	characteristic	local	structural	motifs	only	found	in	the	a-Si₃N₄	phase,	e.g.,	dis-
torted	coordination	spheres,	rings,	off-coordinated	atoms,	and	voids.	The	electronic	structure	is	investigated	on	
hybrid DFT level using the HSE06 [5] functional, providing accurate band gaps, structural description of trapping 
sites,	and	their	associated	energies.	It	is	shown	that	distorted	SiN₄-tetrahedra	act	as	precursors	for	electron	trap-
ping, whereas undercoordinated nitrogen atoms feature the hole polarons. The trapping sites are further subdi-
vided and characterized according to their local environment and energies, revealing various types of trapping 
vectors in the material.

[1] Warren, W. L. et al. J. Appl. Phys. 1993, 74, 4034–4046.
[2] Kang, G. et al. Phys. Rev. Appl. 2018, 10.
[3] Marian, C. M. et al. Phys. Rev. B 2000, 62, 3117–3124.
[4] Perdew, J. P. et al. Phys. Rev. Lett. 1996, 77, 3865–3868.
[5] Heyd, J. et al. J. Chem. Phys. 2003, 118, 8207–8215.

Representative density of states (DOS) of a neutral, positively, and negatively charged a-Si₃N₄ configuration together with 

the structural sites associated with the valence band maximum and conduction band minimum acting as a precursor for 

charge trapping
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O56-0793

Exploring Aqueous PNIPAM Phase Separation by Enhanced Simulations

Ferry Hooft* 1

1 University of Amsterdam, Castricum, The Netherlands

PNIPAM (Poly(N-isopropylacrylamide)) is a well-known thermosensitive polymer that undergoes a phase transi-
tion from a swollen coil to a compact globular structure in aqueous solution at a lower critical solution tempera-
ture	(LCST).	Despite	its	importance	in	various	fields	such	as	gels,	sensors,	thin	films,	tissue	engineering,	and	drug	
delivery, our quantitative understanding of the thermodynamic behavior of PNIPAM is still limited. To address 
this gap, we unravel the structural changes that PNIPAM undergoes during its phase separation at the LCST by 
identifying the relevant order parameters. Using enhanced atomistic and coarse-grained simulations, we lever-
age	these	order	parameters	to	probe	the	free	energy	 landscape	of	 the	phase	transition	for	different	systems,	
including	monomers,	syndiotactic	polymers,	and	a	polymer	brush.	Our	findings	show	that	the	phase	separation	
is	primarily	governed	by	specific	hydration	structural	changes	around	the	hydrophilic	side-chains,	which	can	be	
exploited to modify and design these responsive materials.
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Improving piezoelectric ceramics by grain orientation control [INV]

Astri Bjørnetun Haugen* 1

1 Technical University of Denmark, Denmark

Piezoelectric ceramics can convert mechanical stress or pressure into an electrical charge and vice versa, and 
are therefore the cornerstone in several modern technologies, for example medical ultrasound imaging. There is 
a general need to optimize performance and develop new, lead-free compositions, and utilizing the optimized 
grain orientation is one route. Piezoelectric ceramics can reach properties close to those of single crystals if they 
consist of aligned grains (texture). Compared to a bulk ceramic made by uniaxially pressed and sintered powder, 
the texture process requires processing with shear forces that align anisometric template particles seeding di-
rectional grain growth. In my presentation, I will discuss how texture is achieved in lead-free systems based on 
K0.5Na0.5NbO3,	using	different	template	particle	geometries.	I	will	explore	the	impact	of	texture	on	the	piezo-
electric,	ferroelectric,	and	dielectric	properties	of	these	ceramics.	Additionally,	I	will	address	the	significance	of	
crystallographic direction in creating texture. By designing a composition with enhanced phase stability, such as 
Ba0.92Ca0.08TiO3, I will demonstrate how a [100]-type crystallographic texture can increase the piezoelectric 
response, while a [111]-type texture can decrease it.  Furthermore, I will discuss the introduction of texture to 
ceramics manufactured through shaping techniques involving shear forces. This approach aims to enhance the 
properties	of	already-formed	ceramics	without	requiring	significant	additional	processing	steps.	One	such	tech-
nique is tape casting, which is used for thin and multilayered piezoelectrics used in applications like multilayer 
actuators, capacitors, and high-frequency ultrasound transducers. I will present results on tape casting of thick 
films	of	(Li0.06(K0.52Na0.48)0.94)(Nb0.71Ta0.29)O3	doped	with	0.25	mol%	Mn	(KNNLTM).	KNNLTM	is	a	prom-
ising	lead-free	composition	for	ultrasound	transducers,	exhibiting	high	coupling	coefficients	as	a	single	crystal.	
By	incorporating	texture	into	these	ceramics,	increased	coupling	coefficients	(kt)	can	be	achieved	compared	to	
random ceramics, particularly in multilayer structures for high-frequency ultrasound transduction.
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Spontaneous Metal Deposition on Carbon Electrodes: electroanalytical 
applications

Vessela Tsakova* 1, Aneliya Nakova 1, Radoslav Ivanov 1, Chiydem Hyusein 1

1 Institute of Physical Chemistry, Bulgarian Academy of Sciences, Sofia, Bulgaria

Recent investigations have demonstrated the possibility for spontaneous deposition of noble metals on carbon 
supports in the absence of reductants in the metal ions solutions [1,2]. This process is a result of а direct redox 
reaction between the solute metal species and the carbon materials and allows for the deposition of dense-
ly	packed	nanoparticles	on	the	carbon	supports.	Studies	on	different	pre-reduced	meso-	and	nano-structured	
carbons, i.e. mesoporous carbon, single- and multi-walled carbon nanotubes (SWCNT and MWCNT) and carbon 
nanofibers	(CNF)	have	demonstrated	that	the	type	and	amount	of	the	metal	deposit	depend	on	the	structure	of	
the carbon electrodes with nanostructured carbon coatings (SWCNT, MWCNT, or CNF) providing higher amounts 
and smaller size of the obtained metal particles [1,3].
Metal-modified	carbon	electrodes	obtained	by	spontaneous	metal	deposition	were	studied	as	electrochemical	
sensors for glycerol [3] and nitrate ions [4]. They have shown reproducible and sensitive voltammetric response 
in large concentration ranges suitable for electroanalytical applications.

Acknowledgements
Financial support of National Center of Mechatronics and Clean Technologies (Project BG05M2OP0 01–1.0 01–0 
0 08-C010) within the Bulgarian OP Science and Education for Smart Growth 2014–2020) and INFRAMAT (Nation-
al Roadmap for Research Infrastructure) supported by Ministry of Education and Science is gratefully acknowl-
edged.
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Ultra-sensitive Determination of 4-Nitrophenol using NiO/CuO/rGO/
PtE:Electrochemical Sensing Study

Arfana Mallah* 1, Amber .R. Solangi 1, Jamil.A Buledi 1

1 University of Sindh, Norwegian University of Science and Technology, Jamshoro, Pakistan

Para nitrophenol generally known as 4-nitrophenol (4-NP) is well known organic pollutant which is being broadly 
discharged into the environment and poses several health threats to the humans. For the sensitive and selective 
screening	of	4-NP,	a	new	electrochemical	sensor	based	on	NiO/CuO/rGO/PtE	has	been	developed.	The	XRD	analy-
sis revealed excellent crystalline structure with average size 51.6 nm for NiO/CuO/rGO nanocomposite. SEM and 
HR-TEM	characterization	evaluated	successful	incorporation	of	Ni	and	CuO	into	the	GO	sheets.	The	EDX	analysis	
confirmed	the	exceptional	purity	and	percent	elemental	composition	of	prepared	nanocomposite.	The	prepared	
material was casted on the surface of bare PtE via drop casting method which resulted uniform deposition of NiO/
CuO/rGO over the PtE’s surface. The fabricated sensor NiO/CuO/rGO/PtE manifested excellent response for 4-NP 
under optimized conditions e.g. scan rate 110 mV/s, PBS electrolyte acidic pH-5 and under potential window 
between (-0.3 to -1.2 V). A broad linear concentration range was optimized from 0.09 to 105 μM was optimized 
to get linear calibration curve of 4-NP. The LOD and LOQ of proposed method were calculated as 0.0054 μM and 
0.018 μM which almost lower than the reported sensor for 4-NP. The analytical applicability of NiO/CuO/rGO/PtE 
was tested in tap water and river water samples. The fabricated sensor exhibited acceptable recoveries for 4-NP 
in water samples which highlights good reliability of proposed sensor in real samples. 

Keywords: Graphene oxide, 2D nanomaterials, metal oxide NPs, 4-nitrophenol, electrochemical sensor and envi-
ronmental pollution
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Bottom-up Fabrication of Boron-doped Diamond Sensing Chip

Simona Baluchová* 1, Zhichao Liu 1, Bob Brocken 1, Essraa Ahmed 2,3, Paulius Pobedinskas 2,3, Ken Haenen 2,3, 
Josephus Gerardus Buijnsters 1

1 Delft University of Technology, Delft, The Netherlands, 2 Hasselt University, Hasselt, Belgium, 3 IMOMEC, IMEC vzw, Hasselt, 
Belgium

Fabrication of patterned boron-doped diamond (BDD) in an inexpensive and straightforward way is required for 
a variety of practical applications, including the development of BDD-based electrochemical sensors. This novel 
work	describes	a	simplified	bottom-up	fabrication	approach	for	the	BDD	sensor	chip	utilizing	direct	inkjet	print-
ing of diamond nanoparticles on silicon-based substrates. The whole seeding process, accomplished by a com-
mercial research inkjet printer with piezo-driven drop-on-demand print-heads, was systematically optimized. 
Next, the dried micro-patterned substrate was subjected to a chemical vapor deposition step to grow uniform 
thin-film	BDD,	which	satisfied	the	function	of	both	working	and	counter	electrode.	Silver	was	ink-jet	printed	to	
complete the sensor chip with a reference electrode. Next, scanning electron micrographs showed a closed BDD 
layer	with	typical	polycrystalline	structure	and	with	sharp	and	well-defined	edges.	Very	good	homogeneity	in	
diamond	layer	composition	and	high	boron	content	(~2×10²¹	atoms/cm³)	was	confirmed	by	Raman	spectroscopy.	
Important electrochemical characteristics, including the width of the potential window (2.5 V) and double-layer 
capacitance (27 μF/cm²), were evaluated from cyclic voltammetry (CV) performed in a supporting electrolyte 
(0.5	M	KNO₃).	Using	CV,	 fast	electron	transfer	kinetics	was	recognized	for	an	outer-sphere	redox	marker,	hex-
aammineruthenium(III) chloride, due to high doping level, while somewhat hindered kinetics was observed for a 
surface-sensitive redox probe, potassium hexacyanoferrate(II). Further, the ability to electrochemically detect or-
ganic	compounds	of	different	structural	motifs,	such	as	glucose,	ascorbic	acid,	uric	acid,	tyrosine,	and	dopamine,	
was	 successfully	 verified	 and	 compared	with	 commercially	 available	 screen-printed	 BDD	 electrodes.	 Finally,	
newly	developed	chip-based	manufacture	method	enables	the	rapid	prototyping	of	different	electrode	designs	
and BDD microstructure, which can lead to enhanced sensor performance.
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Mediating Competitive Photophysical Pathways in Molecular Chromophore 
Systems

Charusheela Ramanan* 1

1 Vrije Universiteit, Amsterdam, The Netherlands, 2 Max Planck Institute for Polymer Research, Mainz, Germany

Molecular chromophores provide a broad range of possibilities for developing next-generation light-energy 
conversion	 applications.	 These	π-conjugated	materials	 exhibit	 high	 extinction	 coefficients,	 ease	 of	 synthetic	
tunability, and desirable semiconducting properties, which make them ideal for use in photovoltaics, solar fuel 
production, and energy storage. They are also promising materials for next-generation smart, stimuli-responsive 
systems for light-energy conversion applications. 
However,	it	remains	difficult	to	control	photoactive	behavior	in	structurally	dynamic	molecular	chromophore	sys-
tems. These materials exhibit complex potential energy landscapes and mixed electronic states. Chromophore 
aggregation,	for	example,	plays	a	significant	role	in	mediating	competitive	photophysical	pathways	and	dynam-
ics.	Molecular	chromophore	systems	aggregate	via	π-stacking	interactions,	leading	to	a	mixture	of	electronic	and	
vibrational couplings. These in turn mediate photoactive processes such as light-harvesting, energy transport, 
and charge separation. It is essential to understand the interplay between molecular structure, inter-chromo-
phore	coupling,	and	the	influence	of	the	surrounding	environment	in	order	to	design	and	optimize	new	robust	
materials for emerging applications.  
In this contribution, we will present two examples of molecular chromophore systems wherein the balance of 
competitive photophysical mechanisms is mediated in response to the environment:
Firstly,	we	explored	the	photoexcited	charge	separation	dynamics	in	a	conformationally	flexible	molecular	fol-
damer.	We	find	that	the	solvent	polarity	mediates	the	intermolecular	coupling	in	a	novel	electron	acceptor-do-
nor-acceptor	foldamer,	yielding	a	competitive	branching	of	two	different	charge-separation	pathways	and	pho-
toproducts.
Secondly,	we	found	reversible	temperature	mediated	photophysics	in	polycrystalline	thin	films	of	a	small	mole-
cule	chromophore.	Our	results	identify	competition	between	singlet	fission	and	symmetry-breaking	charge	sep-
aration in this material. Preliminary results suggest that a reversible temperature-responsive phase change in the 
polycrystalline	thin	film	is	responsible	for	mediating	the	balance	of	competitive	photophysical	dynamics.
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Multi-target Colorimetric Sensing Material Development with Design-Build-
Test-MachineLearning

Zhe-hong Ai 1, Jing Jiang* 1

1 Zhejiang Laboratory, Hangzhou, China

Searching through a large space of variables in high dimensions is usually required for sensor material R&D. The 
one-variable-at-a-time method, while widely employed, is constrained by the possibility of only reaching local 
maxima	for	specific	sensing	characteristics	in	multi-variate	space	[1].	To	identify	a	sensing	material	composition	
that	achieves	optimal	performance	across	multiple	figures	of	merits	(FoMs)	simultaneously,	we	developed	the	
Design-Build-Test-MachineLearning (DBTM) methodology for the expedited and targeted development of sen-
sors. In order to facilitate the DBTM framework for creating an ammonia colorimetric sensor, an algorithm-guid-
ed autonomous high-throughput platform (AAHP) was built. A multi-target algorithm was designed to optimize 
multiple characteristics of the sensing material in parallel. A Bayesian algorithm incorporated the conversion 
of discrete disordered variables into ordered continuous variables was proposed to explore multidimensional 
spaces. With the DBTM approach, we optimized multiple sensor units in the vast search space composed of 18 
source solutions within four iterations. The present study reports on the optimization of sensing units, which 
exhibit notable sensitivity and reversibility for quantitatively detecting ammonia within the concentration range 
from 0.5 ppm to 500 ppm. Additionally, the limit of detection (LoD) for ammonia detection has been lowered to 
50 ppb [2] based on the colorimetric principle, as demonstrated in the same experimental batch. Furthermore, we 
have	proposed	a	refined	chemical	colorimetric	sensing	model,	which	is	predicated	on	the	optimization	outcome	
of the sensing units’ recipes.

1.Lookman, T., et al. NPJ Comput., 2019. 5(1)
2.Hoang, A.T., et al. Sens. Actuators B Chem, 2017. 251

Left: Workflow of DBTM-Search; Right: Performance improvement over iterations (top) and responsivity (bottom) of Bayesian 

optimization developed of ammonia sensors where FoMs were optimized for low concentration (left), high concentration 

(middle), and lower LoD (right).
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Revealing the Charge Storage Processes in Supercapacitors [INV]

Xuehang Wang* 1

1 TU Delft, The Netherlands

The fast development of electrochemical energy storage devices has revolutionized almost every aspect of mod-
ern life by enabling portable electronic devices, electric vehicles, and grid storage of renewable energy. To satisfy 
the growing industrial and consumer needs for energy storage systems with high output power and short re-
charge time, the electrode materials should have excellent high-rate performance. Electrical double-layer (EDL) 
capacitors exhibit high-rate capability and long-cycling life as they store charges electrostatically. Using ionic 
liquid (IL) as the electrolyte leads to a large voltage window but low EDL capacitance. My research revealed the 
impact of pore size distribution on the EDL capacitance by building a mathematical model to simulate the IL ion 
packing structure in nanopores. Then, we further revealed that mixture IL ions can be selectively driven into the 
pores	of	different	confinement	levels,	which	leads	to	improved	EDL	capacitance.	 	Pseudocapacitors,	which	are	
expected to have a much higher capacitance than EDL capacitors and a much higher rate than batteries as they 
store energy through fast surface redox reactions. The emerging 2D material family, 2D transition metal carbides/
nitrides	MXenes,	shows	outstanding	pseudocapacitive	performance	due	to	their	ionophilicity,	metallic	conduc-
tivity, and highly reactive surfaces. The proper coupling between electrolyte and electrode is critical to increase 
energy and power density. In the organic electrolyte, we found that the solvent has a strong impact on the ion/
solvent	arrangement	in	2D	MXene	material	and	hence	the	charge	storage	capability.	In	the	aqueous	electrolytes,	
we	successfully	 introduced	surface	 redox	 to	MXene	electrodes	by	using	 the	water-in-salt	electrolytes	and	by	
adjusting	the	initial	valence	of	Ti	 in	Ti3C2	MXenes,	which	dramatically	increases	the	capacitance	of	MXene	in	
the neutral aqueous electrolytes. We further developed a method that uses ultraviolet-visible spectroscopy to 
monitor the redox activities in supercapacitors and batteries.
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Energy application of two-dimensional materials and hybrids

Maria Omastova* 1

1 Polymer Institute SAS, Dubravska cesta 9, Bratislava, Slovakia

Energy storage became the dominant factor in the development of the economy within last decades. Supercapac-
itors (SCs), as one of most promising emerging energy storage devices, are of great interest because of their high 
power density and variation of materials used for SC preparation. Two-dimensional (2D) nanomaterials, including 
graphene	or	graphene	oxide	and	inorganic	materials	as	MXenes	have	been	greatly	explored	to	providing	huge	
potential	for	the	development	of	flexible	supercapacitors	with	higher	electrochemical	performance.	Perovskite	
solar	cell	with	incorporated	MXene	and	perovskite	quantum	dots	are	intensively	studied	nowadays.	
In our work composites were prepared using reduced graphene oxide (rGO) metal–organic frameworks (MOFs) 
with Mn or Cu were fabricated and supported with conducting polymer polyaniline (PAN) and then used as elec-
trode materials for SCs. It was found that composite containing Cu-MOF acts as a catalyst for aniline polymeriza-
tion, which leads to a higher concentration of PANI, thus improving the working performance of the electrode [1]. 
This study agrees well with reported literature results that the introduction of PANI into the composites increases 
the pseudo-capacitance, thus enhancing the electrode materials’ working performance. Besides it,  composites 
also	exhibited	cycle	stability.	The	results	obtained	confirm	the	high	potential	of	materials	based	on	MOFs,	rGO,	
and conductive polymers as components of electrode materials for SCs.
Furthermore,	future	directions,	challenges	and	opportunities	when	using	another	2D	materials	as	MXene	for	the	
preparation of new types of solar cells will be also provided [2].
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A highly hydrophilic and reversible benzo[a]phenazine-based redox species

Jaehyun Jung* 1, Yunsun Kim 1, Gyungmin Hwang 1, Daewon Chung 1, Joonhyeon Jeon 1

1 University of Dongguk; South Korea, Seoul, South Korea

Aqueous	 organic	 redox	 flow	 batteries	 (AORFBs)	 have	 drawn	 attention	 as	 an	 alternative	 to	 traditional	 redox	
flow	batteries	in	terms	of	utilizing	organic	materials	which	are	abundant	and	tunable	by	introducing	functional	
groups. However, the inherent problems, such as low energy and poor chemical stability, are still an obstacle to 
the growth of AORFBs for large-scale energy storage system.
To address such challenging issues, this paper describes a benzo[a]phenazin-5-ol methanesulfonate (BHPS, 
C₁₆H₁₀N₂O₄S)	prepared	by	introducing	electron-donating	sulfonic-acid	and	hydroxyl	functional	groups	(−SO₃H,	
−OH)	on	benzo[a]phenazine	[1].	The	BHPS	undergoes	a	highly	reversible	two-electron	reaction	without	coupled	
chemical steps and has a strong molecular structure (dipole moment: 6.32D) with high resistance to nucleop-
hilic attack in aqueous media. The exceptional physiochemical and electrochemical characteristics of the BPHS 
are	 theoretically	and	experimentally	compared	with	benzo[a]phenazine-5-ol	 (HBP,	C₁₆H₁₀N₂O),	and	evaluated	
through various experiments including full cell-cycling tests, along with theoretical molecular analysis. Exper-
imental	results	show	that	the	BHPS	has	highly	hydrophilic	and	strong	anionic	properties	 (due	to	the	effect	of	
−SO₃H	attachment)	and	thereby	provides	preferential	and	fast	interaction	with	cation	species	in	aqueous	media,	
which	leads	to	1.83	times	higher	kinetic	constant	 (1.32×10−³cm/s)	and	98.07	times	higher	solubility	 (1.47M)	
than	the	HBP	with	only	–OH	group.	Further,	 the	BHPS/Fe(CN)₆	flow-cell	cycling	for	100	cycles	at	60	mA	cm−²	
results	in	great	coulombic	and	energy	efficiencies	of	average	99.5	and	81.9	%,	along	with	dramatic	charge-and-
discharge capacity ratios of average 99.79 and 99.25 %, respectively. This approach introduces new insights into 
the development of ionic redox species as anodic active material for high-performance AORFBs. 
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Fig. 1. (a) BHPS-molecular ESP map and (b) performance profile for 100 cycles
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Interface engineered metal hydrides as multifunctional energy materials

Peter Ngene* 1, Laura de Kort, Valerio Gulino, Petra de Jongh  

1 Utrecht University, Utrecht, The Netherlands

The	transition	from	fossil	fuels	to	a	more	sustainable	energy	carriers	hinges	strongly	on	efficient	energy	storage	
and conversion devices/processes to deal with the intermittency of renewable energy from sources such as wind 
and solar. Chemical energy storage in the form of hydrogen or ammonia, and electrochemical storage in batter-
ies,	are	the	most	promising	technologies	for	small-	and	large-scale	electricity	storage,	and	for	electrification	of	
the	 transport	 sector.	Novel	materials	are	 required	 to	 improve	 the	efficiency	and	safety	of	 these	 technologies	
while reducing the cost. In this presentation, I will show that metal hydrides (such as LiBH4, LiH, NaBH4, KH) 
are multi-functional materials attractive for a variety of energy conversion/storage applications. I will discuss 
how	interface	effects	arising	from	nanocomposite	formation	with	mesoporous	metal	oxides	or	carbon	materials,	
can lead to profound improvement in the properties of metal hydride. I will show that by tunning the interface 
interactions, we are able to achieve a rationale design of novel hydride-based energy materials with unique 
properties. The applications of these materials in reversible hydrogen storage and next generation high-capacity 
batteries, will be discussed.
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Development of New Optoelectronic Thin Film Materials for Solar Cells 
[INV]

Monica Morales-Masis* 1

1 University of Twente, The Netherlands

Photovoltaics	(PV)	is	vital	for	the	energy	transition,	and	thin-film	PV	aims	to	provide	cost-effective	and	environ-
mentally friendly solutions that can complement established technologies such as crystalline-Si PV. However, 
the	development	of	sustainable	semiconductors	for	low-cost	and	efficient	solar	cells	remains	a	challenge.	In	this	
presentation, we discuss the development, growth and understanding of new semiconductor materials for solar 
cells, including photoactive light-absorbers and transparent electrodes with either n- or p-type conductivity. The 
first	part	focuses	on	the	development	of	transparent	conducting	materials	(TCMs),	from	n-type	transparent	con-
ducting oxides with tunable microstructure, high conductivity and transparency1,2. These properties enabling 
good carrier extraction and minimum parasitic absorption losses in solar cells. Further, we present the experi-
mental demonstration of transparent p-type conductive materials, a long-standing challenge in optoelectronics. 
By exploring halide and chalco-halide systems, semiconductors with a disperse valence band that exhibit im-
proved hole mobility are achieved. Lastly, the presentation showcases our recent developments in pulsed laser 
deposition of hybrid organic-inorganic metal halide perovskites3,4. We discuss how PLD allows for controlled 
growth,	from	polycrystalline	to	epitaxial	films	and	photoactive	phase	stabilization.	We	demonstrate	PLD	of	MAx-
FA1-xPbI3	thin	films	and	integration	 into	solar	cell	devices	with	power	conversion	efficiencies	above	17%.	 In	
summary,	the	presentation	highlights	the	significant	contributions	of	controlled	synthesis,	material	design,	and	
the	integration	of	new	materials	into	proof-of-concept	devices	for	the	development	of	efficient	and	sustainable	
solar cell technologies.

References
[1] https://doi.org/10.1002/admt.202000856
[2] https://doi.org/10.1038/s43246-022-00260-4
[3] https://doi.org/10.1021/acs.chemmater.1c02054
[4] https://doi.org/10.1002/adfm.202300588
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O59-0694

Quantum Dynamics and Spectroscopy of Organic Photovoltaic Materials

Elisa Palacino Gonzalez* 1, Thomas la Cour Jansen 1

1 University 0f Groningen, Groningen, The Netherlands

We	introduce	a	first-principles	model	of	the	12-mer	poly-3-hexyltiophene	(P3HT)	with	a	realistic	description	of	
the	organic	photovoltaic	blend	environment.	We	combine	Molecular	Dynamics	(MD)	simulations	of	a	thin-film	
blend	[2]	of	P3HT	and	phenyl-C61-butyric	acid	methyl	ester	(PCBM)	to	model	the	interactions	with	a	fluctuating	
environment,	with	Time-Dependent	Density	Functional	Theory	(TDDFT)	to	parametrize	the	effect	of	the	torsional	
flexibility	 in	 the	polymer	and	 construct	 an	exciton-type	Hamiltonian	 that	describes	 the	photoexcitation.	 This	
reveals	 the	presence	of	different	flexibility	patterns	governed	by	 the	 torsional	angles	along	 the	chain	which,	
in	the	fluctuating	environment,	control	the	broadening	of	the	simulated	spectra.	The	predicted	spectra	nicely	
reproduce the available experimental data [1]. We identify the origin of the homogeneous and inhomogeneous 
lineshape [3] of the simulated signals. This is paramount to decipher the spectroscopic nature of the ultrafast 
electron-transfer process in organic photovoltaic (OPV) materials. Subsequently, the ultrafast dynamics of the 
charge separation are simulated quantum mechanically with an explicit treatment of the photoexcitation pulses 
and	including	vibronic	effects	from	specific	intramolecular	modes.	Dissipation	rates	are	computed	from	the	spec-
tral densities derived from the MD trajectory, providing a realistic description of the dissipative interaction with 
the	environment.	We	explore	the	role	of	finite-pulse	effects	on	the	charge-separation	dynamics	of	the	parame-
trized model, using a chirped-pulse excitation scheme and numerically evaluating optical signals. Our results 
reveal that chirped-pulses can be potentially used to manipulate the wavepacket dynamics characterizing the 
charge-transfer	process.	This	study	delivers	a	complete	first-principles	picture	of	the	electronic/vibrational	co-
herence dynamics characterizing the ultrafast charge-transfer in prototypical OPVs, emphasizing the role of the 
vibrations	and	the	effect	of	disorder	and	the	excitation	laser	fields.

1   Falke, S.M. et. al. Science 2014, 344, 1001-1005
2   Alessandri R. et. al. JACS 2017, 139, 3697-3705
3   E. Palacino-González and T.L.C. Jansen 2023 (accepted)

(a) Thin-film of the P3HT:PCBM blend with close up at the heterojunction (b) Simulated 2D spectra of P3HT in the blend (c) 

Rate of the population dynamics of the bright excitonic state for different carrier frequencies of an excitation chirped-pulse.
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O59-0240

Perovskite Photovoltaics via Defect Passivation of A–D–A Molecules

Bing-Huang Jiang, Chien-Yu Lung, Ken-Tsung Wong, Chih-ping Chen* 1

1 Ming Chi University of Technology, New Taipei City, Taiwan

Interfacial defects passivation of perovskite by the electron transport layer (ETL) has shown great interesting and 
efficient	strategy	 for	high	performance	perovskite	solar	cells	 (PSCs).[1]	Here,	A–D–A	molecules	 (DTPTCY,	DTP-
TID2CN, and DTPTID2CN2F) comprised of electron-donating coplanar heteroacenes as core (DTPT) end-capping 
with	various	electron-accepting	were	designed	and	studied	as	the	effective	ETL	modifier	of	indoor	PSCs.[2]	By	
controlling	the	compatibility	and	energy	level	alignment	at	interface	of	perovskite/ETL	we	realized	an	efficient	
strategy to suppress the trap-induced nonradiative carriers’ recombination in the perovskite and interfacial trap 
state defects of PSC. We demonstrated that the PSC with DTPTCY:PCBM as ETL passivating the defects of the per-
ovskite and led to higher electron extraction ability and reduced recombination loss in indoor PSCs. In compari-
son	with	control	device,	the	indoor	power	conversion	efficiency	can	be	significantly	increased	from	30.1	±	2.8	to	
37.1	±	2.6%	(TL84	(4100	K,	European	shop	fluorescent),	(337.3	µW/cm²)),	along	with	higher	open-circuit	voltage	
and	fill	factor.	The	unencapsulated	device	has	good	long-term	stability	(40%	RH,	25	°C,	dark,	air)	for	1500	h.

Acknowledgment
We thank the National Science and Technology Council (111-2221-E-131 -018 -MY2; 111-2113-M-131 -001 -) 
for	providing	financial	support.

References
[1] Y.-L. Chiu, C.-W. Li, Y.-H. Kang, C.-W. Lin, C.-W. Lu, C.-P. Chen, Y. J. Chang, ACS Applied Materials & Interfaces 
2022, 14, 26135.
[2] A. Venkateswararao, J. K. W. Ho, S. K. So, S.-W. Liu, K.-T. Wong, Materials Science and Engineering: R: Reports 
2020, 139, 100517.

Molecular structure of DTPTCY and power conversion efficiency of perovskite solar cells

O59 PARALLEL SESSION 59: Materials for Photovoltaics and Energy Harvesting 2



ORAL PARALLEL SESSIONS

366CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O59-0787

Interface engineering fo highly efficient perovskite photovoltaics

Mariadriana Creatore* 1, Nga Phung 1, Valerio Zardetto 2

1 Eindhoven University of Technology, Eindhoven, The Netherlands, 2 TNO-Partner in Solliance, Eindhoven, Netherlands

Innovation	in	thin	film	and	interface	engineering	plays	an	essential	role	in	pushing	the	conversion	efficiency	of	
the most widespread photovoltaic (PV) technology, i.e. crystalline silicon-based (c-Si), towards its thermodynam-
ic	limit.	In	this	respect,	ultra-thin,	conformal,	high-purity	Al₂O₃	thin	films	synthesized	by	atomic	layer	deposition	
(ALD) are key in c-Si PV manufacturing industry as they passivate c-Si surface, thereby suppressing a major chan-
nel of electron-hole pair recombination. 
More	recently,	we	have	explored	the	synthesis	of	thin	films	and	engineering	of	interfaces	in	metal	halide	per-
ovskite	photovoltaics.The	latter	has	rapidly	reached	a	conversion	efficiency	of	26%	and,	when	coupled	with	c-Si	
PV	in	a	so-called	tandem	device,	leads	to	efficiencies	already	beyond		32%.	In	this	contribution	I	will	discuss	the	
merits	and	opportunities	which	ALD	offers	to	perovskite-based	PV	by	presenting	the	following	case-studies:
-		Thin	(<	10	nm)	NiO	films.	These	are	characterized	by	an	hydroxyl-rich	surface,	which	enables	homogeneous	an-
choring of self-assembled monolayers (SAMs) for “lossless” (i.e. in terms of suppression of charge recombination) 
SAM/perovskite	interfaces	and	narrow	spread	in	conversion	efficiency	of		perovskite	[1]	and	tandem	perovskite/c-
Si devices [2];
-	Ultra-thin	(<	1	nm)	Al₂O₃	films	directly	deposited	on	the	perovskite	absorber	and	protecting	it	from	atmospheric	
degradation, while reducing hysteresis in device performance [3];
-	 	SnO₂	films	which,	 in	combination	with	fullerene-based	electron	transport	 layers	 (ETLs),	 impart	 thermal	and	
environmental stability to the device, while protecting the perovskite from the sputtering process of the trans-
parent top contact [4].

[1] Phung et al., ACS Applied Materials & Interfaces 14, 2166 (2021).
[2] Phung et al., to be submitted.
[3] Koushik et al., Journal of Materials Chemistry C, 7(40), 12532 (2019)
[4] Bracesco et al., Journal of Vacuum Science and Technology, 38, 063206, 2020
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O60-1122

2D Materials for Thin Film Batteries and Supercapacitors [INV]

André ten Elshof* 1

1 University of Twente, The Netherlands

Two-dimensional transition metal oxide (TMO) nanosheets are the oxide equivalents of the well-known 2D 
graphene phase. Compared with graphene, a much wider range of compositions, structures and properties can 
be realized from TMOs. Redox-active nanosheets may be used as active electrode elements for micro-superca-
pacitors	and	flexible	thin	film	batteries.		2D	metal	oxides	typically	have	thicknesses	of	0.45-2.5	nm,	and	lateral	
dimensions	between	50	nm	and	tens	of	micrometers.	Although	they	are	oxides,	they	are	very	flexible	and	bend-
able owing to their thinness. Dispersions of TMO nanosheets are often prepared by chemical delamination of 
isomorphous layered metal oxide parent phases. The resulting colloidal solutions of 2D single crystal nanosheets 
can serve in subsequent process step as the basis of a chemical ink suitable for ink jet printing on arbitrary sub-
strates	like	paper,	silicon	or	flexible	polymers.		2D	MnO2	nanosheets	that	are	isomorphous	to	the	layered	d-MnO2	
(birnessite)	phase	exhibit	high	pseudocapacance	owing	to	their	beneficial	redox	properties,	relatively	high	in-
plane	conductivity	and	very	large	specific	surface	area.	Substitutional	doping	of	3d	metal	ions	(Co,	Fe	and	Ni)	into	
MnO2 nanosheets yields a volumetric energy density of 1.13 mWh cm 3 at a power density of 0.11 W cm 3. Fe-
doped MnO2 nanosheet-based microsupercapacitors show long cycle life and bendability without performance 
loss	on	flexible	plastic	substrates.	Similarly,	thin	film	cathodes	for	Li	ion	batteries	have	been	made	using	V2O5	
nanosheets as charge-storage medium. In this case the conductivity of the electrode was improved by addition of 
highly	conductive	2D	MXene	(Ti3C2)	platelets	derived	from	the	parent	MAX	phase	Ti3AlC2.
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O60-0628

2D MXene for Energy Storage Applications: Computational Insight

Fouzia Malik* 1, Samia Tahira 1

1 School of Interdisciplinary Engineering and Sciences (SINES), National University of Sciences and Technology (NUST), 
Islamabad, Pakistan

Two-dimensional	material	‘MXene’	has	attained	a	lot	of	attention	of	scientists	for	its	outstanding	and	amazing	
properties. In this study, structural, electronic, magnetic and transport properties of Nb3C2 and Cr-doped Nb3C2 
along with their energy storage applications are calculated using the FP-LAPW approach. The calculated crystal 
structure of Nb3C2 and Cr-doped Nb3C2 revealed that compounds possess hexagonal and orthorhombic crystal 
structure with p63mmc and pmm2 space group respectively. The calculated band gaps for the both compounds 
with GGA-PBE and GGA+U indicated metallic behavior with an indirect band gap. Whereas the DOS calculations 
revealed	the	similar	findings	as	that	for	band	structure.	It	is	also	found	that	there	exists	a	strong	covalent	bonding	
between Cr-C, while mixture of covalent and ionic bonding among Nb and C atom in Nb-C and Cr doped Nb3C2 
was developed. Magnetic properties were calculated with sp-GGA and sp-GGA+U, where U=3 eV for Nb-4d or-
bitals and U= 2eV for Cr-3d orbitals. Pristine Nb3C2 exhibited ferrimagnetic nature while Cr-doped Nb3C2 also 
showed	ferromagnetic	behavior.	To	investigate	the	transport	properties	i.e;	figure	of	merit	(ZT),	Seebeck	coef-
ficient,	power	factor,	electrical	conductivity	and	thermal	conductivity	were	also	calculated.	This	work	focused	
on investigation of electrochemical performance of both compounds using discharge voltage and gravimetric 
capacitance.	Both	materials	were	found	to	exhibit	properties	of	efficient	electrode	for	Li+	-ion	batteries	due	to	
their higher electronic conductivity, less required voltage and improved gravimetric capacity.

Schematic view of Super-Cell Structure of Cr-doped Nb3C2
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O60-0147

Optimized Electrodes for Vanadium Redox Flow Batteries

Monja Schilling* 1, Simon Scherer 1, Marc P. Vocht 2, Simone Fiorini Granieri 3,4, Yuan He 5, Kangjun Duan 1,  
Linghan Lan 5, Cheng Liu 1,6, Shaojun Liu 1,6, Matteo Zago 3, Fabio Di Fonzo 4, Jun Li 5, Pang-Chieh Sui 6, Frank Herma
1 Helmholtz Institute Ulm - Karlsruhe Institute of Technology, Ulm, Germany, 2 German Institutes of Textile and Fiber Research 
Denkendorf, Denkendorf, Germany, 3 Politecnico di Milano - Department of Energy, Milan, Italy, 4Italian Institute of Technology, 
Milan, Italy, 5Chongqing University - Key Laboratory of Low-grade Energy Utilization Technologies and Systems, Chongqing, 
China, 6Wuhan University of Technology - School of Automotive Engineering, Wuhan, China

The Vanadium Redox Flow Battery (VRFB) is a promising candidate as a large-scale energy storage device to bal-
ance	the	fluctuations	of	renewable	energy	sources.	VRFBs	are	already	commercially	available	but	face	significant	
lifetime	and	efficiency	challenges.	Polarization	and	pumping	losses	due	to	the	high	flow-through	resistance	of	
the	electrolyte	in	the	electrode	account	for	a	large	part	of	the	efficiency	losses	[1,2].	Therefore,	the	electrode	
material	must	be	optimized	to	achieve	high	catalytic	activity	and	excellent	wettability	and	flow	properties	to	
enhance the battery’s performance. 
Here,	we	investigate	carbon	cloth	materials	with	different	weaving	and	knitting	patterns,	bamboo	charcoal	with	
its	natural	flow-optimized	3D	structure,	and	carbon	materials	with	deposited	carbon	nano-onions	using	electro-
chemical techniques such as cyclic voltammetry and Electrochemical Impedance Spectroscopy (EIS) coupled with 
the	Distribution	of	Relaxation	Times	(DRT)	analysis	[3].	Hence,	we	study	the	influences	of	catalytic	activity	and	3D	
structure on the battery’s performance. 
Furthermore, we use dynamic vapor sorption and EIS with DRT analysis to obtain deeper insights into the electro-
lyte’s	flow	behavior	in	the	electrode	structure	since	the	electrode	saturation	is	affected	by	the	3D	structure	and	
the wettability of the material [4]. 

[1] Bevilacqua, N. et al., Journal of Power Sources 2019, 439, 227071.
[2] Köble, K. et al., Journal of Power Sources 2021, 492, 229660.
[3] Schilling, M. et al., Electrochimica Acta 2022, 430, 141058.
[4] Köble, K., submitted.

Characterization techniques for carbon-based electrode materials.
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O60-0313

Revisited local structure analysis of Sr2ScGaO5-d oxygen-ion conductor

Sarah Thoma* 1, Giuditta Perversi 1

1 Maastricht University, Maastricht, The Netherlands

Local distortions from average structures have been widely recognised as a source for oxygen transport in a 
variety	of	oxygen	ion	conductors	(OICs).[1]	Study	of	these	local	phenomena	has	thus	been	of	significant	interest	
to increase understanding of underlying conduction mechanisms and allow for performance enhancements. Pair 
distribution	function	(PDF)	analysis	of	powder	diffraction	data	has	been	established	as	one	of	the	tools	to	provide	
such	information	on	solid	OICs.[1–3]	The	prevailing	“biphasic”	procedure	contrasts	first	unit	cell	behaviour	to	
2-n unit cell behaviour, illustrated by superior agreement of local and bulk structural models, respectively.[4–6] 
The present work suggests a more holistic approach to the PDF analysis, to allow for a smooth evolution from a 
locally distorted structure to an average undistorted “parent”. We re-analysed Sr2ScGaO5-δ PDF data acquired 
by	neutron	diffraction.[4]	Here	we	combine	quantitative	box-method	PDF	analysis	and	symmetry-adapted	PDF	
analysis (SAPA): the candidate structures provide a gradual distortion via symmetry mode decomposition (0 – 120 
% cubic →	orthorhombic,	see	figure)	applied	on	boxes	of	incremental	r	distance,	combined	with	refinement	of	Sc,	
Ga and O occupancies. The resulting distortion features across unit cells and temperatures alongside increasing 
O-conductivity, provides additional insight on the material’s behaviour.

[1]S. S. Pramana et al., J. Am. Chem. Soc. 2016, 138 (4), 1273–1279
[2]L. Malavasi et al., J. Am. Chem. Soc. 2007, 129 (21), 6903–6907
[3]L.	Zhou	et	al.,	Chem.	Rec.	2020,	20	(10),	1117–1128
[4]M. Ceretti et al., Inorg. Chem. 2020, 59 (13), 9434–9442
[5]P. Berastegui et al., J. Solid State Chem. 2002, 164 (1), 119–130
[6]C. A. Fuller et al., Chem. Mater. 2020, 32 (10), 4347–4357

Evolution of the goodness-of-fit as a function of the relative distortion (Pm-3m 0%, Ima2 100%) across the first unit cell, as a 

function of temperature. Bold lines fit the experimental Rw.
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O60-0801

Improving Li-ion interfacial transport in hybrid solid electrolytes

Ernst Van Eck* 1, Ming Liu 2, Shengnang Zhang 2, Chao Wang 2, Swapna Ganapathy 2, Marnix Wagemaker 2

1 Radboud University, IMM, Nijmegen, The Netherlands, 2 TU Delft, TNW, Delft, The Netherlands

The development of commercial solid-state batteries has to date been hindered by the individual limitations of 
inorganic and organic solid electrolytes, which has motivated research into hybrid concepts. Unfortunateley, the 
room-temperature	conductivity	of	hybrid	solid	electrolytes	 is	still	 insufficient	to	support	the	required	battery	
performance. A key challenge is to assess the Li-ion transport over the inorganic and organic interfaces and relate 
this to surface chemistry. 
Here we study the interphase structure and the Li-ion transport across the interface of hybrid solid electrolytes 
using solid-state nuclear magnetic resonance spectroscopy. In a hybrid solid polyethylene oxide polymer–inor-
ganic	electrolyte,	we	introduce	two	representative	types	of	ionic	liquid	that	have	different	miscibilities	with	the	
polymer. The poorly miscible ionic liquid wets the polymer–inorganic interface and increases the local polariz-
ability.	This	lowers	the	diffusional	barrier,	resulting	in	an	overall	room-temperature	conductivity	of	2.47	×	10−4	S	
cm−1.	A	critical	current	density	of	0.25	mA	cm−2	versus	a	Li-metal	anode	shows	improved	stability,	allowing	cy-
cling	of	a	LiFePO4–	Li-metal	solid-state	cell	at	room	temperature	with	a	Coulombic	efficiency	of	99.9%.	Tailoring	
the local interface  between the inorganic and organic solid electrolyte components in hybrid solid electrolytes 
seems to be a viable route towards designing highly conducting hybrid solid electrolytes.

Proposed mechanism for Li-ion diffusion in HSEs with EMIM-TFSI and PP13-TFSI IL additives
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O61-1158

Intelligent Molecular Switches that Mimic Synapses [INV]

Christian Nijhuis* 1

1 University of Twente, The Netherlands

Our brains constitute a molecular computer that is able to process enormous amounts of information with a tiny 
energy	budget.	Inspired	by	the	energy	efficiency	of	brains	and	the	ever-increasing	demand	for	miniaturised	elec-
tronics, there is a drive to develop devices that mimic the dynamic character of neurons and synapses. To achieve 
this	goal,	brain-like	computing	is	emulated	with	energy	inefficient	and	complex	silicon-based	circuits	or	with	me-
soscale memristors, but these approaches still require large amounts of energy.  In this context, molecular switch-
es are an interesting approach, but so far molecular switches lack the learning capability because they toggle in a 
digital	on/off	manner.	This	presentation	aims	to	introduce	a	new	type	of	molecular	switch	that	can	remember	its	
switching history. By coupling fast electron transport to slow proton addition steps via dynamic covalent bonds, 
the switches can switch in a time-dependent analogue manner like synapses and mimic basic spike-rate depen-
dent plasticity, Pavlovian (associative) learning, and emulate all Boolean logic gates. These intelligent molecular 
switches are promising to develop spiking neural networks and open new ways to design molecular-electronic 
devices by exploiting the inherent dynamical properties of molecules.
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O61-0800

Ultra-broadband absorbers with plasmonic and dielectric metamaterials

Xiaoman Li 1, Yunjiao Gu 1, Fenghua Liu 1, Weiping Wu* 1

1 Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai, China

Plasmonic and dielectric metamaterials with attractive properties promise many new applications in many ar-
eas such as optics, energy, sensors and so on. Most reported designs focused on the narrowband, high Q factor 
peaks	only,	however,	for	important	applications	such	as	efficient	optoelectronic	devices,	energy	harvest	or	energy	
utilizations, the broadband and high absorption features are required. We investigated the design, fabrication 
and applications of ultra-broadband absorbers of metamaterials based on plasmonic, dielectric and semimetal 
materials. A novel tunable angle-sensitive graphene ultra-wideband absorber design is proposed, based on a 
metamaterial	with	two	different	size	T-shaped	gold	strips	separated	with	the	insulator	layer	by	a	monolayer	of	
graphene. Laser processing methods can be used to easily perform micro-nano processing on the surface of the 
material to form metasurface structures that can control light. Using femtosecond laser direct writing and chemi-
cal reaction-based patterning processes, we successfully fabricated all dielectric metamaterials ultra-broadband 
absorber based on micro/nano structures of silicon and carbons. We have explored some applications of optical 
materials in optoelectronic devices, solar energy utilizations and drinking water production.

References
1. Nano Letters, 22, 6923-6929, 2022. 
2. Journal of Materials Chemistry C, 10 (3), 1097-1104, 2022. 
3. Solar RRL, 7, 2200803, 2022. 
4. Advanced Functional Materials, 28, 1803266, 2018.
5. Carbon, 77, 814-822, 2014.
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O61-0624

Luminescent thermometers: effect of Ln exchange between helicates

Marzio Rancan* 1, Maria Rando 2, Roberta Seraglia 1, Silvia Carlotto 2, Gregorio Bottaro 1, Lidia Armelao 2,3

1 Institute of Condensed Matter Chemistry and Technologies for Energy (ICMATE), National Research Council (CNR), Padova, 
Italia, 2 Department of Chemical Sciences, University of Padova, Padova, Italy, 3 Department of Chemical Sciences and Materials 
Technologies (DSCTM), National Research Council (CNR), Rome, Italy

The dynamic lanthanide (Ln) exchange between a series of quadruple-stranded homonuclear helicates, i.e. 
[LnA₂L₄]²−	and	[LnB₂L₄]²−,	with	increasing	difference	in	the	effective	ionic	radius	(ΔEIR)	has	a	thermodynamics	
mainly governed by statistical factors and entropy-driven.[1] On the other hand, we demonstrated that the rate 
of the dynamic ion exchange is Ln radii-dependent.[1] The kinetic constants revealed an exponential trend 
depending	on	the	Ln(III)	ΔEIR.	The	precise	knowledge	of	the	transmetalation	kinetics	allowed	us	to	finely	tune	
the composition of solid-state solutions in terms of homonuclear and heteronuclear systems by embedding the 
helicates in polymeric matrices to design luminescent ratiometric thermometers. In particular, the Eu cage is 
highly luminescent at room temperature, with high brightness values, and with a low temperature dependent 
luminescence. On the other hand, the Tb cage luminescence is strongly dependent on the temperature. 
The combination of Eu and Tb cages leads to ratiometric thermometers with a wide temperature range of 
applicability (ca. 200 K), ranging from cryogenic to physiological temperatures.

References: 
[1] Rancan M., Rando M., Bosi L., Carlotto A., Seraglia R., Tessarolo J., Carlotto S., Clever G. H., Armelao L., Inorg. 
Chem. Front., 2022, 9, 4495.

Ln dynamic exchange and Eu/Tb-based luminescent thermometers.
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Investigating edge states in topological insulator Bi2Se3 nanosheets with 
controllable dimensions

Jara Vliem* 1, Jesper R. Moes 1, Pedro M. Melo 1, Thomas C. Wigmans 1, Andrés Botello-Méndez 1, Rafael G. Mendes 1, 
Ella F. van Brenk 1, Ingmar Swart 1, Lucas Maisel Licerán 2, Henk T.C. Stoof 2, Christophe Delerue 3, Zeila Zanolli 
1 Debye Institute for Nanomaterials Science, Utrecht University, The Netherlands, 2 Institute for Theoretical Physics, Utrecht 
University, The Netherlands, 3Université de Lille, CNRS, Centrale Lille, Université Polytechnique Hauts-de-France, Junia-ISEN, France

Nanoscale topological insulators, with bismuth selenide (Bi2Se3) being a prototypical example, exhibit intriguing 
physics	due	to	the	combination	of	topological	properties	and	confinement	effects.	Three-dimensional	Bi2Se3	is	
characterized by an insulating bulk with topologically protected quantum states at its surface. Interestingly, a 
reduction of the crystal thickness down to 1-6 quintuple layers results in gapping of the surface states due to hy-
bridization.[1,2] Furthermore, such two-dimensional crystals are predicted to host one-dimensional helical edge 
states,[3] which can be characterized with cryogenic scanning tunnelling spectroscopy.
To study the topological properties of Bi2Se3 nanocrystals, a synthesis method is required that is capable of 
producing nanoscale Bi2Se3 with controllable dimensions. We developed a hot injection synthesis to produce 
ultrathin,	colloidally	stable	Bi2Se3	nanocrystals	with	a	well-defined	thickness	of	1-6	quintuple	layers.	Our	meth-
od relies on modifying the precursor reactivity to produce a broad range of nanocrystal sizes and thicknesses, 
resulting in a fast and reproducible synthesis method. The improved size control and homogeneity of Bi2Se3 
nanocrystals has enabled us to measure the density of states of individual nanoplatelets with scanning tunnel-
ling spectroscopy. For crystals of 4-6 quintuple layers, we observe the presence of an 8 nm wide, one-dimension-
al	quantum	state	along	the	edge	of	the	crystal[4].	This	brings	the	field	of	colloidal	nanocrystals,	proven	successful	
in opto-electronics, into the realm of quantum materials.

References
1. Neupane, M. et al. Observation of quantum-tunnelling-modulated spin texture in ultrathin topological insula-
tor	Bi2Se3	films.	Nature	Communications	5,	3841	(2014).	DOI:	10.1038/ncomms4841
2.	Zhang,	Y.	et	al.	Crossover	of	the	three-dimensional	topological	insulator	Bi2Se3	to	the	two-dimensional	limit.	
Nature Physics 6, 584-588 (2010). DOI: 10.1038/nphys1689
3.	Liu,	C.	X.	et	al.	Oscillatory	crossover	from	two-dimensional	to	three-dimensional	topological	insulators.	Physi-
cal Review B 81, 041307(R) (2010). DOI: 10.1103/PhysRevB.81.041307
4. Moes, J. R., Vliem, J.F. et al. Colloidal Bi2Se3 platelets with topological edge states. Submitted.
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Atomic layer deposition: introduction and progress examples [INV]

Riikka Puurunen* 1

1 Aalto University, Finland

Atomic	layer	deposition	(ALD),	a	thin	film	growth	method	based	on	self-terminating	gas-solid	reactions,	has	en-
abled	the	miniaturization	of	semiconductor	devices	in	2000s	and	finds	commercial	and	emerging	applications	
in	varied	other	fields	 [1].	ALD	has	been	 invented	 independently	 twice	 [2,3];	 in	1998,	 the	Finnish	 inventor	of	
ALD	Tuomo	Suntola	received	the	Millennium	Technology	Prize	for	his	pioneering	work.	This	invited	talk	will	first	
introduce the chemical principles of ALD. The ideally self-terminating (saturating, irreversible) reactions lead to 
almost	unparalleled	uniformity	and	conformality	of	the	films,	and	to	expanding	interest	in	the	ALD	technique.	
Second, case examples will be shared of recent research in Puurunen’s group at Aalto University related to prepa-
ration of heterogeneous catalysts by ALD and conformality investigations by experiments and modelling. As the 
speaker is interested in bringing more openness to science and education in a sustainable way, recent progress 
in	Open	Science	in	the	field	of	ALD	will	be	also	briefly	touched	upon.
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Anisotropic Proton Transport in Liquid Crystalline Polymer Films

Yuya Ishizaki* 1, Kazuya Hirata 1, Yuki Nagao 2, Takahiro Seki 3, Shusaku Nagano 1

1 College of Science, Rikkyo University, 3-34-1, Nishi-Ikebukuro, Toshima, Tokyo 171-8501, Japan, 2 School of Materials Science, 
Japan Advanced Institute of Science and Technology, Nomi, Ishikawa 923-1292, Japan, 3 Graduate School of Engineering, 
Nagoya University, Furo-cho, Chikusa-ku, Nagoya, Aichi 464-8603, Japan

Recent investigations have reported enhanced and anisotropic proton conductivity using lyotropic liquid crys-
talline	(LC)	polyelectrolytes	[1]	or	amphiphilic	polymer	Langmuir-Blodgett	films	[2]	with	highly	orientated	and	
organized molecular nanostructures. These reports suggest that the anisotropic proton conduction is dominated 
by the molecular LC orientation. In this study, we demonstrate highly orientated nanostructure formation and 
its	anisotropic	proton	transport	in	LC	copolymer	thin	films	with	azobenzene	derivatives	and	proton	conductive	
acrylic	acid	 (AA)	 side	chains	 (P(5OAz10Ac-r-AA),	 Figure	1a).	Proton	conductive	polymer	 thin	films	with	highly	
orientated heterosmectic lamellar structures were prepared by linear polarized light irradiation under the LC 
temperature. Anisotropic proton conductivity was investigated by electrochemical impedance spectroscopy 
measurements	under	different	 temperature	and	 relative	humidity	 conditions.	 Fig.	1b	shows	Nyquist	plots	 for	
parallel (red) and perpendicular (black) direction to the AA nanochannels. The calculated proton conductivity in 
the parallel and perpendicular direction to the chanochannels showed almost 26-times higher anisotropy.
Acknowledgments
This work was partly supported by JST CREST Grant Number JPMJCR21B5, JSPS Grant-in-Aid for Early-Career Sci-
entists Grant Number 22K14731 and the Futaba foundation.
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[1] K. Krishnan, H. Iwatsuki, M. Hara, S. Nagano, Y. Nagao, J. Mater. Chem. A, 2014, 19, 6895–6903.
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Fig. 1 (a) Chemical structures of P(5OAz10Ac-r-AA) and PDMS-b-(5OAz10MA-r-CB12MA). (b) Nyquist plots and proton 

conductivity of parallel and perpendicular direction to the AA nanochannels.
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Nanoarchitected electrodes for aqueous/transparent sodium- and 
potassium-ion batteries

Aldo Zarbin* 1, Maria Karolina Ramos 1, Ariane Schmidt 1, Samantha Husmann 1, Jessica Fonsaca 1

1 Federal University of Parana (UFPR), Curitiba, Brazil

Nanoarchitected	materials	are	created	by	assembling	two	or	more	different	materials	at	the	nanoscale,	aiming	
to minimize limitations of individual compounds and maximize their intrinsic properties, as well as produce new 
and unique properties due to the synergism. A new method developed by us, the so-called liquid-liquid interfa-
cial	route	(LLIR),	provides	an	almost	unlimited	platform	to	create	thin	and	transparent	films	of	nanoarchitected	
materials,	by	assembling	different	nanomaterials	at	the	interface	between	immiscible	liquids	[1].	These	films	can	
be easily transferred to solid substrates for technological applications. Herein we will present the combination 
of	bidimensional	materials	(MoS₂,	black	phosphorous,	graphene),	carbon	nanotubes,	copper	oxide,	and	Prussian	
blue	analogues	to	produce	bi-	or	tri-component	nanoarchitected	materials	for	specific	applications,	such	as	elec-
trodes for transparent aqueous sodium- or potassium-ion batteries [2-5]. The structure/properties relationship 
of	the	resulting	materials	will	be	discussed,	and	specific	capacities	as	high	as	1316	mA	h	g-1	have	been	achieved	
for	Na-ion	aqueous	batteries	using	a	MoS₂/Graphene/Cu₂O	tri-component	nanoarchitected	film,	which	is	among	
the best results reported in the literature for this application.

Authors	acknowledge	the	financial	support	of	INCT	Nanocarbon,	INCT	NanoVida,	CNPq	and	CAPES.

[1]	Zarbin,	A.J.G.,	Liquid-liquid	interfaces:	a	unique	and	advantageous	environment	to	both	prepare	and	process	
thin	films	of	complex	materials,	Mater.	Horizons,	8,	409,	2021.
[2]	Schmidt,	A.;	Ramos,	M.K.;	Pinto,	C.S.;	Prereira,	A.F.;	Souza,	V.H.R.;	Zarbin,	A.J.G.;	Electrode	fabrication	at	liquid	
interfaces:	towards	transparency	and	flexibility.	Electrochem.	Comm.,	134,	107183,	2022.
[3]	Husmann,	S.;	Ramos,	M.K.;	Zarbin,	A.J.G.;	Transparent	aqueous	rechargeable	sodium-ion	battery.	Electrochim.	
Acta, 422, 140548, 2022.
[4]	Schmidt,	A.	Ramos,	M.K.;	Ferreira,	C.M.;	Braz,	B.A.;	Zarbin,	A.J.G.;	Molybdenum-based	materials/carbon	nano-
tubes	nanocomposites	prepared	as	thin	and	transparent	films	for	aqueous	K-ion	batteries,	Electrochim.	Acta,	387,	
138500, 2021.
[5]	Ramos,	M.K.;	Zarbin,	A.J.G.;	to	be	submitted,	2023.
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Precursors for Conjugated Polymers with Complementary Electronic 
Properties

Marco Carlotti* 1,2, Tommaso Losi 3, Francesco De Bono 4, Federico Vivaldi 1, Esteban Araya-Hermosilla 2,  
Mirko Prato 4, Andrea Pucci 1, Mario Caironi 3, Virgilio Mattoli 2

1 University of Pisa, Dipartimento di Chimica e Chimica Industriale, Pisa, Italy, 2 Italian Institute of Technology, Center for Material 
Interfaces, Pontedera, Italy, 3 Italian Institute of Technology, Center for Nano Science and Technology, Milano, Italy, 4Italian 
Institute of Technology, Materials Characterization Facility, Genova, Italy

Indubitably, the development of semiconductors technologies that characterized last century was the turning 
point that allowed the rise of modern-day electronics and the information revolution we are living. However, 
despite	their	success	in	applications	such	as	OLEDs,	OFETs	and	flexible	electronics,	organic	semiconductors	
did not live up to the expectations researchers had 50 years ago. One unrivaled advantage of silicon-based 
technology	over	these	latter,	lies	in	the	possibility	of	obtaining	regions	defined	by	complementary	electronic	
and transport properties - n and p - on a single substrate, which are at the base of integrated circuits and 
complementary	logic	configurations	(CMOS).	This	approach	cannot	be	replicated	with	organic	semiconductors	
due	to	their	intrinsically	different	nature,	which	adds	up	to	other	shortcomings	such	as	the	lower	charge	
mobility	and	the	often	non-efficient	charge	injection	from	metallic	materials.	Unlike	silicon,	organic	compounds	
are characterized by a precise chemical structure which localizes the frontier orbitals and dictates, in principle, 
its transport properties.

To	avoid	these	limitations,	we	developed	a	novel	class	of	polymeric	precursors	that	can	undergo	two	different	
transformations	to	yield	two	different	conjugated	polymers,	characterized	by	complementary	electronic	prop-
erties, from the same starting materials. While a precursor is usually designed to yield a unique compound, we 
propose a novel approach, based on highly-processable substituted 9,10-dihydro-anthracene compounds, that 
generate	two	different	molecular	structures,	i.e.	high-HOMO	9,10-diethynyl-anthracene	units	and	low-LUMO	an-
thraquinone	units.	Such	transformations	are	achieved	by	different	chemical	treatments,	which	can	also	be	ap-
plied	orthogonally	and	on	the	solid	state,	thus	generating	different	phases	on	a	single	substrate.	
We characterized the systems proposed and show several examples of how this methodology can be applied for 
the fabrication of OFETs, redox polymers, and multicolored electrochromic displays.
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Polymer Brushes by SI-PET-RAFT

Andrii Kuzmyn* 1, Han Zuilhof 1,2,3

1 Laboratory of Organic Chemistry, Wageningen University, Wageningen, The Netherlands, 2 School of Pharmaceutical Sciences 
and Technology, Tianjin University, Tianjin, People’s Republic of China, 3 Department of Chemical and Materials Engineering, King 
Abdulaziz University, Jeddah, Saudi Arabia

Polymer brush-based coatings can provide surfaces with unique properties, including antibiofouling, antiviral, 
and lubrication features. Various controlled radical polymerization techniques have been applied to create 
such layers. However, these methods often come at the price of complex handling and the requirement of an 
inert atmosphere. This stimulated the development more robust, more straightforward, and milder techniques 
to obtain those polymer coatings. To this aim, we have adapted the photoinduced electron transfer reversible 
addition−fragmentation	(PET-RAFT)	process	for	the	surface-initiated	synthesis	of	polymer	brushes	(SI-PET-
RAFT). 

SI-PET-RAFT polymerization proceeds at metal-free, oxygen-tolerant, mild conditions and is triggered by visible 
light [1,2]. Furthermore, using light as a trigger for this polymerization allows the creation of complex hierarchical 
and patterned structures [1]. 
We	have	explored	different	polymerization	conditions	and	their	effect	on	the	control	and	livingness	of	the	SI-PET-
RAFT process. Moreover, we applied SI-PET-RAFT to create antibiofouling, antiviral and bioactive coatings:
•Antifouling coatings demonstrated good antifouling properties, including against undiluted human serum, as 
monitored by QCM-D and SPR [3]. 
•Coatings based on N-[3-(decyldimethyl)-aminopropyl] methacrylamide bromide and carboxybetaine methac-
rylamide-based brushes display auspicious antiviral properties, decreasing the count of viable virus particles ca. 
5-6	times	faster	for	avian	flu	and	about	2-3	times	faster	for	SARS-CoV-2	[4].	
This approach represents a scalable, robust, oxygen-tolerant, and heavy metal-free route toward producing anti-
fouling, antiviral and functional copolymers that opens up biosensing and tissue engineering applications.

1.Kuzmyn, A. R., et al.  (2020). Langmuir, 36(16), 4439–4446. 
2.Roeven, E., Kuzmyn, A. et al. (2020). Langmuir, 36(34), 10187–10199. 
3.Kuzmyn, A. R., et al. (2021). Adv. Mater. Interfaces, 2101784, 1–12.
4.Kuzmyn, A. R., et al. (2022) ACS Omega 7(43), 38371–38379. 

General Scheme of SI-PET-RAFT
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Alternative Electrocatalysts for Proton Exchange Membrane Water 
Electrolysis [INV]

Eduardo Gracia-Espino* 1

1 Umeå University, Sweden

Proton	exchange	membrane	(PEM)	water	electrolysis	is	expected	to	play	a	significant	role	in	the	transition	to-
wards a sustainable society by facilitating the production of high purity hydrogen gas. However, this technology 
is still highly reliant on noble metals. But if water electrolysis will indeed be a true game changer in the energy 
transition,	we	first	need	to	develop	suitable	electrocatalysts	that	can	replace	precious	metals,	or	at	least	extend	
their operational lifetime. Nowadays there is a variety of alternative materials such as metal dichalcogenides for 
the cathode, or mixed oxides for the anode. However, most reports evaluate the electrocatalysts performance in 
traditional	 three-electrode	cells	with	different	operational	environments	 than	those	seen	 in	PEM	electrolyzes	
making	difficult	to	predict	the	expected	material’s	performance	under	industrial-relevant	conditions.		Therefore,	
in	this	talk	I	am	going	to	discuss	the	effects	of	replacing	platinum	as	cathode	in	PEM	electrolysers	with	alternative	
Mo-based	materials.	We	will	go	through	the	effects	seen	in	the	catalyst	loading,	reaction	kinetics,	stability,	and	
efficiency	during	operation,	and	finally	discuss	their	viability	as	Pt-replacements.	I	will	also	discuss	the	use	of	
mixed oxides as promising anodes, and how these can help to mitigate the strong electrocatalyst dissolution that 
severely	affect	the	PEM	technology.
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Electrochemical oxygen reduction with cobalt porphyrin MOFs

Dana Rademaker* 1, Dennis G.H. Hetterscheid 1

1 Leiden University, The Netherlands

The use of fossil fuels as energy resource is leading to drastic climate changes. Therefore, development of renew-
able fuels is needed. Hydrogen is one such renewable fuel that can be used in a fuel cell in which the oxidation 
of hydrogen is coupled to the reduction of oxygen. Currently, this oxygen reduction reaction (ORR) is catalyzed 
by platinum, which is a scarce and expensive metal. Therefore, for an economically viable fuel cell a catalyst is 
needed	that	is	made	from	abundant	materials	such	as	first-row	transition	metals.	For	example,	cobalt	porphyrins	
have shown to be active for the ORR. However, cobalt porphyrins often have a high selectivity for the ORR to-
wards hydrogen peroxide, which can damage the fuel cell and is therefore an unwanted byproduct.¹ Herein, we 
incorporated a cobalt porphyrin as an organic strut in the metal organic framework PCN-224(Co) to limit hydro-
gen peroxide production.² With this strategy the porphyrin catalysts are placed in closer proximity to each other, 
which could enhance the reduction of oxygen to water either via a direct reduction or a stepwise mechanism with 
hydrogen peroxide as intermediate.³ The ORR activity and selectivity of PCN-224(Co) was assessed with rotating 
ring	disk	electrochemistry	in	an	acetate	buffer.	It	was	found	that	the	heterogenization	of	the	porphyrin	in	PCN-
224(Co) framework leads to less production of hydrogen peroxide than the linker itself, which indicates that it is 
an	efficient	method	to	alter	the	oxygen	reduction	reaction	selectivity	from	hydrogen	peroxide	to	water	to	replace	
platinum as catalyst in fuel cells. 

1.	R.	Zhang	and	J.	J.	Warren,	Chemsuschem,	2021,	14,	293-302.
2. S. Sohrabi, S. Dehghanpour and M. Ghalkhani, J. Mater. Sci., 2018, 53, 3624-3639.
3.	Z.	Z.	Liang,	H.	Y.	Wang,	H.	Q.	Zheng,	W.	Zhang	and	R.	Cao,	Chem.	Soc.	Rev.,	2021,	50,	2540-2581.

Product selectivity for the ORR with the Co porphyrin changes from hydrogen peroxide for the linker itself to water for the 

PCN-224(Co) framework.
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Transition metal dichalcogenides-based electrocatalysts for overall water 
splitting

Sadik Cogal* 1,2, Gamze Celik Cogal 1,3, Matej Mičušík 1, Maria Omastová 1

1 Polymer Institute of Slovak Academy of Sciences, Bratislava, Slovakia, 2 Burdur Mehmet Akif Ersoy University, Burdur, Türkiye,  
3 Suleyman Demirel University, Isparta, Türkiye

Electrochemical water splitting (EWS) process is a promising technology to produce hydrogen for sustainable 
energy development. This process consists of two half reactions including hydrogen evolution reaction (HER) and 
oxygen evolution reaction (OER). The performance of these reactions highly depends on the intrinsic properties 
of the electrode surface. The state-of-art catalysts for HER and OER are based on the expensive and precious Pt- 
and Ir/Ru-based materials. Moreover, Pt-based catalysts have good catalytic activity in OER, while Ir/Ru-based 
catalysts	exhibit	high	HER	performance.	Therefore,	it	is	of	great	importance	to	develop	bifunctional	and	efficient	
electrocatalysts based on non-noble metals. Among numerous alternatives, transition metal dichalcogenides 
(TMDs),	as	typical	two-dimensional	nanomaterials,	have	received	increasing	attention	in	the	field	of	electrocat-
alytic research. Layered TMDs have the ability to exhibit diverse electronic properties and tunable electroactive 
edge sites for EWS. However, TMD materials generally display good electrocatalytic activities toward HER and 
poor performance in OER. Therefore, various approaches have been applied to modify TMD materials to enhance 
their HER performance and also boost their OER activities to obtain bifunctional electrocatalysts. In this work, 
MoSe2 and WSe2, as typical representatives of TMDs, based-bifunctional electrocatalysts were ssuccessfully syn-
thesized in the presence of conducting polymers (CPs) as conductive template and simultaneously doped with 
transition metals. Electrochemical behaviors and electrocatalytic activities of the catalysts were investigated in 
alkaline	electrolyte	through	different	electrochemical	techniques	including	cyclic	voltammetry	and	linear	sweep	
voltammetry. It was found that incorporation of CPs as well as transition metal doping in MoSe2 and WSe2 en-
hanced the HER performance and boosted the OER activity, resulting in bifunctional properties for overall water 
splitting.
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Oxygen-evolution reaction electrocatalysis with layered inorganic 
nanomaterials

Jorge Colón* 1, Yannelly Serrano 1, Daniella Gibson 1, Sebastián Muñoz 1, Mario Ramos-Garcés 2,  
Kálery La Luz-Rivera 1, Andrea Cortes-Ortiz 1, Victoria Figueroa 1, Carlos Marzant 1

1 University of Puerto Rico at Río Piedras, San Juan, Puerto Rico, 2 Ecolectro, Ithaca, United States

We	are	studying	new	applications	of	layered	zirconium	phosphate	(ZrP)	inorganic	nanomaterials.¹	The	θ phase of 
ZrP	can	be	directly	ion-exchanged	with	metal	complexes	and	catalysts,	producing	intercalated	phases	useful	for	
artificial	photosynthesis	schemes	for	water	splitting,	amperometric	biosensors,	and	drug	delivery	applications.	
Recently,	we	have	demonstrated	improved	electrocatalytic	activity	of	ZrP	nanomaterials	loaded	with	metal	ions	
suitable for the oxygen evolution reaction of water splitting.  Electrocatalysts have been incorporated as inter-
calated	species,	surface	bound,	on	exfoliated	layers,	and	on	nanoparticles	of	different	morphologies	(hexagonal	
platelets, cubes, rods, and spheres). Single and bimetallic electrocatalysts based on earth-abundant materials 
have been studied. Reduction in overpotentials and increases in mass activity have been achieved.

¹	Ramos-Garcés,	M.	V.;	González-Villegas,	J.;	López-Cubero,	A.;	Colón,	J.	L.	Acc.	Mater.	Res.	2021,	2(9),	793-803.	
DOI: 10.1021/accountsmr.1c00102.
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Electrochemical activation of ALD NiO for electrocatalytic OER

Sina Haghverdi Khamene* 1,2, Cristian van Helvoirt 2, Mariadriana Creatore 2,3, Mihalis Tsampas 1

1 Dutch Institute For Fundamental Energy Research (DIFFER), Eindhoven, The Netherlands, 2 Eindhoven University of Technology, 
Eindhoven, The Netherlands, 3 Eindhoven Institute of Renewable Energy Systems (EIRES), Eindhoven, The Netherlands

Extensive research is being conducted on atomic layer deposition (ALD) and its potential to provide precise con-
trol over electrocatalyst thickness and composition, leading to the development of high-performance and dura-
ble	materials.[1]	Moreover,	NiO-based	electrocatalysts	are	regarded	as	highly	efficient	and	cost-effective	mate-
rials	for	the	oxygen	evolution	reaction	(OER)	in	alkaline	media.[2]	Nonetheless,	it	suffers	from	phase	transition,	
which causes performance degradation. The research presented focuses on a comprehensive investigation of the 
impact	of	different	ALD	process	parameters	on	the	materials	properties	and	electrocatalytic	activity	of	NiO	films	
for OER. It examines plasma-assisted[3] and thermal[4] ALD NiO recipes, with a focus on the prolonged electro-
chemical	activation	process	and	its	effects	on	their	electrocatalytic	performance.
The	cyclic	voltammetry	(CV)	analysis	of	~9	nm	films	in	1.0	M	KOH	solution	shows	a	multi-step	activation	pro-
cess	comprising	two	activation	phases	followed	by	a	final	deactivation	step.	The	findings	indicate	that	the	plas-
ma-assisted	ALD	NiO	film	demonstrated	a	2.8	times	higher	current	density	at	1.8	V	vs.	RHE	after	~700	CV	cycles	
compared to its thermal ALD counterpart, with maximum activity achieved after ~500 sweeps. The improved 
performance is attributed to plasma-assisted ALD NiO’s ability to yield β-NiOOH, the phase with higher OER ac-
tivity, during the second activation step. Scanning electron microscopy studies suggest a rougher surface formed 
during	the	first	activation	step	leads	to	the	formation	of	more	active	reaction	sites.	The	results	provide	deeper	
insights	into	the	link	between	ALD	process	parameters	and	electrocatalytic	efficiency,	paving	the	way	for	further	
development of NiO-based electrocatalysts for OER using ALD.

1. H. Yang et al., Chinese J. Catal., 2020, 41, 227-241.
2. Y. Chen et al., Chem. Eur. J., 2019, 25, 703-713.
3. D. Koushik et al., J. Mater. Chem. C, 2019, 7, 12532-12543.
4. N. Phung et al., IEEE J. Photovolt., 2022, 12, 1377-1385.

Repeated CV sweeps for (a) plasma-assisted ALD and (b) thermal ALD NiO films on FTO-glass in 1.0 M KOH solution with 

a scan rate of 10 mV/s. The inserts report the non-catalytic wave region typical of (oxy)hydroxide phase transformation. 

O63 PARALLEL SESSION 63: Materials for Clean Hydrogen



ORAL PARALLEL SESSIONS

386CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O63-0390

Strong Electrode-Anchored Complex Interaction Through Direct C-C Bond

Jasper Biemolt* 1, Thomas Burdyny 1, Gadi Rothenberg 2

1 Delft University of Technology, Delft, The Netherlands, 2 University of Amsterdam, Amsterdam, The Netherlands

Within catalysis, we develop catalysts that lower energy barriers and increase product selectivity. We have 
strayed from the traditional homogeneous and heterogeneous catalysts, and made hybrid structures. These 
hybrids combine the best characteristics of the two catalyst groups. The hybrid catalysts can even undergo a 
synergistic	effect	during	combination.	One	of	these	synergistic	effects	within	electrochemistry	is	the	change	of	
behaviour of organometallic complexes to a more metal electrode behaviour.¹ This new phenomenon, related 
to the electronic interaction of the electrode and the molecular catalyst, opens new electrochemical pathways. 
To further understand this phenomenon, we prepared an organometallic cobalt complex grafted on a suitable con-
ductive carbon matrix. A direct covalent C-C bond between the aromatic ligand system and graphitic carbon was 
used to ensure strong electronic coupling. The synthesis steps were characterized by Infrared spectroscopy (IR), 
Nuclear	magnetic	resonance	spectroscopy	(NMR),	x-ray	photoelectron	spectroscopy	(XPS),	transmittance	electron	
microscopy (TEM) and electron paramagnetic resonance spectroscopy (EPR). These methods also showed the al-
tered structure of the anchored catalyst. In short, the anchoring induces a strong electronic interaction between 
the complex and electrode. This interaction is strong enough to change the oxidation state of the metal complex 
upon anchoring and alter the redox activity. Subsequently, the electrochemical performance in oxygen reduction 
reaction (ORR) was used to monitor a change in catalytic performance. The anchored catalyst achieved a lower 
ORR overpotential then the homogeneous complex, while yielding an 80% hydrogen peroxide selectivity. The 
hydrogen peroxide selectivity of the hybrid material was further elucidated with DFT calculations, showing fa-
vourable binding of the *OOH intermediate.

(1)Kaminsky, C. J.; Weng, S.; Wright, J.; Surendranath, Y. Adsorbed Cobalt Porphyrins Act like Metal Surfaces in 
Electrocatalysis. Nat. Catal. 2022, 5 (5), 430–442. https://doi.org/10.1038/s41929-022-00791-6.

The anchored molecular catalyst on the carbon surface
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O64-1119

Plasmon-Enhanced In-situ Spectro-Electrochemistry of Conductive 
Polymers [INV]

Ivana Qianqi Lin* 1

1 Twente University, The Netherlands

Conducting polymers are a key component for wearable organic electronics due to their low-cost fabrication 
and	mechanical	flexibility	compared	 to	silicon	counterparts.	The	 reversible	doping	of	conductive	polymers	 is	
the	basis	of	organic	thin-film	transistors,	sensors,	and	displays.	Doping	transfers	electrons	in/out	(i.e.,	reduction/
oxidation)	of	the	neutral	conductive	polymers,	creating	negative/positive	charge	carriers.	Conflicting	conclusions	
often	arise	from	the	difficulty	in	obtaining	well-defined	electrochemical	response	from	the	polymers,	and	it	is	
unclear why short-lived mono-radical ion intermediates are sometimes observed but sometimes not during the 
two-electron process. Understanding of the doping mechanism is thus scarce, limiting development of wide-
spread polymer-based applications. Here [1], we present an in-situ spectro-electrochemical technique to address 
this challenge. Using nanoparticles encapsulated by thin shells of conductive polymers, their redox dynamics can 
be interrogated. By drop-casting the core-shell nanoparticles onto a gold substrate, an electrochromic nanoparti-
cle-on-mirror	(eNPoM	[2,3])	geometry	is	formed	giving	well-defined	electrochemical	response,	as	well	as	active-
ly-tuned scattering color through switching their refractive index. More importantly, this geometry constructs 
plasmonic	hotspots	confining	light	into	the	volume	of		10^4	for	high	signal-to-noise	ratios.	In	combination	with	
cyclic	voltammetry,	structural	fingerprints	at	the	few-molecule	level	during	redox	transitions	is	revealed.	Our	data	
intriguingly show that the doping mechanism varies with polymer conductivity: a disproportionation mechanism 
dominates in more conductive polymers, while sequential electron transfer prevails in less conductive polymers.

References:
[1] In-situ Spectro-electrochemistry of Conductive Polymers using Plasmonics to Reveal Doping Mechanisms, ACS 
Nano ’22.
[2] Scalable Electrochromic Nanopixels Using Plasmonics, Science Advances ’19.
[3]	FullyPrinted	Flexible	Plasmonic	Metafilms	with	Directional	Color	Dynamics,	Advanced	Science	’21.
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O64-0300

Graphene inks for printed stretchable electronics

Laura Van Hazendonk* 1, Remco Tuinier 1, Heiner Friedrich 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Graphene-based	electrodes	are	 increasingly	popular	 thanks	 to	 their	high	specific	surface	area,	absorbance	of	
radiation, biocompatibility and low cost (1). This makes them particularly suitable for application in sensors, 
wearable electronics, energy materials and passive radio frequency hardware. Such materials are increasingly 
produced	through	printing,	offering	prototyping	flexibility	and	scalability,	while	material	is	only	deposited	where	
needed, thus minimizing waste (1). We have developed conductive inks containing colloidal graphene nanoplate-
lets	(GNPs)	for	screen	printing	and	direct	ink	writing	of	flexible	and/or	stretchable	skin-compatible	conductors	
suitable for integration into wearable electronics (2, 3).
In this contribution, we discuss the requirements and challenges of printing graphene-based electronics using 
additive manufacturing like screen printing and direct ink writing. Printing of electronics with high resolution and 
functional properties optimized for their application (porosity, conductivity, stretchability, durability) requires 
careful design of both the ink and the printing process, including post-processing. To this end, graphene colloid 
dimensions, binder, solvent, ink rheology, substrate and print settings must be selected and/or optimized. We 
show how ink formulation and printing processes may be tailored to the desired functionality of the printed 
materials. This approach yields conductors with feature sizes down to 50 μm and excellent conductivity (sheet 
resistance	~30	Ω/sq.mil)	and	stretchability.	The	printed	conductors	tolerate	strains	(ε) beyond 100% and demon-
strate high fatigue resistance to cyclic strains of 20-50%. In addition, post-processing using photonic annealing 
can	further	improve	the	conductivities	(sheet	resistance	<10	Ω/sq.mil)	while	preserving	the	stretchability	and	
durability	of	 the	components.	These	results	are	a	significant	step	towards	 the	rapid	prototyping	and	scalable	
production of wearables including sensors and electrodes. 

References
1. K. Hassan et al., Nanoscale. 12, 19007–19042 (2020).
2. L. S. van Hazendonk et al., Chem. Mater. 34, 8031–8042 (2022).
3. K. Arapov et al., Adv. Funct. Mater. 26, 586–593 (2016).

Example prints made using direct ink writing (top) and screen printing (bottom) (a) and stretching of such printed tracks (b); 

c) cyclic strain test: electrical resistance R divided by initial resistance R₀ over 1000 cycles of 20% strain.
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O64-0232

Flexible electrically-conductive nanocomposites via oxidative chemical 
vapor deposition

Adrivit Mukherjee* 1, Julien Es Sayed 1, Job Schoenmaker 1, Ajay Giri Prakash Kottapalli 1, Marleen Kamperman 1, 
Ranjita Bose 1

1 University of Groningen, Groningen, The Netherlands

Oxidative chemical vapor deposition (oCVD) is a solvent-free technique enabling conformal growth of ultrathin 
electrically-conductive polymer nanocoatings with tunable compositions on 3D substrates. As a vapor phase 
deposition	process,	 oCVD	eliminates	 the	 challenges	of	 insufficient	monomer	 solubilities	 of	 conjugated	poly-
mers	and	other	solvent-related	processing	difficulties,	such	as	dewetting,	solvent	damage,	etc.	Furthermore,	since	
oCVD is operated at mild conditions, it provides additional advantages, such as the deposition of surface-grafted 
coatings	on	thermally	sensitive	substrates	allowing	for	the	realization	of	fully	polymer-based	flexible,	wearable	
electronic	sensing	devices	with	3D	architectures.	Our	research	uses	these	benefits	to	engineer	electrically-con-
ductive nanocomposites by oCVD of doped polypyrrole onto various porous elastic substrates such as polyelec-
trolyte-based	dual-network	hydrogels,	electrospun	nanofiber-mats,	phase-separation	hydrogels,	and	3D-printed	
lattices.	FTIR	and	XPS	affirm	the	formation	of	a	surface-grafted	doped	polypyrrole	network,	and	SEM	 imaging	
indicates that the porous microstructure of the substrates serves as a template, guiding the in-situ vapor phase 
polymerization of polypyrrole into the matrix by oCVD. Furthermore, oCVD allows us to systematically tune the 
electrical and mechanical properties of the fabricated nanocomposites by controlling the polypyrrole coating 
chemistry and thickness. We have investigated the thermal stability, biocompatibility, pH-sensitivity, and mech-
anoelectrical properties of the nanocomposites with respect to the polypyrrole-coating thickness and chemis-
try. The engineered nanocomposites demonstrate area-sensitive piezoresistivity with high strain sensitivity and 
rapid response times for both small and large deformation with good cyclic stability. Additionally, the fabricated 
nanocomposites exhibit reversible changes in resistance to changes in the pH of the environment with relatively 
short response times. Therefore, our results present them as promising candidates to design soft, wearable sen-
sors for biomedical applications such as healthcare and wound-healing monitoring.
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O64-0401

Preparation and characterization of polythiophene/CNT based CO  sensor

Asli Beyler Cigil* 1,2, Okan Esentürk 2,3

1 Gazi University, Ankara, Turkey, 2 Middle East Technical University, Ankara, Turkey, 3 UNAM − Institute of Materials Science and 
Nanotechnology and National Nanotechnology Research Center, Bilkent University, Ankara, Turkey

The	very	deadly	gas	CO,	which	has	no	flavor	or	scent,	is	bad	for	human	health.	CO	poisoning	can	be	avoided	by	
keeping an eye on the level of CO in the air and noticing when it starts to increase. For the detection of gases 
dangerous to human health, numerous gas detection technologies, including optical gas sensors, electrochem-
ical gas sensors, and metal oxide gas sensors have been developed. Within the context of this study, carbon 
nanotube	(CNT)/polythiophene	(PTh)	nanocomposites	were	prepared	in	an	effort	to	alleviate	the	drawbacks	of	
sensors previously examined in the literature. According to the literature, nanoparticles generally do not disperse 
homogeneously in the polymeric matrix, causing aggregation problems. This problem was solved by adding ac-
rylate	 functionality	 to	 the	 surface	of	CNTs	using	organosilane	 group	modification	 (acr-CNT).	 This	 allowed	 for	
homogeneous distribution throughout the polymeric matrix. Polyaniline (PANI) is one of the most commonly 
used in the literature but cannot be applied to any surface easily due to the fragility problem when preparing 
the	sensors.	Therefore,	a	different	conductive	polymer,	polythiophene,	which	has	recently	gained	attention	due	
to its chemical and structural stability, was chosen instead of PANI. First, acrylate functionality was added to the 
thiophene monomer to begin the process of polymerizing the conductive polymer (acr-PTh). Since both materials 
had acrylate functionality, the resulting sensor nanocomposites were produced by exposing them to UV light for 
3 minutes. As a result, sensors were prepared using a quick and easy process. Detection limits, response times, 
and reusability of nanocomposites coated on the surface of prepared interdigitated electrodes on CO detection 
at room temperature will be presented.

Preparation of polythiophene/CNT nanocomposites
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A universal standard archive file for adsorption data [INV]

Lars Öhrström* 1

1 Chalmers University of Technology, Gothenburg, Sweden

Porous materials have proven success in energy and environmental applications. However, the current approach 
of	reporting	adsorption	 isotherms	 in	graphs	and	figures	 is	not	adequate	to	reproduce,	 reuse	or	share	this	 im-
portant	data.	 It	 is	 imperative	to	increase	open	science	in	the	field	of	porous	materials.	We	have	proposed	the	
specification	of	a	new	standard	adsorption	information	file	(AIF)	inspired	by	the	ubiquitous	crystallographic	in-
formation	file	(CIF).	The	AIF	is	a	flexible	and	easily	extended	free-format	archive	file	that	is	readily	human	and	
machine-readable.	This	format	represents	the	first	steps	toward	an	open	adsorption	data	format,	which	facili-
tates the electronic transmission of adsorption data between laboratories, journals, and larger databases, and 
the community is encouraged by IUPAC to take up this format (https://iupac.org/project/2021-016-1-024/). The 
standardized reporting of adsorption isotherms will enable the application of advanced AI methods (machine 
learning etc.) to develop innovative processes for separation and environmental technologies and accelerate the 
finding	of	high	performance	porous	materials	for	such	operations.	

Please see: 
https://adsorptioninformationformat.com
https://iupac.org/project/2021-016-1-024/

A universal standard archive file for adsorption data
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O65-0785

Tuning UV Absorption in Covalent Organic Frameworks

Ellen Dautzenberg 1, Milena Lam 1, Tatiana Nikolaeva 1, Wouter Franssen 1, Barend van Lagen 1,  
Ilse Gerrits-Benneheij 1, Nikolay Kosinov 2, Guanna Li 1, Louis de Smet* 1

1 Wageningen University, Wageningen, The Netherlands, 2 Eindhoven University of Technology, Eindhoven, The Netherlands

Covalent organic frameworks (COFs) are porous materials with high surface areas, making them interesting for 
a large variety of applications including energy storage, gas separation, photocatalysis, and chemical sensing. 
Structural variation plays an important role in tuning COF properties. Next to the type of the building block core, 
bonding directionality, and linking chemistry, substitution of building blocks provides another level of synthetic 
control. Thorough characterization and comparison of various substitution patterns is relevant for the molecular 
engineering of COFs via rational design.
To this end, we have systematically synthesized and characterized multiple combinations of several methylated 
and non-methylated building blocks to obtain a series of imine-based COFs. This includes the experimental as-
signment of the COF structure by solid-state NMR. By comparing the properties of all COFs, the following trends 
were found: (1) upon methylation of the aldehyde nodes, COFs show increased Brunauer–Emmett–Teller surface 
areas, reduced pore collapse, blue-shifted absorbance spectra, and ~0.2 eV increases in their optical band gaps. 
(2) COFs with dimethylated amine linkers show a lower porosity. (3) In tetramethylated amine linkers, the COF 
porosity even further decreases, the absorbance spectra are clearly red-shifted, and smaller optical band gaps are 
obtained. Our study shows that methyl substitution patterns on COF building blocks are a handle to control the 
UV absorbance of the resulting frameworks.

Upon methylation of aldehyde nodes, imine-based COFs show blue-shifted absorbance spectra, while those of COFs made by 

methylated amine linkers are red-shifted.
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O65-0589

Continuous-Flow Liquid–Liquid extraction in Nanostructured, Fluid-
Bicontinuous Gels

Alessio Sprockel* 1, Martin  Haase 1

1 Utrecht University, Utrecht , The Netherlands

Particle stabilized droplets are an emerging medium for biphasic catalysis. Nevertheless, a drawback of using 
droplets is that the droplet phase is not accessible, requiring additional process steps to collect products or 
replenish	 reactants.	 To	overcome	 this	 limitation,	we	 investigate	bijel	fibers.	 The	fibers	 consist	of	 interwoven,	
micron-sized channels of water and oil, with silica particles stabilizing the interface. Due to bicontinuity, both 
phases are in direct contact with their respective bulk phases and a continuous reactor design is realized. How-
ever,	given	the	length	of	the	fibers	of	3	cm,	diffusion	is	too	slow	to	sustain	a	reaction	and	our	research	question	
arises:	How	can	reactants	be	flown	at	sufficient	speeds	through	the	long	submicron	pore	network?
Pressure-driven	flow	is	not	suitable,	as	the	submicron	channel	network	generates	a	large	resistance	to	the	flow.	
Thus,	we	explore	electroosmosis	for	fluid	transport	through	bijels.	We	find	that	water	transport	scales	linearly	
with	the	applied	electric	field,	reaching	1	cm/min	for	50	V/cm,	confirming	the	prediction	by	electrokinetic	theory.	
Confocal	microscopy	allows	us	to	see	the	flow	of	dye	through	the	fiber.	Moreover,	we	show	that	we	can	utilize	this	
fast	electroosmotic	flow	in	continuous	liquid-liquid	extraction.	
We show that electroosmosis can be used to transport chemicals through the sub-micron pore structure at speeds 
that can support catalytic reactions. To demonstrate this potential, we explore the catalysis of ester hydrolysis in 
the bijel. Both phases of the emulsion are now readily accessible to supply and remove reactants, enhancing their 
potential as microreactors for continuous, biphasic catalysis. 

A.Sprockel & M.Khan, “Nanostructured, Fluid-Bicontinuous Gels for Continuous-Flow Liquid–Liquid Extraction”, 
Advanced Materials(2022).

A) SEM image of a dried  bijel fiber particle scaffold. Confocal image of bijel fiber with oil (yellow), water (blue) and particle 

scaffold (red). B) Schematical setup for bijel electroosmosis. C) Schematic of electroosmosis and reactant partitioning.
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O65-0264

CO2 sorption studies of mixed ligand metal-organic frameworks

Eustina Batisai* 1, Luccile Mbonzhe 1

1 University of Venda, Thohoyandou, South Africa

As the name suggests, metal-organic frameworks (MOFs) contain metals and organic components joined to form 
two-dimensional or three-dimensional networks.[1,2] These compounds have large surface areas, large pore vol-
umes and tunable pore functionalities and can thus be used for gas storage and drug delivery.[3,4] Our group 
is interested in synthesising and characterising new MOFs and testing their gas sorption capabilities. We have 
prepared	five	MOFs	using	 transition	metal	 salts	 and	bis	pyridyl	 ligands,	 containing	various	 spacer	units	 such	
as 1,4,5,8-naphthalenetetracarboxylic dianhydride, benzophenone-3,3’,4,4’-tetracarboxylic dianhydride and 
3,3’,4,4’-biphenyltetracarboxylic	dianhydride.	The	MOFs	were	characterized	using	single	crystal	X-ray	diffraction,	
powder	X-ray	diffraction	and	thermogravimetric	analysis	(TGA).	The	surface	areas	of	the	MOFs,	determined	using	
BET, range from 90 to 300 m2 g-1. The CO2 sorption capacities were determined at 273 K and 198 K. Four of these 
MOFs display a type-I sorption behaviour at both 195 K and 273 K with relatively low uptake, up to 35 cm3 g-1 
(STP) at 273 K and 80 cm3 g-1 (STP) at 195 K. Despite their low adsorption capacities, the sorption isotherms of 
these	compounds	have	steep	slopes,	which	could	be	indicative	of	high	CO2	selectivity.	The	fifth	MOF	displays	
stepwise and hysteretic sorption of CO2 and adsorbs 120 cm3 g -1 (STP) at 195 K. The hysteresis could be indic-
ative of a structural transformation during sorption.

[1] Yaghi, O.M. & Hailian, L. (1995), J. Am. Chem. Soc., 70, 10401.
[2] Yaghi, O.M., Guangming, L. & Hailian, L.  (1995), Nature, 378, 703.
[3]	Furukawa,	H.,	Ko,	N.,	Go,	Y.B.,	Aratani,	N.,	Choi,	S.B.,	Choi,	E.,	Yazaydin,	A.Ö.,	Snurr,	R.Q.;	O’Keeffe,	M.;	Kim,	J.	&	
Yaghi, O.M., (2010), Science, 329, 424.
[4]	Farha,	O.K.,	Yazaydin,	A.Ö.,	Eryazici,	 I.,	Malliakas,	C.D.,	Hauser,	B.G.,	Kanatzidis,	M.G.,	Nguyen,	S.T.,	Snurr,	R.Q.,	
Hupp, J.T., (2010), Nat. Chem., 2, 944.
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O66-1187

2D and 3D metal halide perovskites [INV]

Loredana Protesescu* 1

1 University of Groningen, The Netherlands

Metal	halides	perovskites	with	nanoscale	geometries	have	revolutionized	the	field	of	solution-processed	photo-
voltaics and light-emitting devices due to their strong absorption and exceptional photoluminescence properties 
combined with a remarkable tolerance to structural defects. However, the further development of these materials 
to practical commercialization is hindered by their toxic components like lead and their inherent structural labili-
ty. Moreover, we still have little understanding of their crystallographic structures, chemical and physical interac-
tions, and surface chemistry at a fundamental level. The chemical design of metal halide perovskites proved to be 
the	key	to	addressing	those	issues.	Our	recent	findings	confirm	that	a	direct	transition	of	the	synthetic	approach	
at nanoscale from Pb to Sn halide perovskites is not feasible. For Sn-based perovskites nanostructures, the struc-
tural dynamics between 3D cuboids and 2D Ruddlesden-Popper nanosheets colloids are highly dependent on the 
synthetic strategy. The presence of both species has a direct impact on the optoelectronic properties. Moreover, 
heterostructures containing halide perovskites nanocrystals are the next step towards obtaining accessible ma-
terials for industry. With the help of polymers or metal-organic frameworks, we can access air stable materials or 
ultra-small quantum dots.
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O66-0500

Pyrenoimidazole Triazatruxenes for Organic Light Emitting Diode

Paitoon Rashatasakhon* 1

1 Chulalongkorn University, Pathumwan, Thailand

Two new derivatives of triazatruxene were successfully synthesized by incorporating a pyrenoimidazole unit at 
two	different	positions	(C-2	or	N-1	atom).	The	key	synthetic	step	involves	a	microwave-assisted	Suzuki	cross-cou-
pling reaction between the tribromotriazatruxene core and pinacol boronate ester of the pyrenoimidazole. The 
structures of these target compounds were characterized by 1H NMR, 13C NMR and MALDI-TOF mass spectrosco-
py. Data from a computational calculation revealed information on their electronic and photphysical properties. 
A fabrication of these materials as hole-transporting and emissive materials in OLED devices were also demon-
strated.
This	work	was	financially	supported	by	Development	and	Promotion	of	Science	and	Technology	Talent	Project	
(DPST). We thank Dr. Supawadee Namuangruk from Nanotechnology Center (NANOTEC) for her support on com-
putational calculation, and Prof. Dr. Vinich Promarak from Vidyasirimedhi Institute of Science and Technology for 
his help on OLED device fabrication.

Structure of new pyrenoimidazole-triazatruxenes, the configuration of OLED devices, and the performances of the devices.
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O66-0587

Methacrylate-based thermoset filters for optical limiting

Jade Caillieaudeaux* 1,2, Christelle  Delaite 1, Anne-Sophie  Schuller 1, Olivier Muller 2, Morgane  Guerchoux 2,  
Celia Bruder 2

1 Laboratory of Photochemistry and Macromolecular Engineering , France, 2 French-German Research Institute of Saint-Louis, 

France

The human eye, sensors and photoreceptors can be damaged if they are submitted to laser beams with high in-
tensities and low divergence. In harsh environment, an optical sensor can be damaged by pulsed laser radiations 
when exposed beyond its capacities. In order to have a protection against such threats, passive optical limiting is 
used. A passive optical limiting device is a self-activated system which has a low activation threshold, it should 
be neutral in color and possess a low response time.
Following previous studies made on methacrylate-based thermoplastics, new matrices were developed, methac-
rylate-based thermosets from a mix between a reactive oligomer and a monomer. Such a thermoset compound 
allows to avoid the monomer evaporation happening during conventional bulk polymerization when using, for 
example, MMA as a monomer. 
Optical	filters	were	synthetized	following	two	different	process,	chemical	bulk	polymerization	and	photopoly-
merization. 
In this present work, we discuss the optical limiting behavior occurring in thermoset polymers at a wavelength 
of 1064nm using an appropriate custom-made optical setup. The Analyses include nonlinear optical thresholds 
measurement, eletcro-optical tests and z-scan measurements. 

Figure n°1. Effect of an optical filter in front of a sensing device  at 1mJ.
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Guilty as Charged: n-Doping of InP Quantum Dots

Maarten Stam* 1, Indy Du Fossé 1, Arjan Houtepen 1

1 Delft University of Technology, Delft, The Netherlands

Quantum dots (QDs) are known for their size dependent optical properties, narrow emission bands and high 
photoluminescence quantum yield (PLQY). These properties make QDs interesting candidates for lighting appli-
cations. In particular InP QDs are receiving a lot of attention since they are considered much less toxic than other 
QD materials, and are hence suitable for consumer applications. Most applications, such as LEDs, photovoltaics 
and lasing, involve charging QDs with electrons and/or holes. However, doping QDs is not easy, nor is it innocent, 
and	the	effect	of	doping	on	the	composition	and	properties	of	InP	QDs	is	not	yet	understood.	
This	work	provides	theoretical	insight	in	n-doping	of	InP	core	and	InP/ZnSe	QD	models.	Density	functional	theory	
(DFT) calculations are used to show that n-doping of InP-based models leads to the formation of trap states if the 
model contains undercoordinated In atoms. InP QDs have such atoms at the surface which are responsible for the 
formation	of	trap	states	upon	charging	with	electrons.	We	show	that	InP/ZnSe	core/shell	models	with	all	Inatoms	
four times coordinated can be doped with electrons without the formation of trap states. However, a defect at the 
interface that results in an undercoordinated In atom, in our case a Se vacancy, gives rise to a trap state when the 
system is charged. These results show that the surface or interface determine the stability of QDs when they are 
charged, and that the presence of undercoordinated In atoms needs to be avoided.
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Circularly Polarized Luminescence in Helicene Carbon Nanohoops

Juraj Malinčík* 1,2, Daniel Häussinger 2, Araceli Campaña 3, Tomáš Šolomek 1

1 Van ‘t Hoff Institute for Molecular Sciences, University of Amsterdam, Amsterdam, Netherlands, 2 Department of Chemistry, 
University of Basel, Basel, Switzerland, 3 Department of Organic Chemistry, University of Granada, Granada, Spain

Materials that exhibit circularly polarized luminescence (CPL) are desirable for the development of optoelec-
tronic devices such as circularly polarized light-emitting diodes and photodetectors. Furthermore, CPL has the 
potential to provide new insights into the mechanism of photoluminescence and to develop new materials for 
advanced technologies. Cycloparaphenylenes ([n]CPPs), are excellent candidates for CPL materials due to their 
favorable	luminescence	properties,	such	as	visible-light	fluorescence	with	a	high	quantum	yield	and	large	Stokes	
shifts, and good processability.[1] However, CPPs are achiral, which prevents them to display CPL. This could be 
circumvented by introducing a stereogenic unit to the structure of CPPs.[2] 
In this contribution, we developed the synthesis of chiral helicene carbon nanohoops (Fig. 1) by incorporating 
[5]-	and	[6]-helicenes	into	[n]CPP	scaffolds.[3]	Helicenes	are	screw-like	shaped,	polyaromatic	hydrocarbons	that	
display	strong	chiroptical	activity	although	the	fluorescence	is	rather	weak.[4]	The	structure	of	the	nanohoops	
was	studied	by	single	crystal	X-ray	diffraction,	1D	and	2D	nuclear	magnetic	resonance,	and	mass	spectrometry	
and the photophysical properties investigated by absorption and emission spectroscopies including CPL. Heli-
cene carbon nanohoops were established as a new class of CPL emitters that possess relatively high dissymmetry 
factors and excellent luminescence quantum yields at the same time. Therefore, they combine the chiroptical 
properties	and	configurational	stability	of	helicenes	with	the	favorable	optoelectronic	properties	of	CPPs.	In	ad-
dition, helicene carbon nanohoops are topologically equivalent to that of a Möbius strip in the solid state and in 
solution. We investigated the topological aromaticity of these molecules and their doubly oxidized and reduced 
forms. 

[1] K. Itami et al., Org. Biomol. Chem. 2012, 10, 5979.
[2] Y. Mazaki et al., Chem. Eur. J. 2020, 26, 1323.
[3]	J.	Malinčík	et	al.		Angew.	Chem.	Int.	Ed.	2022,	61,	e202208591.	
[4] M. Gingras. Chem. Soc. Rev., 2013,42, 1051–1095.
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Electrocatalysis – From well-defined model to porous electrode materials 
[INV]

Mehtap Oezaslan* 1

1 TU Braunschweig, Technical Electrocatalysis Laboratory, Germany

Large	efforts	have	been	made	to	meet	the	increasing	demands	in	clean	and	emission-free	energy	conversion	and	
energy	storage	technologies.	However,	high	loading	of	platinum	group	metals	(PGM),	insufficient	performance	
and life-time still hinder the broad commercialization of low-temperature fuel cells and water electrolyzers.  The 
first	part	of	this	talk	will	show	the	metal	support	interaction	(SMSI)	and	intraparticle	distance	of	Iridium-based	
nanoparticles supported on graphitized carbon (C), titanium oxide (TiO2) and antimony-doped tin oxide (ATO) 
probed	by	operando	Quick	X-ray	absorption	spectroscopy	(XAS).	Principal	component	analysis	of	Quick-XANES	
data reveals the tendencies of the formation of irreversible Irz+ species on TiO2 even at low upper potentials, 
while ATO and C tend to retain the metallic character of the Ir NPs during the potential cycling. The second part 
of	the	talk	will	present	the	different	recovery	strategies	of	Ruthenium-poisoned	ORR	catalysts	for	reformate	PEM	
fuel cell, which have great potential to transform the global maritime transportation in a more environmentally 
friendly	and	CO2-neutral	manner.	Different	dynamic	and	steady-state	 regeneration	strategies	were	evaluated	
here and correlated with the ORR performance and ECSA via CO stripping. This can improve the performance and 
life-time of reformate PEM fuel cell for maritime applications. The last part of the talk will introduce the design 
and (nano)engineering of porous ORR catalyst layers (CL) with very low PGM loadings and excellent performance 
on	the	single	cell	level.	Here,	we	used	a	nozzle-free	electrospinning	method	to	prepare	nanometer-sized	fibers	as	
a backbone to improve the utilization and accessibility of catalytically active sites by maintaining the PGM load-
ing. The electrospun CL with very low loadings were tested under hydrogen/air start-up/shut-down conditions.  
Altogether, this talk will show promising strategies to design and (nano)engineer electrocatalyst materials for 
fuel cell and water electrolysis.
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O67-0395

Molecular photo-switches controlling catalyst formation

Hasnaa El Said El Sayed* 1, Feng Yan, Majid Ahmadi, Rémi Plamont, Petra Rudolf, Bart Kooi,  
Nathalie Katsonis  

1 University of Groningen, Groningen, Netherlands

Bimetallic nanoparticles have a high catalytic activity, which has led to their use in converting carbon emissions 
and other exhaust gases produced by vehicles.
The	synergistic	effect	between	the	two	metals	 in	bimetallic	nanoparticles	 is	responsible	for	their	exceptional	
catalytic	activity.	Compared	 to	other	bimetallic	particles,	 core-shell	 catalysts	are	particularly	effective	due	 to	
their	architecture,	which	facilitates	the	electron	charge	transfer	in	the	outer	layer.	However,	it	remains	difficult	to	
control the composition, size, and shape of these core-shell nanoparticles. 
We propose a supramolecular method that uses molecular photo-switches to regulate the thickness of the me-
tallic shell in bimetallic catalysts. In this method, a metallic core is grafted with molecular photo-switches during 
the synthesis process. These ligands coordinate with other metallic ions that are in solution. After reduction, the 
photo-stationary states correlates with the density of the second metal on the shell. I will report the formation 
and characterization of Ni@Pd and Pd@Ni core-shell nanoparticles. Their catalytic properties are established by 
using hydrogenation of cinnamaldehyde as model reactions. Moreover, spiropyran-based ligands are known to 
behave as photoacids, i.e. they release protons under relevant illumination. This property is harnessed to trigger 
the formation of a mesoporous silica shell around catalytic nanoparticles by using alkoxysilane precursors.
This	work	is	part	of	a	collaborative	effort	within	the	Advanced	Research	Center	Chemical	Building	Blocks	Consor-
tium (ARC-CBBC).

Synthetic approach involving spiropyrane photochromic ligands for the formation of bimetallic core@shell nanoparticles.
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O67-0460

ZnO/TiO2/Ag2Se Nanostructures for Photoelectrocatalytic Degradation of 
Ciprofloxacin

Hugo Alarcon* 1, Pedro Ponce 1, Juan Montes De Oca 1, Katherina Changanaqui 1, Arana Alaejandro 1,  
Raquel Lopez 1, Alberto Corzo 1, Francisco Alejo 2

1 Universidad Nacional De Ingeniería, Lima, Peru, 2 Universidad De San Agustin, Arequipa, Peru

Ciprofloxacin	 (CP)	 is	a	bioactive	pharmaceutical	compound	used	 in	human	and	veterinary	medicine,	specially	
to	prevent	fish	deseases.	Today,	it	has	become	a	threat	to	the	ecosystems	due	to	the	constant	increasing	of	its	
concentration	in	water	bodies	that	is	closely	related	to	aquaculture	activities	(X.	Yang	et	al.,	2021).	The	objective	
of the present work is to eliminate CP using a composite material by means of photoelectrocatalytic reactions. 
The	material	was	prepared	as	follows:	first,	ZnO	seeds	was	electrodeposited	onto	FTO	glass	followed	by	a	hy-
drothermal treatment to convert them into rods; then, the second layer of TiO2 was formed by dip-coating, and 
finally,	the	third	layer	of	Ag2Se	was	electrodeposited	(Changanaqui	et	al.,	2020).	The	material	characterization	
by	diffuse	reflectance	indicated	that	the	band	gap	value	is	1.85	eV.	A	high	crystallinity	was	obtained,	confirmed	
by	DRX,	with	a	main	peak	from	de	(002)	planes.	Raman	spectroscopy	showed	the	presence	of	anatase	phase	of	
TiO2,	and	the	FTIR	spectra	confirmed	the	formation	of	Ag2Se	due	to	the	broad	band	centered	in	1666	cm-1.	In	
FESEM-EDS	images	it	was	shown	the	presence	of	ZnO	nanorods	covered	by	TiO2	particles	in	the	second	stages	
of the synthesis. After electrodeposited the Ag2Se, it partially covered the surface of the previous materials, as 
dispersed nanoparticles. Synthetic water containing 5 ppm of CP was used to study the photoelectrocatalytic 
behavior of the composite material at pH = 7 and a ionic strength of 0.1 mol.L-1 using NaCl as electrolyte. The 
material is capable to remove 71% of CP in a 3h experiment with a polarization voltage of +0.70V vs Ag/AgCl (KCl 
3	mol	L−1)	under	the	irradiation	of	blue	LED	(440	nm)

Authors	want	to	thank	the	financial	support	given	by	CONCYTEC/PROCIENCIA	through	the	project	008-PROCIEN-
CIA-2021
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O67-0620

CO2 Electroreduction on Bimetallic Au-Cu2O Catalysts

Bianca Ligt* 1, Marta Costa Figueiredo 1,2, Emiel J.M. Hensen 1

1 Eindhoven University of Technology, The Netherlands, 2 Eindhoven Institute of Renewable Energy Systems (EIRES),  
The Netherlands

The	electrochemical	reduction	of	CO₂	(CO2RR)	with	Cu-based	catalysts	exhibits	a	relatively	poor	selectivity	to-
wards such as ethylene and ethanol. Nevertheless, Cu is the only element that can form C-C bonds at an appre-
ciable rate.¹  Therefore, it is critical to better understand the active sites of Cu-based electrocatalysts, as it can 
lead	to	better	catalyst	design	with	improved	C2+	selectivity.	A	common	approach	is	to	use	well-defined	surfaces,	
providing	insights	into	reactivity	differences	of	exposed	planes.²	Here,	we	studied	the	presence	of	Au	on	well-de-
fined	Cu₂O	nanocubes	for	CO2RR.	This	promoter	metal	was	chosen	because	it	can	reduce	CO₂	to	CO,	which	is	
widely accepted as the key intermediate for C-C coupling.¹,³
In	this	study,	Cu₂O	nanocubes	that	predominantly	expose	the	(100)	facet	were	synthesized	with	a	ligand-free	
method. The (100) facet is more active in the production of ethylene at the expense of unwanted methane for-
mation, which takes place predominantly at the (111) facet.² The surface of the nanocubes was decorated with 
Au nanoparticles, as can be seen from the TEM images in Figure 1. With Au as promotor, we found that more CO is 
being formed facilitating the formation of C2+ products. The nanostructured catalysts were (electrochemically) 
characterized	prior	to	and	after	CO2RR,	leading	to	valuable	insights	in	the	differences	in	activity	and	morphology.

Acknowledgements
This publication is part of the research programme ‘Reversible Large-scale Energy Storage’ (RELEASE) with project 
number	17621	which	is	financed	by	the	Dutch	Research	Council	(NWO).
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Figure 1. TEM images of a, Cu2O, b, 1Au/Cu2O and c, 5Au/Cu2O. The scalebars correspond to 20 nm.
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Sn/Pb perovskite solar cells opportunities and challenges [INV]

Maria Antonietta Loi* 1

1 University of Groningen, The Netherlands

Metal	halide	perovskite	solar	cells	have	achieved	exceptional	device	efficiency	in	the	last	years,	reaching	a	record	
value of 26.08%. The reasons behind this rapid progress are assigned to their outstanding optoelectronic prop-
erties,	such	as	the	high	absorption	coefficient,	low	recombination	rate,	large	carrier	diffusion	length,	and	good	
charge carrier mobility. Despite these excellent physical properties perovskite devices are still far away from 
being commercialized. Two are the main obstacles: the material and device stability, which is still far from the 25 
years	requested	for	rooftop	installations,	and	the	difficulty	of	obtaining	large	areas	devices	of	similar	efficiencies	
as the small ones. The problem becomes even more severe when trying to reduce the environmental impact of 
the active layer by reducing the Pb content, partially or completely substituting it with Tin (Sn). However, it is 
important	to	note,	that	alloying	Sn	and	Pb	can	potentially	help	to	further	boost	the	efficiency	of	a	single	junction	
perovskite solar cell, due to the narrower band gap of mixed Sn/Pb perovskites (1.2-1.3 eV), which is closer to 
the optimal band-gap for single junction devices. In my presentation, I will discuss challenges and strategies to 
further	increase	efficiency	and	stability	of	Sn/Pb	perovskite	solar	cells,	with	the	aim	of	accelerating	the	develop-
ment of a solar tecnology based on metal halide perovskites.
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Quantum dots-based Luminescent Solar Concentrators: Performance and 
Stability

Raimon Terricabres-Polo* 1, Thomas de Bruin 2, Annanta Kaul 2, Natalia K Zawacka 3, P Tim Prins 1,  
Thomas F J  Gietema 2, Anne C de Waal 2, Dick K G  de Boer 1, Daniel A M Vanmaekelbergh 1, Paul Leblans 4,  
Stijn Verkuilen 5, Zeger He
1 Debye Institute for Nanomaterials Science, Utrecht University, The Netherlands, 2 Copernicus Institute of Sustainable 
Development, Utrecht University, The Netherlands, 3 Physics and Chemistry of Nanostructures Group, Department of Chemistry, 
Ghent University, Belgium, 4Agfa NV, Mortsel, Belgium, 5Heijmans Infra, Rosmalen, The Netherlands

Luminescent Solar Concentrators (LSCs) are transparent devices that harvest solar energy and convert it into 
electricity.	LSCs	are	promising	building	integrated	photovoltaic	elements	since	they	offer	the	prospect	of	
adding	energy-harvesting	functionality	to	windows	and	façades,	thus	addressing	the	urgent	need	to	generate	
sustainable energy in urban environments. Until recently, their deployment has been hindered by the lack 
of suitable luminophores but the development of new luminescent materials like quantum dots (QDs) has 
provided	a	new	boost	to	the	field. 
In	this	work,	we	report	the	first	long-term	(1	year)	outdoor	study	of	large-area	QD-based	LSCs	[1].	The	
performance	of	LSCs	incorporating	CdSe/CdS/ZnS,	InP/ZnSe/ZnS	or	CuInS2/ZnS	(core/shell)	QDs	(QDLSCs)	
was	monitored	for	1	year,	across	different	seasons	and	varying	weather	conditions.	An	organic	dye	(Lumogen)	
-based LSC  and a blank device with no luminophore were used as references. Prior to the outdoor exposure, the 
Lumogen-based LSC showed the best performance, followed by the CdSe, CuInS2 and InP QDLSCs. This trend 
changed	rapidly	outdoors,	with	the	efficiencies	of	the	Lumogen	and	CdSe	QDLSCs	decreasing	by	60%	and	40%,	
respectively, while those of the CuInS2 and InP QDLSCs increased by 80% and 200%, respectively, over one 
year. An accelerated photodegradation study on small portions of the LSCs reproduced the changes observed 
outdoors. By monitoring the transmittance and luminescence of the devices during the photodegradation, 
we	found	that	Lumogen	was	the	only	luminophore	that	truly	degraded.	Instead,	the	efficiency	changes	in	the	
QDLSCs are related to photodarkening  and photobrighteningprocesses in the QDs, which may be ascribed to, 
respectively, the creation and annihilation of traps for the photogenerated carriers. These results are relevant 
not only to LSCs but also to any application involving photoinduced processes in QDs.

[1] T.A. de Bruin, R. Terricabres-Polo, A. Kaul et al., Sol. RRL, 2201121 (2023) in press.

Overlaying of the normalized LSC efficiencies over a year and the normalized luminescence intensity measured during 

photodegradation experiments. The LSCs luminescence, the driving force of the device, qualitatively correlates with the 

efficiency changes
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Computational screening of Piezoelectric Metal-Organic Frameworks

Srinidhi Mula 1, Ferdinand Grozema 1, Monique van der Veen* 1

1 Department of Chemical Engineering, Delft University of Technology, Delft, The Netherlands

Metal-organic frameworks (MOFs) consist of metal ions connected via organic linkers forming 3-dimensional po-
rous frameworks. Their structurally tunable nature allow to optimize them for various applications like adsorptive 
separation and sensing. They could be very promising, yet are hardly explored, for harvesting mechanical energy 
through	their	piezoelectric	properties.	Indeed,	the	energy	harvesting	efficiency,	which	scales	with	1/	εr, should 
indeed be boosted by the  very low dielectric permittivity εr MOFs can have due to the porosity.¹ Moreover, their 
structural variability should allow for optimization of the piezoelectric constant ‘e’ and ‘d’. While it can be ex-
pected that these properties would make them competitive with the materials mostly studied nowadays, namely 
ferroelectric ceramics, polymers and composites, very few studies have measured the piezoelectric response of 
MOFs.²
To understand the structure-property relationship of piezoelectric constant ‘e’ in MOFs, we perform high through-
put DFT calculations for ~1500 non-centrosymmetric MOFs starting from a computational ready, experimental 
MOF	database	(QMOF	database).³	Key	factors	that	can	influence	the	piezoelectric	constant	‘e’	are	Born	effective	
charges, symmetry, coordination environment around the metal node and the presence of polar  linkers and 
counterions. For the MOFs which show the highest piezoelectric constant ‘e’ we discuss in detail the key factors 
contributing to their high performance. For some structures we found values of ‘e’ of the same order of magni-
tude	as	those	of	the	best	performing	ceramics.	MOFs	have	higher	elasticity	due	to	their	flexible	frameworks	and	
orders of magnitude lower dielectric constant compared to ceramics, meaning that piezoelectric metal-organic 
frameworks should be able to outperform existing piezoelectric materials for mechanical energy harvesting.

[1]Mendiratta et al. Coordination Chemistry Reviews 2018, 360, 77.
[2]Mula et al. ACS Appl. Mater. Interfaces 2022, 14, 45, 50803.
[3]Rosen et al. Matter 2021, 4, 5, 1578.
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Opening the door to long-lived excited states

Keith Gordon* 1

1 University of Otago, Dunedin, New Zealand

Creating long-lived excited states that have the potential to act as catalytic centers or in solar energy harvesting 
are important research goals.  Many excellent solar energy systems rely on rare earth metals to facilitate long-
lived metal-to-ligand charge-transfer (³MLCT) excited states. That is a severe restriction on widespread use.  We 
have developed an alternate type of excited state is which metal complexes are used but in which the ligand 
has a triplet intra-ligand charge-transfer (³ILCT) state that can easily be accessed because of the presence of the 
metal centre.   A number of these systems have been reported based on rhenium(I) with polypyridyl ligands.  The 
complexity of the photophysics of these systems is challenging in terms of designing compounds.  For example, 
we	have	recently	demonstrated	that	solvent	effects	can	tune	between	differing	excited	states	(Figure	1)¹	and	that	
modest peripheral changes to compounds can result in dramatic changes in excited state lifetime².  

Rhenium(I) and ruthenium(II) complexes with polypyridyl ligands with donor group ((triphenylamine, TPA) can 
have long-lived excited states.  We report how these can be characterized and what design features we can learn 
from these studies.  Of course these are still using rare earth metals but our studies point the way to using earth 
abundant metals.  The challenge of using these to achieve these same types of states will also be introduced.

References
1.	J.	J.	Sutton,	D.Preston,	P	trabber,	J.	Steinmetzer,	S	Kayal,	X-Z	Sun,	J	.	D.	Crowley,	M.	W.	George,	S.	Kupfer	J.	Am.	
Chem. Soc. 2021, 143, 9082-9093.
2.	G.	E.	Shillito	T.B.	J.	Hall,D.	Preston,	P.	Traber,	L.	Wu,	K.	E.	A.	Reynolds,	R.	Horvath,	X.	Z.	Sun,	N.	T.	Lucas,	J.	D.	Crowley,	
M. W. George, S. Kupfer, K. C. Gordon, J. Am. Chem. Soc. 2018, 140, 4534-4542.

Figure 1: Switching the excited state for a metal complex using solvent as probed by time-resolved infrared spectroscopy
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Tuning charge transfer driving force in perovskite-chromophore systems

Zimu Wei* 1, Jence Mulder 1, Rajeev Dubey 1, Wolter Jagger 1, Ferdinand Grozema 1

1 Delft University of Technology, Delft, The Netherlands

Understanding the interplay between the kinetics and energetics in perovskite—chromophore hybrid systems 
is crucial for realizing their potential in optoelectronics, photocatalysis, and light-harvesting applications. By 
combining steady-state optical characterizations and transient absorption spectroscopy, we have investigat-
ed the mechanism of interfacial charge transfer (CT) between colloidal CsPbBr3 nanoplatelets (NPLs) and sur-
face-anchored perylene derivatives and have explored the possibility of controlling the CT rate by tuning the 
driving	force.	The	CT	driving	force	has	been	tuned	systematically	by	attaching	acceptors	with	different	electron	
affinities	 and	by	varying	 the	bandgap	of	NPLs	via	 thickness-controlled	quantum	confinement.	Our	data	 show	
the charge-separated state is formed by selectively exciting either the electron donors or acceptors in the same 
system. Upon exciting attached acceptors, hole transfer from perylene derivatives to CsPbBr3 NPLs takes place 
on a picosecond timescale, showing the energetic behaviour in line with the Marcus normal regime. Interestingly, 
such energetic behaviour is absent upon exciting the electron donor, suggesting the dominant CT mechanism 
is	energy	transfer	followed	by	ultrafast	hole	transfer.	Our	findings	not	only	elucidate	the	photophysics	of	per-
ovskite—molecule	systems	but	also	help	in	tailoring	those	hybrid	systems	for	specific	applications.

Schematic representation of a perovskite—molecule system.
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O69-1137

Creating a Culture of Green and Sustainable Chemistry [INV]

Jane Wissinger* 1

1 University of Minnesota, United States

Twenty	years	ago,	 the	first	green	chemistry	experiment	was	 introduced	 into	 the	organic	chemistry	 laboratory	
course at the University of Minnesota (UofMN) in the United States. Green chemistry’s “benign by design” ap-
proach immediately captured the interest of undergraduate and graduate students who were inspired to par-
ticipate	in	research	efforts	to	develop	new	curriculum	materials	for	a	diverse	range	of	courses	and	instructional	
levels. These new experiments, many published, model green organic chemistry transformations and modern 
approaches to sustainable polymers while maintaining rigorous learning outcomes in laboratory techniques and 
analytical skills. Many of the students involved in developing these experiments were then motivated to carry 
their knowledge and skills into their own research programs. Green and sustainable chemistry initiatives contin-
ued to expand across the UofMN department through a popular senior level green chemistry course, safety pro-
grams,	student	organizations,	outreach	efforts	and	high	school	teacher	workshops.	Most	recently,	these	pockets	
of activities coalesced with the formation of a Sustainable & Green Chemistry (SGC) committee. The mission of 
the committee is to “develop, promote, and foster a departmental culture of green and sustainable chemistry 
through integration into teaching, research, and community engagement.” The SGC committee has six focus areas 
including undergraduate and graduate course curriculum, safety at all levels, sustainable research labs, outreach 
education, health and environmental equity, and connection to University initiatives for the UN Sustainable De-
velopment Goals. The diversity of committee members illustrates the multi-disciplinary nature of green and sus-
tainable chemistry and highlights the importance of equipping the next generation of scientists with the mindset 
and skills needed for solving today’s sustainability challenges.
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O69-0701

Reimagining chemistry education from a systems thinking perspective

David Laviska* 1

1 American Chemical Society Green Chemistry Institute, Washington, United States

To train the next generations of students to tackle the many pressing global challenges threatening the future 
of our planet, instructors at all levels of education need to reimagine how we teach chemistry. It is generally ac-
cepted that students need to develop critical thinking and problem-solving skills from the earliest stages of their 
education. However, due to the elegant complexity of the chemical sciences, approaches to teaching foundation-
al concepts are often reductive, and it typically takes years for students to begin to appreciate the connections 
between what they’re learning and the world around them. Unfortunately, a large percentage of students never 
progress beyond the basics, meaning they never develop the systems thinking skills that they might use to con-
tribute to building a more sustainable future for the chemistry enterprise.
At	the	American	Chemical	Society	Green	Chemistry	Institute,	we	are	now	in	the	third	year	of	a	five-year	project	
focused	on	the	development	of	a	series	of	innovative	“teaching	modules”	for	introductory	(first-year)	and	organic	
chemistry courses at the college level. Modules focus on foundational concept themes (e.g., equilibrium, acids/
bases, redox, et al.) chosen from the respective standard curricula, and each one is intended to replace approxi-
mately one week of traditional, reductive lecture content. Importantly, topics within each module are presented 
through a systems thinking lens and intimately linked to the tenets of green chemistry as well as relevant exam-
ples taken from the 17 U.N. Sustainable Development Goals. The goal is to provide instructors with resources that 
vividly demonstrate the relevance of the chemical concepts they teach to global challenges, while encouraging 
students to think more from a systems perspective during the learning process. In this talk, I will share examples 
from selected modules, describe the creative process, and elaborate on our longer-term educational goals.
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O69-0106

Adapting Green Chemistry Experiments for Organic Chemistry Curriculum.

Elena Atrazheva* 1

1 Northern Alberta Institute of Technology, Edmonton, Canada

Several	green	organic	chemistry	experiments	were	incorporated	into	the	first-year	organic	chemistry	course	at	
NAIT, focusing on three areas: replacing unsafe chemicals, decreasing the amounts of materials used, and using 
green reagents. 
One adaptation was the synthesis of 4-bromoacetanilide via electrophilic aromatic substitution1. Sodium bro-
mide and acetic acid were used to generate the brominating agent in situ, thus avoiding traditional use of bro-
mine and increasing the safety of the materials used.
The isolation of trimyristin from nutmeg by solvent extraction was also adapted to use less materials. The reduc-
tion	in	materials	used	did	not	affect	the	product	yield,	and	sufficient	product	was	available	for	analysis.
A third experiment was the adaptation of the green chemistry extraction of limonene from orange peel, where 
students	used	a	novel	method	of	extraction	using	supercritical	fluid	CO2,	a	known	green	reagent2.	By	replacing	
the	flammable	solvent	with	inert	CO2,	the	greener	extraction	method	resulted	in	greater	process	safety,	reduced	
waste, and improved product purity. 
The three experiments have been adapted to three-hour lab periods and laboratory conditions at NAIT. In addi-
tion, senior level students tested and evaluated the experiments as part of a special research-focused course.

References:
1.  Cardinal P., Greer B., H., Luong,H., Tyagunova Y. J. Chem Educ. 2012, 89, 1661-1063
2.  Buckley H.L., Beck A.R., Mulvihill M.J., Douskey M.C. J. Chem. Educ. 2013, 90, 771-774.
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O69-0799

Reimagine Chemistry Education:  Professional Development in Green 
Chemistry

Adelina Voutchkova* 1

1 American Chemical Society / George Washington University, Washington, United States

The	last	decade	has	seen	significant	advances	in	the	development	of	educational	resources	for	K-12	and	under-
graduate education in chemistry; however, the opportunities for professional development of chemists already 
in the workplace are sparse. In recognition of that, this year the ACS Green Chemistry Institute launched a mul-
tifaceted Reimagine Chemistry Education initiative to provide exciting opportunities for chemists to develop a 
fundamental skillset in green chemistry,  engineering and sustainability science. The initiative is part of the ACS 
Campaign for a Sustainable Future, which  aims to advance chemistry innovations to address the challenges ar-
ticulated in the U.N. Sustainable Development Goals. To this end, the Reimagine Chemistry Education initiative 
is intended to be an accelerator for solutions to the grand challenges of sustainability. The coursework being 
developed through the ACS Institute will  provide opportunities for every chemist to learn how to evaluate the 
impact apply their technology and apply the green chemistry toolset. In addition, a number of awards will recog-
nize the needs of the international community to engage in development of additional educational products as 
part of this portfolio.
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O70-1125

Engaging students in meaningful laboratory learning [INV]

Marcy Towns* 1

1 Purdue University, United States

How we engage students in learning in the laboratory and how we measure that learning has been an a long stand-
ing interest of the chemistry community.  Certainly the COVID-19 pandemic tested many assumptions about lab-
oratory learning. This talk will include ideas related to laboratory learning and assessment that have either been 
created, implemented, and tested or are evidence based possibilities for engaging students in laboratory work.
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O70-0015

Applying the Revised Community-of-Inquiry Framework in Chemical 
Education

Fun Man Fung* 1, Jia Yi Han 1,2, Beatrice Jia Min Ng 1, Jia Ying Chew 1,3, Yongbeom Kim 1, Kenzo Togo 1, Yulin Lam 1

1 National University of Singapore, Singapore, Singapore, 2 Singapore Institute of Technology, Singapore, Singapore, 3 University 
of the Arts London, United Kingdom, United Kingdom

Teaching and learning organic chemistry has arguably reached its apex of challenges as classes were moved on-
line	during	the	covid-19	pandemic.	During	the	difficult	times	of	the	pandemic,	teachers	applied	various	appropri-
ate technological tools to facilitate student-teacher engagement. In this presentation, we share our study of the 
application of an online collaborative platform to aid the teaching and learning of organic chemistry for hybrid 
learning. The pedagogical planning consideration behind our study is based on the revised Community of Inquiry 
(CoI) framework. Our experiences and results indicated that the use of this online platform raised the social and 
learning presence in the revised CoI.

An instructor teaching organic chemistry
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O72-0439

SSIBL Approach To Enhance Relevance In Learning Chemistry

Kah-Heng Chua* 1, Fui-Ling Lee 1

1 Universiti Malaya, Malaysia, Kuala Lumpur, Malaysia

The 4th Industrial Revolution has brought changes to the setting of human lifestyle. With the emergence of new 
technologies and the need for more specialized knowledge, it has become essential to understand the knowl-
edge of chemistry. Chemistry is an important subject for students to understand and apply in their daily lives. 
However,	it	can	be	difficult	for	students	to	see	the	relevance	of	this	subject	in	their	lives	as	chemistry	is	full	of	
abstract	concepts	where	students	always	face	difficulties	conceptualizing	it.	To	make	learning	of	chemistry	be-
come more relevant, innovative teaching approaches that connect chemistry concepts to real-world applications 
need	to	be	introduced	in	the	teaching	and	learning.	Socio-Scientific	Inquiry-Based	Learning	(SSIBL)	is	an	approach	
to teaching and learning chemistry that emphasizes the relevance of the subject to everyday life. Based on the 
claim	abovementioned,	in	this	study	attempts	have	been	made	to	develop	and	evaluate	the	effectiveness	of	the	
SSIBL module towards the relevance of learning chemistry among upper secondary students. A Quasi-experi-
mental study involving 87 Grade 10 students was conducted. Students were assigned into experimental (SSIBL) 
and control groups (conventional teaching approach) and Relevance of Chemistry Education Questionnaire was 
administered for pre and post treatment. MANCOVA results indicated that students from the experimental group 
perceive chemistry lessons more relevant (λ = 0.84, F(6, 81) = 2.55, p < 0.05). Interview data further support the 
findings	obtained	 from	quantitative	analysis.	Results	suggested	 that	SSILB	had	 the	 feasibility	 to	 improve	stu-
dents’ relevance in learning chemistry. Integration of SSIBL activities into chemistry lessons manages to engage 
students in learning and make chemistry learning become more interesting and timelier. Through this study, it 
was suggested that SSIBL activities might be one of the feasible ways to engage students in learning chemistry 
and make chemistry learning more relevant.
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O72-0177

Teaching Chemical Bonding via Peer Assisted Learning

Rohan Agrawal* 1

1 Radical Learning, Mumbai, India

An experiment to gauge school students’ interest in chemical bonding via peer-assisted learning approaches was 
conducted in a semi-urban location in India. This paper describes this preliminary approach to teaching chemical 
bonding to higher secondary school students through a teaching-learning model based on Peer Assisted Learn-
ing.
Students were paired in groups of three each and were asked to discuss the course content among themselves. 
They were provided with audio-visual aids to explain key concepts such as hybridization, VSEPR and valence 
bond theory. The students were then asked to explain the theories to each other in the same group and form 
conclusions based on their discussion. The instructor was present to monitor each group’s progress and help with 
any	support	that	the	group	may	need.	The	students’	feedback	was	taken	to	understand	the	efficacy	of	teaching	
chemistry concepts via peer assisted learning model. This experiment is the preliminary investigation of incorpo-
rating the constructivist theory of learning with science education at school.
This paper further draws on the need to invest resources in alternate forms of teaching-learning to engage the 
student community and increase their level of satisfaction and learning of chemistry to a higher level.

References: 
1) Johnstone, A. (2000). Teaching Of Chemistry - Logical Or Psychological? Chem. Educ. Res. Pract., 1(1), 9-15. doi: 
10.1039/a9rp90001b
2) Mazur, E. (1997). Peer Instruction (pp. 1-30). Pearson.
3) Moog R, Farrell J., & Spencer, J. (1999). A Guided-Inquiry General Chemistry Course. Journal Of Chemical Edu-
cation, 76(4), 570-574. doi: 10.1021/ed076p570
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O73-1182

Instructional design for active chemistry learning in blended and online 
environments [INV]

Gwen Lawrie* 1

1 The University of Queensland, Australia

Engaging students in the process of independent and active learning in blended and online learning environments 
requires	the	careful	integration	of	multiple	instructional	scaffolding	strategies,	particularly	involving	formative	
feedback and interaction enabled through digital resources.  Learning in online environments has potential to 
increase the transactional distance between the student and their teacher, as well as between students and their 
peers,	which	can	have	a	negative	impact.		Complex	digital	environments	that	involve	multiple	different	technol-
ogies and platforms also inherently introduce greater risks for inequitable access further impacting negatively 
on student participation in online learning activities and assessment.  Our research explores the use of inclusive 
education strategies and the promotion of interactions between students with their peers and teachers to facil-
itate student behavioural and cognitive engagement in learning chemistry. Embedded formative feedback using 
digital	technologies	has	been	successfully	adopted	to	promote	students’	reflection	on	their	own	thinking.	In	this	
research, we routinely apply two highly regarded literature frameworks to inform instructional design activities 
and resources (Garrison & Kanuka’s 2004 Community of Inquiry framework and Moore’s 1989 model of interac-
tions online).  In this presentation, I will share our recent design-based research outcomes to illustrate how we 
have	introduced	scaffolding	to	support	learning	that	is	connected	to	technology	enhanced	formative	feedback.	
Examples of student engagement in generating their own representations and explanations of concepts during 
online tasks will be used to illustrate strategies for the development of representational competence linked to 
formative feedback. In summary, I will provide recommendations for practice for chemistry educators working in 
blended and online environments.

Garrison D. R. and Kanuka H., (2004), Blended learning: uncovering its transformative potential in higher educa-
tion, Internet High. Educ., 7(2), 95–105.
Moore M. G., (1989), Three types of interaction, Am. J. Dist. Educ., 3(2), 1–7.
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O73-0653

LEGO® Biochemistry: Fatty Acid Beta-Oxidation Made Visual

Yvonne Shuen Lann Choo* 1

1 School of Energy and Chemical Engineering, Xiamen University Malaysia, Sepang, Malaysia

Compared to glycolysis, learning the complex pathway of fatty acid beta-oxidation is challenging for students, 
especially since many undergraduate textbooks represent fatty acid molecules as skeletal/condensed structures 
and omit steps in the reaction pathway, leaving students unable to fully comprehend the connection between 
the missing steps and the number of ATP generated. The use of LEGO® bricks in chemistry education has been 
widely explored in literature to enhance student engagement and understanding in various topics, particularly in 
the areas of molecular geometry, chemical properties of elements and organic chemistry, etc. This paper presents 
an innovative approach to teach fatty acid beta-oxidation using LEGO® bricks as a visual and hands-on model, 
allowing students to interact with either actual bricks or LEGO® Digital Designer and BrickLink Studio software. 
The	approach	effectively	guided	students	through	process	thinking,	leading	to	better	visualization	of	the	reaction	
pathway and its corresponding ATP generation. According to implementation surveys, 78% of students agreed 
that the use of LEGO® helped them learn, while the remaining 22% were alright with or without it. As such, the 
method	of	using	LEGO®	bricks	or	software	to	teach	fatty	acid	beta-oxidation	represents	a	novel	and	effective	
approach to enhance the learning experience of students in chemistry education.

Learning fatty acid beta-oxidation is challenging, but what if there’s a palm-size visual solution to learning beta-oxidation of 

fatty acid?
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O73-0167

Digital tools in organic chemistry examination

Tjerk Sminia* 1, Hendra Willemen 1, Carlos Youssef 1, Han Zuilhof 1

1 Wageningen University & Research, The Netherlands

Chemical drawing of reaction mechanisms is an essential skill in organic chemistry. This is typically trained by 
hand and even in our digital era, we rely on written examination to assess organic chemistry. The reason is that 
most assessment software is limited in non-text-based answers. However, there is a recent increase of digital 
drawing possibilities. Catalysed by the pandemic, we, the laboratory of Organic chemistry and the team Digital 
examination at Wageningen University & Research (WUR), developed and implemented a digital drawing tool¹ to 
be used safely during organic chemistry exams. 
With	this	development	of	chemical	drawing	in	a	digital	manner,	the	general	benefits	of	digital	assessment	be-
come accessible to organic chemistry, such as the development of new question types and the implementation 
of multimedia and simulations. It also contributes to equality with translation of text, and text to voice options, 
and fair assessment of students with bad hand writing skills. In formative assessment the immediate feedback 
is supportive to the learning process. Reviewing exams can be done by multiple assessors at the same time from 
any location. And also inspection of the exam can be done digitally due to the safe browser environment.
To facilitate digital organic chemistry exams three platforms are needed: a quiz infrastructure, a chemical draw-
ing tool, and a safe exam environment. At WUR we successfully integrated these platforms and used it in the last 
academic year for our organic chemistry 1 exams (>300 students).
In this talk we will discuss our considerations, didactical adjustments, results and evaluations. Based on the latter 
we also look forward to new features to improve our current digital organic chemistry exams. 

Acknowledgement: The digital examination team at WUR is acknowledged for technical support.

Reference: 
1.https://examsupport.wur.nl/chemdoodle/
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O73-0136

Teaching Strong Interactions with 3D Technologies

Dilek Teke 1, Mustafa Sozbilir* 1

1 Atatürk University, Erzurum, Turkey

It is essential to teach the symbolic language of chemistry and its concepts, structures, shapes and chemical re-
actions. This study aimed to design materials according to the needs of ninth-grade students and to develop and 
evaluate 3D teaching materials supported by Augmented reality (AR) technology, using the symbolic language of 
chemistry, by taking the opinions of experts, teachers, and students who will use the material.
Within this scope, the design-based research method was used for designing, developing and producing the 
materials. The materials are trialled in the classroom via intervention mixed methods research design. The im-
plementation study is carried out with the participation of two chemistry teachers and a total of 116 students in 
their classes. In addition, four focus group interviews were conducted with 19 students and two chemistry teach-
ers. The data are collected through two tests, observation and interview forms. ANCOVA was used to analyze the 
quantitative data, and content analysis was used in the observation and interview data.
The	findings	showed	that	the	materials	produced	with	3D	printer	and	AR	technology	helped	to	understand	the	
electron movement, which causes strong interaction, and by discussing the electron cloud with their peers. In 
addition, it was determined that the students reinforced the audio descriptions in AR technology by listening and 
watching the animations. In addition, while using 3D teaching materials, it was observed that students learned to 
communicate with their peers and to collaborate while doing activities with their group mates In addition, it was 
observed that students enjoyed using the materials and were more interested in chemistry lessons.
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O74-1139

Grain & Noise – Constructive disturbances of art in science [INV]

Sandra Youssef* 1

1 Biofaction, Austria

The collaboration between scientists and artists in the form of Artist-in-Lab residencies may not only cause a pro-
ductive disturbance for a day’s work in the laboratory but also reveal new ways of understanding.  This presenta-
tion introduces four science-art collaborations that are truly cross-disciplinary: synthetic biology and chemistry 
labs	meet	music	composition,	visual	arts,	film,	and	an	artistic	dream	of	a	psychosocial	intervention	in	a	nation’s	
microbiome.		“Grain	&	Noise”	draws	on	reflections	documented	in	our	eponymous	open-access	publication	and	
explores	what	happens	to	scientists	and	artists	when	their	respective	worlds	meet,	from	disrupting	the	workflow	
of a lab, misunderstandings, and culture clashes to asking novel questions out of the blue, new synergies, and 
lasting impacts.
----
Dr. Markus Schmidt is the founder and CEO of Biofaction, a research, technology assessment, and art-science 
institute in Vienna, Austria.  He provides solutions for biosafety challenges in synthetic and xeno-biology, carries 
out	technology	assessment	of	novel	bio-,	neuro-	and	converging	technologies;	engages	in	documentary	film	pro-
duction, serious game development; and explores the creative interface between art and science.
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O74-0368

Improving nanoscience through open, collaborative critical discussions

Federico Boem* 1, Maha Said 2, Nathanne Rost 2, Raphaël Levy 2

1 University of Twente, Enschede, The Netherlands, 2 Université Sorbonne Paris Nord, Paris, France

The reproducibility of research is considered one of the fundamental characteristics of science as such. The idea 
of reproducibility is also linked to the fallible and revisable nature of research. However, these aspects are unfor-
tunately	often	too	idealised.	Recurrently,	dubious	scientific	results	pass	the	quality	check	and	form	epistemic/
information ‘bubbles’, where they are assumed uncritically, not least because the self-correction of research 
does not occur with the imagined pervasiveness and capillarity.  In the European Research Council Synergy Na-
noBubbles	project,	we	aim	to	understand	the	barriers	to	efficient	science	correction	better	and	analyse	methods	
and solutions to improve this practice. In this paper, we aim to highlight some obstacles to self-correction in 
science.	Starting	from	the	analysis	of	poor	practices	of	peer	review,	showing	some	biases	of	scientific	publishing	
and	discussing	specific	methodological	issues,	we	will	examine	some	tools	for	self-correction	of	science	(such	
as PubPeer) that could become a common heritage of the community of researchers and become new ways of 
doing science, next to those already known, potentially enriching also the educational background of future re-
searchers. In doing so, we will illustrate what we mean by “critical annotation of an article” and how this can be a 
methodology for analysing, commenting on and promoting discussion about unclear or doubtful results.
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O74-0442

Speak Data  - Chemistry Edition

Marta Da Pian 1, Giulia Moncelsi* 1

1 Elsevier, Italy

Everything we do, we do better with data; but to make that a reality, we need to be as data literate as we can be.
Data skills are essential for almost every role in every organization. Both Academia and Industry need more peo-
ple with the ability to interpret data, draw insights, and ask the right questions. The good news is that anyone can 
develop these skills. Everyone’s ambition should be to improve his/her data understanding, visual literacy and 
inspire people with storytelling. 
To quote Billy Mills, Change and Communication Manager in Elsevier, “Data literacy is ‘the ability to read, work 
with, analyse and argue with data, regardless of your role, skill level, or the tools you use’. Being data literate 
opens up a whole new world of understanding, opportunity and experience. It can help us all to work better, fast-
er	and	more	effectively,	enable	innovation	and	collaboration,	turn	firefighting	into	fire	prevention	and	support	
career	development.	 If	you	speak	data,	you	speak	with	greater	confidence,	clarity	and	credibility,	and	people	
listen to you with greater attention.”
This lecture will provide you a glimpse on how analytical and visualization tools can improve data driven decision 
making. Following the learnings from the Elsevier’s Data Literacy courses, we will touch base on:
•Defining	data	literacy
•Recognizing why analytics is important and how does it impact decisions
•Asking “good” data questions
•Identifing	your	own	aptitudes	and	attitudes	for	working	with	data	effectively.
Let’s	Identify	your	own	aptitudes	and	attitudes	for	working	with	data	effectively!
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O75-1207

Including behaviour @ IUPAC CHAINS [INV]

Carolin Ossenkop* 1

1 Connectify | diversity coaching and consulting, The Netherlands

We start with an interactive simulation activity in the context of including behavior, which will be the basis for 
our	further	reflection	and	translation	to	everyone’s	daily	life.	After	the	session,	I	hope	that	you	will:	be	inspired	
to think about “inclusion as a verb”; have a new perspective on including and excluding behavior; continue the 
conversation	to	further	develop	concrete	ideas	on	what	to	do	to	make	the	Chemistry	field	a	more	including	space	
for everyone.
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O75-0338

Evolving role of women in the chemistry enterprise

Marinda Wu* 1,2

1 Chinese American Chemical Society, Orinda, United States, 2 American Chemical Society, Washington, USA

The chemistry enterprise continues to evolve, becoming increasingly more diverse and inclusive. Likewise, the 
role	of	women	in	the	chemistry	enterprise	has	evolved	over	the	past	fifty	years.	Some	conditions	for	professional	
women working in chemistry have changed for the better, but some conditions remain the same.
As a 50+ year member of ACS (American Chemical Society), past ACS President, and Board Chair of the CACS (Chi-
nese	American	Chemical	Society),	I	will	reflect	on	many	changes	over	my	career.	I	will	share	an	overview	with	a	
few highlights that include personal observations on dramatic changes for women professionals in the chemistry 
enterprise	over	the	last	fifty	years.
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Whether and how gender gap exists in chemistry?

Hsiu-Yi Chaoa 1, John J.H. Linb 1, Mark Cesac 3, Mei-Hung Chiu* 1

1 Soochow University, Taiwan, 2 National Taiwan Normal University, Taiwan, 3 Retired from INEOS USA LLC., United States

The purpose of this study is to uncover whether gender disparities exist in chemistry and to uncover patterns and 
trends in women’s performance and experiences with results from a study sponsored by International Science 
Council,	IUPAC	and	other	scientific	unions.	The	survey	instrument	was	developed	by	the	Gender	Gap	in	Science	
Project in collaboration with the American Institute of Physics (AIP), and the Global Survey of Scientists was 
launched	in	2018.	In	this	study,	responses	from	1,343	respondents	were	analyzed	and	discussed	in	five	aspects:	
educational	experiences,	sexual	harassment	and	respect,	opportunities	to	participate	in	the	scientific	enterprise,	
parental and career choices, and academic achievement, and these responses were compared by gender, human 
development index (HDI) level of countries, and employment sector. Results showed that, in general, women 
were often more disadvantaged than men in both education and employment. For instance, men had more sup-
port from their advisors or supervisors in their doctoral programs, more men agreed that their co-workers were 
respectful	of	everyone,	and	men	had	more	opportunities	in	their	scientific	work.	On	the	other	hand,	more	women	
indicated that they personally encountered sexual harassment at school or work, their career or rate of promo-
tion	had	slowed	significantly	because	they	had	become	a	parent,	and	their	work	or	career	changed	significantly	
after they had become a parent. In general, most of these results were also seen in both higher and lower HDI 
regions and in all employment sectors. Finally, this study provides discussion and directions for reducing gender 
disparities.

Keywords:  Chemistry education, gender, diversity and inclusion
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Towards reference-free byproduct characterization of agrochemicals in 
crops

Matthias Vink* 1, Jos Oomens 1, Giel Berden 1, Jonathan Martens 1, Wybren Jan Buma 1,2

1 Felix Radboud, Nijmegen, The Netherlands, 2 Van ‘t Hoff Institute for Molecular Sciences, Amsterdam, The Netherlands

Agrochemicals are used to protect crops from various pests and promote their growth. However, the charac-
terization of their metabolic and breakdown products formed after their application is essential to warrant en-
vironmental and human safety. Molecular structure annotation based on LC-MS(/MS) characterization of these 
byproducts is challenged by the various structural isomers that may correspond to the detected mass value. This 
leads to ambiguous assignments as external reference standards are often lacking.
We characterize degradation products in various samples by employing infrared ion spectroscopy (IRIS) com-
bined with LC-MS separation and isolation. We focus here on novel agents that can stimulate crop growth through 
photomolecular heating.
We	have	investigated	the	degradation	profile	of	Di-Geraniol-SinapoylMalate	(DGSM),	a	functionalized	derivative	
of	the	naturally	occurring	plant	UV	filter	sinapoyl	malate,	which	is	attributed	to	have	photoprotective	properties	
in plants. A formulation containing DGSM was sprayed onto plants, and cell base metabolic assays were separate-
ly performed. We found various byproducts formed upon solar exposure and metabolisis in cells, one of which 
was initially assigned as a simple ester cleavage product. However, comparing the IRIS spectrum of this feature 
with computed IR spectra for various candidate molecular structures, we established a cyclized ring closure struc-
ture	fitting	better	with	the	measured	IRIS	spectrum.	Furthermore,	we	elucidated	various	positional	isomers	with	
IRIS.	With	these	findings,	we	can	more	accurately	assess	these	products’	human	and	environmental	impact	in	an	
earlier stage where they would otherwise have been ‘misguided’ due to incorrect assignment of the molecular 
structure.  
In our experiment, we used 2 μL for the initial feature of interest assignment and 2 μL for the IRIS measurements. 
We	envision	IRIS	will	aid	in	the	improved	identification	of	transformation	products	in	samples	where	convention-
al approaches are infeasible due to the complexity of the matrix and low concentrations.  
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Sulfonic resins for catalytic abatement of warfare agents

Stefano Econdi 2, Alessandro Caselli 2, Valeria Pappalardo 1, Chiara Bisio 3, Fabio Carniato 3, Matteo Guidotti* 1

1 CNR-SCITEC, Institute of Chemical Sciences and Technologies, Milano, Italy, 2 Dept. Chemistry, University of Milan, Milan, Italy,  
3 DISIT, University of Eastern Piedmont, Alessandria, Italy

Heterogeneous catalysis represents a promising approach for the mitigation of risks linked to chemical warfare 
agents (CWAs), in terms of safety, environmental sustainability and costs. In the search for a cheap, simple and 
effective	material	for	the	liquid-phase	degradation	of	CWAs[1],	cation	exchange	resins	with	strongly	acidic	sul-
fonic group previously activated with aqueous hydrogen peroxide have attracted attention as heterogeneous cat-
alysts, featuring both oxidant and acid active sites. In particular, Amberlyst 15 Dry (styrene-divinylbenzene with 
4.7 meq/g sites by dry weight) was used in the oxidative abatement of two CWA simulants: (2-chloroethyl)ethyl 
sulfide	(CEES),	whose	chemical	reactivity	is	similar	to	sulfur	mustard	(blistering	HD	agent),	and	paraoxon-ethyl,	
an organophosphorus obsolete agrochemical mimicking anti-cholinergic nerve CWAs (Fig. 1). The catalytic tests 
were performed in batch glass reactors under very mild ambient conditions (at 298 K and 1 bar). Both simulants 
were dissolved in anhydrous ethyl acetate. Before the reaction, the resin was placed in contact and stirred for 
10	min	with	30	wt.%	aqueous	H₂O₂,	subsequently	filtered	and	dried.	The	catalytic	test	was	run	either	over	the	
Amberlyst	15/H₂O₂	system	or	with	the	resin	alone	(with	no	H₂O₂).	The	synergistic	effect	between	Amberlyst	and	
H₂O₂	led	to	the	quantitative	oxidative	abatement	of	CEES.	The	Amberlyst	15/H₂O₂	system	showed	excellent	CEES	
conversion (up to ca. 89% after 4 h, Fig. 2) with the gradual formation of the corresponding sulfoxide CEESO and 
further	reaction	to	sulfone	CEESO₂.	In	the	decontamination	of	paraoxon-ethyl	ca.	41%	of	the	nerve	agent	CWA	
simulant was abated in 24 h via catalytic hydrolysis. 

References
[1] Carniato F., Bisio C., Psaro R, Marchese L., Guidotti M., Angew Chem Int Ed. 2014, 53, 10095-10098
The Italian project “PerBiocid”, funded through Progetti@CNR action, is gratefully acknowledged

O76 PARALLEL SESSION 76: Environmental Ethics: Regulation; Pollution; 
Prevention and Remediation



ORAL PARALLEL SESSIONS

429CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

O76-0732

Opportunities for Collaboration on Innovations in Agriculture

Laura Mcconnell* 1, Jane Tang 1, Greg Watson 1, Camille Ryan 1, Sarah  Hovinga 1, Danesha Carley 2,  
Kevin Armbrust 3

1 Bayer Crop Science, Fuquay Varina, United States, 2 North Carolina State University, Raleigh, United States, 3 Louisiana State 
University, Baton Rouge , United States

Rapid advancements in agricultural technologies will be necessary to address the many challenges facing our 
planet, for example, food insecurity, loss of biodiversity, climate change, and water scarcity. Companies both 
large and small are working to develop novel and innovative technologies in the agricultural sector. However, 
they face steep challenges from the ever-changing and fragmented global regulatory landscape. Collaboration 
between industry, government, and academic scientists along with growers, and non-governmental organizations 
will be required to bring new innovations to market more quickly.  Additionally, socio-economic factors need to 
be	weighed	and	considered	for	how	these	technologies	will	fit	into	established	cultural	norms.		Breakthroughs	in	
multi-stakeholder collaboration are needed to build communities and a foundation of trust enabling transparent 
dialog	on	challenging	 topics	 like	genetically	modified	organisms,	genome	editing,	digital	 transformation,	and	
regulation of pesticides.  An overview of regulatory challenges in the crop science arena will be provided along 
with examples of multi-stakeholder community-building, including the North Carolina State University, Center of 
Excellence for Regulatory Science in Agriculture.

Collaboration and open dialog including all stakeholders is needed to build a trustful community and advance innovation in 

agriculture
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Effects of Climate Change in Marine Environment

Manos Dassenakis* 1, Theodora Paramana 1, Viki Paraskevopoulou 1

1 National and Kapodistrian University of Athens, Athens, Greece

Τh.Paramana, Μ.Dassenakis, V. Paraskevopoulou
Laboratory of Environmental Chemistry, 
National & Kapodistrian University of Athens, Greece
e-mail: edasenak@chem.uoa.gr
Climate change (CC) degrades coastal and marine ecosystems and weakens their ability to provide critical eco-
system services. The marine environment is being impacted by CC which causes changes in water temperature, 
pH, dissolved oxygen, impacting in turn marine chemistry, sea level, diversity and abundance of marine species 
etc. The sustainable management, conservation and restoration of coastal and marine environment are vital to 
support the continued provision of ecosystem services on which human society depends.
Marine policy has to cope with the impacts caused by CC to the natural and human systems. The Bow-tie analysis, 
one of the adopted risk assessment techniques of IEC/ISO 31010, is a conceptual model for analyzing legislation 
and policies for managing the environmental risks of human activities whether land or sea-based. 
In the present work, the Bow-tie analysis incorporates the multiple causes and consequences of CC in order to 
analyse measures to adapt to or mitigate CC, while investigating the potential contribution of the Greek Programs 
of measures to adaptation and mitigation response to CC. It shows how an integrated and coherent framework 
for marine environmental management can be achieved despite the plethora of activities, stakeholders and gov-
ernance instruments. 

References
• EC. 2008. Directive 2008/56/EC of the European Parliament and of the Council of 17/6/2008 establishing a 
framework	for	community	action	in	the	field	of	marine	environment	policy	(Marine	Strategy	Framework	Direc-
tive).	Official	Journal	of	the	European	Union,	164:19–40;25.6.2008		
• EC. 2010. Commission Decision of 1 September 2010 on criteria and methodological standards on good envi-
ronmental	status	of	marine	waters.	Official	Journal	of	the	European	Union,	232:14–24;2.9.2010
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Engineering Empathy for a Sustainable Entrepreneurial Chemistry Education

David Fernandez Rivas* 1

1 University of Twente, Enschede, The Netherlands

A Science Technology Engineering Mathematic (STEM) student in the classroom right now is learning about tech-
nologies	that	might	not	be	sufficient	to	tackle	the	ever	fast-changing	challenges	of	our	time.	Let	alone	facing	the	
challenge of persuading, or even understanding the needs of society. Simply put, it is too much to learn in a four-
year BSc, and it does not improve much by extra degrees, e.g., MSc and PhD. 
There is, providentially, a quality or ‘ingredient’ that some people possess through personality or through up-
bringing and is also taught in a handful of STEM study programs: Empathy “the ability to understand or predict 
the perspectives of others, and from that understanding, accurately identify what the needs and desires of that 
person	or	group	are”	[1].	The	interpretation	in	different	professions	is	still	discussed	by	academics,	and	in	the	
professional literature. Having it increases the quality of all professionals, the economy and environment at large.
Considered by some as ‘soft’, we should call it ‘durable’ skill, because what we learn as social skills outlive any 
technology	development	[2].	But	how	can	we	teach	it?	And	once	we	find	how	to	teach	it,	can	we	also	do	it	outside	
the classical educational settings? Can it be done via online tools during the next pandemic-induced restrictions? 
In this oral presentation, I want to discuss my answers to these questions and learn from the participants. Togeth-
er,	we	must	define	how	to	provide	students	with	knowledge	–	or	the	chemistry	fundamentals	–	but	also	much	
needed interactions to help them gain durable skills, crucial to becoming successful scientists or entrepreneurs 
of the future.

1. Rivas, D.F., Husein, S. “Empathy, persuasiveness and knowledge promote innovative engineering and entrepre-
neurial skills.” Education for Chemical Engineers 40 (2022): 45-55.
2. Rivas, D.F. “Empathic Entrepreneurial Engineering.” De Gruyter, 2022.

Knowledge, Persuasiveness and Empathy as ingredients for educating professionals. The importance of each ingredient runs 

across all fields (in plane - z axis) of activities, particularly for innovation.
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Addressing Dual-Use Potentials in Chemical Research and Innovation

Jan Mehlich* 1, Tom Børsen 2
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Responsible Research and Innovation (RRI) is a concept that describes approaches and strategies to addressing 
and	 tackling	 risks	and	dual	use	potentials	of	 research	and	development	 (R&D)	activities	 that	have	significant	
societal	and	environmental	impact.	Built	on	a	scientifically	rigorous	foundation	of	RRI	knowledge	and	expertise,	
the translation into applied and practical contexts such as chemical R&D is underway. Here, we suggest a frame-
work	for	integrating	environmental	and	ecological	ethics	dimensions	into	chemists’	scientific	integrity	and	good	
scientific	practice	guidelines	under	 the	umbrella	of	RRI.	The	proposal	 is	 rooted	 in	 the	following	premises:	 (1)	
Normative (ethical, legal, social, environmental) implications of design decisions in research and innovation con-
texts are framed and assessed in discourses that take place between involved stakeholders such as researchers, 
managers, entrepreneurs, regulators, and (sometimes) civil society. (2) There is no one right solution for ethical 
challenges	and	dilemmas,	but	the	final	judgments	are	the	result	of	a	deliberative	discourse	process.	(3)	Dual	use	
potentials	of	chemical	R&D	are	identified	and,	to	certain	degrees,	controlled	through	well-conducted	discourses.	
(4) The role of chemical experts in R&D is to inform these discourses with chemical knowledge while, at the same 
time,	being	receptive	for	the	normative	assessment	of	‘what	is	at	stake’.	(5)	Fulfilling	this	role	is	a	skill	that	can	
and should be acquired during tertiary education. In this contribution, we illustrate how the interdisciplinary in-
tegration of normative expertise (environmental and ecological ethics, technology assessment, human ecology, 
techno-anthropology) into chemical R&D processes at the academic and the corporate level greatly informs and 
improves	the	efforts	to	tackle	sustainability	issues	by	empowering	chemists	to	represent	environmental-ethical	
dimensions in their assessments. We show that the key to making good (ethical) choices in chemical R&D is not 
theoretical knowledge of ethics but practical discourse skills that arise from RRI training.
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Building a Community of Science & Technology Leaders

Anne Kornahrens* 1

1 Hertz Foundation, Alexandria, United States

Ongoing	efforts	at	the	Hertz	Foundation	have	defined	and	enhanced	an	engaged	community	of	science	and	tech-
nology leaders, in pursuit of innovations for the greater good and solutions for the pressing problems facing the 
world. With 8,000 total community members, including 1,000+ Hertz Fellows, who have received funding from 
the Hertz Foundation to support their studies, this dynamic group is a source of inspiration, collaboration and 
creation of projects, companies, and more. 
As Director of Community, Anne Kornahrens will share the strategies developed through a strategic planning 
process including community surveys, listening sessions open to 100s of community members, and goal de-
velopment. She will underscore lessons learned from working across disciplines, geographies and generations. 
Furthermore, the key tactics developed and the resulting programs will be showcased, providing examples and 
fodder for discussion for the audience and their work with science leaders in their own spaces.

A diagram of the Hertz Community developed through the strategic planning process.
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Safe-and-Sustainable-by-Design: Allocating Responsibilities for 
Uncertainties [INV]

Britte Bouchaut* 1

1 Delft University of Technology, The Netherlands

Phasing out harmful chemicals is supported by the European Commission by, for instance, the chemicals strategy 
for sustainability and Safe-and-Sustainable-by-Design (SSbD). However, developing alternatives requires new 
types of chemistry that may come with new risks and we must ensure that these alternatives are no less harmful 
than	those	they	replace	 (i.e.	 regrettable	substitution)	 (Bouchaut	et	al.,	2022;	Sweetman,	2020;	Zimmerman	&	
Anastas, 2015). Implementing SSbD strategies to increase safety or circumvent risks relies heavily on knowledge 
of properties and characteristics of materials and chemicals – we have knowledge and information of what is not 
desirable. Also, particularly instances where things have gone severely wrong provide vast amounts of knowl-
edge and information on what measures to take and how to assign responsibilities to ensure that such instance 
will not happen again in the future.  On the other side, in literature, SSbD is also argued to provide guidelines and 
an iterative approach to identify possible emerging risks and develop anticipatory strategies to lower or mitigate 
these during early stages of development (Bouchaut & Asveld, 2021; Robaey, 2018). However, this would call for 
knowledge on risks that are (partly) unknown, thus matters of which do not know the magnitude or severity (yet). 
While anticipating ‘the unknown’ is a technical challenge, it also raises questions on how to assign responsibili-
ties to stakeholders to see to it that something is happening to prevent something only partly known/understood 
from happening? This presentation explores issues and challenges related to backward- and forward-looking 
responsibilities in SSbD and its further implementation. Thereby, I take into account a product’s development 
process (i.e. production), monitoring and regulation, which I illustrate by the current PFAS problems in Europe.
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Future proof chemistry: Safe and Sustainable by Design

Andreas Falk* 1, Susanne Resch, Johanna Scheper, Clemens Wolf  

1 BioNanoNet Forschungsgesellschaft mbH (BNN), Graz, Austria

Safe	and	Sustainable	by	Design	(SSbD)	evolved	recently	as	an	important	concept	for	innovation	in	the	field	of	
chemicals, nanomaterials and extended to advanced materials (ref.1). The European Commission has published 
a	framework	(ref.2)	 to	pave	the	way	for	the	development	of	criteria	to	balance	benefits	and	risks.	Within	this	
contribution, the conceptualisation of SSbD-implementation (ref.3) as well as experiences from the integration 
of SSbD into technical developments are shown. Last but not least, the global SSbD-ecosystem and its relevance 
for national implementation are presented.

Ref.1 – Valsami-Jones E., Cassee F.R., Falk A., (2022). From small to clever: What does the future hold for the 
safety and sustainability of advanced materials?, Nano Today, Volume 42, https://doi.org/10.1016/j.nan-
tod.2021.101364
Ref.2 – Patinha Caldeira, C., Farcal, R., Moretti, C., Mancini, L., Rauscher, H., Rasmussen, K., Riego Sintes, J. and 
Sala, S., Safe and Sustainable by Design chemicals and materials Review of safety and sustainability dimensions, 
aspects,	methods,	indicators,	and	tools,	EUR	30991	EN,	Publications	Office	of	the	European	Union,	Luxembourg,	
2022, ISBN 978-92-76-47609-2, doi:10.2760/68587, JRC127109.
Ref.3 – Shandilya N., Marcoulaki E., Barruetabena L., Rodriguez Llopis I., Noorlander C., Sanchez Jimenez A., Oudart 
Y., Puelles R.C., Perez-Fernandez M., Falk A., Resch S., Sips A., Fransman W., Perspective on a risk-based roadmap 
towards the implementation of the safe innovation approach for industry, NanoImpact, Volume 20, 2020, https://
doi.org/10.1016/j.impact.2020.100258

Acknowledgements:	 IRISS-project:	The	project	 receives	 funding	 from	the	European	Union’s	HORIZON	EUROPE	
research and innovation programme under grant agreement n° 101058245
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Sustainable polymer experiments designed to illustrate systems thinking

Jane Wissinger* 1, Jeffrey  Buenaflor  

1 University of Minnesota, Minneapolis, United States

Students	across	the	world	recognize	both	the	benefits	of	plastics	to	society	and	their	unintended	consequences	
to human health and the environment. Therefore, the topic of polymers and plastics is one that strongly reso-
nates with students and engages them in conversations of green chemistry and sustainability. We have devel-
oped a portfolio of teaching laboratory experiments that brings modern advances in the design of sustainable 
polymers into the hands of students at all levels. These experiments model the pillars of the Sustainable Polymer 
Framework¹ where considerations of: 1) feedstock; 2) process; 3) intended use and; 4) end-of-use considerations 
are explored. For example, a new experiment based on the synthesis of hydrogels derived from dairy waste mod-
els use of biomass as feedstock, a green process, and intended use applications. 
Sustainable	polymers	also	offers	a	platform	to	demonstrate	how	a	systems	thinking	strategy	for	the	design	of	
new materials will address the challenges of single-use plastics and plastics pollution. This is contrasted with 
past reductionist approach of design solely for functionality. The experiments and outreach activities shared 
demonstrate to students the exciting opportunities there are for discovery and contribution to a sustainable 
society through green polymer chemistry. 

 ¹Wissinger, Jane E.; Ellison, Christopher J.; Dichtel, William R.; Chang, Alice B.; Trotta, Jacob T.; Yang, Anna B.; 
Bunyard, Clayton W.. (2020). Sustainable Polymer Framework. Retrieved from the University of Minnesota Digital 
Conservancy, http://hdl.handle.net/11299/211643
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How chemometrics can build a greener, cheaper industry

Jeroen Jansen* 1

1 Radboud University, Nijmegen, The Netherlands

Chemometrics, or Process Analysis, has played an indispensable role in industry for several decades already. The 
value of PAT for monitoring and prediction of Quality is still continuously exploited in Process Industry. Chemo-
metrics, through the omics revolution, has also taught us how a systems perspective is essential for accurate and 
early diagnosis of chemical anomalies and understanding of the system. Industrial processes are engineered and 
therefore systems knowledge is also widely available, from process diagrams to empirical operational knowl-
edge. Therefore, there is a new challenge of translating such diagrams into modeling structures, where well-
known paradigms like path modeling may provide new avenues to improve diagnosis and predictions. A systems 
perspective may also lead to much higher operational value, as improved process operations and control may not 
only	benefit	end-product	quality,	but	through	may	also	make	process	operations	more	cost-efficient	operations	
and	specifically	more	Sustainable.	
This requires integration of process control with continuous improvement where semi-quantitative tools, like the 
SQDCME process may be used to translate process observations, control operations and evidence-based process 
improvements into KPIs for Sustainability, Quality and Economics.
I will show in several of our recent industrial case studies how developing new chemometrics methods and para-
digms to include more and complementary process knowledge from engineering and process operations, lead to 
good processes that are cheaper and greener.
This both increases the value of industry to our society and greatly increases the value of chemometrics to pro-
cess industry, especially when new digital tools are designed and deployed with a human and organization per-
spective.
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Rhodium Catalyzed Allylic C-H Alkylation

Sing-Fung Hung* 1, Yiu-Wai Yeung 1, Chun-Ming Chan 1, Wing-Yiu  Yu 1

1 The Hong Kong Polytechnic University, Hong Kong

Alkenes are abundant and versatile feedstocks for synthesis of natural products, medicinal compounds, and agro-
chemicals. Complementary to the diverse functionalization manifolds available for C=C bonds, technologies ca-
pable	of	regioselective	allylic	C–H	bonds	functionalizations	for	the	construction	of	C(sp3)–C(sp3)	bond	offer	the	
atom-	and	step-economical	approaches	for	skeletal	and	functional	diversification.	Diazo	Compounds	are	treated	
as carbene precursors and form metal–carbene through the extrusion of dinitrogen, such intermediates mediated 
C–C bond formation were studied extensively among researchers in recent years. Since metal–nitrenoids and 
metal–carbenoids are isoelectronic theoretically and formation of strong C–C bond via migratory insertion is also 
thermodynamically feasible. And yet, allylic C–H alkylation of unactivated alkenes is remain unexplored. In this 
project, we would like to formulate a catalytic system for direct allylic C–H alkylation of a variety of unactivat-
ed alkenes with diazo compounds and supported with experimental evidence. Here we report a Cp*RhIII-cata-
lyzed branch-selectivity allylic C–H alkylation of alkenes for constructing C(sp3)–C(sp3) bonds from unactivated 
alkenes and diazo compounds via intermolecular allylic C–H alkylation. The mild reaction conditions tolerate a 
broad range of common functional groups and enable allylic C–H functionalization even in the presence of acidic 
C–H	bonds.	Further	 functionalization	 including	olefin	metathesis	and	malonate	cyclization	condensation	with	
hydrazine have been showcased for the synthesis of some 5-membered ring cycles.
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Using Narrative Inquiry to Explore Professional Identities

Kristy Erickson* 1

1 Red Deer Polytechnic, Red Deer, Canada

This presentation highlights the results of the author’s inquiry-based analysis into her post-secondary experi-
ences as a BSc, MSc, and PhD student in chemistry, and her time as a post-secondary instructor. To conduct this 
analysis,	the	author	used	narrative	inquiry	as	a	methodological	tool	to	qualitatively	analyze	self-reflective	journal	
entries she had written to explore the following: 1) how she had been meeting her personal expectations and the 
expectations placed on her, and 2) how her professional identities as an instructor, experimental chemistry re-
searcher, and chemical education researcher had evolved over time. From the analysis, the author ascertained the 
full educative power of her experiences by discovering how views of herself within academia had been shaped 
by the approaches she had used to learn, the levels of ownership she had taken on her work, and how she had 
been responding to her experiences. 
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Development of Durable Nanoreactors for Polyolefin Recycling

Isil Yesil Gur* 1, Loai K.E.A.  Abdelmohsen 1, Jan C.M. van Hest 1

1 Eindhoven University of Technology, The Netherlands

Polyolefins	are	 indispensable	 for	modern	 life	owing	 to	 their	outstanding	characteristics	such	as	softness,	du-
rability as well as low manufacturing cost which confers single-use function(1). As they are found in versatile 
applications	(i.e.	packaging,	automotive,	healthcare),	after	their	function	 is	finished,	 they	are	mainly	disposed	
of, generating waste. Although their resistance to degradation is advantageous in many application areas, it also 
leads to increased plastic pollution, which brings environmental and economic consequences(2). Therefore, sus-
tainable recycling methods are highly needed. Chemical recycling is promising and numerous catalytic systems 
have been reported over the last couple of years (3–6) . In this study, we focus on chemical recycling to provide 
an	alternative	method	for	the	polyolefin	waste	problem	by	designing	nanoreactors	in	order	to	degrade	polyole-
fins	into	light	alkanes.	Nanoreactors	are	used	with	a	high	level	of	topological	control.	This	leads	to	well-defined	
structures and nanocavities providing control over catalyst loading and positioning, to facilitate accessibility and 
directionality	of	polyolefin	catalytic	degradation.	This	method	should	lead	to	a	more	homogeneous		composition	
of the degradation products. Here we show the successful preparation of the nanoreactor templates, which are 
characterized	by	a	range	of	nanoparticle	analysis	methods.	Furthermore,	we	demonstrate	the	efficient	loading	of	
catalysts in these structures.

References
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2 G. W. Coates and Y. D. Y. L. Getzler, Nat Rev Mater, 2020, 5, 501–516.
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Effect of PSS on characteristics of CTA-based membranes

Sofiane Bensadi* 1, Omar AROUS, Mourad AMARA  

1 Laboratory of Hydrometallurgy and Molecular Inorganic Chemistry Faculty of Chemistry, Usthb,, PO Box 32 El Alia Algiers 16111 
, Algeria

The	influence	of	Polystyrene	Sulfonate	Sodium	(PSS)	concentration	as	polymer	additive	on	the	physico-chemical	
characteristics and performance of cellulose triacetate-based membranes (CTA) used for Na+, K+, and Ca2+  ions 
transport was studied in this work. A membranes series containing the mixture of CTA+PSS polymers and Di-(2-
Ethyl Hexyl) phosphoric acid (D2EHPA) as plasticizer was developed. The membranes were prepared by dissolv-
ing amounts of CTA and D2EHPA in chloroform. Varying amounts of PSS were dispersed in THF and added to the 
CTA+D2EHPA+Chloroform	mixture.	The	films	obtained	after	solvent	evaporation	were	characterized	by	scanning	
electron	microscopy	(SEM),	X-ray	diffraction	(DRX)	and	Fourier	transform	infrared	spectroscopy	(FTIR).	The	results	
showed that membranes have a moderately porous structure and amorphous structure. This is probably due to 
the	presence	of	the	D2EHPA	as	plasticizer	in	the	membranes.	The	influence	of	PSS	concentration	on	membrane	
performance was examined by application of the dialysis process using solutions containing Na+, K+, and Ca2+   
ions	and	a	seawater	solution	after	pretreatment.	The	results	showed	that	the	transfer	efficiencies	increase	with	
increasing	amounts	of	PSS	in	the	membrane	and	the	best	transfer	efficiencies	was	in	the	order	of	40%,	35%,	and	
30% for K+, Ca2+  and Na+ ions respectively using synthetic solutions and 32%, 25% and 20% for K+, Ca2+  and 
Na+	ions	respectively	using	seawater	solution.	Finally,	the	transfer	efficiencies	will	be	improved	by	using	electro-
dialysis process with the same membranes.
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Design of new epoxy-ionic liquids thermosets

Sebastien Livi* 1, Gabriel Perli 1, Stephane Villalonga 2, Jean-François  Gerard 1, Jannick Duchet-Rumeau 1

1 Insa Lyon, Villeurbanne Cedex, France, 2 CEA Le Ripault, Tours, France

In	the	field	of	thermosetting	polymers,	ionic	liquids	and	ionic	liquid	monomers	represent	a	real	opportunity	to	
design new smart and (multi)functional-dedicated polymer materials with enhanced properties such as thermal 
stabilities, mechanical performances, gas or water barrier properties, anti-bacterial, shape memory and self-heal-
ing properties. Recently, our laboratory have designed new fastcure epoxy-IL thermosets to develop hydrogen 
tanks for automotive applications and synthesized more environmentally friendly new polyfunctional di-, tri- and 
tetra- epoxydized imidazolium ionic liquids in order to prepare a new generation of degradable epoxy-amine 
networks with functional properties (Figure 1). Thus, several architectures have been considered in order to high-
light	the	impact	of	the	architecture	on	the	final	properties	of	the	networks	by	adding	one	or	two	aromatic	groups,	
by incorporating ether or ester groups, and by inserting the spacer arms between the imidazolium core and the 
epoxide functions [1-4]. 
Thus,  a new generation of epoxy networks with glass transition temperatures including between 60 °C to 180 °C 
combining with good thermomechanical and mechanical performances, hydrophobic behavior and corrosion pro-
tection have been developed.  Finally, the main objective of this work is to highlight the potential of these new 
promising ionic compounds.
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New Indolizinic Tubulin Inhibitors with Anticancer Properties

Ramona Danac* 1, Monica-Cornelia Sardaru 1,2, Roxana Ciorteanu 1, Roxana-Maria Amărandi 3, Catalina Ciobanu 4, 
Dumitrela Diaconu 4, Ionel I. Mangalagiu 1

1 Alexandru Ioan Cuza University of Iasi, Faculty of Chemistry, Chemistry Department, Iasi, Romania, 2 “Petru Poni” Institute of 
Macromolecular Chemistry of Romanian Academy, Iasi, Romania, 3 TRANSCEND Research Center, Regional Institute of Oncology

The	unique	indolizine	scaffold	became	an	important	system	for	the	development	of	new	drug	candidates	in	me-
dicinal chemistry.¹,² Several indolizines with excellent anticancer activity and tubulin polymerization inhibitory 
potency	have	been	reported	recently,	and	our	group	contributed	also	to	the	field.¹,³	
The goal of this study was the design, synthesis and anticancer evaluation of several new derivatives with sym-
metrical or unsymmetrical substituted 7,7’-(ethene-1,2-diyl)bisindolizine structure, and several new 6-, 7- or 
8-substituted indolizine derivatives. 
Mono and bisindolizines were synthesized in good yields via [3+2] dipolar cycloaddition of the in situ generated 
ylides, from corresponding N-pyridinium salts to ethyl propiolate. The new derivatives were tested for their anti-
cancer activity by screening against NCI’s 60 human tumor cell lines panel and the results are presented herein. 
In vitro and in silico experiments regarding tubulin interaction were performed for the active compounds. 
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2.N. Ramalakshmi, S. Amuthalakshmi, R. Yamuna, A. Smith, S. Arunkumar, Der Pharma Chem., 13(2), 60-69, 2021. 
3.M.-C. Sardaru, A. M. Craciun, C.-M. Al Matarneh, I. A. Sandu, R. M. Amarandi, L. Popovici, C. I. Ciobanu, D. Peptan-
ariu, M. Pinteala, I. Mangalagiu,  R. Danac,  J. Enzyme Inhib. Med. Chem., (2020), 35(1), 1581-1595.
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Ferrocencarboxamides and Ferrocendicarboxamides: Green Synthesis and 
Antimicrobial Activities.

Kevin Galindo-Herrera* 1, Guadalupe Hernández-Tellez 1, Gloria Moreno-Morales 1, José Vega-Baez 2, Angel 
Mendoza 3, Ulises Peña 1, Rene Gutierréz-Peréz 1

1 Lab. Síntesis de Complejos. Fac. Ciencias Químicas, Universidad Autónoma de Puebla., Puebla., Mexico., 2 Lab. Síntesis y 
Modificación de Productos Naturales. Fac. Ciencias Químicas, Universidad Autónoma de Puebla. , Puebla., México., 3 Centro de Q

Optically pure ferrocencarboxamides and ferrocendicarboxamides (Scheme 1) were obtained by using Green 
Chemistry approaches (the microwave and solvent-free techniques) starting from ferrocencarboxylic and fer-
rocendicarboxylic acid with thionyl chloride, and adding subsequently the chiral amines. Such protocols have 
several advantages, particularly those referred to solvent-free reactions, i.e., fast reaction times, high yields, 
eco-friendly and experimental simplicity, along with mild conditions. The compounds have been characterized 
by 1H NMR, 13C NMR and IR spectroscopies along with MS-FAB+ spectrometry. The new chiral ferrocencarboxam-
ides and ferrocendicarboxamides were submitted to tests of biological activity and exhibited promissory results. 
Microbiological tests have been settled in accordance with the American CLSI (Clinical and Laboratory Standards 
Institute) recommendations for Staphylococcus Aureus, Escherichia Coli, Sacharomyces cerevisiae, Salmonella 
sp.,	Candida	albicans	and	Salmonella	sp.	The	data	showed	that	1e	was	very	effective	against	Salmonella	sp	and	
Sacharomyces cerevisiae. On the other hand, 1c showed the best activity for Salmonella sp., and 2f was the most 
efficacious	against	Staphyloccocus	Aurerus,	Sacharomyces	cerevisiae,	Escherichia	coli	and	Salmonella	sp.	

References: 
o Anastas P. T., Warner J. C., Green Chemistry: Theory and Practice, Oxford Science Publications, New York, 1998.
o Van Staveren D. R., Metzler-Notle R., Chem. Rev., 2004, 5931
o Tanaka K., Toda F., Chem. Rev., 2000, 1025.
o Kappe C.O., Angew. Chem., Int. Ed., 2004, 6250.
o Orru V. A., et al. Tetrahedron Lett., 2005, 3751.
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Scheme 1. Solvent-free synthesis of chiral ferrocenecarboxyamides 1a–f and ferrocenedicarboxyamides 2a–f.
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Paramagnetic resonance - the spectroscopic technique for  metals

Joshua Telser* 1

1 Roosevelt University, Chicago, United States

Transition metals, namely those elements in the d bock of the Periodic Table, comprise the active sites of many 
catalysts, whether natural (metalloenzymes) or synthetic (for homogeneous organic transformations, polymer-
ization). First row transition metals, namely those with 3d valence electrons, are the most desirable for use in 
synthetic	catalysts	due	to	their	Earth	abundance.	Likewise,	3d	metal	ions	(Mn,	Fe,	Co,	Ni,	Cu,	Zn)	are	those	most	
commonly found in Nature, although Mo (4d), W (5d), and more recently lanthanoid (4f) ions are found in certain 
metalloenzymes. 
Frequently, in the course of their function as catalysts, 3d ions occur in paramagnetic states, i.e., with one or more 
unpaired	electrons.	This	open-shell	configuration,	and	the	conversion	amongst	such	states,	including	spin	state	
changes,	makes	3d	ions	so	effective	as	catalysts.	The	best	way	to	understand	their	electronic	structure	and	cat-
alytic function is to use paramagnetic resonance spectroscopic techniques. These include nuclear paramagnetic 
resonance (NPR, i.e., NMR of paramagnetic species), and electron paramagnetic resonance (EPR). In certain cases 
of high-spin ions, far-infrared magnetic spectroscopy (FIRMS) is also highly informative.
We	will	describe	selected	case	studies	in	which	chiefly	EPR,	but	also	NPR	and	FIRMS,	as	well	as	Mössbauer	effect	
spectroscopy (for Fe-containing complexes) are used in a concerted way to provide information on electronic 
structure and its relationship to catalytic activity. These case studies, in terms of biological examples, include 
iron-sulfur cluster containing enzymes and heme enzymes, and models of mono-Fe non-heme enzymes - thus 
amongst the most important classes of metalloenzymes. Case studies of non-biological systems will focus on 
early transition metal complexes of catalytic relevance containing Ti, V, and Cr. In most of these systems, theoret-
ical studies using state-of-the art quantum chemical theory (ab initio methods) are performed in tandem with the 
experimental results to provide a complete picture.
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Characterization of poly(3-hydroxybutyrate-cohydroxyvalerate) with 
biobased additives
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Katja  Loos 1

1 Macromolecular Chemistry and New Polymeric Materials, Zernike Institute for Advanced Materials, University of Groningen, 
Groningen, The Netherlands, 2 Professorship Sustainable Polymers and Circular Plastics, NHL Stenden University of Applied Scienc

The main part of plastic production is based on petroleum [1]. Plastic pollution is becoming a larger problem in 
marine, coastal, freshwater, and terrestrial settings due to the ongoing production, consumption, and improper 
disposal of plastic trash [2]. Due to the growing interest in sustainable development, biobased polymers have 
received	much	attention	 in	an	effort	 to	 replace	oil-based	polymers.	Polyhydroxyalkanoates	 (PHAs)	are	a	 type	
of biopolymer produced intracellularly by bacteria and show great potential for replacing synthetic polymers. 
Poly(3-hydroxybutyrate-cohydroxyvalerate) (PHBV) is a PHA copolymer with interesting properties, such as bio-
degradability, high crystallinity, and an excellent oxygen barrier, among others. However, the mechanical behav-
ior of PHBV is fragile, making the market introduction of this biopolymer on a large scale challenging.
In the current study, we examined the impact of two biobased additives, triethyl citrate (TEC) and lauric acid (LA), 
on PHBV elongation. The incorporation between PHBV and TEC and PHBV and LA occurred via extrusion. The 
percentages of TEC and LA were 10%, 15%, and 20% for each additive. Following mixing, samples were created 
for	mechanical	analyses	(tensile	and	impact	tests)	as	well	as	differential	scanning	calorimetry	(DSC)	analyses	to	
investigate	how	the	compounds	affect	the	PHBV	thermal	behavior.	We	could	show	that	the	additives	improved	
the PHBV elongation and reduced the crystallization and melting temperatures.   

[1]VOET, V. JAGER, J., FOLKERMAN, R. Plastics in the Circular Economy, Berlin, Boston: De Gruyter, 2021.
[2] RIBEIRO-BRASIL, R. D. et al. The impacts of plastics on aquatic insects. Science of the Total Environment, v. 813, 
p. 152436, 2022.
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Enzymatic depolymerization of (bio)polyester blends

Joël Benninga* 1,2, Vincent S.D. Voet 2, Rudy Folkersma 2, Katja Loos 1

1 University of Groningen, The Netherlands, 2 NHL Stenden University of Applied Sciences, The Netherlands

Poly(lactic	acid)	 (PLA)	 is	an	attractive	polymer	because	of	 its	 stiffness	and	 tensile	 strength,	 and	because	 it	 is	
made	from	renewable	resources.	However,	the	widespread	application	of	PLA	has	been	hindered	by	its	signifi-
cant brittleness. Ductility can be increased by blending PLA with other polymers, such as polybutylene adipate 
terephthalate (PBAT). PBAT is a fossil-based yet biodegradable polymer and is considered a good candidate for 
toughening PLA because of its low elastic modulus and high elongation at break (>500%) [1].
However, compatibilized PBAT/PLA blends are not biodegradable [2]. Recycling should therefore be applied to 
prevent	valuable	resources	from	ending	up	in	incinerators,	landfills	or	the	natural	environment.	Enzymatic	re-
cycling could be suitable for these blends since both polymers contain hydrolyzable ester bonds. This recycling 
technique has recently emerged as a green alternative to conventional recycling processes, which are limited by 
cost and the gradual degradation of material with each cycle. Enzymatic recycling enables the use of mild pro-
cessing conditions to regenerate the polymer’s building blocks [3].
The	goal	of	this	research	was	to	investigate	the	effect	of	blend	composition	on	the	enzymatic	depolymerization	
of the individual polymers within the blends. Optical microscopy and SEM were used to visualize the degradation, 
while HPLC and FTIR were utilized to determine the extent of depolymerization of both polymers.
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Protein/DNA structure and dynamics from 1.2 GHz NMR

Vincenzo Lobbia, Hugo Van Ingen* 1

1 Utrecht University, Utrecht, The Netherlands

Recently,	a	new	generation	of	NMR	magnets	operating	at	1.2	GHz	have	become	available,	offering	the	highest	
resolution	for	biomolecular	NMR.	The	ultra-high	magnetic	field	will	also	significantly	increase	the	effects	of	mag-
netic	field	induced	alignment.	Both	increased	resolution	and	field	alignment	offer	new	opportunities	for	the	char-
acterization of biomolecular systems. Here, we explored the performance of methyl-TROSY NMR at 1.2 GHz, using 
the nucleosome, a 200 kDa protein-DNA complex, as a test sample. We found that due to the increased resolution 
of the 1.2 GHz system small asymmetries in sidechain conformation between symmetry-related copies of the 
histone proteins could be resolved. Remarkably, these asymmetries correlate with structural variation observed 
across	different	crystal	structures.	We	further	observed	significant	magnetic	field	alignment	of	the	nucleosome	at	
1.2 GHz, giving rise to methyl 1H-13C residual dipolar couplings (RDCs).These histone methyl group RDCs were 
used to aid NMR peak assignment. Furthermore, the RDCs allowed to determine the overall conformation of the 
nucleosomal	DNA,	revealing	a	significant	unwrapping	of	the	DNA	from	the	histone	core	in	solution.	We	expect	
that 1.2 GHz NMR will be very advantageous for studies of large biomolecular assemblies, and in particular for 
protein-nucleic acid complexes.
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INDOOR AIR QUALITY OF HIGH SCHOOL KITCHENS
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Cooking in kitchens situated within indoor environments (domestic and commercial) is a major determinant of 
Indoor	Air	Quality	(IAQ),	which	has	the	potential	to	affect	health.	Indoor	air	pollution	is	predominant	in	the	kitch-
ens of developing countries due to the use of solid fuels for cooking. Relevant global indoor air quality studies 
of school kitchens in developing countries are limited. This study evaluated the indoor air quality of 12 kitchens 
within the Kumasi Metropolis of Ghana. 
The concentrations of pollutants (CO, SO2, NO2, PM2.5 and PM10) in each kitchen were measured per minute 
for 8 hours during cooking. The study found the Time Weighted Average (TWA) concentrations of CO, SO2, NO2, 
PM2.5 and PM10 in 11 out of 12 of the studied kitchens to be potentially harmful to human health and far beyond 
WHO Standards. This study provides novel data indicating poor indoor air quality in school kitchens and the need 
to speed up the transitioning to cleaner cookstoves and fuels for cooking in school kitchens.
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Production of Biofuels from Natural Resources via Hydroprocessing
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Current EU legislation for promoting novel pathways for production sustainable fuels have resulted in increased 
demand both in fundamental research and in industry activities.
According to RED II Directive it is required to meet 9,1% renewable energy share in the transport sector by 2024r 
[1]. To achieve this pro-environmental goal, it is necessary to develop biocomponents for every type of trans-
portation fuels, also aviation fuels. Currently, the main standard for Synthetic Aviation Fuels is the ASTM D7566 
Standard	Specification	For	Aviation	Turbine	Fuel	Containing	Synthetic	Hydrocarbons.	
The new method of obtaining the bioadditive is based on a 2-stage hydrogenation technology. Crucial for this 
technology is the second stage - hydroisomerization of normal hydrocarbons using a proprietary highly selective 
catalyst.
Both	stages	were	conducted	in	a	three-phase	trickle-bed	reactor	with	a	fixed	catalyst	bed.	The	first	stage	was	
carried out using Ni-based catalyst and the hydroisomerization step was carried out using Pt/(SAPO-11+Al2O3) 
with	modified	pore	structure.	GC-MS	method	were	used	for	determination	of	product	composition.
Results show that hydrogenation step allows to achieve 90% hydrocarbons yield. Hydroisomerization step al-
lows	 to	 reach	 over	 70%	 conversion	 and	 over	 70%	 selectivity	 toward	 isoparaffins.	 Selected	 catalytic	 system	
allows	processing	of	non-edible	or	waste	oils	 into	a	paraffin	fraction,	which	meets	the	requirements	of	ASTM	
D-7566 Annex 2. for SPK-HEFA for biocomponent of JET-A1 aviation fuel.

Ref.
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Council of 11 December 2018 on the promotion of the use of energy 
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International: West Conshohocken, PA, USA, 2022
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Scheme for obtaining biofuels from rapeseed oil
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Iridium-Catalyzed Intramolecular Transfer Hydrogenation of Glycerol 
Carbonate

Heemin Byeon* 1, Mi-hyun Lee 1, Hye-Young Jang 1

1 Department of Energy Systems Research, Ajou University, Suwon, South Korea

Studies on transition metal-catalyzed transfer hydrogenation of carbonate have been actively reported. However, 
they	should	require	high	pressure	of	H₂	gas	or	additional	hydride	sources.	In	this	study,	we	reported	the	iridium	
(triNHC=tri-N-heterocyclic carbene)-catalyzed intramolecular transfer hydrogenation of glycerol carbonate (GC) 
without exogeneous reductant. The described reaction provides a sustainable route to produce industrially-valu-
able acids (formate, lactate). The bimetallic Ir(I) involving triNHC carbene ligands exhibits high TONs, and the 
reaction mechanism, including the bimetallic Ir(triNHC) catalyst, is proposed based on mechanistic studies.
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Ir(NHC)-Catalyzed Dehydrogenative Reactions of Biomass Derivative 
Ethylene glycol

Mi-hyun Lee* 1, Heemin Byeon 1, Hye-Young Jang 1

1 Department of Energy Systems Research, Ajou University,  Suwon-si, Gyeonggi-do, South Korea

Previously, we proposed have not been reported protocol of higher Cn α-hydroxy acids(AHAs) synthesis from 
cross-coupling of biomass derivative ethylene glycol and alcohols with Ir(biNHC) catalyst. We found active spe-
cies of dehydrogenation reaction are in situ generated Ir(triNHC) through ESI-MS analysis. Therefore, the new 
Ir(triNHC)	catalysts	were	developed	for	efficient	dehydrogenation	of	ethylene	glycol.	For	the	first	time,	we	report-
ed	not	only	the	effective	production	of	hydrogen	from	ethylene	glycol	but	also	the	synthesis	of	α-hydroxy acid 
via self-coupling ethylene glycol. We achieved a high yield and fast rate of hydrogen production by increasing the 
electron density of the metal. Furthermore, we suggest a plausible mechanism of hydrogen production and AHAs 
synthesis from ethylene glycol utilizing ESI mass analysis and ¹H NMR study.

Volumn of hydrogen generated over time
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Camphoric acid-derived biobased (co)polyesters: synthesis and enzymatic 
degradation

Syaiful Ahsan* 1,2, Fitrilia Silvianti  1, Cornelis Post  1, Dina Maniar 1, Katja Loos  1

1 University of Groningen, Groningen, The Netherlands, 2 Politeknik STMI Jakarta, Jakarta, Indonesia

It was estimated that by 2050, at least 34 billion tonnes of plastic will be produced. Therefore, a substantial 
amount of polymer waste, in the form of plastic, accumulates. Developing green polymers is one way to reduce 
our environmental impact. Using biobased resources as raw materials for polymer synthesis reduces reliance on 
petroleum as a raw material while allowing for the production of recyclable and/or biodegradable polymers. Due 
to the importance of main-chain cyclic or aromatics in regard to polymer properties, camphoric acid is one of the 
available biobased monomers that has piqued our interest. Camphor is one of the most widely used commercial 
aroma chemicals. Natural (+)-camphor can be obtained by distilling wood from the camphor laurel tree (Cinnamo-
mum camphora). The oxidation of bicyclic terpene (1R)-(+)-camphor results in the production of these biobased 
rigid	five-membered	ring	diacids	known	as	(1R,3S)-(+)-camphoric	acid.	In	this	work,	camphoric	acid	was	copoly-
merized with various diols, including linear diols (ethylene glycol and 1,8-octanediol), cyclic diol (1,4-cyclohex-
anedimethanol),	and	aromatic	diol	(2,5-bis(hydroxymethyl)furan	(BHMF)),	to	afford	(co)polyesters	with	distinct	
thermal and mechanical properties. To elucidate the polymerization reaction, a catalyst and reaction condition 
screening, including via enzymatic polymerization, will be studied. A preliminary experiment using camphoric 
acid, ethylene glycol, and an acid catalyst yielded a molecular weight, Mw of 9500. In addition, enzymatic degra-
dation and properties of the obtained (co)polyesters will be examined.
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Re/TiO2 Catalyzed CO2 to Methanol Conversion: Mechanistic Insights

Sreenithya Avadakkam* 1, Evgeny Pidko 1

1 Delft University of Technology, Delft, The Netherlands

CO2	capture	and	utilization	to	produce	fine	chemicals	is	a	promising	strategy	to	mitigate	the	problem	of	glob-
al	warming.	Hydrogenation	of	CO2	for	 the	synthesis	of	methanol	has	attracted	 immense	scientific	 interest	as	
methanol	is	used	as	a	precursor	for	various	chemical	products.1		There	are	significant	research	efforts	going	on	
in	developing	a	low-temperature	process	for	this	conversion.	Re/TiO2	catalyst	is	reported	to	efficiently	catalyze	
the CO2 to methanol conversion with high selectivity (82%) under mild reaction conditions (pCO2 = 1 MPa; pH2 
= 5 MPa; T = 150 °C).2  The nature of the active species, the mechanistic pathway, and the role of cooperativity 
between the Re catalyst and the oxide support in promoting the reaction will be presented in this poster. 

References
	1)	a)	Ye,	R.P.;	Ding,	J.;	Gong,	W.;	Argyle,	M.D.;	Zhong,	Q.;	Wang,	Y.;	Russell,	C.K.;	Xu,	Z.;	Russell,	A.G.;	Li,	Q.;		Fan,	M.	
Nature	communications	2019,	10,	1-15.	b)	Jiang,	X.;	Nie,	X.;	Guo,	X.;	Song,	C.;	Chen,	J.	G	Chem.	Rev.	2020,	120,	
7984-8034.	c)	Zhong,	J.;	Yang,	X.;	Wu,	Z.;	Liang,	B.;	Huang,	Y.;	Zhang,	T.;	Chem.	Soc.	Rev.	2020,	49,	1385-1413.	
 2) a) Ting, K.W.; Toyao, T.; Siddiki, S.H.; Shimizu, K.I. ACS Catal., 2019, 9,3685-3693. b) Gothe, M.L.; Silva, K.L.; 
Figueredo, A.L.; Fiorio, J. L.; Rozendo, J.; Manduca, B.; Simizu, V.; Freire, R.S.; Garcia, M.A.; Vidinha, P. European Jour-
nal of Inorganic Chemistry, 2021, 39, 4043-4065. 

Figure 1. Schematic representation of Re/TiO2 catalyzed CO2 to methanol conversion and possible active catalysts.
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Novel bio-based resins derived from lignocellulose-based biomasses

Reima Terho* 1, Juha Heiskanen 1, Tuomo Kainulainen 1

1 University of Oulu, Oulu, Finland

Resins used in plastic industry are mainly made from fossil-based raw materials, such as crude oil and natural gas. 
However, the need to decrease carbon dioxide emissions, the depleting oil reserves, the volatility of the oil mar-
ket,	and	the	rise	in	prices	have	directed	research	into	finding	sustainable,	and	more	readily	available	bio-based	al-
ternatives. In addition, the increase in environmental awareness and the toxicity of fossil-based raw materials has 
encouraged the study of more environmentally friendly alternatives. The purpose of the research is to synthesize 
novel bio-based resins and to compare their properties to widely used fossil-based Bisphenol A diglycidyl ether. 
NMR and HRMS techniques were used to verify reaction steps and purity of the novel synthesized compounds. 
Synthetic recipes are well optimized, and products are obtained with high yields. Resin curing conditions were 
optimized, and mechanical and thermal properties were characterized with DSC and DMA. The work is ongoing, 
and the resins will be utilized in the production of novel biocomposites. The preliminary results are promising, 
and	the	bio-based	resins	have	a	great	potential	to	open	new	market	opportunities	in	fields	of	bio-based	indus-
tries and greener polymer industry in the future. 

Novel bio-based resins derived from lignocellulose-based biomasses replacing the fossil-based resins and as end goal utilize 

bio-based resins in composite structures.
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Synthesis and properties of furfural-based methacrylate resins

Tuomo Kainulainen* 1, Juha Heiskanen  

1 University of Oulu, Oulu, Finland

Furfural is a renewable chemical with potential to act as a precursor for various chemicals and materials including 
thermosets. For example, furfuryl alcohol (obtained via hydrogenation from furfural) can be polymerized into a 
cross-linked material with suitable catalysts. Furfural and similar furans can also be used to synthesize monomers 
that are more closely related to those compounds widely found in current commercial resin formulations, includ-
ing epoxy and methacrylate resins. High-performance variants of such resins often incorporate bisphenol A (BPA) 
as a core building block. To illustrate the potential novel uses of furans in similar role, two renewable dicarboxylic 
acids,	furan-2,5-dicarboxylic	acid	and	2,2’-bifuran-5,5’-dicarboxylic	acid,	were	applied	as	BPA	substitutes	to	first	
prepare two diepoxy compounds. These were then converted into dimethacrylates by reacting the epoxy groups 
with methacrylic acid, ultimately giving partially bio-based dimethacrylate resins. Methacrylated eugenol was 
also applied as a biobased reactive diluent for the resins. Key aspects of the resins will be discussed, along with 
some insights related to the synthesis of the dimethacrylates.
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Synthesis of 2,5-furandicarboxylic acid esters from galactaric acid

Giacomo Trapasso* 1, Mattia  Annatelli 1, Beatriz Chìcharo 1, Fabio Aricò 1

1 Ca’ Foscari University of Venice, Scientific Campus Via Torino 155, 30170 Venezia Mestre, Italy

2,5-Furandicarboxylic acid (FDCA) has been extensively studied as monomer for the production of polyesters[1] 
such as polyethylene furanoate (PEF), considered as one of the most valuable bio-based substitute of the petro-
leum-derived polyethylene terephthalate (PET). [2] Most of the synthetic processes to FDCA employ glucose and 
fructose as substrates, with the formation of 5-hydroxymethyl furfural (HMF) as an intermediate.[1]  The main 
disadvantage of this process regards the intrinsic instability of HMF, together with its high market price and its 
difficult	separation	and	purification,	which	ultimately	lead	to	the	production	of	humins,	drastically	lowering	the	
overall	reaction	yield.[3]		Few	studies	focused	instead	on	the	production	of	FDCA	from	different	substrates.	In	
fact, FDCA can be synthetized starting from aldaric acids, which can be obtained either via oxidation of sugars 
or directly extracted from citruses peel.[4] From these premises, the present study reports an alternative syn-
thetic procedure for the production of 2,5-furandicarboxylic acid dimethyl ester (FDME) starting from galactaric 
acid through dimethyl carbonate (DMC) chemistry. Both sulfonic resins and an iron-based Lewis acid showed to 
promote the one-pot formation of FDME. The pure product was isolated as a white crystalline solid without the 
aid	of	any	chromatographic	techniques	with	an	isolated	yield	up	to	70	%.	Finally,	on	the	basis	of	the	different	
intermediates	identified,	a	possible	reaction	mechanism	was	proposed,	which	highlights	the	essential	contribute	
of DMC in the product formation.  

References 
[1] G. R. Dick, A.D. Frankhouser, A. Banerjee, M.W. Kanan, Green Chem. 2017, 19, 2966.
[2] A.J.J.E Eerhart, A.P.C Faaij, M.K. Patel, Energy Environ. Sci. 2012, 5, 6407–6422.
[3] C. Thoma, J. Konnerth, W. Sailer-Kronlachner, P. Solt, T. Rosenau T., H.W.G. van Herwijnen, ChemSusChem 2020, 
13, 3544.
[4] D. Jeong, H. Park, B.K. Jang,  Y. Ju, M.H. Shin, E.J. Oh, E.J. Lee, S.R. Kim, Bioresour. Technol. 2021,  323, 124603.

Synthesis of 2,5-furandicarboxylic acid dimethyl ester (FDME) from galactaric acid via dimethyl carbonate chemistry
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Light-responsive paraCEST contrast agents for MRI

Ilse Welleman* 1,2, Carlijn van Beek 2, Ioana  Belcin 2, Rudi Dierckx 1, Ben Feringa 2, Hendrikus Boersma 1,  
Wiktor Szymański 1,2

1 University Medical Center Groningen, Department of Radiology, Medical Imaging Center, Groningen, The Netherlands,  
2 University of Groningen, Center for Systems Chemistry, Stratingh Institute for Chemistry, Groningen, The Netherlands

Chemical Exchange Saturation Transfer (CEST) is an emerging Magnetic Resonance Imaging (MRI) modality in 
medical diagnostics. CEST enables sensitive and non-invasive visualisation of important factors, such as pH, tem-
perature, enzyme activity and receptor expression,[1] by employing lanthanide complexes as imaging agents that 
locally drive the selective water signal saturation. Molecular engineering of those complexes can be used for the 
design of responsive paraCEST imaging agents.[1,2,3] Here we describe the synthesis and initial evaluation of 
paraCEST	contrast	agents	activated	by	light,	as	a	part	of	our	ongoing	efforts[4,5]	to	boost	the	sensitivity	of	MRI	
through	catalytic	amplification	of	the	signal.
The responsive paraCEST contrast agent was designed to only be activated upon irradiation with light to ensure 
that the imaging signal is enhanced in the desired area (Fig. 1A). The CEST signal is created via the selective satu-
ration of the protons of the contrast agent (Fig. 1B red protons) and their concurrent chemical exchange with the 
water protons. In this process, the water signal is reduced, giving rise to the CEST signal.[1] For this purpose, we 
modified	the	classical	DOTA	ligand	to	introduce	light-responsiveness	by	the	modification	with	a	photocleavable	
protecting group. By design, the photocaged contrasts agent does not possess any exchangeable protons and is 
therefore CEST silent. Photocleavage reveals the exchangeable protons and change the contrast agent to its “on” 
state.	The	poster	will	present	the	successful	design,	synthesis	and	evaluation	(NMR-Z	spectra)	of	light	responsive	
contrast agents.

References
[1]	J.	Wahsner	et	al.,	Chem.	Rev.,	2019,	119,	957−1057.
[2] A. de la Reberdière et al., Tetrahedron Letters., 2012, 53 ,6115–6118.
[3] T. Krchová et al., Dalton Trans., 2013, 42, 15735-15747.
[4] F. Reeßing et al., Pharmaceuticals 2020, 13, 296.
[5] F. Reeßing et al., Chem. Commun., 2019, 55, 10784--10787

Figure 1. The concept of light-activated paraCEST imaging. A)The exchangeable proton in the imaging agent is masked by a 

photocage that is removed through light activation. B) The mechanism behind the CEST signal generation.
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Synthesis approaches of dipyrromethanes and dipyrromethenes

Sadhna Mathura* 1

1 University of The Witwatersrand, Johannesburg, South Africa

Dipyrrolic ligand structures comprise two pyrrole rings fused at the meso carbon. The synthesis of these ligands 
is of interest as they serve as precursors for porphyrins and related macrocycles. They are especially relevant 
when examining the structure and synthesis of biologically relevant functional dyes such as heme porphyrin 
macrocycles and related linear tetrapyrrole, bilirubin. If these dipyrrolic ligands are to serve as potential biomi-
metics, then optimisation of their synthesis and characterisation methods is important. This preliminary work 
therefore compares the synthesis and characterisation of two related, generally planar, dipyrrolic ligand classes: 
the partially conjugated 2,2’-Dipyrromethanes (dipyrranes, Fig 1a), and fully conjugated 2,2’-Dipyrromethenes 
(dipyrrins, Fig 1b). These ligands are synthesised by the controlled condensation of aldehyde (R-group in the 
meso position) with excess pyrrole. These ligands (and their metal complexes) are popular as biosensors and 
catalysts,	due	to	their	predictable	transition	metal	coordination	chemistry	and	favourable	fluorescent	properties.	
Their optoelectronic properties allow for interesting and comparative spectroscopic characterisation. This pre-
liminary work reports on the successful synthesis and spectroscopic characterization of selected meso-substitut-
ed dipyrranes: 5-phenyl dipyrromethane and 5-(4-nitrophenyl) dipyrromethane; and of meso-substituted dipyr-
rins: 5-phenyl dipyrromethene and 5-(4-nitrophenyl) dipyrromethene. Ligands were synthesized using methods 
adapted from Dolphin et al., and characterisation by spectroscopy (NMR, UV-Vis, LCMS, IR), melting point analysis 
and crystallography were compared.
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This work is based on the research supported wholly or in part by the National Research Foundation of South 
Africa (Grant number: MATH021)

REFERENCES
C. B. Bruckner, V. Karunaratne, S. J. Rettig, D. Dolphin, Can. J. Chem. 1996, 74, 2182-2193.
L. Ngashangva, V. Bachu, P. Goswami, J. Pharm. Biomed. 2019, 162, 272-285.

Figure 1: (a) general structure of dipyrromethane ligands (dipyrranes); (b) general structure of dipyrromethene ligands 

(dipyrrins)
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Profiling Ligandable Cysteine Residues in Pathogenic Bacteria

Julia Pols* 1

1 Leiden Institute of Chemistry, Leiden, The Netherlands

The worldwide emergence of antimicrobial resistance (AMR) has been recognized by the World Health Organi-
zation (WHO) as a top ten threat to global health.(1) Since clinically approved antibiotics target a limited set of 
molecular pathways, there is an urgent need to develop new antibiotics. In this context, covalent inhibitors can 
have many advantages.(2) Cysteine especially is an ideal target due to its nucleophilicity.(3) We have screened a 
library of 10,000 compounds of ~60 chemotypes for antibacterial activity against Gram-positive Staphylococcus 
aureus (S. aureus) and have performed Minimal Inhibitory Concentration (MIC) assays to quantify their activity. 
Additionally, cytotoxicity studies have been performed to determine the viability of human cells against these 
compounds. A selection of the most promising compounds was made to perform isoDTB-ABPP to study their re-
activity and promiscuity and the targeted proteins on ligandability.(4)

1: World Health Organization, www.who.int, 18/06/2022.  
2: Singh et al. (2011). doi:10.1038/nrd3410.  
3: Giles et al. (2003). doi:10.1016/s0006-291x(02)02770-5.
4:	Zanon	et	al.	(2020).	doi:10.1002/anie.201912075
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Chemical Sciences at U.S. National Academies: Highlighted Reports

Liana Vaccari* 1

1 The National Academies of Sciences, Engineering, and Medicine, Washington, United States

The Board on Chemical Sciences and Technology of the U.S. National Academies of Sciences, Engineering, and 
Medicine presents reports of interest to the chemistry community published in the preceding year. These re-
ports include “New Directions for Chemical Engineering”, “Why Indoor Chemistry Matters”, “The Importance of 
Chemical Research to the U.S. Economy”, “The Chemistry of Fires at the Wildland-Urban Interface”, and “Carbon 
Dioxide Utilization Markets and Infrastructure”. Covering many topics, including sustainability, the circular econ-
omy, chemistry and the environment, and workforce development, these consensus study reports are authored 
by	committees	of	subject	matter	experts	and	provide	findings	and	recommendations	relevant	to	a	broad	range	of	
practitioners, including in governmental agencies, chemical industries and societies, academic institutions, and 
researchers in the chemical sciences and engineering.



POSTERS 1

462

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-A0164

Co-axial 3D-printing of Hyaluronic Acid-Chitosan Interpolymeric Complexes 
Hydrogel

Peng-Chin Tsai* 1, Ming-Chia Li 1

1 National Yang Ming Chiao Tung University, Hsinchu, Republic of China (Taiwan)

    Hyaluronic acid (HA) is a component of the extracellular matrix (ECM) with low toxicity and high biocompatibil-
ity.	It	is	used	as	a	fluid	to	enhance	cartilage	formation	and	accelerates	wound	healing	[1].	Chitosan	(CHI)	is	similar	
to glycosaminoglycans (GAGs) in the extracellular matrix and has intercellular adhesion properties, biocompat-
ibility, biodegradability, and antibacterial properties. It can be used for hemostasis, osteoblast formation, and 
tissue regeneration [2].
    This study aims to develop a hydrogel for tissue engineering by combining the properties of HA and CHI through 
the formation of interpolymeric complexes (IPC). The IPC hydrogel is produced through physical cross-linking via 
electrostatic interactions and printed on a commercial DVD disc using coaxial 3D printing and nanoimprinting 
technology.	The	3D-printed	scaffold	within	nanogroove	is	expected	to	promote	cell	growth	and	guide	wound	cell	
growth	[3],	resulting	in	quick	and	effective	skin	repair.	This	study	aims	to	utilize	the	advantages	of	tissue	engi-
neering to improve wound healing.
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				This	study	was	financially	supported	by	the	Ministry	of	Science	and	Technology	of	the	Republic	of	China,	Taiwan	
(110-2221-E-A49-002-MY3). This work was also supported in part by the “Center for Intelligent Drug Systems 
and Smart Biodevices (IDS2B)” from The Featured Areas Research Center Program within the framework of the 
Higher Education Sprout Project by the Ministry of Education (MOE) in Taiwan.

[1] Weller, C., C. Weller, and V. Team, 4 - Interactive dressings and their role in moist wound management, in Ad-
vanced Textiles for Wound Care (Second Edition), S. Rajendran, Editor. 2019, Woodhead Publishing. p. 105-134.
[2] Mesa Ospina, N., et al., Isolation of chitosan from Ganoderma lucidum mushroom for biomedical applications. 
Journal of Materials Science: Materials in Medicine, 2015. 26(3): p. 135.
[3] Huang, Y.-A., et al., Nanoimprinted Anisotropic Topography Preferentially Guides Axons and Enhances Nerve 
Regeneration. Macromolecular Bioscience, 2018. 18(12): p. 1800335.
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Making screened hybrid-DFT for molecule metal systems cheaper

Robert van Bree* 1, Nick Gerrits 2, Geert-Jan Kroes 1

1 Universiteit Leiden, Leiden, The Netherlands, 2 Universiteit Antwerpen, Antwerpen, Belgium

Density functional theory (DFT) at the generalized gradient approximation(GGA) level is considered a good com-
promise between feasibility and accuracy for reactions of molecules on metal surfaces. Recent work, however, 
strongly suggests that density functionals (DF) based on GGA exchange are not able to describe gas-metal sys-
tems	for	which	the	charge	transfer	energy,	i.e.,	work	function	of	the	metal	surface	minus	the	electron	affinity	of	
the molecule, is less than 7 eV[1]. These systems exhibit enlarged delocalisation of the electron density, which 
can cause GGA-DFT to underestimate the barrier height[1], similar to what has been observed for gas-phase reac-
tions.	An	example	of	such	a	system	is	O₂	dissociating	on	an	Al(111)	surface.	Following	a	similar	strategy	as	for	gas	
phase	reactions,	previous	work	showed	results	of	increased	accuracy	with	a	screened	hybrid	DF	for	O₂	on	Al(111)
[1].  Nevertheless, screened hybrid functionals are computationally expensive to use for (transition) metals. To re-
solve	this,	we	employed	a	non-self-consistent	field	(NSCF)	screened	hybrid	DF	approach.	This	approach	computes	
screened	hybrid	DFT	energies	based	on	self-consistent-field(SCF)	GGA	electronic	densities.	Our	results	showed	
that the NSCF-DF approach results in reactivity curves that reproduce SCF reactivity results[1] fairly well and are 
arguably in even better agreement with experiments[2]. Moreover, we also tested a novel approach based on the 
well-known hole model approximation. This approach enables us to compare the NSCF-DF reaction probabilities 
to the SCF-DF reaction probabilities without the need to compute a potential energy surface (PES) with the SCF 
screened hybrid DF. This approach may allow us to further implement and test the NSCF-DFs for other systems 
without computing the complete SCF-DF PESs to verify the results. 

[1]N. Gerrits, et. al. J. Phys. Chem. Lett., vol. 11, no. 24, Dec. 2020
[2]L.	Österlund,	et.	al.	Phys.	Rev.	B,	vol.	55,	no.	23,	Jun.	1997
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Host perturbations in Ebola virus minigenome replicating cells

Tatiana Shamorkina* 1, Pieter C.  van Breugel 2, Joost Snijder 1

1 Utrecht University, Utrecht, The Netherlands, 2 Genmab, Utrecht, The Netherlands

Introduction: Ebola virus (EBOV) is associated with re-emerging high-mortality rate outbreaks. EBOV is a nega-
tive-sense RNA virus and, therefore, relies on its own RNA-dependent RNA polymerase (L protein) to transcribe 
and replicate the viral RNA genome in the host cell cytoplasm. In these viral replication and transcription pro-
cesses, viruses highjack host cellular pathways to evade the host immune defenses. Viral highjacking of the 
post-translational	modification	(PTM)	pathways	facilitates	fast	remodeling	of	the	host	environment	suitable	for	
the viral undisturbed transcription and replication. 
Methods: Here, we apply mass spectrometry-based proteomics and phosphoproteomics to determine the global 
changes in protein abundances and PTMs in the cells transfected with the model system of EBOV replication/tran-
scription: EBOV minigenome. The EBOV minigenome system consists of EBOV replication/transcription complex 
(Nucleoprotein NP, co-factor VP35, transcription factor VP30 and L protein) and minigenome itself with original 
EBOV	leader	and	trailer	sequences	on	the	flanks	and	the	original	EBOV	genome	replaced	by	GFP.	To	dissect	the	
signaling pathways related either to replication or transcription, we transfect the cells with wild-type L protein, 
catalytically dead L mutant or leaving out the transcription factor VP30. 
Results/Conclusions: We describe the EBOV replication- and transcription-dependent changes in host proteome 
and phosphorylation signaling dynamics. Based on the proteomic and phosphoproteomic dynamics, we see per-
turbations of the cell cycle, cytoskeleton rearrangements and down regulation of the innate immune response. 
We	identified	potential	kinase	inhibitor	targets	that	may	hold	the	ability	to	stall	EBOV	replication/	transcription.
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Pairing α-NiS with NiO(OH)ED for Artificial Photosynthetic Scheme

Avinava Kundu* 1, Biswarup  Chakraborty 1

1 Indian Institute of Technology Delhi, New Delhi, India

Electrocatalytic	hydrogen	production	coupled	with	biomass	up-conversion	and	simultaneous	CO₂	to	fuel	con-
version are some of the critical challenges of the time. Aqueous electrolyte-based electrocatalysis on suitable 
transition metal-based electrode materials remains the most attractive, green approach for sustainable devel-
opment. Herein, solvothermally synthesized, polycrystalline α-NiS has been chosen as electrode material. While 
constructing an electrolyzer, α-NiS deposited on conducting nickel foam (NF) initially as anode and under the 
applied potential undergoes reconstruction by sulphide leaching to the electrolyte, transforming itself to amor-
phous NiO(OH)ED. Thereafter, the in-situ transformed amorphous NiO(OH)ED resulted in enhancement of electro-
chemical surface area (ECSA) and becoming highly active towards oxygen evolution reaction (OER) at a moderate 
overpotential of 264 mV (at 20 mA/cm²) along with oxidation of a series of biomass derived organic compounds 
namely, 2-hydroxymethyl furfural (HMF), ethylene glycol (EG), 2-furfural (FF), glycerol (Gly) to a highly important 
industrially	 relevant	 feed-stocks	with	high	 Faradaic	 efficiency	 (~96%).	 In	 electro-organic	 oxidations,	NiO(OH)
ED	quite	efficiently	dominated	the	multi-electron	oxidations	(upto	8e-)	including	C-C	bond	cleavages	of	EG	and	
Gly. While analyzing the cathodic performance of the α-NiS, the highly stable α-NiS	remained	more	effective	for	
alkaline	hydrogen	evolution	reaction	(HER)	and	CO₂	reduction	compared	to	its	in-situ	derived	counterpart.	α-NiS 
gave	CO	as	the	pre-dominant	CO₂	reduced	product	even	at	high	potential	like	-0.8	V	vs	RHE.	Finally,	our	in-house	
developed cell with α-NiS	and	electro-oxidized	NiO(OH)ED,	was	able	to	mimic	the	artificial	photosynthetic	like	
scheme,	where	NiO(OH)ED	oxidizes	water	to	O₂	and	the	α-NiS	as	cathode	reduces	CO₂	to	CO,	majorly	with	a	mod-
erate cell potential. 

References:
1. Kundu, A; Kumar, B; Rajput, A; Chakraborty, B. ACS Appl. Mater. Interfaces. 2023,  https://doi.org/10.1021/acsa-
mi.2c19783.
2. Dogutan, D. K.; Nocera, D. G. Acc. Chem. Res. 2019, 52 (11), 3143-3148.
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Structural Investigation of Atomically Precise Heterometallic Nanocluster

Syahrina Nur Ain Abdul Halim* 1, Siti Nadiah Abdul Halim 1, Rozie Sarip 1

1 Universiti Malaya, Kuala Lumpur, Malaysia

Atomically precise ligand-protected metal nanoclusters (NCs) are considered a potential building block for ad-
vanced technologies due to their distinct properties. Their spectroscopic properties, such as optical absorption 
and	emission,	are	distinctly	different	than	the	nanoparticles	as	they	are	showing	well-define	structures,	just	like	
molecules. Furthermore, the addition of other transition metal to the NCs improve a number of their properties 
and functionalities such as catalytic activity, luminescence and so on [1]. The enhancement of such physicochem-
ical	properties	has	inspired	the	cluster	community	to	develop	effective	synthetic	methods	to	produce	not	only	
precise heterometallic NCs but also robust ones. However, controlling the synthesis of heterometallic NCs and 
tweaking their structures with atomic precision has become a major challenge [2]. In this perspective, we envi-
sion	on	synthesizing	atomically	precise	heterometallic	NCs	by	adoption	and	modification	of	previously	reported	
studies and characterizing their structure to facilitate the understanding of their properties. We are also aiming 
to	develop	an	efficient	synthetic	technique	in	terms	of	simplicity	of	procedure,	purity,	high	percent	yield,	and	
selectivity to tackle the problem of blurry synthetic procedure of NCs. We report herein the synthesis of gold NCs 
of a mixed ligands system of thiosemicarbazone and phosphine, which presumably to have a range of potential 
as precursors of advanced materials in everyday life. 

References:
[1]	Wang,	S.,	Meng,	X.,	Das,	A.,	Li,	T.,	Song,	Y.,	Cao,	T.,	Zhu,	X.,	Zhu,	M.,	&	Jin,	R.	(2014).	Angewandte	Chemie	Interna-
tional Edition, 53(9), 2376-2380.
[2]	Shen,	H.,	Han,	Y.-Z.,	Wu,	Q.,	Peng,	J.,	Teo,	B.	K.,	&	Zheng,	N.	(2021).	Small	Methods,	5(3),	2000603.
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Effective Utilization of Furfural Derivatives Targeting Renewable Polyester
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1 University of Oulu Faculty of Technology Research Unit of Sustainable Chemistry, Oulu, Finland

As for future needs, biobased polyesters derived from renewable materials are required to replace the current-
ly used traditional petroleum-based ones. Lignocellulose-based carbohydrates are considered the best-known 
feedstock of renewable heteroaromatic furan monomers and polymers, particularly furfural and hydroxymeth-
ylfurfural (HMF). The conversion route from C6-sugars into 2,5-furandicarboxylate (FDCA), a derivative of HMF, is 
quite simple, and FDCA itself has proven a suitable monomer for novel polyesters especially. Broadly speaking, 
these polyesters have similar characteristics to industrially relevant polyesters, e.g., poly(ethylene terephthal-
ate) (PET). The greatly improved barrier properties of FDCA-based polyesters are worth special mention. Poly(eth-
ylene	furanoate)	(PEF)	exemplifies	many	of	these	characteristics,	and	it	is	under	commercialization	efforts,	partic-
ularly as a PET alternative. This can be seen as the main route from HMF to PET alternatives. For furfural, the vision 
is	not	as	clear.	Some	recent	promising	furfural-based	monomers	in	this	field	include	2,2’-bifuran-5,5’-dicarboxyl-
ate (BFDCA) and 5,5’-sulfanediyldi(furan-2-carboxylate) (SFA). The bifurans are notable for providing polyesters 
with a high glass transition temperature (Tg), relatively low gas permeability, and low UV light transmittance. The 
latter monomer, SFA, simply incorporates a sulfur atom as a bridging moiety between the furan rings. However, 
this	structural	difference	yields	significant	 improvements	 in	the	O2	barrier.	At	the	same	time,	the	sulfur	atom	
promotes amorphous character in the polyesters, along with lower Tg. The reported properties of these materials 
add further evidence to the fact that furfural-derived polyesters are considered promising alternatives for fos-
sil-based polyesters in many senses.

Figure 1. Structure of furfural-based monomers for promising biobased polyesters.
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Transfer Hydrogenation of Carbon dioxide-derived Carbonates
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School of Chemistry, University of the Witwatersrand, Johannesburg, South Africa

The world’s growing energy demands and over-reliance on fossil fuels results in emissions of vast quantities of 
carbon	dioxide	 (CO₂),	which	poses	 serious	environmental	 threats	 such	as	extreme	weather	 conditions,	ocean	
acidity	and	global	warming.	The	reduction	of	atmospheric	CO₂	is	therefore	vital	in	mitigating	climate	change.¹
There	have	been	efforts	 in	the	hydrogenation	of	CO₂	to	methanol	for	the	chemical	supply	chain	and	as	novel	
energy	carriers.²	However,	direct	synthesis	of	methanol	by	hydrogenation	of	CO₂	using	molecular	catalyst	sys-
tems	has	been	quite	unsuccessful.	Meanwhile,	recent	findings	indicate	the	possibility	to	reduce	CO₂	indirectly	
via hydrogenation of isolated derivatives such as carbonates, carbamates, and formates using both noble metal 
and non-noble metal catalyst systems.³ Very few examples of benign transfer hydrogenation (TH) protocols were 
reported.²ª	⁴	
Herein we report novel pyridyl-formamidine ligands and their corresponding Ruthenium and Manganese com-
plexes	as	pre-catalysts	for	the	TH	of	selected	CO₂-derived	carbonates	to	produce	methanol	and/or	diols.

References:
¹ Chem. Rev., Published online 2020, doi:10.1021/acs.chemrev.9b00723.
² a. Angew. Chem. Int. Ed., 2005, 44, 2636–2639. b. Green Chem., 2019, 21, 5248–5255.
³	a.	Nat.	Chem.,	2011,	3,	609−614.	b.	Angew.	Chem.	Int.	Ed.,	2018,	57,	12076–12080.
⁴	ACS	Catal.,	2014,	4,	3630−3636.

Acknowledgements:
1. Organization for Women in Science for the Developing World (OWSD)
2.	 Research	 Focus	 Area:	 Chemical	 Resources	 Beneficiation	 (RFA:	 CRB),	 North-West	 University,	 Potchefstroom,	
South Africa

Synthesis and characterization of novel pyridyl-formamidine Ruthenium(II) and Manganese(I) complexes
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Accurately Modelling Heavy Nuclei NMR in Energy Materials

Tom Speelman* 1
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Newly designed materials for energy storage and production derive their unique properties from increasingly 
complex structures. As such, complete and accurate structural resolution is key for our understanding of these 
materials. Solid-state Nuclear Magnetic Resonance (ss-NMR) allows to obtain both static and dynamic structural 
information for such materials. Analysis of the complicated ss-NMR spectra is far from trivial and substantially 
improved	when	based	on	accurate,	density	functional,	first-principles	predictions.
One	type	of	materials	that	has	greatly	benefited	from	predicted	ss-NMR	spectra	are	hybrid	perovskites,	as	evi-
denced by two recent studies studies on their cation dynamics [1, 2]. However, theoretical description of these 
systems can be greatly improved as they typically contain lead and iodide or similarly “heavy” substitutes. Typ-
ically, these elements are not adequately described by non-relativistic theory [3]. The current work focuses on 
improvement	of	the	theory	involved	in	prediction	of	chemical	shieldings	to	include	relativistic	effects,	and	im-
plementation within the Vienna Ab initio Simulation Package (VASP) [4, 5]. Improvements of the modelling of 
shielding	with	implemented	relativistic	effects	for	various	materials	with	heavy	nuclei,	including	perovskite	pho-
tovoltaics, will be critically discussed.

References:
(1) Franssen, W. M. J.; van Es, S. G. D.; Dervisoglu, R.; de Wijs, G. A.; Kentgens, A. P. M. J. Phys. Chem. Lett. 2017, 8, 
61–66.
(2) Grüninger, H.; Bokdam, M.; Leupold, N.; Tinnemans, P.; Moos, R.; de Wijs, G. A.; Panzer, F.; Kentgens, A. P. M. J. 
Phys. Chem. C 2021, 125, 1742–1753.
(3) Alkan, F.; Dybowski, C. Phys. Chem. Chem. Phys. 2015, 17, 25014–25026.
(4) Vienna Ab Initio Simulation Package www.vasp.at.
(5) Kresse, G.; Hafner, J. Phys. Rev. B 1993, 47, 558–561.
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NMR study on the light-harvesting antennae Chlorosomes.

Lolita Dsouza* 1, Karthick Babu Sai Sankar Gupta 1, Agur Sevink 1, Huub Groot 1

1 Leiden Institute of Chemistry, Leiden, The Netherlands

In nature, the largest light-harvesting antennae are the chlorosomes that are found in green photosynthetic 
bacteria, ‘chlorobaculum tepidum’. In the chlorosomes, the bacteriochlorophylls self-assemble in a plastic crys-
talline state to tailor their dynamics for ultrafast energy transfer. They are subjected to geometric strain due 
to conformational dynamics that give stability to other parts of the surrounding chiral matrix, with the whole 
self-assembly subject to weak crystalline order. MAS NMR allows us to study the structure and dynamics of the 
restrained dynamics at the atomistic level, making it a powerful tool to study how the bacteriochlorophyll in the 
self-assembled	supramolecular	complex	is	tuned	for	its	antenna	function.	Results	show	dynamics	in	the	different	
parts of the ring which may be related to the rotational twisting motion of the macrocycle contributing to hy-
drogen	bond	breaking	or	forming	leading	to	different	conformers	in	the	system.	Here	we	employed	temperature	
dependence CP, DP, and INEPT experiments and used the DYSE strategy as a primary step to quantify rigid and 
dynamic parts of the system. From this preliminary data, 2D 13C experiments such as PDSD and INEPT and dipolar 
hCH were employed in order to measure the distance constraints and probe the dynamics of the system.
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(Thio)Semicarbazide Polymer Networks for Sustainable Materials
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The widespread use of polymeric materials has immensely improved our quality of life in recent decades and 
will	continue	to	do	so	for	the	foreseeable	future.	It	has	however	drastically	affected	the	environment	around	us	
due	to	an	excess	of	plastic	waste	and	inefficient	methods	of	dealing	with	it.[1]	This	incentivized	research	towards	
sustainable plastics that can either be repaired or reused to improve their usage lifetime and decrease waste gen-
eration.	One	particular	area	of	interest	is	that	of	coatings	and	thin	films,	where	repairable	materials	are	desired	
over the highly stable chemically crosslinked networks currently in use.
To achieve this, dynamic covalent networks (DCNs) can be used, in which crosslinked polymers harboring dynam-
ic covalent bonds yield materials with good mechanical properties and reusability.2 This research focusses on 
two particular moieties, that of acylsemicarbazides (ASC) and thioacylsemicarbazides (TASC), which, in addition 
to their dynamic covalent nature also undergo supramolecular interactions via intermolecular hydrogen bonding.
[3,4] Together, these dynamic features allow for wide tunability of the resulting polymer networks. 
Here, we combine computational and experimental chemistries to gain understanding on the underlying dynamic 
covalent and supramolecular mechanisms in various model systems containing ASC or TASC moieties. With these 
studies,	we	elucidate	the	difference	in	behavior	between	various	chalcogens.	Then,	by	preparing	siloxane	func-
tionalized (T)ASC molecules, more insight and control will be gained over the properties of the functionalities in 
an apolar environment. Finally, siloxane-based, (T)ASC grafted polymers will be made to prepare DCNs which will 
be tested on their tunable healing and reusability properties. 

References
[1]G. W. Coates, et al., Nat. Rev. Mater. 2020, 5, 501–516.
[2]S. J. Rowan, et al., Angew. Chem. Int. Ed. 2002, 41, 898–952.
[3]N. Roy et al., Chem. Eur. J. 2016, 22, 13513–13520.
[4]D. Fu et al., Macromolecules 2020, 53, 7914–7924.

Steps of the project including small molecule analysis (A) of ASC and TASC model compounds complemented by DFT 

calculations, telechelic polymer synthesis (B), network synthesis (C) and network property and reusability testing (D).
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Brönsted-Lewis Ionic liquids catalysing the isobutane/butene alkylation 
reaction.

Heriberto Diaz Velazquez* 1, Jazmin N. Castillo-Cervantez 1, Diana Gomora-Herrera 1, Nestor E. Flores-Flores 1,2,  
Luis E. Quintero-Mondragón 1,2, Rafael  Martinez-Palou 1, Jose G. Hernandez-Cortez 1

1 Mexican Petroleum Institute, Mexico City, Mexico, 2 Autonomous University of the State of Mexico, Mexico

The	application	of	the	oil	refining	operations	to	the	production	of	high-quality	octanes	will	be	highly	demanding	
at least for the next 30 years. Meanwhile, it is a high priority to secure the production of fuels by the upgrading 
of the existing processes, such as the isobutane/butene alkylation. This process uses H2SO4 or HF as catalysts, 
with their inherent environmental concerns.1 It has widely proved that ionic liquids (ILs) can act as good catalysts 
due to their inherent properties.2 In this work, we report on the synthesis and application of highly acidic Brönst-
ed-Lewis ILs that have shown outstanding behavior as catalysts for the isobutane/butene alkylation reaction. The 
use of additives was able to enhance the selectivity towards C8s and trimethylpenthanes (TMPs). The reactions 
were carried out in Batch conditions, using a real feed mixture from a local alkylation plant. It was shown that at 
temperatures lower than ambient, high selectivity are obtained at low conversion rates, but when temperatures 
are increased, the conversion increases at the expense of the selectivity, and optimal temperature ranges be-
tween	20-50°C.	The	use	of	additives	such	organic	acids	looked	beneficial	to	the	reaction.	Our	investigation	has	
shown the potential to envisage a scaled process with the aim to substitute the current catalysts.
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The use of Bronsted and Lewis acid groups into the structure of supported ionic liquids enables the preparation of active and 

easily reciclable catalysts
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Diels-Alder polymers based on renewable furanic cyclobutanes
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Climate	change	and	plastic	pollution	are	complex	issues	affecting	not	only	humans	but	the	Earth’s	biodiversity	as	
a	whole.	Facing	these	challenges	must	be	a	collective	endeavor,	combining	the	efforts	of	different	sectors	of	so-
ciety.	In	polymer	chemistry,	prioritizing	renewable	raw	materials	is	a	central	part	of	these	efforts,	as	is	the	design	
of synthetic processes that generate the least amount of waste while incorporating most of the starting materials 
into	the	final	product.	In	this	context,	click	chemistry	is	an	indispensable	tool	that	provides	essential	guidelines	
and techniques for producing materials with inherently low environmental impacts. Based on this framework, the 
present study aims to use furan derivatives as renewable chemical platforms for synthesizing novel macromolec-
ular	materials.	Different	approaches	to	furan-based	polymer	synthesis	have	been	studied,	mostly	ranging	from	
conventional polycondensations to enzymatic processes [1]. This research focuses on an alternative pathway, 
mainly employing chemical processes from the click chemistry arsenal, such as UV cycloaddition and Diels-Al-
der reaction. The primary goals are to synthesize functional cyclobutane monomers via photocycloaddition of 
3-(2-furyl) acrylic acid [2], investigate their reactivity to polyfunctional maleimides, and synthesize a variety of 
Diels-Alder polymers [3]. Considering the reversible nature of the Diels-Alder reaction, the concepts of self-heal-
ing and chemical depolymerization of such polymers will also be investigated.

[1]Maniar, D. et al. ChemSusChem 2019, 12, 990.
[2]Jamali Moghadam Siahkali, M., Guigo, N., Sbirrazzuoli, N. Macromolecules 2022, 56, 404.
[3]Lacerda, T. M., Carvalho, A. J. F., Gandini, A. RSC Adv. 2016, 6, 45696.
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Microstructure and solubility relationship in LiCl-MgCl2 solutions
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The	need	for	lithium	has	increased	significantly	due	to	the	growing	demand	for	EVs.	The	latest	information	in	WEF	
shows the demand for lithium is expected to reach 1.5 million tons of Na2CO3 equivalent by 2025. There are lots 
of lithium resources contained in the Salt Lake, but usually coexisting with Mg2+. High Mg/Li ratio has brought 
difficulties	to	lithium	separation	and	purification.	It	is	confirmed	that	crystallization	processes	and	the	solution	
microstructure	are	highly	affected	with	each	other.	Understanding	the	microscopic	structure	of	these	multicom-
ponent lithium-magnesium aqueous electrolyte solutions, including the mechanism of ion-ion and ion-water 
interactions, could provide the necessary theoretical framework to develop materials and processes for lithi-
um-magnesium separation technologies. Herein, we present an experimental-computational study to investigate 
the	hydration	properties	of	LiCl	aqueous	solutions	with	varying	solute	concentrations.	The	effect	of	the	addition	
of	MgCl2	on	the	structure	of	LiCl	aqueous	solution	was	also	investigated.	The	results	from	X-ray	scattering	and	
Raman spectroscopy show that, the addition of LiCl weakens the tetrahedral hydrogen bond structure, and the 
DDAA-type hydrogen bonds tend to transform into DA-type. When we add MgCl2 into LiCl solution, the peak in 
the	reduced	pair	distribution	function	G(r)	shifted	from	r	=3.25	Å	to	r	=3.10	Å	with	increased	Mg/Li	ratio.	This	
is	likely	to	result	from	the	Cl-O	and	O-O	interactions	in	the	mixed	aqueous	solution.	The	deconvolution	fitting	
results of Raman spectra show that the DDAA type hydrogen bond increases, while the DA+DDA type decreases 
with increased Mg/Li ratio. The molecular dynamics results showed that Cl- have a higher tendency to form con-
tact ion pairs with Mg2+ than Li+. We propose this is the main reason for retarding the separation of pure LiCl 
crystal from mixed LiCl-MgCl2 systems.

ACKNOWLEDGMENTS: Hebei Natural Science Foundation Project (E 2020202020), Horizon2020 Project No 
299668

This figure shows LiCl influences the hydrogen bond types in the solution and deduces the reason for retarding the separation 

of pure LiCl crystal from mixed LiCl-MgCl2 systems.
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Single-Source Precursor for PbS Thin Films by MOCVD
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PbS, a non-layered 2D semiconductor, has the property that its long De Broglie wavelength of ~−9 nm allows 
for	strong	quantum	confinement	over	a	wide	grain	size	range,	allowing	optical	tunability	over	a	wide	spectral	
bandwidth. It has become one of the frequently used semiconductor materials in commercial mid and far-infra-
red	photodetectors.	It	also	finds	applications	in	optical	switches,	photovoltaics,	and	light	emitting	diodes,	and	is	
currently the most promising material for realizing single system multispectral photodetectors.
Generally, atomic layer deposition (ALD) and metal-organic chemical vapor deposition (MOCVD) have also been 
used	to	grow	PbS	films	at	significantly	low	temperatures	with	excellent	tunability	over	film	properties,	dispite	the	
great	drawback	of	toxic	reactant	(H₂S).	
Herein, we report the synthesis of a single-source metal-organic precursor and its use in the growth of high-qual-
ity	PbS	films	by	MOCVD	without	the	use	of	H₂S.	The	precursor	was	characterized	by	various	equipments	such	as	
NMR	spectroscopy,	elemental	analyses	(EA),	thermogravimetric	analysis	(TGA),	and	single	crystal	X-ray	diffraction.	
In addition, mechanistic studies on the fragmentation pattern of the parent precursor and the chemical makeup 
of	reaction	byproducts	using	EI-MS	and	GC-MS	provided	useful	insight	into	the	film	growth	process.	Subsequent-
ly,	the	influence	of	different	growth	parameters	including	temperature,	pressure,	and	substrate	on	structural	and	
optoelectronic	quality	were	explored.	Lastly,	functional	PbS	photodetectors	with	a	transistor	configuration	were	
fabricated, which yielded remarkably high photocurrents over broadband wavelengths, the potential of realizing 
single system multispectral devices.

Reference
R. E. Agbenyeke, S. Shin, D. Song, S. Yeo, B. K. Park, T.-M. Chung, J. Lim, W. Song, C. G. Kim. Small 2022, 18, 2203653
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Here,	we	report	the	synthesis	and	property	of	novel	three	phospholipid-mimicking	fluorescent	probes	(FP1-FP3)	
targeting	cell	membrane.	 Fluorescent	probes	contain	fluorescein	and	 two	 lipophilic	groups	of	 saturated	and/
or	unsaturated	C18	fatty	acids.	Like	biological	phospholipids,	the	fluorescein	group	acts	as	a	hydrophilic	polar	
head group and the lipid group acts as a hydrophobic non-polar tail group. In live cell experiments on canine 
adipose-derived mesenchymal stem cells, all three probes were localized to the cell membrane, which was con-
firmed	by	colocalization	experiments	 in	cells	 treated	with	 the	commercial	dye	DiD	as	cell-membrane	 tracker.	
Superimposed	fluorescence	signals	of	the	two	dyes	observed	by	confocal	laser	scanning	microscopy	show	their	
cell	membrane	affinity.	Flow	cytometry	analysis	showed	that	FP3	containing	both	saturated	and	unsaturated	fatty	
acid	tails	had	the	greatest	cellular	uptake	and	the	strongest	fluorescence	intensity.	In	conclusion,	FP3	is	highly	
similar	with	the	unique	structure	of	the	phospholipid	of	cell	membranes,	allowing	it	to	be	used	as	promising	flu-
orescent probes for cell bioimaging.
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Designing cyclic peptides to inhibit prion-induced toxicity
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Prion diseases are neurodegenerative disorders associated with the conversion of the cellular prion protein 
(PrPC) into a pathologic conformer (PrPSc). 
A proposed therapeutic approach to prevent the toxic transformation is to develop monoclonal antibodies that 
bind to PrPC and stabilize its structure.[1,2] Over the past years, peptide-based therapeutics are taking over the 
global	market	due	to	their	high	bioavailability,	good	efficiency,	and	specificity.[3]	In	particular,	cyclic	peptides	
have	a	long	in	vivo	stability,	while	maintaining	a	robust	antibody-like	binding	affinity,	reduced	accumulation	pro-
pensities [4], cross the brain-blood-barrier, and work on their targets very selectively.[4]
Here, we have introduced and computationally validate a novel approach toward the de novo design of cyclic 
peptides against prion-induced toxicity by combining rational design with molecular dynamics simulations. First, 
we rationally design cyclic peptides starting from the crystal structures of PrPC in complex with monoclonal 
antibodies. Next, we employ molecular dynamics simulations to probe the structural stabilities of the individual 
peptides	and	to	determine	their	binding	affinities	to	the	cellular	prion	protein.	
This	work	sheds	light	on	the	physical	and	structural	mechanisms	of	PrPC-peptide	interactions	and	offers	the	mo-
lecular basis for the development of new therapeutics against prion diseases. 

REFERENCES:
1. Barry, R. A. & Prusiner, S. B. Monoclonal Antibodies to the Cellular and Scrapie Prion Proteins. J Infect Dis 154, 
518–521 (1986).
2. Polymenidou, M. et al. The POM Monoclonals: A comprehensive set of antibodies to non-overlapping prion 
protein epitopes. PLoS One 3, (2008).
3.	Loffet,	A.	Peptides	as	drugs:	Is	there	a	market?	Journal	of	Peptide	Science	8,	1–7	(2002).
4. Yamaguchi, S., Ito, S., Masuda, T., Couraud, P. O. & Ohtsuki, S. Novel cyclic peptides facilitating transcellular 
blood-brain barrier transport of macromolecules in vitro and in vivo. Journal of Controlled Release 321, 744–755 
(2020).
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Machine Learning Interatomic Potentials for Surface Interactions
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Density functional theory (DFT) is one of the most frequently used and successful methods used for molecular 
simulations.
However, in practice its computational costs restricts its application to modelling chemical reaction probabilities 
to length and time scales of nanometers and picoseconds, respectively.
Machine learning techniques aim to overcome these limitations by coarse-graining the electrons into interatomic 
potentials,	which	are	statistically	defined	based	on	DFT	data	previously	obtained	for	a	larger	number	of	(relevant)	
molecular	configurations.
The	machine	learning	workflow	can	be	decomposed	into	two	steps	between	input	geometry	and	properties:	
A	descriptor	step	that	generalizes	the	input	data	to	make	training	more	efficient,	and	a	regression	step	that	fits	
the descriptors to the properties.
In	this	project,	we	use	the	dissociative	chemisorption	(DC)	of	N₂	on	Ruthenium	surfaces	as	a	model	system	to	
benchmark	different	machine	learning	techniques.
This is impossible with direct DFT-based molecular dynamics because the DC probability is very low: approxi-
mately 1 in 10³ at 3 eV incident energies, which is much higher than the energy barrier [1]. This work builds on 
previous	high-dimensional	neural	networks	approaches	for	N₂	on	Ru(0001)	[2,	3].
We	investigate	how	different	descriptors	and	regression	methods	impact	the	learning	efficiency.
Furthermore,	we	explore	active/on-the-fly	learning	techniques	for	efficient	data	generation.

[1] L. Diekhöner et al., 2001, The Journal of Chemical Physics 115, 9028–9035.
[2] K. Shakouri et al., 2017, The Journal of Physical Chemistry Letters 8, 2131–2136.
[3] P. Spiering et al., 2019, The Journal of Physical Chemistry Letters 10, 2957–2962.
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Charge-transfer states in co-polymers studied via single-molecule 
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Conjugated	polymers	represent	a	promising	class	of	high-performance	materials,		which	could	find	uses	in,	for	
example, bioelectronics or organic solar cells. The chemical structure of the backbone is usually assumed to 
determine the electronic and optical properties of conjugated polymers. In particular, so-called copolymers with 
alternating	donor-	and	acceptor	moieties	along	the	backbone	were	identified	as	promising	materials	for	applica-
tions due to their low bandgap. However, the interplay of the (co)polymers’ chemical structure of the backbone 
and of the side groups on optical and electronic properties remain largely unexplored due to the large confor-
mational	flexibility	of	conjugated	polymers.	Here,	we	perform	temperature-dependent	single-molecule	photolu-
minescence (PL) spectroscopy between room temperature and 4K on two conjugated polymers, ProDOT-TetEster, 
a polythiophene-derivative, and PCDTBT, a conjugated copolymer. For PCDTBT we investigate the PL from the 
intra-molecular charge-transfer state for  bare and fractionally hexylated PCDTBT. Thus far, our results indicate an 
increase in torsional disorder between the comonomers along copolymer chains for high hexyl side chain densi-
ty, but a decrease in conformational (torsional) inhomogeneity between copolymer chains of the same polymer 
derivative.	For	ProDOT-TetEster	we	explore	 the	 influence	of	polarity	of	 the	surrounding	environment	 through	
statistical analysis of spectral features upon embedding single chains into a PS, PMMA or PVA matrix. The granular 
analysis on the single-chain scale will be valuable for deriving structure-function relationships and ultimately for 
the design of optimized and specialized  conjugated polymers.

Chemical structures of: PCDTBT (A), the R group represents locations of substituted hexyl-chains; ProDOT-TetEster (B).  

C: PL spectra (solid, excited at 530 nm) and absorption spectra (dashed) of different PCDTBT derivatives in chlorobenzene.
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A novel coarse-grained model for deformable nanoparticles
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Nanoparticles (NP) are excellent drug carriers in a variety of biomedical applications spanning from cancer treat-
ment to imaging and vaccines. However, only few nanocarriers have passed clinical trials due the presence of 
complex	biological	barriers	that	lead	to	reduced	drug	uptake	and	efficacy.	The	link	between	NP	physicochemical	
properties and their assimilation into biological structures is still unknown. Coarse-grained models are rarely 
able	to	reproduce	the	intrinsic	flexibility	of	NPs,	which	arises	from	platform	plasticity	(e.g.	micellar	and	polymeric	
cores), ligand rearrangement on the nanoparticle surface or non-uniform coverage with biomolecules . 
Here,	we	introduce	a	novel	coarse-grained	model	that	captures	the	intrinsic	flexibility	of	nanoparticles	with	the	
ultimate goal to generate the ideal nanoparticle, able to respond to environmental changes and pass the cellular 
membrane in a non-invasive manner. 
Brownian dynamics simulations were performed to test and evaluate NP temporal evolution and internalization 
on	realistic	 time	scales.	This	model	 is	 the	first	step	towards	the	development	and	understanding	of	 the	 ideal	
nanocarrier with applications extending beyond the biomedical ones.
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Communication within Artificial Cell-Mediated Tissue Engineering
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Artificial	cell-mediated	 tissue	engineering	approaches	have	started	 to	gain	 interest	 to	study	 the	 translational	
applications of synthetic cells in regenerative medicine studies. 3D bioprinting is a versatile technique for this 
purpose	as	it	allows	to	combine	artificial	cells	along	with	biomaterial	inks	into	an	engineered	final	product	which	
can mimic the biological and physicochemical properties of natural tissues.
In	 this	 study,	 a	 communication	pathway	was	 set	up	within	 a	3D-printed	 scaffold.	 Terpolymer	 stabilized	amy-
lose-coacervates	as	artificial	cell	models	(1)	were	embedded	into	gelatin	and	poly(ethylene	glycol)	diacrylate	
(PEGDA)	based	biomaterial	 ink	 formulation	 to	 fabricate	artificial	 tissue	models.	 The	model	 cargo	protein	was	
sequestered by the coacervate population via a DNA-mediated uptake mechanism with a subsequently triggered 
release	behavior	(2)	within	the	3D-printed	scaffolds.	The	cross-linking	degree	and	the	swelling	behavior	of	the	
scaffolds	were	 studied	along	with	fluorescence	 recovery	after	photobleaching	 (FRAP)	 studies	 to	evaluate	 the	
diffusion	behavior	of	the	cargo	molecules.	

References
(1) Mason, A. F.; Altenburg, W. J.; Song, S.; van Stevendaal, M.; van Hest, J. C. M. Terpolymer-Stabilized Complex 
Coacervates: A Robust and Versatile Synthetic Cell Platform. In Methods in Enzymology; Elsevier, 2021; Vol. 646, 
pp 51–82. https://doi.org/10.1016/bs.mie.2020.06.008.
(2 Mashima, T.; van Stevendaal, M. H. M. E.; Cornelissens, F. R. A.; Mason, A. F.; Rosier, B. J. H. M.; Altenburg, W. J.; 
Oohora, K.; Hirayama, S.; Hayashi, T.; van Hest, J. C. M.; Brunsveld, L. DNA‐Mediated Protein Shuttling between 
Coacervate‐Based	Artificial	Cells.	Angew	Chem	Int	Ed	2022,	61	(17).	https://doi.org/10.1002/anie.202115041.
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ISG15	is	an	interferon-induced	Ubiquitin-like	protein.	Over	the	past	15	years,	several	efforts	have	revealed	its	
diverse	activity	ranging	from	innate	immune	response,	DNA	damage	response,	tumor	progression,	1.	Efforts	to	
understand	the	cascade	of	ISG15	have	identified	a	few	E3	ligases	but	so	far	only	one	protease	has	been	character-
ized, USP18 2. Several studies have reported a few other DUBs to be cross-reactive with ISG15 but profound bio-
logical	validation	is	still	lacking3.	We	have	identified	and	biologically	validated	USP24	as	a	novel	ISG15	cross-re-
active DUB. Using a synthetic substrate-mimicking human ISG15 probe pull-down followed by chemo-proteomic 
investigation, the interaction between endogenous USP24 and the ISG15 probe was detected. Following this, 
we investigated if USP24 can process ISG15 substrates in-vitro. We also looked at the structural basis of USP24-
ISG15 interaction using homology modeling and biochemical assays. Finally, we translated our observations to 
human cell lines. Since ISG15 is inducible by interferon, we showed how depletion of USP24 increases ISGylation 
of substrates upon Interferon-β treatment but the levels of expression of USP24 remain unchanged. I We here  
present a thoroughly characterized relationship between USP24 and ISG15 through in-vitro assays, protein ho-
mology modeling, and biological validation in human cells and discuss the future prospects of identifying novel 
ISGylated substrates targeted by USP24. This will be helpful not only to understanding the USP24 biology but 
also for future drug development to target USP24 from the ISG15 perspective.

1.Perng, YC et al. (2018). doi.org/10.1038/s41579-018-0020-5
2.Basters, A. et al.  (2017). doi.org/10.1038/nsmb.3371
3.Catic A, et al.  (2007). doi.org/10.1371/journal.pone.0000679
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Sodium	alginate	(SA)	is	widely	used	in	the	fields	of	biomedicine	and	pharmaceuticals	because	of	its	high	biocom-
patibility, strong water absorption, and easy formation of hydrogel with cations. At the same time, chitosan (CHI) 
has low biological toxicity, biological degradability and other characteristics [1]. The combination of their fea-
tures	can	produce	a	functional	complex	fiber,	that	is,	the	interfacial	polyelectrolyte	complexation	(IPC)	through	
electrostatic interactions [2].
In this study, a shear thinning IPC complex was prepared by the SA and protonated CHI for a co-axial 3D printing 
[3].	According	to	the	characteristics	of	the	IPC	fiber,	well-aligned	anisotropic	helical	fibers	can	be	observed	by	
SEM.	Also,	the	formation	of	right-handed	helical	fiber	can	be	further	confirmed	by	electronic	circular	dichroism	
spectroscopy. This study will use the characteristics of rapid gelation of IPC complexes for the coaxial 3D printing 
to develop a functional bio-ink and nerve guidance conduit for nerve regeneration in near future [4].

Acknowledgement
This	study	was	financially	supported	by	the	Ministry	of	Science	and	Technology	of	the	Republic	of	China,	Taiwan	
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Biosensing by Particle Motion (BPM) is a sensing method with single-molecule resolution that has been specif-
ically designed to enable the continuous monitoring of biomolecules at low concentrations, such as nucleic ac-
ids, metabolites, proteins and hormones (Visser, Nat. Commun. 2018; Yan, ACS Sensors 2020; Buskermolen, Nat. 
Commun. 2022; Van Smeden, ACS Sensors 2022). The method relies on optically tracking the motion of individ-
ual biofunctionalized particles (1 μm in diameter) that interact with a biofunctionalized substrate. The particles 
switch	between	bound	and	unbound	states	due	 to	 reversible	 single-molecule	 interactions,	 influenced	by	 the	
presence	of	analyte	molecules.	Figure	1a	exemplifies	a	BPM	biosensor	for	monitoring	cortisol,	with	anti-cortisol	
antibodies on particles and cortisol-analogue on the substrate. In this work we address the challenge to extend 
the operational lifetime of the sensor towards several days and weeks. This requires a detailed understanding 
of the molecular mechanisms that underlie long-term changes of the sensor. We performed experiments with 
tethered	and	with	free	particles	in	order	to	quantify	changes	of	specific	as	well	as	non-specific	interactions	over	
long time spans (Figure 1b). The experimental results are supported by Monte-Carlo modelling with loss rates of 
various molecular components (Figure 1c). We will present the research methodology, show experimental results 
and simulations, and discuss the resulting strategies toward long-term stability of continuous biosensors with 
single-molecule resolution.

(A) Schematic representation of the BPM sensor design for the quantification of small molecules. (B) Observed signal drift 

as a function of time in a continuous monitoring experiment over 80 hours. (C) Molecular mechanisms under investigation, 

indicated as loss rates.
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Enzymes	display	outstanding	reactivities	and	selectivities	in	many	different	biological	processes	and	chemical	
reactions. Harvesting this immense potential of activity for abiological reactions and to apply biocatalysis in or-
ganic synthesis is a major challenge. The introduction of non-canonical amino acids and unnatural functionalities 
as new active catalytic centers in enzymes allows for the design of hybrid catalysts by inheriting advantages of 
both biocatalysis and homogeneous catalysis. Until recently, most non-canonical amino acids that have been 
used	as	catalysts	have	been	focused	on	fine	tuning	the	reactivity	of	natural	amino	acids	with	similar	functional	
groups. In this work, the high synthetic utility and catalytic activity of boronic acids is utilized in the creation 
and	application	of	boronic	 acid	 containing	designer	enzymes	 for	 the	first	 time.	 The	boronic	 acid	moiety	was	
introduced into LmrR, a dimeric protein that has no native catalytic function, using stop codon suppression. The 
successful	genetic	incorporation	of	the	low	valent	boron	species	was	confirmed	using	several	analytical	tech-
niques	including	high	resolution	mass	spectrometry	and	11B	NMR	spectroscopy.	The	artificial	enzyme	showcased	
binding towards diols and other nucleophiles, as expected from a boronic acid species. The overall structure of 
the	protein	scaffold	changed	significantly	based	on	protein	crystallography	analysis	compared	to	the	wild	type	
protein. Furthermore, certain amino acid side chains show cased strong hydrogen bond interactions with the bo-
ronic acid functionality. Based on the unique reactivity of the boronic acid residue, a kinetic resolution of hydrox-
yl ketones via condensation with hydroxyl amines was developed. The hydroxyl group acts as a directing group 
to favor the essential interaction with the boronic acid inside the biocatalyst. While initial selectivity with the 
parent protein were only moderate, a directed evolution campaign led to the development of highly improved 
mutants reaching E-values of over 100.

Incorporation and catalysis with a boronic acid containing enzyme.



POSTERS 1

486

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-A0284

High macromolecular crowding in liposomes from microfluidics
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The	intracellular	environment	 is	crowded	with	macromolecules	that	 influence	biochemical	equilibria	and	bio-
macromolecule	diffusion.	The	incorporation	of	such	crowding	in	synthetic	cells	would	be	needed	to	mimic	the	
biochemistry	of	living	cells.	However,	only	a	few	methods	provide	crowded	artificial	cells,	moreover	providing	
cells	with	either	heterogeneous	size	and	composition	or	containing	a	significant	oil	fraction.	Here,	we	present	a	
method that generates monodisperse liposomes with minimal oil content and tunable macromolecular crowding 
using	PDMS-based	microfluidics.	We	show	how	we	can	produce	lipid	stabilized	water-in-oil-in-water	emulsions	
incorporated with macromolecular crowders and remain stable for several months. By changing the external 
osmolality we are able to obtain high macromolecular crowder concentrations in the same range as natural cells. 
A	crucial	feature	that	is	that	we	can	remove	the	oil	phase	by	using	high	flow	conditions	at	any	point	after	produc-
tion, providing highly crowded liposomes. Genetically encoded macromolecular crowding sensors show that the 
high level of macromolecular crowding in the emulsions is fully retained throughout the generation of minimal-oil 
lipid bilayers. This modular and robust platform will serve the study of biochemistry under physiologically relevant 
crowding conditions.

Stepwise approach to achieve crowded liposomes. PDMS-based microfluidics provides monodisperse and reproducible W/O/W 

droplets that are highly stable and can be manipulated. Using a separate flow step allows removing the oil layer from the 

manipulated droplets to provide liposomes.
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Glass transitions in polymer brush bilayers
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Polymer brushes are coatings comprised of densely surface-anchored polymer molecules. These coatings can 
strongly absorb solvents, making them useful for e.g. vapor sensing applications. This strong solvent binding 
also translates into high osmotic pressures, lending polymer brushes fouling-resistant properties, and making 
them highly lubricious and resistant to solvent-squeeze-out. Moreover, polymer brushes generally retain the 
stimulus-responsive	nature	of	the	bulk	polymer,	making	them	a	highly	tuneable	and	flexible	class	of	materials.	
However, for polymers with glass transition temperatures near room temperature, the brush may be glassy at low 
solvent contents, drastically altering its sorption behavior and mechanical properties. Here, we present coarse-
grained molecular dynamics simulations and theory of polymer brush coatings, in which we explore the depen-
dence	of	the	(solvation-dependent)	glass	transition	on	polymer	and	brush	properties,	and	the	effects	of	compres-
sion in bilayer geometries.
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Structural insight into herpesvirus gB interaction with MAG
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Although Herpesviruses are well known for infecting epithelial cells, members of this viral family also set them-
selves apart as potent invaders of the central nervous system. Entry of these viruses into the CNS enables lifelong 
infection,	next	to	other	rare	effects	such	as	herpes	simplex	encephalitis	and	other	neurodegenerative	diseases.	
Entry of herpesviruses into epithelial cells requires the outer envelope glycoproteins gH/gL, gD and gB, of which 
the latter fuses the viral envelope with the host membrane¹. Interactions of these glycoproteins with neuronal 
proteins have not been studied thoroughly. We aim to elucidate in vitro interactions of glycoprotein B with My-
elin-Associated Glycoprotein MAG  on an atomic basis using cryo-electron microscopy  or EM, mass spectrometry 
and surface plasmon resonance. Using these techniques, we have determined the ectodomain structure of Her-
pes	Simplex	2	gB	and	quantified	the	interaction	of	MAG	with	gB,	where	O-linked	glycans	are	suspected	to	play	a	
key role. Currently, we are working towards further identifying the details of this interaction with cryo-EM.

1. Jambunathan, N., Clark, C. M., Musarrat, F., Chouljenko, V. N., Rudd, J., & Kousoulas, K. G., 2021. Two sides to 
every story: herpes simplex type-1 viral glycoproteins gB, gD, gH/gL, gK, and cellular receptors function as key 
players in membrane fusion. Viruses, 13. 9 . 1849.
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Separation of triacylglycerol isomers by cyclic-ion mobility-mass 
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Separation of triacylglycerol isomers by cyclic-ion mobility-mass spectrometry
De Bruin C.R., de Bruijn W.J.C., Vincken J.-C., Hennebelle M.
Laboratory of Food Chemistry, Wageningen University, The Netherlands
Triacylglycerols	(TAGs)	are	the	most	abundant	lipid	class	in	foods.	They	consist	of	three	fatty	acid	chains	esterified	
on a glycerol backbone and are often present in various isomeric forms. These include 1/ sn- positional isomers, 
2/ chain length isomers, 3/ double bond positional isomers, and 4/ cis-trans conformational isomers. Elucidat-
ing	these	complex	isomeric	mixtures	is	of	great	interest	as	different	isomers	can	have	distinct	properties,	such	
as digestibility, oxidative stability or lipid metabolism(1). However, this remains so far quite challenging and 
time-consuming. In this study, we evaluated the potential of cyclic ion mobility mass spectrometry (cIMS-MS), a 
novel	state-of-the-art	technique(2),	on	the	separation	and	identification	of	all	types	of	TAG	isomers.	The	influ-
ence	of	different	adducts	(Li,	NH4,	Na,	and	K)	was	also	investigated.	Using	direct	infusion	of	analytical	standards,	
we successfully separated most types of TAG isomers; all adducts were shown to be useful for such separation. 
These	results	highlight	the	great	potential	of	cIMS-MS	for	the	separation	and	identification	of	various	TAG	iso-
mers. In addition, hyphenation with liquid chromatography could provide a powerful tool to elucidate complex 
TAG isomer mixtures present in foods.  

References
1.Yoshinaga	K,	Sasaki	K,	Watanabe	H,	Nagao	K,	Inoue	N,	Shirouchi	B,	et	al.	Differential	effects	of	triacylglycerol	
positional isomers containing n-3 series highly unsaturated fatty acids on lipid metabolism in C57BL/6J mice. 
Journal of Nutritional Biochemistry. 2015; 26; 57-63. 
2.Giles K, Ujma J, Wildgoose J, Pringle S, Richardson K, Langridge D, et al. A Cyclic Ion Mobility-Mass Spectrometry 
System. Anal Chem. 2019; 91; 13; 8564-8573. 
 

Comparison of POP and PPO isomer separation with lithium, ammonium, sodium and potassium adducts using 25 passes in 

cIMS-MS.
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Electronic effect of substituents on charge transfer dynamics

Soumi Roy* 1
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We	report	a	comparative	charge	transfer	(CT)	dynamics	study	from	CsPbBr3	NCs	to	three	different	small	organic	
molecules, chloranilic acid (CA), p-benzoquinone (BQ) and duroquinone (DQ), using steady-state and time-re-
solved spectroscopic methods. The three organic acceptors studied have the same 1,4-benzoquinone backbone 
with	different	electron	withdrawing	(CA)	and	electron	donating	(DQ)	substituents	present	on	them.	Excited	state	
interaction between the NCs and the acceptors was established by steady state absorption and emission and time 
resolved emission decay measurements. Femtosecond transient absorption experiments indicate faster ground-
state bleach (GSB) recovery in presence of the three acceptors, and the kinetic analysis of the GSB signals reveals 
that the CT from the NCs occurs at the highest rate to CA followed by BQ and DQ, respectively. Utilizing the 
band	alignment	analysis,	the	faster	bleach	recovery	in	presence	of	the	acceptors	was	confirmed	to	be	because	of	
electron transfer from the photo-excited NCs to the acceptor molecules. Considering the Marcus normal region, 
the order of rates of electron transfer, as obtained from the experimental evidences, was further supported by 
theoretical calculations. Though the electron withdrawing groups of the CA molecules help to extract the pho-
to-excited charge carriers at the highest rate, but they detach the surface protecting ligands from the NCs by 
H-bonding type interaction which ultimately costs the stability of the NCs. Our results open up a new direction in 
designing	suitable	charge	transporting	material	depending	on	their	core	structure	and	different	functionalities	
for perovskite based solar cells. 

Acknowledgement: The authors thanks IIT Madras for the instrumental facilities. S R thanks DST INSPIRE for her 
fellowship.
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Antifungal evaluation of herbal extracts on pathogenic fungi
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Agricultural pesticides use is rising in crop protection against plant invaders of which fungi are chief in reducing 
both yield quantity and quality. Botrytis cinerea, Rhizoctonia solani, Macrophomina phaseolina and Alternaria 
alternata are polyphagous fungi of economic importance with severe yield and quality losses worldwide. Anti-
fungal	activity	of	plant	phenolic	extracts:	Carica	papaya;	Zingiber	officinale;	Myrothamnus	flabellifolius	and	Ipo-
moea batatas were investigated on plant pathogenic fungi. A 6mm diameter disc of 7-day old pure fungi culture 
cultivated on PGA was  inoculated at centre of petri dish for each treatment and petri dishes incubated. Mycelial 
growth	measurements	 (in	mm)	were	 taken	at	different	 time	 intervals	and	stopped	upon	 full	 colony	diameter	
(85mm) observation in negative control plates. Antifungal in vitro assays, plant phenolic extract and   extract con-
centration	interacted	significantly	(all	ρ < 0.05) at all time intervals for all species except for B. cinerea 96 hours 
interval	where	only	plant	phenolic	extract	were	significant	(ρ < 0.05). Interaction of the two factors showed var-
ied	results	in	their	inhibition	of	mycelial	growth	with	differences	amongst	plant	phenolic	extracts	and	fungi	spe-
cies noted. Percentage Mycelial Reduction (PMR) varied amongst phenolic extracts and phytopathogenic fungi. 
Generally, phenolic extracts showed less antifungal activity compared to positive control treatments (fungicides). 
Carica	papaya	bark	and	Z.	officinale	rhizomes	showed	highest	PMR	against	M.	phaseolina	(30%≤PMR≤40%)	at	
1000	ppm	concentration.	Z.	officinale	showed	highest	PMR	(45.3%≤PMR≤	54.7%)	for	all	concentrations	on	A.	
alternaria.	M.	flabellifolius	showed	highest		PMR		(26.5%≤PMR≤53.9%)		for		all	concentrations		on		R.	 	solani.		
Only	M.	flabellifolius	had	limited	PMR	of	0-5.9%,	whilst	other	plant	phenolic	extracts	showed	0%	PMR	against	
B. cinerea. The result of PMRs shows that plant phenolic extracts have potential use in vivo as crop protectants 
however further research may consider reduced fungicide dosages by using both synthetic and plant phenolic 
extract as mixtures.
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Problems on selective aromatic hydroxylation by manganese catalyst

Angshuk Saha* 1, Eduard Masferrer Rius, Daniel L.J Broere, Robertus J.M Klein Gebbink  

1 Utrecht University, Utrecht, The Netherlands

The C-H hydroxylation of aromatic substrates with hydrogen peroxide to form phenol products catalysed by 
bio-inspired	manganese	catalysts	in	fluorinated	solvents	have	been	recently	studied	in	our	group.(figure	1)	[1]	
.The incorporation of bulky tips group into the structure of tetradentate aminopyridine ligand of the catalyst was 
found	to	favour	aromatic	C-H	hydroxylation	and	catalytic	efficiency.	But	for	less	bulky	catalysts	with	lower	cata-
lytic activities, a purple color was observed during the catalytic reaction, which was
proposed to result from catalytic inhibition by phenolate binding, which is termed as “Product Inhibition”
Whereas for bulky catalyst, this product inhibition was not observed. Which leads us to believe that bulky ligand 
seems to prevent catalytic inhibition.
Previously in our group reported that in addition to the product inhibition, “poor mass balance” problem is one 
of the major concerns regarding aromatic hydroxylation reaction. Substituted aromatic substrate has several 
overoxidized products that was not observed in GC, GC-MS. In other words, this catalyst is not fully selective for 
phenol	products,	it	readily	converted	to	different	secondary	or	tertiary	oxidised	products.	So	it’s	still	remain	chal-
lenging for selective hydroxylation of aromatic substrate using these bulky manganese catalyst.

Reference 
[1] Aromatic C-H Hydroxylation Reactions with Hydrogen peroxide Catalyzed by Bulky Manganese Complexes. E. 
Masferrer-Rius, M. Borrell, M. Lutz, M. Costas, R.J.M. Klein Gebbink Adv.Synth. Catal. 2021,363,3783-3795
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Catalysis of propylbenzene in TFE with bulky manganese catalyst
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Photoswitching of a DNA-binder Using a Molecular Motor

Nadja A. Simeth 1, Agata M.  Malinowska 2, Ilayda Pedük* 1, Ryojun Toyoda 1, Thomas J. N.  Reus 2, Joost  Geldhof 2, 
Iddo  Heller 2, Wiktor  Szymanski 1,3, Ben L.  Feringa 1

1 Stratingh Institute for Chemistry, University of Groningen, Groningen, The Netherlands, 2 Department of Physics and Astronomy 
and LaserLaB Amsterdam, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands, 3 Department of Radiology, University 
Medical Center Groningen, University of Groningen, Groningen, The Netherlands

Deoxyribonucleic acid (DNA) is a polynucleotide with a double stranded helical structure, which contains the 
genetic information of all living organisms and plays a crucial role in life.[1,2] Controlling the structure of nucleic 
acids	offers	opportunities	to	study	and	modulate	in	situ	genetic	processes	(DNA	repair,	replication	and	transcrip-
tion) and associated cell functions.[1,2,3] For this purpose numerous external stimuli could be employed, such 
as light.[1,2,4] 
Particularly, molecular photoswitches provide a non-invasive, reversible, spatially and temporally controlled ap-
proach to modulate the biological activity of molecules through structural isomerization.[4] In the context of DNA 
modulation, photoswitches have been widely employed as covalent nucleoside surrogates.[1] Photoswitchable 
noncovalent DNA-binders are synthetically more attractive, as they do not require the oligonucleotide to be mod-
ified	and	can	be	used	for	in	vivo	applications.	However,	the	efficiency	of	these	binders	depends	on	their	binding	
mode,	which	is	generally	difficult	to	predict.[1]	Nevertheless,	the	first	visible	light-driven	switchable	DNA	inter-
calators were developed to control DNA and nucleosome binding.[3]
Additionally,	our	group	published	the	first	example	of	a	molecular	motor-based	DNA	hairpin	to	control	DNA	hy-
bridization under physiological conditions. This approach provides a much greater level of precision and photo-
control due to the multistate character, unidirectional rotation, and the inversion of helicity during the rotation.
[2]
In this study, we describe the synthesis of a molecular motor-based DNA-binder, investigate the mode of nonco-
valent	interactions	with	DNA	and	the	effect	of	these	interactions	on	the	DNA	secondary	structure	and	function.

References:
[1] A. S. Lubbe, et. al. (2017). Chem. Soc. Rev., 46(4), 1052-1079.
[2] A. S. Lubbe, et. al. (2018). J. Am. Chem. Soc., 140(15), 5069-5076.
[3] B. Heinrich, et. al. (2019). Org. Biomol. Chem., 17(7), 1827-1833.
[4] W. A. Velema, et. al. (2014). J. Am. Chem. Soc., 136(6), 2178-2191.
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Supramolecular Assemblies Control The Flow of Excitation Energy

Tom Keijer* 1, Vladimir Grigorescu 2, Simon Mathew 1, Charusheela Ramanan 2, Joost N.H. Reek 1
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Natural photosynthesis utilizes chromophore assemblies that transfer excitation energy to reaction centres.[1] By 
focussing	excitation	energy	of	many	chromophores	into	the	core	of	such	assemblies,	highly	efficient	fuel-forming	
reactions	become	possible.	Supramolecular	chemistry	can	be	used	to	explore	defining	concepts	of	such	arrays,	
without needing to reproduce the natural system in all its complexity.[2] Supramolecular metal-organic cages 
(MOC)	are	potentially	useful	scaffolds	to	capture	and	store	excitation	energy.[3]	Therefore,	the	following	research	
question	is	answered:	are	MOC’s	useful	scaffolds	to	control	the	flow	of	excitation	energy	of	appended	chromo-
phores? 
With advanced spectroscopy, we found that excited states orbit across the exterior chromophores on the as-
sembly.[4] Here, we show that this delocalized excited state can be trapped by acceptors at the interior of such 
spheres.[5] Similarly, excitation of internal moieties can be displaced towards the exterior. Such radial energy 
transport is reminiscent of the light-harvesting antennae found in Nature. We are currently coupling these pro-
cesses	to	fuel-forming	reactions	for	artificial	photosynthesis.

[1] Croce, R.; Van Amerongen, H. Nat. Chem. Biol. 2014, 10 (7), 492–501.
[2] Keijer, T.; Bouwens, T.; Hessels, J.; Reek, J. N. H. Chem. Sci. 2021, 12 (1), 50–70.
[3] Tominaga, M.; Suzuki, K.; Kawano, M.; Kusukawa, T.; Ozeki, T.; Sakamoto, S.; Yamaguchi, K.; Fujita, M. Angew. 
Chemie - Int. Ed. 2004, 43 (42), 5621–5625. 
[4] Keijer, T.; Grigorescu, V.; Voeten, R.; Haselberg, R.; Rijs, A. M.; Ramanan, C.; Reek, J. N. H. Manuscript in preparation.
[5] Keijer, T.; Grigorescu, V.; Mathew, S.; Ramanan, C.; Reek, J. N. H. Manuscript in Preparation.

Supramolecular spheres are interrogated by transient absorption spectroscopy. Selective excitation of the external donor 

(pump, blue) leads to energy transfer to the encapsulated acceptor (probe, grey). Excitation energy is focussed into the cavity 

of supramolecular spheres.
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Copper-functionalized organic semiconductor for electrocatalytic CO2 
reduction

Xiaojiao Yuan* 1, Katherine Villa  
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Organic semiconductors are attracting increasing attention owing to their delocalized conjugated system and 
outstanding electrochemical property, electrical conductivity, and high carrier mobility.  In particular, the semi-
conductor	redox	potentials	of	conjugated	polymers	(CPs)	can	be	precisely	modified	through	design	of	molecular	
structure such as donor-acceptor junctions. Recently, conjugated polymers have been studied as (photo)electro-
catalysts for HER, OER. However, the performance of CPs for CO2 reduction has been rarely investigated due to 
the complexity of the reaction that undergoes multi-electron and multi-proton pathways. Herein, we synthesize a 
copper-functionalized conjugated trimer with donor-acceptor-donor molecular structures by electrodeposition. 
With	 the	synergistic	effect	between	Cu	and	conjugated	 trimer,	 the	composites	can	selectively	 reduce	CO2	 to	
ethylene	with	a	high	Faradaic	efficiency	(max.	55%	at	−1.6	V)	in	broad	potential	windows	and	large	current	den-
sity	(60	mA	cm−2).	It	is	thus	desirable	to	develop	a	family	of	heterogeneous	catalyst	with	molecularly	regulating	
electrocatalytic activity. The variation of activity in small molecules are strongly correlating with their physical 
properties such as energy band levels, and lifetime of excited particles. The results indicate that conjugated small 
molecules are promising applications in electrocatalytic chemical energy conversion.
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CO2 conversion to value-added chemicals is an attractive solution to reduce globally accelerating CO2 emis-
sions.1  Among the non-precious and abundant metals tested so far, Cu is one of the best CO2 electrocatalysts.2 
However,	the	selectivity	for	desired	products	is	often	too	low.	We	investigated	the	effects	of	nanostructuring,	
doping, and support on the activity and selectivity of Cu-Sn catalysts. DFT calculations were used to study the use 
of	small	Cu−Sn	clusters,	Cu4−nSnn	(n	=	0–4),	isolated	or	supported	on	graphene	and	γ-Al2O3 (110), to activate 
CO2 and convert it to carbon monoxide (CO) and formic acid (HCOOH).  We found the Cu2Sn2 cluster to suppress 
the hydrogen evolution reaction and be highly selective towards CO, if unsupported, or HCOOH if supported on 
graphene. This study demonstrates that Cu2Sn2 clusters are a potential candidate for the electrocatalytic conver-
sion	of	the	CO2	molecule.	Moreover,	it	identifies	insightful	structure-property	relationships	for	CO2	activation	in	
Cu-based	nanocatalysts,	highlighting	the	influence	of	composition	and	catalyst	support	on	CO2	activation.

References:
1S.	Nitopi,	E.	Bertheussen,	S.	B.	Scott,	X.	Liu,	A.	K.	Engstfeld,	S.	Horch,	B.	Seger,	I.	E.	L.	Stephens,	K.	Chan,	C.	Hahn,	J.	
K.	Nørskov,	T.	F.	Jaramillo	and	I.	Chorkendorff,	Chem.	Rev.,	2019,	119,	7610–7672.
2R. Kortlever, J. Shen, K. J. P. Schouten, F. Calle-Vallejo and M. T. M. Koper, J. Phys. Chem. Lett., 2015, 6, 4073–4082.

Figure 1. (a) Reaction pathways for the proton-electron CO2 reduction reaction to CO and HCOOH on Cu4. (b) Overpotential 

for the electrocatalytic formation of CO, HCOOH and H2 on Cu-Sn clusters.
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DETERMINATION OF RECEPTOPHORE FEATURES BETWEEN FIVE AD TARGETS
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Due	to	the	multifactorial	nature	of	Alzheimer’s	disease	and	the	lack	of	effective	pharmacological	treatment,	there	
is a need for new drugs capable of modulate more than one of the pathways involved in this complex physiopa-
thology. (1) Faced with this challenge, the development of computational polypharmacology seems promising. In 
this	regard,	several	targets	have	been	studied,	among	which	five	were	considered	for	this	work:	acetylcholines-
terase (AChE) and butyrylcholinesterase (BuChE) enzymes (2), related to choline transmission, beta secretase 1 
(BACE-1) and cannabinoid receptor 2 (CB2), related to amyloid peptide formation, and glycogen synthase kinase 
3 (GSK-3) involved in TAU protein phosphorylation. It is believed that there are common features among these 
targets	that	can	be	used	for	multitarget	drug	design.	With	the	aim	to	find	this	set	of	characteristics	that	determine	
a	“receptophore”,	bioinformatics	tools	were	used	to	describe	their	interaction	profile.	As	a	first	step,	the	main	
cavity was described using Fpocket, followed by software such as PocketMatch, GeomFinder and Multibind which 
were used to provide information on similarity between the main cavities. Finally, an interaction pattern was 
analyzed from molecular docking results. It was concluded that characteristics as hydrophobicity, volume, forma-
tion of hydrogen bond interactions with the ligand, and the presence of amino acids such as hydroxyamino acids, 
are	shared	by	different	combinations	of	these	targets.	These	results,	in	addition	to	providing	a	closer	insight	into	
the nature of the targets, allows us to establish a starting point for the design of multi-target drugs against AD, 
offering	a	preliminary	way	to	approach	the	analyses	with	simple	computational	tools.

References
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Common features between three Alzheimer disease targets
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Effect of washing on boscalid in welsh onion
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This study compares the change in the residual level of boscalid in welsh onion based on the washing methods, 
such as running washing, steeping washing, steeping and running washing, and steeping and running washing 
using a neutral detergent. The processing welsh onion sample for washing is sprayed with boscalid (49.3%, WG) 
three times with a 7-day interval at 1.971 kg a.i./ha. The limit of quantitation for the analysis of boscalid was 
0.01 mg/kg, and the recovery of boscalid at 0.01, 0.1, and 0.05 mg/kg were 97.1, 99.8, and 94.9%, respectively. 
The residual level of boscalid in welsh onion was 1.86 mg/kg. After running washing of welsh onion during 1-, 2-, 
and 3-min periods, the residual levels were 1.38, 1.26, and 1.13 mg/kg, respectively. By steeping washing welsh 
onion 1, 2, and 3 times, the residual levels of boscalid were found to be 1.08, 0.95, and 0.66 mg/kg, respectively. 
When welsh onion was washed with running water for 1, 2, and 3 min after steeping washing three times in water, 
the residue of boscalid was 0.90, 0.87, and 0.77 mg/kg, respectively. When welsh onion was washed using run-
ning water after steeping washing with a neutral detergent, the residual levels were 0.80, 0.79, and 0.70 mg/kg 
after washing for 1, 2, and 3 min, respectively. Therefore, as the washing time and number increased, the residual 
boscalid	levels	in	welsh	onion	decreased.	The	most	effective	washing	method	to	decrease	residual	boscalid	lev-
els was shown to be steeping with a neutral detergent.

Acknowledgements: This research was supported by a grant (22192MFDS322) from the Ministry of Food and 
Drug Safety in 2022.
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Anthraquinonylamine-based CMP/activated graphene composites toward 
asymmetric supercapacitor electrodes
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Conjugated microporous polymer (CMP) networks with a tunable multi-dimensional porous structure and an ex-
cellent physicochemical stability are receiving increased interest. Herein, we report a composite of anthraquino-
nylamine-based CMP network and activated graphene (CMAP@AG hybrid) via facile Buchwald-Hartwig coupling. 
The hybrid composites are made via chemical grafting of CMAP onto AG samples prepared with varied acid treat-
ment	times.	This	method	provides	superior	synergistic	structural	effects,	and	the	properties	can	be	readily	tuned	
by	controlling	the	preparation	steps	of	AGs	since	both	porosity	and	flake	size	of	the	AGs	depend	on	the	etching	
conditions. The optimized CMAP@AG hybrid exhibits a large surface area of 498 m/g and a low sheet resistance 
of	278	Ω/sq.,	 and	 it	 can	be	directly	used	as	an	electrode	material	 for	 supercapacitors.	The	CMAP@AG	hybrid	
electrode	shows	specific	capacitance	of	751	F/g	at	a	current	density	of	1	A/g	with	a	good	rate	capability	and	sta-
bility in a three-electrode system. A quasi-solid-state CMAP@AG//AG asymmetric supercapacitor (ASC) displays 
a maximum energy density of 76.6 Wh/kg and a power density of 27.6 kW/kg as well as a good cycle stability and 
flexibility.	This	investigation	can	offer	insight	into	a	rational	design	of	CMP-based	electrode	materials	for	energy	
storage applications.

Schematic illustration of (a) CMAP@AXG hybrids and (b) AXGs synthesis; (c) schematic diagram, (d) photograph, and (e-h) 

electrochemical performance of CMAP@A4G//A4G asymmetric supercapacitor (ASC) device, i.e., specific capacitance, cycle & 

flexibility test, and Ragone plot.
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A Unique Metal-Ligand Interplay of Ru/Os and Azole-Linkers

Maya Kumari* 1, Goutam Kumar Lahiri 1

1 Indian Institute of Technology Bombay, India, Mumbai, India

Understanding the coordination chemistry of the azole-organic linkers can greatly help the rational design and 
synthesis of various architectures because a minor change in the organic linker can greatly induce a structural vari-
ation	of	the	final	coordination	structures.	In	this	context,	the	versatility	of	azole-based	ligands	in	directing	diverse	
molecular frameworks with selective ruthenium and osmium metal fragments has been demonstrated. Structur-
al	elucidation	of	the	Ru-HL1(1H-indazole)	derivative	complexes	established	the	unique	influence	of	co-ligands	
in	directing	different	coordinating	modes	of	 indazole/indazolate	(HL1/L1-)	moieties	with	its	tautomeric	forms	
1H-indazole versus 2H-indazole in mono and dinuclear complexes1. On the contrary, the isomeric H‚L2 (1H-in-
dazole-3-carboxylic acid/2H-indazole-3-carboxylic acid) and H‚L3 (1H-benzimidazole-2-carboxylic acid) resulted 
in mononuclear, homodinuclear, heterodinuclear and polynuclear species as a function of metal ion (Ru versus 
Os),	and	co-ligands.	The	mutual	interplay	between	the	RuII(pap)2	metal	fragment	containing	strongly	 -accepting	
pap and redox non-innocent feature L32- (L32-/L3”-) facilitated C-C bond formation between the decarboxylated 
benzimidazole	moieties,	resulting	in	modified	L3¹2-	(2,2’-bisbenzimidazolate)	bridged	[(pap)‚RuII(m-L3¹2-)RuII(-
pap)‚](ClO„)‚. Redox-mediated OsIII-AgI based heterodimer and hollow spherical polymer were designed with a 
special reference of L22- and L32-. The detailed spectroelectrochemistry and theoretical explorations revealed 
their diverse electronic forms and redox noninnocence feature of L1-, L22- , and L32-. Moreover, selective anion 
sensing events of complexes involving free NH groups at the backface have also been highlighted.

References:
1.Inorg. Chem. 2022, 40, 16122-16140.
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Endo/exo-selectivity in Diels-alder cycloaddition of chitin-derived furans

Ting Wang* 1, Cornelis H.M. 2,4, Zhenlei Zhang 1, J.O.P.  Broekman 1, Andre Heeres 3, Remco Havenith 1,  
Adriaan  Minnaard 2, Peter Deuss 1

1 Department of Chemical Engineering (ENTEG), University of Groningen, Nijenborgh 4, 9747 AG, Groningn, The Netherlands, 2 
Department of Chemical Biology, Stratingh Institute for Chemistry, University of Groningen, Groningen, The Netherlands, 3 Hanze 
University of Applied Sciences, Zernikeplein 11, 9747 AS, The Netherlands, 4Symeres B.V., Kadijk 3, 9747 AT, Groningen, The 
Netherlands

Chitin represents an abundant source of nitrogenous polysaccharides that can be a suitable feedstock for orga-
nonitrogen platform chemicals. Especially furan compounds such as 3-acetamido-5-acetylfuran (3A5AF) can be 
readily obtained. Such furans can be further as dienes functionalized using Diels–Alder (DA) cycloaddition. Here-
in, we report on the DA of 3A5AF, chromogen III and its aldehyde and alcohol derivatives with maleimide dieno-
philes.	Exo	or	endo	isomers	are	identified	using	computational	tools	and	trends	in	their	formation	are	monitored	
in	detail.	A	reaction	network	is	established	and	rates	are	calculated	by	performing	reactions	at	different	tem-
peratures.	The	influence	of	electronic	properties	of	different	substituents	on	the	five	maleimides	and	NAG-de-
rived	dienes	show	significantly	effect	on	the	cycloaddition	rates	and	exo/endo	selectivity.	The	introduction	of	
electron-rich groups (e.g., -OH) into furans leaded to the stereoselectivity transformation from exo-selectivity 
to endo-selectivity. The density functional theory (DFT) calculations have also been performed to interpret the 
experimental results and gain more insights into the reactivity and selectivity trends.

Schematic illustration of (a) CMAP@AXG hybrids and (b) AXGs synthesis; (c) schematic diagram, (d) photograph, and (e-h) 

electrochemical performance of CMAP@A4G//A4G asymmetric supercapacitor (ASC) device, i.e., specific capacitance, cycle & 

flexibility test, and Ragone plot.
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Digestion Protocol for Nanoplastic Characterization in Placental Tissue

Laura Zoutendijk* 1, Laurens Mandemaker 1, Zenzi Matla 1, Bert Weckhuysen 1, Florian Meirer 1

1 Inorganic Chemistry and Catalysis, Utrecht University, Utrecht, The Netherlands

Plastic can break down into smaller particles, called microplastics (< 1 mm) and nanoplastics (< 1 μm) (MNPs).¹ 
The	fate	of	these	particles	and	their	effect	on	human	health	is	still	mostly	unknown.	Studies	show	environmental	
pollutants	may	have	an	adverse	health	effect	on	the	developing	fetus,	which	makes	the	human	placenta	an	im-
portant	matrix	in	researching	MNPs’	health	effects.²
We focus on digestion protocols for placenta tissue to enable in-depth characterization of MNPs present in these 
samples. We aim for combining mass-based analysis with (spectro)microscopic techniques, to determine particle 
mass, number, morphology and chemical composition.³ To enable MNP characterization, the biological matrix 
has	to	be	pre-processed	to	filter	out	components	interfering	with	analysis.	A	successful	digestion	needs	to	suffi-
ciently remove biological matrix, while assuring stability of MNPs in terms of chemistry, morphology, and particle 
number. To assess success of the digestion method and its subsequent analysis, samples were spiked with a 
known	concentration	of	well-defined	commercial	MNPs,	namely	fluorescent	polystyrene	(FPS)	spheres.
1	g	of	placenta	tissue	with	known	concentrations	of	FPS	MNPs	was	digested	with	different	enzymes.	Digestion	
was	followed	by	filtration	over	nanometer	pore	size	glass	fiber	filters,	with	the	cleanliness	of	filters	indicating	the	
success	of	the	digestion.	The	filters	and	filtrates	were	analyzed	with	Confocal	Fluorescence	Microscopy	(CFM)	and	
Scanning	Electron	Microscopy	(SEM).	Our	first	results	show	that	FPS	MNPs	were	recovered	from	digested	samples	
with no visible changes in particle morphology. Our next steps will address recovery rates to further establish 
suitable digestion protocols for both mass-based and imaging analytical methods to detect MNPs in human tis-
sues.

1. Gigault, J. et al. Environ. Pollut. 235, 1030–1034 (2018).
2. Dusza, H. M. et al. Environ. Health Perspect. 130, 97006 (2022).
3. Mandemaker, L. D. B. & Meirer, F. Angew. Chem. Int. Ed. 62, e202210494 (2023).

Overview of the digestion protocol and related analysis on spiked placental tissue. Placenta (a) is aliquoted (b), 

enzymatically digested (c,d) and filtered over glass fiber filters (e,f). CFM (g) and SEM (h) images of FPS recovered after 

digestion are shown.
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Dielectric Characterization of Poly(acrylic) Acid Based Electrolyte 
Complexes

Koh Sing Ngai*, S. Ramesh 1, K. Ramesh 1, Joon Ching Juan 1

1 Universiti Malaya, Malaysia

The	total	renewable	electrification	drives	towards	the	realization	of	the	sustainable	future	world.	The	selection	
of the materials used in energy devices play a pivotal role compared to other actions and mitigation measures 
taken by human against the adverse impacts of the industrial activities. The approaches of designing and creating 
new	energy	materials	are	towards	the	attractive	user	properties	such	as	flexibility,	light	weight,	and	ease	of	con-
figuration.	Among	many	of	the	polymer	used,	poly(acrylic	acid),	PAA	addresses	the	promising	properties	which	
offers	a	potential	candidate	as	electrolyte	material	in	energy	devices.	The	objective	of	the	study	is	to	characterize	
the dielectric properties of PAA based electrolyte complexes. Three composite polymer electrolyte systems are 
prepared: PAA/lithium perchlorate (LiClO4) with the incorporation of 2 wt.%, 6 wt.% and 10 wt.% of barium 
titanate (BaTiO3). In dielectric permittivity study, both dielectric permittivity and dielectric loss decrease with 
the increase of frequency for all complexes. PAA based complexes with 2 wt.% BaTiO3 exhibited the lowest di-
electric permittivity and dielectric loss compared to others. On the contrary, PAA based complexes with 10 wt.% 
BaTiO3 demonstrated the highest dielectric permittivity. In the loss tangent study, tangent loss peak is displaced 
toward higher frequency with the increased of BaTiO3 content in the polymer electrolyte complexes from 2 to 
10 wt.%. Modulus study ascribes the narrow experimental frequency window and the negligible contribution of 
electrode polarization. Inevitable, the new electrolyte material based on PAA/LiClO4/BaTiO3 potentially could be 
used in electrical and energy applications.

References:
1.  Arya, A.; Sharma, A. L. Ionics 2019, 25, 1617 - 1632.
2.		Mohammed,	M.	I.;	Bouzidi,	A.;	Zahran,	H.	Y.,	Jalalah,	M.,	Harraz,	F.	A.;	Yahia,	I.	S.	J.	Mater.	Sci:	Mater.	Electron.,	
2021, 32, 4416 - 4436.
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Geometric catalyst utilization in zero gap CO2 electrolyzers

Siddhartha Subramanian* 1, Thomas Burdyny 1

1 Delft University of Technology, Delft, The Netherlands

CO2 electrolysis [CO2RR] on silver catalysts has been demonstrated under elevated current density, longer re-
action times, and intermittent operation. Maintaining performance requires that CO2 can access the entire geo-
metric catalyst area, thus maximizing catalyst utilization. In this work, we probe the time-dependent factors im-
pacting	geometric	catalyst	utilization	for	CO2RR	in	a	zero-gap	membrane	electrode	assembly.	We	use	three	flow	
fields	[serpentine,	parallel,	and	interdigitated]	as	tools	to	disambiguate	cell	behavior.	Cathode	pressure	drop	is	
found to play the most critical role in maintaining catalyst utilization at all time scales by encouraging in-plane 
CO2	transport	throughout	the	gas-diffusion	layer	[GDL]	and	around	salt	and	water	blockages.	The	serpentine	flow	
channel with the highest pressure drop is then the most failure-resistant, achieving a CO partial current density of 
205	mA/cm2	at	2.76	V.	These	findings	are	confirmed	through	selectivity	measurements	over	time,	double-layer	
capacitance	measurements	to	estimate	GDL	flooding,	and	transport	modeling	of	the	spatial	CO2	concentration.

Carbonate precipitation and flooding of the gas diffusion layer are detrimental to zero-gap CO2 electrolyzers due to reduced 

CO2 access. Single path gas flow pattern outweighs multipath flow patterns due to the high pressure drop generated in the 

reactor
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Expanding the CH3OH formation mechanism in interstellar ices

Julia Santos* 1, Ko-Ju Chuang 1, Thanja Lamberts 2,1, Gleb Fedoseev 3, Sergio Ioppolo 5,4, Harold Linnartz 1

1 Laboratory for Astrophysics, Leiden Observatory, Leiden University, Leiden, The Netherlands, 2 Leiden Institute of Chemistry, 
Gorlaeus Laboratories, Leiden University, Leiden, The Netherlands, 3 Research Laboratory for Astrochemistry, Ural Federal 
University, Ekaterinburg, Russia, 4School of Electronic Engineering and Computer Science, Queen Mary University of London, UK, 
5Center for Interstellar Catalysis, Department of Physics and Astronomy, Aarhus University, Aarhus, Denmark

To date, over 350 molecules have been detected in the interstellar medium, many of which being categorized as 
complex organic molecules (COMs, i.e., organic species containing 6 or more atoms). This rich chemical inven-
tory evolves along with star and planet formation and could ultimately facilitate the emergence of life on (exo-)
planets including and beyond Earth. Methanol is a key precursor of prebiotic molecules in space (e.g., [1,2]), and 
has been abundantly found in the icy mantle that shrouds interstellar dust grains. Its extraterrestrial formation 
mechanism in dark molecular clouds has been hitherto accepted to be the successive addition of H atoms to 
inorganic CO in the solid phase (i.e., CO→HCO→H2CO→CH3O→CH3OH). However, recent kinetic Monte Carlo 
simulations	of	 interstellar	 ices	challenged	 the	final	 reaction	step	and	alternatively	suggested	 the	H-atom	ab-
straction reaction CH3O + H2CO → CH3OH + HCO as the dominating (70–90%) pathway in those environments 
[3].	In	this	work,	we	experimentally	verify	these	two	final	reaction	steps	leading	to	methanol	under	astronomi-
cally-relevant	conditions	(e.g.,	UHV	pressures	and	cryogenic	temperatures).	We	utilize	the	kinetic	isotope	effect	
in	quantum-tunneling	reactions	(H	versus	D)	to	differentiate	the	product	yields	between	H2CO	+	H	and	D2CO	+	
H.	The	derived	efficiency	of	the	abstraction	route	accounts	for	~ 80% in the 10-16 K interval, which agrees well 
with	the	Monte	Carlo	simulations.	Our	experimental	findings	present	an	important	perspective	change	regarding	
methanol	formation	in	space	and	imply	revolutionary	effects	on	astrochemical	models	involving	this	key	species.

References:
[1]	Öberg,	K.	I.,	Garrod,	R.	T.,	van	Dishoeck,	E.	F.,	&	Linnartz,	H.	2009,	A&A,	504,	891
[2] Fedoseev, G., Chuang, K.-J., Ioppolo, S., Qasim, D., van Dishoeck, E. F., & Linnartz, H. 2017, ApJ, 842, 52
[3] Simons, M. A. J., Lamberts, T., & Cuppen, H. M. 2020, A&A, 634, A52

Normalized yields of CH3OH and CHD2OH as derived from the RAIRS and TPD-QMS data.  

Background image credit: (STScI/AURA)-ESA/Hubble
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Current-distribution on flooding-resistant electrodes for CO2 electrolysis

Hugo-Pieter Iglesias Van Montfort* 1, Tom Burdyny 1

1 Delft University of Technology, Delft, The Netherlands

Electrochemical reduction of CO2 presents an attractive way to store renewable energy in chemical bonds in a 
carbon-negative	way.	The	electrolyzers	used	in	this	process	suffer	from	intrinsic	problems,	like	flooding	and	salt	
accumulation,	that	may	be	overcome	by	replacing	traditionally	used	carbon	gas-diffusion	layers	(GDLs)	by	poly-
meric	ultra-hydrophobic	electrodes,	like	expanded	poly(tetrafluoroethylene)	(ePTFE).	By	allowing	a	higher	local	
CO2 concentration at the reaction boundary, ePTFE electrodes reach a higher production rate of economically 
attractive,	value-added	C2+-products.	These,	however,	suffer	from	poor	current	distribution,	as	current	collection	
must take place within the catalyst layer, at the reaction interface. In this work, we present operando results using 
infrared thermography  that evidence the poor current/potential distribution in thin catalyst layers and develop 
a non-interfering current collector (NICC) that allows for stable, long-term operation of these novel electrodes.

(A) ePTFE/Cu electrode, and (B) carbon-based gas-diffusion electrode, current collection in red. (C) and (D) the respective local 

CO2 availability, and (E) the selectivity towards C-products of each electrode type
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Unveiling the Polyelectrolyte Complexes’ composition: A characterization 
study

Giulia Allegri* 1, Saskia  Lindhoud 1

1 University of Twente , Enschede, The Netherlands

Biological	cells	carry	out	complex	biochemical	reactions	and	processes	within	specific	compartments	known	as	
organelles. These compartments are formed by membrane encapsulation, but it has also been discovered that 
liquid-liquid phase separation can create similar compartments, known as membrane-less organelles (MLOs). [1] 
MLOs	are	dynamic	droplet-like	structures	that	selectively	partition	and	release	specific	target	molecules	via	elec-
trostatic interactions between negatively charged polynucleic acids and positively charged proteins.
To gain a better understanding of this selective molecule partitioning and to design aqueous-based extraction 
media, we are using polyelectrolyte complexes (PECs) as model systems. PECs are formed when aqueous solu-
tions of oppositely charged polyelectrolytes are mixed and phase-separated into a dense polymeric phase and 
a dilute aqueous phase. Previous studies have shown that PECs can be used to extract and back-extract proteins 
and small molecules, making them promising candidates for extraction media. [2]
To understand why and under what conditions proteins and other molecules are taken up by the complex, we 
need to know where all the components are. Therefore, we are developing a method to fully characterize PEC 
systems, in which we can determine the amount of free polyelectrolytes and ions in the dilute phase and the 
composition, water content and amount of ions in the polymer-rich phase. In addition, using isothermal titration 
calorimetry, the thermodynamics of polyelectrolyte complexation can be investigated.

[1] Banani S.F., Lee H.O., Hyman A.A., Rosen M.K., Biomolecular Condensates: Organizers of Cellular Biochemistry, 
Nature	reviews	molecular	cell	biology,	2018,	18,	285−298.
[2] Van Lente J.J., Pazos Urrea M., Brouwer T., Schuur B, Lindhoud S., Complex coacervates as extraction media, 
Green Chemistry, 2021, 23, 5812-5824. 
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Selective release by tuning structure of thioether esters

Nachnicha Kongkatigumjorn* 1

1 Vidyasirimedhi Institute of Science and Technology, Wang-chan, Thailand

Reducing the corrosion rate of metals is a major sustainability objective because it allows saving energy and re-
sources which would be necessary to form and re-shape metallic structures. One approach for protecting metals 
is to coat them with responsive polymers. Controlling the hydrolytic rate of polymer conjugates is suitable for 
timely and precisely delivering active agents such as corrosion inhibitors, drugs and healing agents.1 Thioether 
ester	groups	are	cleavable	linkages	that	can	be	simply	synthesize	via	efficient	thiol-ene	reactions.	We	demon-
strate that the hydrolysis rate and selectivity of thioether ester groups can be tuned by several orders of magni-
tude	by	modification	of	substituent	groups.2	Small	molecules	and	polymers	are	prepared	to	allow	for	a	sustained	
and selective release of corrosion inhibitors. Coatings prepared with these molecules show an excellent anticor-
rosion performance.

References
(1) Seidi, F.; Jenjob, R.; Crespy, D. Designing Smart Polymer Conjugates for Controlled Release of Payloads. Chem. 
Rev. 2018, 118, 3965.
(2)Kongkatigumjorn, N.; Srikamut, P.; Seidi, F.; Bureekaew, S.; Crespy, D. Tuning the Hydrolytic Behavior of Hy-
droxyquinoline Derivatives for Anticorrosion Applications. Chem. Mater. 2022, 34, 2842.
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Reaction development via synthetic aminoacids/metallic cofactors in LmrR

Franco Della Felice* 1

1 University of Groningen, Groningen, The Netherlands

Artificial	metalloenzymes	(ARMs),	that	is,	designed	enzymes	containing	a	synthetic	metal	co-factor	within	a	pro-
tein framework, has emerged as a promising area of research for the discovery and development of new synthetic 
transformations. Recently, the group of Roelfes have successfully exploited the use of the lactococcal multidrug 
resistant	regulator	(LmrR)	as	the	host	protein	in	a	set	of	different	type	of	reactions	in	a	selective	manner,	 i.e.,	
Diels-Alder reaction, Friedel-Crafts alkylation and conjugate additions, by the introduction of both non-canonical 
aminoacids and synthetic transition metal complexes.¹ Intrigued in continuing expanding the synthetic utility of 
LmrR, here we will present our results on the incorporation of aminoacids capable to perform enamine catalysis, 
as well as the use of cobalt-based catalysts on the development of new-to-nature reactions.

(1)Roelfes, G. Acc. Chem. Res. 2019, 52, 545.
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Molecular basis of cytosolic 5’-nucleotidase 1A accumulation

Fleur Brinkman* 1, Ger  Pruijn  1

1 Radboud University, Nijmegen , The Netherlands

IBM	(inclusion	body	myositis)	is	a	progressive	autoimmune	disease	affecting	skeletal	muscles.	IBM	is	associated	
with protein accumulation in inclusion bodies. Frequently, IBM patients produce autoantibodies directed against 
cN1A (cytosolic 5’-nucleotidase 1A). The etiology of IBM and the origin of these autoantibodies are still unknown, 
although	there	is	evidence	for	the	accumulation	of	cN1A	in	specific	regions	of	patient	muscle	fibers.	cN1A	cat-
alyzes the conversion of adenosine monophosphate into adenosine, which is important in the regulation of the 
purine	nucleotide	pool.	cN1A	is	only	weakly	expressed	in	cultured	human	cells	and	displays	a	diffuse	distribution	
over the cytosol. Another enzyme involved in nucleotide metabolism, IMPDH2, which is targeted by autoantibod-
ies produced by patients with chronic hepatitis C virus infections, can accumulate in distinct cytosolic structures, 
termed rods and rings (RR). Ectopic expression of cN1A in cultured human cell lines appeared to be associated 
with	the	accumulation	of	cN1A	in	dynamic	perinuclear	structures	reminiscent	of	RR.	Immunofluorescence	experi-
ments showed that cN1A-containing RR are distinct from IMPDH2-containing RR. A better understanding of cN1A 
accumulation may provide more insight in the pathophysiology of IBM. Therefore, we initiated proximity labeling 
experiments to shed more light on the molecular composition of cytosolic condensates in which cN1A accumu-
lates.	APEX-mediated	proximity	labeling	was	applied	to	identify	macromolecules	within	a	radius	of	10-20	nm	of	
the	cN1A-APEX2	fusion	protein,	which	are	biotinylated	upon	activation	of	APEX2.	Subsequently,	the	biotinylated	
proteins	were	 isolated	by	 immobilized	streptavidin	and	identified	by	mass	spectrometry.	The	results	of	these	
analyses will be presented.
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Photophysical and Catalytic Studies of 1,2,3-triazolyl Phosphine-Complexes

Bhupinder Bhupinder* 1, M.S. Balakrishna 1

1 IIT Bombay, Powai, Maharashtra, 400076, India, Mumbai, India

The	chemistry	of	d¹⁰	metal	systems	has	attracted	considerable	attention	in	last	few	decades	due	to	their	struc-
tural	diversities,	rich	photophysical	properties,	and	catalytic	applications.¹	²	³	⁴	Herein,	synthesis	of	copper	(I)	
complexes of pyridine appended novel 1,2,3-triazolyl phosphine [ο-Ph₂P(C₆H₄)CC(H)1,2,3-N₃C(H)₂(Py)](1),	pho-
tophysical studies and their catalytic application are described. The reaction of 1 with copper salts yielded cat-
ionic complexes [Cu{ο-Ph₂P(C₆H₄)C(CH)1,2,3-N₃(CH₂)(Py)}₂-(κ²-P,N)]X	(2	X	=	I;	3	X	=	CuBr₂,	4	X	=	Cl)	and	[Cu₂{o-
Ph₂P(C₆H₄)C(CH)1,2,3-N₃(CH₂)(Py)}₂-(κ⁴-P,N,N,N)]2X	(5	X	=	OTf	,	6	X	=	BF₄).	The	complexes	2-6	exhibited	two	broad	
band in the range of 240-260 nm and 300 -320 nm. The TD-DFT calculations shows that the band in the UV region 
come	from	intra-ligand	π	→	π*	transitions	and	another	in	the	visible	range	is	because	of	metal-to-ligand	charge	
transfer	(MLCT:	Cudπ→Lπ*)	transitions.	²	Furthermore,	complexes	2-6	show	enthralling	luminescence	in	the	solid	
state at room temperature on excitation at λ	=	320	nm	and	different	counter	ion	showed	distinct	emissive	proper-
ties.	The	reaction	of	1	with	AgBF₄	yielded	[Ag₂{ο-Ph₂P(C₆H₄)C(CH)1,2,3-N₃(CH₂)(Py)}₂-(κ³-P,N,N,)]2BF₄(7).	Complex	
2 showed excellent catalytic activity for the synthesis of benzofurans by Sonogashira cross-coupling reaction.

References:
(1) Rashid, A.; Ananthnag, G. S.; Naik, S.; Mague, J. T.; Panda, D.; Balakrishna, M. S. Dalt. Trans. 2014, 43 (29), 11339–
11351.
(2) Sheokand, S.; Mondal, D.; Kote, B. S.; Radhakrishna, L.; Balakrishna, M. S. Dalt. Trans. 2023. https://doi.
org/10.1039/D2DT03791B.
(3) Kumar, S.; Mondal, D.; Balakrishna, M. S. ACS Omega 2018, 3 (12), 16601–16614. 
(4) Naik, S.; Mague, J. T.; Balakrishna, M. S. Inorg. Chem. 2014, 53 (7), 3864–3873.

Synthesis of Cu(I) and Ag(I) cationic complexes, their images upon UV irradiation at 365 and 254 nm and catalytic properties
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Functionalized Phosphines: Synthesis, Metal Chemistry and Catalytic 
Studies

Ankit Pandey* 1

1 IIT Bombay, Mumbai, India

The	transition	metal	mediated	organic	transformations	depend	significantly	on	ligand	choice.¹	²	One	can	control	
the activity of the resulting metal complexes by tuning the ligand framework as well as substituents on donor 
atoms.	Due	to	their	significance	in	coordination	chemistry	and	catalysis,	sterically	demanding	phosphines	have	
attracted considerable interest among the numerous classical ligands in recent years.³ Recently, we reported the 
synthesis of sterically challenging mono- and bis-phosphine ligands and investigated their coordination chemis-
try	and	catalytic	applications.⁴	⁵	⁶	In	continuation,	a	novel	bipyridine	based	bulky	bisphosphine	1	has	been	syn-
thesized and its coordination properties and catalytic applications are explored. The reaction of 1 with Ni, Pd and 
Pt	 derivatives	 resulted	 in	 dipincer	 complexes	 of	 the	 type	 [{MCl}{M₂{2,2’-[C₆H₃N-3-(N)C(O)-C₆H₄-PPh₂-o}₂-κ³-
P,N,N] (2 Ni, 3 Pd, 4 Pt). Treatment of 1 with [AuCl(SMe2)] yielded the dinuclear complex 5. All the complexes have 
been characterized by structurally characterized. With very little catalyst loading, complex 2 promoted alkylation 
and transfer hydrogenation processes.The synthetic details and structural aspects will be presented in poster.

References: 
1. Balakrishna, M. S., Dalton Trans. 2016, 45 (31), 12252-12282.
2. Ruiz-Castillo, P.; Buchwald, S. L., Chem. Rev. 2016, 116 (19), 12564-12649.
3. Schuster, E. M.; Botoshansky, M.; Gandelman, M., Angew. Chem. Int. Ed. 2008, 47 (24), 4555-4558.
4. Radhakrishna, L.; Kunchur, H. S.; Namdeo, P. K.; Butcher, R. J.; Balakrishna, M. S., Dalton Trans. 2020 
5. Pandey, M. K.; Mague, J. T.; Balakrishna, M. S.,  Inorg. Chem. 2018, 57 (12), 7468-7480.
6. Radhakrishna, L.; Pandey, M. K.; Balakrishna, M. S.,  RSCAdv. 2018, 8 (45), 25704-25718.

2,2’-bipyridine based PNN Pincer: Synthesis, Ni, Pd, Pt and Au complexes and catalytic application
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Amide Based Bisphosphine: Metal Chemistry and Catalytic Studies

Khilesh Chandra Dwivedi* 1, M.S. Balakrishna 1

1 IIT Bombay, Mumbai, India

Bisphosphines are the most important and preferred ligand system in coordination chemistry and catalytic appli-
cations.	Depending	on	the	chain	length,	flexibility	of	the	spacers,	and	steric	effects	of	phosphorus	substituents,	
these ligands can exhibit both chelating and bridging coordination modes¹. The backbone of bisphosphines can 
also be electrically and sterically tuned in addition to the phosphorus substituents. Pincer complexes of such 
system	have	proved	to	be	efficient	catalysts	for	a	variety	of	organic	transformations²	³	⁴.	Herein,	we	describe	
the synthesis of a PNP type pincer capable ligand and its metal complexes and preliminary investigation of Su-
zuki-Miyaura cross coupling reaction between aryl halides and boronic acids promoted by nickel complex. The 
synthetic details and structural aspects will be presented in poster. 

Acknowledgment:
I like to thank Prof. M.S. Balakrishna for his constant guidance and encouragement, IIT Bombay for providing us 
research	facilities	and	equipments	and	UGC,	Delhi	for	financial	support.

References:
1. Leis, W.; Mayer, H. A.; Kaska, W. C., Cycloheptatrienyl, alkyl and aryl PCP-pincer complexes: Ligand backbone 
effects	and	metal	reactivity.	Coordination	Chemistry	Reviews	2008,	252	(15),	1787-1797.
2. Kunchur, H. S.; Radhakrishna, L.; Pandey, M. K.; Balakrishna, M. S., Novel approach to benzo-fused 1,2-azaphos-
pholene involving a Pd(II)-assisted tandem P–C bond cleavage and P–N bond formation reaction. Chem. Commun. 
2021, 57 (39), 4835-4838.
3. Kunchur, H. S.; Balakrishna, M. S., Platinum Assisted Tandem P–C Bond Cleavage and P–N Bond Formation in 
Amide Functionalized Bisphosphine o-Ph2PC6H4C(O)N(H)C6H4PPh2-o: Synthesis, Mechanistic, and Catalytic 
Studies. Inorg. Chem. 2022, 61 (2), 857-868.
4. Radhakrishna, L.; Kunchur, H. S.; Namdeo, P. K.; Butcher, R. J.; Balakrishna, M. S. J. D. T., New 1, 2, 3-triazole based 
bis-and trisphosphine ligands: synthesis, transition metal chemistry and catalytic studies. Dalton Trans. 2020, 49 
(11), 3434-3449.
 

Synthesis of transition metal complexes of PNP based bisphosphine ligand and catalytic application
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Towards controlling biological membrane properties by trehalose-
functionalized azobenzenes

Jana Volarić 1, Jeffrey Buter 1, David Grantz* 1, Wiktor Szymanski 1,2, Ben Feringa 1

1 Stratingh Institute for Chemstry, University of Groningen, Groningen, The Netherlands, 2 Department of Radiology, University 
Medical Center Groningen, Groningen, The Netherlands

M. tuberculosis (MTB) is the causative agent of tuberculosis, which reports 1.6 million deaths annually, with 
growing concerns about multi drug resistance.[1] Treatment of MTB is especially challenging due to its thick cell 
envelope	acting	as	a	significant	permeation	barrier	and	the	efficient	efflux	pump	systems.	Recently,	our	group	
has shown that trehalose-substituted azobenzene photoswitches can be metabolically incorporated into the 
membrane of M. smegmatis, a model organism for MTB.[2] It is known that disruption of the mycobacterial outer 
membrane	causes	hypersensitivity	to	usually	ineffective	antibiotics.[3]	Azobenzenes	are	a	suitable	photoswitch	
system for this application as they undergo huge changes in geometry and dipole moment upon isomerization. 
The geometrical change of trehalose-substituted azobenzenes upon switching could potentially disrupt the cell 
wall integrity,[4] thus, leading to a reduced barrier function or an increased immune response. The poster will 
present the synthesis and photochemical evaluation of trehalose-functionalized azobenzenes, results of their 
metabolic	incorporation	and	exploratory	studies	on	the	influence	on	the	membrane	properties.

Acknowledgement: This project was funded by the Ubbo Emmius Foundation.
[1] Global Tuberculosis Report 2022, Geneva: World Health Organization 2022 (https://www.who.int/teams/
global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022, accessed 14.02.2022)
[2] J. V. Volarić, J. Buter, A. M. Schulte, K.-O. van den Berg, E. Santamaría-Aranda, W. Szymanski, B. L. Feringa, J Org 
Chem 2022, 87, 14319–14333.
[3]	Y.	Yuan,	Y.	Q.	Zhu,	D.	D.	Crane,	C.	E.	Barry,	Mol	Microbiol	1998,	29,	1449–1458.
[4] J. Morstein, A. C. Impastato, D. Trauner, ChemBioChem 2021, 22, 73–83.

In the slender trans-configuration of the azobenzene the barrier function of the outer membrane is supposedly retained. Upon 

irradiation the bulky cis-configuration is formed. This pertubation of the membrane could potentially cause hypersensitivity 

towards usually ineffective antibiotics.
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Evaluation of additives’ effect on PET recycling

Eleni Thomou* 1, Tobias J. J. S. van der Most 2, Dimitris  Vgenopoulos 3, Vincent S.D.  Voet 2, Rudy  Folkersma 2,  
Katja  Loos 1

1 University of Groningen, The Netherlands, 2 NHL Stenden University of Applied Sciences, The Netherlands, 3 Cargill Bioindustrial 
B.V., The Netherlands

Polyethylene terephthalate (PET) is one of the most commonly used and recycled thermoplastic polymers among 
the	family	of	polyesters	found	in	food	packaging,	liquid	containers,	clothing	fibers,	etc.	During	the	production	of	
PET	products,	slip	additives	are	often	used	as	process	aids,	offering	better	demolding,	reduced	friction,	and	im-
proved	flowability.	In	an	era	where	plastic	pollution	and	the	energy	crisis	constitute	major	worldwide	concerns,	
the	aim	 is	 that	 additives	 can	 comply	with	 their	process	 aid	 features	 in	 an	energy-efficient	way	and	 facilitate	
the	recycling	procedure	as	well.	Maintaining	the	properties	of	recycled	plastics	at	a	high	level,	with	their	effect	
lasting through as many cycles as possible and reducing the amount of virgin resin used in each recycling cycle, 
could have a great impact on the environment and the economy. When these aforementioned positive impacts 
are coupled with an additive possessing a greener character, the processing and mechanical recycling procedures 
can be improved in a more sustainable way.
Hence, the aim of this project is to investigate how biobased additives based on vegetable oils could assist in 
increasing the number of cycles polyester can be recycled while maintaining high-quality properties and at the 
same	time	achieving	a	significant	reduction	in	energy	consumption.	The	slip	additives	will	be	added	to	the	PET	
via a masterbatch, processed via injection molding and then repeatedly follow a typical mechanical recycling pro-
cess	that	consists	of	five	main	steps:	sorting,	washing,	shredding,	regranulation	and	reprocessing.	Every	process	
cycle will be followed by extensive characterization and in-depth evaluation of the properties of the PET with and 
without the use of slip additives: color and clarity of the product, thermal, mechanical and rheological properties.

Acknowledgments
The authors thank Dr. Katrien Bernaerts and Wilma Visser for the help with the GPC and optical measurements, 
respectively.
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Reconstruct MXene surface to optimize electrochemical performance

Hao Wang* 1,2, Xuehang Wang 1

1 Delft University of Technology, Delft, The Netherlands, 2 Donghua University, Shanghai, China

The rapid growing demand for electric vehicles and cheap stationary energy storage systems is driving develop-
ments in electrochemical energy storage (EES) devices with high energy density and high power. Recently, a new 
type	of	2D	transition	metal	carbide/carbonitride	materials	(MXenes)	show	great	potential	for	high-power	EES	due	
to its high electric conductivity, unique layered structure and surface redox activity. However, the energy density 
of	pure	MXene-based	EES	is	lower	than	typical	batteries	as	only	surface	redox	contributes	to	energy	storage	in	
MXene.
Tuning	the	surface	chemistry	of	MXene	is	an	effective	way	to	enhance	the	energy	density	of	MXene-based	EES.	
The	partial	oxidation	of	MXene	intensifies	pseudocapacitive	Li+	intercalation	into	Ti₃C₂Tx	MXene	from	neutral	
water-in-salt	electrolytes.	An	in	situ	X-ray	absorption	near-edge	structure	analysis	shows	that	the	Ti	oxidation	
state	changes	during	the	Li+	intercalation.	Meanwhile,	an	in	situ	extended	X-ray	absorption	fine	structure	anal-
ysis	also	confirm	that	there	is	a	reversible	contraction/expansion	of	the	Ti-C	interatomic	distance	during	the	Ti	
oxidation/reduction process. The pseudocapacitance was enhanced with the presence of redox reaction on the 
surface	of	oxidized	MXene.¹	In	another	study,	MXene	surface	is	regulated	through	controlled	in-situ	nitridation	
method	to	form	ultrathin	layered	Ti₃C₂Tx-TiN	heterostructure	(MX-TiN).	MX-TiN	exhibits	favorable	catalytic	effect	
on	reducing	the	conversion	barrier	of	lithium	polysulfides,	thus	guarantees	a	high	energy	density	and	long	cy-
cling stability lithium-sulfur battery.² 

References
1.	Wang,	X.;	Bak,	S.-M.;	Han,	M.;	Shuck,	C.	E.;	McHugh,	C.;	Li,	K.;	Li,	J.;	Tang,	J.;	Gogotsi,	Y.,	Surface	Redox	Pseudoca-
pacitance	of	Partially	Oxidized	Titanium	Carbide	MXene	in	Water-in-Salt	Electrolyte.	Acs	Energy	Letters	2022,	7	
(1), 30-35.
2.	Wang,	H.;	Cui,	Z.;	He,	S.	A.;	Zhu,	J.	Q.;	Luo,	W.;	Liu,	Q.;	Zou,	R.	J.,	Construction	of	Ultrathin	Layered	MXene-TiN	Het-
erostructure Enabling Favorable Catalytic Ability for High-Areal-Capacity Lithium-Sulfur Batteries. Nano-Micro 
Letters 2022, 14 (1), 189.
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Colorimetric sensors based in nanomaterials and organic compounds

Carlos Puente 1, Eugenio Hernandez-Fernandez 1, Israel Lopez* 1

1 Universidad Autonoma De Nuevo Leon, Mexico

Sensing	analytes	without	the	use	of	sophisticated	equipment	simplifies	the	field	analysis	of	samples,	which	is	
desirable	for	pollutant	monitoring.	In	this	respect,	colorimetric	sensing	confirms	the	presence	of	an	analyte	by	
a change of color that can be noticed by the naked eye. This optical change is related to the interactions be-
tween	the	analyte	and	the	active	material,	allowing	specificity	and	sensitivity	by	using	low-cost	materials	and	
instruments. Systems such as nanomaterials and organic compounds are suitable for colorimetric sensing due to 
their sensitivity to species such as metallic ions. In this work, we present the advances of our group in sensing 
metal ions with two types of systems: plasmonic nanomaterials and organic compounds. The wavelength of the 
localized surface plasmon resonance of the plasmonic nanomaterials depends on their size, shape, and chemical 
environment; this is the basis of the colorimetric silver-based sensors. On the other hand, organic compounds 
can	complex	specific	metal	ions	depending	on	their	geometry,	and	heteroatoms.	It	is	known	that	oxygen,	nitro-
gen, and sulfur interact selectively with some metals, and this interaction changes the HOMO and LUMO levels. 
The concentration of the metal ion can be estimated by the correlation of wavelength of maximum absorption or 
absorption	value	at	a	fixed	wavelength,	at	different	concentrations	of	metal.	This	kind	of	empirical	model	allows	
the	quantification	of	metal	ions	using	a	portable	UV-vis	spectrophotometer.	This	work	shows	examples	such	as	
the	sensitivity	of	Ficus	benjamina-capped	silver	nanoparticles	to	quantitatively	determine	Zn(II)	 ions,	and	the	
detection	of	Cd(II)	ions	by	a	mercapto-containing	Schiff	base.
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MK-10 Catalyzed Decomposition of Polyurethane Model Compounds

Ege Hosgor* 1, Chen Kuan Lee 1, Willem  Verboom  1, Jean-Paul Lange 1,2, Jurriaan  Huskens 1

1 University of Twente, Enschede, The Netherlands, 2 Shell Technology Center, Amsterdam, The Netherlands

Polyurethane (PUR) is a crosslinked polymer found in everyday consumer products such as mattresses, furniture, 
and insulation materials.1 The polymer has repeating carbamate units which are formulated from a polyol and a 
diisocyanate.	Upgrading	carbamates	to	isocyanates	after	the	alcoholysis	of	PUR	foam	is	a	difficult	challenge.	In	
order	to	study	the	decomposition	of	PUR	to	its	monomers,	different	model	compounds	such	as	carbamates	and	
ureas	are	used.	Different	 forms	of	decomposition	can	be	employed,	namely	catalytical	or	 thermal.	Catalytical	
decomposition of methyl N-phenylcarbamate to phenylisocyanate (PI) is one of the representative model routes.  
The use of montmorillonite K-10 (MK-10) as a catalyst for this reaction was introduced in 2002 by Uriz et al2, 
however,	no	further	study	was	developed	after.	The	aim	of	this	work	is	to	investigate	the	effect	of	catalyst	amount	
on the products phenylisocyanate (PI) and N,N’-diphenylurea (DPU) and study the decomposition kinetics. The 
increasing amount of MK-10 is simultaneously speeding up the conversion of MPC, while also promoting DPU 
formation. The experimental results of the decomposition kinetics are supported by a kinetic model. While the 
decomposition of MPC in the presence of MK-10 might not have potential interest for heterogeneous catalytic 
processes in industry, this study sheds light on the mechanism of the overall PUR decomposition.

Keywords: polyurethane, catalysis, chemical conversion

(1)Cornille, A.; Auvergne, R.; Figovsky, O.; Boutevin, B.; Caillol, S. A Perspective Approach to Sustainable Routes for 
Non-Isocyanate Polyurethanes. European Polymer Journal. Elsevier Ltd February 1, 2017, pp 535–552. 
(2)Uriz,	P.;	Serra,	M.;	Salagre,	P.;	Castillon,	S.;	Fernandez,	E.	A	New	and	Efficient	Catalytic	Method	for	Synthesizing	
Isocyanates from Carbamates. 2002, 43, 1673–1676. 
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Mechanotherapy in magnetic hydrocups

Wen Chen* 1, Paul Kouwer 2, Lorenzo Moroni 1
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Cells mechanically respond to their local microenvironment, and actively remodel the mechanical properties of 
the extracellular matrix. The mechanotransduction is applied to direct cell fate, regulate tissue regeneration, and 
plays a key role in pathologic changes. However, these dynamic behaviors are extremely challenging to replicate 
in matrices for in vitro study. We develop a new approach by electrospinning, where hydrogels are injected into 
a	hollow	electrospinned	scaffold	with	magnetic	responsiveness	to	enable	dynamic,	spatiotemporal	and	remote	
control over the mechanics of matrix.
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Inhibition of Influenza Viruses by Diverse Macrocylic Peptides

Twan Hopstaken* 1, Mirte Pascha 2, Vito Thijssen 2, Julia Egido 2, Mirte Linthorst 2, Jipke van Lanen 2, David van 
Dongen 2, Frank van Kuppeveld 2, Joost Snijder 2, Cornelis de Haan 2, Seino Jongkees 1,2

1 VU Amsterdam, Amsterdam, The Netherlands, 2 Utrecht University, Utrecht, The Netherlands

Influenza	A	viruses	pose	a	serious	pandemic	risk,	while	generation	of	efficient	vaccines	against	seasonal	variants	
remains challenging. There is thus a pressing need for new treatment options. We report here a set of macrocyclic 
peptides	that	inhibit	influenza	A	virus	infection	at	low	nanomolar	concentrations	by	binding	to	hemagglutinin,	
selected using ultrahigh-throughput screening of a diverse peptide library. The peptides are active against both 
H1 and H5 variants, with no detectable cytotoxicity. Despite the high sequence diversity across hits, all test-
ed	peptides	were	 found	 to	bind	 to	 the	same	region	 in	 the	hemagglutinin	stem	by	HDX-MS	epitope	mapping.	
A	mutation	in	this	region	identified	in	an	escape	variant	confirmed	the	binding	site.	This	stands	in	contrast	to	
the immunodominance of the head region for antibody binding and suggests that macrocyclic peptides from in 
vitro	display	may	be	well	suited	for	finding	new	druggable	sites	not	revealed	by	antibodies.	Functional	analysis	
indicates	that	these	peptides	stabilize	the	prefusion	conformation	of	the	protein	and	thereby	prevent	virus−cell	
fusion. High-throughput screening of macrocyclic peptides is thus shown here to be a powerful method for the 
discovery of novel broadly acting viral fusion inhibitors with therapeutic potential.
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Enhanced activity by destabilization of β-lactamase active site
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The β-lactamase BlaC conveys resistance to many antibiotics to its host Mycobacterium tuberculosis. Under the 
pressure of β-lactam antibiotics, it can evolve to develop other activities. However, evolving new enzyme activity 
is often accompanied by the deterioration of the ancestral activity. BlaC is a good penicillinase but poorly hy-
drolyzes	third-generation	cephalosporins,	such	as	ceftazidime.	To	understand	such	trade-offs,	BlaC	mutants	were	
obtained by laboratory evolution that improves catalytic activity against ceftazidime. Using NMR experiments 
and	kinetic	assays	to	probe	the	dynamics	and	activity	of	the	mutant,	we	find	that	the	resting	state	of	the	mutant	
exists	in	an	open	and	a	closed	state,	the	former	being	more	active	than	the	latter.	X-ray	crystallography	shows	
that the catalytic residue Glu166 is rotated away from the active site in the open state. The structures suggest 
the	reason	for	the	trade-off	in	activity	is	that	the	displacement	of	catalytic	residue	Glu166	has	no	impact	on	the	
hydrolysis	of	ceftazidime	but	is	essential	for	penicillinase	activity.	This	finding	can	facilitate	the	development	of	
combination therapy with mutually exclusive antibiotics, meaning that the evolution of enhanced activity to one 
must lead to decreased activity of the other.

X-ray crystal structure of the resting state of BlaC P167S. The open form is shown in red and overlaid with the WT BlaC 

structure (grey, PDB 2GDN) for reference.
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Impact of alkali metals on sodium deoxycholate aggregates

Leena Sushmita Barla* 1, Ashok Kumar Mishra 1
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Bile salts (BSs) are biological surfactants that occur naturally and emulsify and solubilize cholesterol, lipids, and 
lipid-soluble	vitamins.	These	are	cholesterol-derived	facial	amphiphiles.	(Current	Science,2004,	84:12)	Stiff	ste-
roid ring system separates the methylene hydrophobic group on the β-face (convex surface) and the polar hydrox-
yl hydrophilic group on the α-faces (concave surface).  Depending on the bile salt concentration, dimers, primary 
aggregates, and secondary aggregates are formed. The salt-induced gelation study of BSs was reported for NaCl 
salt (Photochem. Photobiol. Sci. 2019, 18: 2773). This work describes the gelation behavior of sodium deoxycho-
late (NaDC) in an aqueous solution when alkali metal salts are added at neutral PH. Electrostatic interaction and 
hydrogen bonding can both operate as regulating interactions in the development of hydrogels. We have used 
various	techniques,	including	fluorescence	spectroscopy,	light	scattering,	differential	scanning	calorimetry	(DSC),	
and dynamic light scattering (DLS), to investigate the salt-induced gelation of bile salt. 1, 6-diphenylhexatriene 
(DPH)	was	used	as	the	fluorescent	probe.	It	was	observed	that	the	fluorescence	anisotropy	of	DPH	increases	with	
increasing monovalent cationic salt concentration, suggesting the viscosity increase is due to the formation of 
gel	in	BSs.	The	anisotropy	decreases	significantly	after	a	specific	salt	concentration,	probably	due	to	a	decrease	
in viscosity because of the competition between the gelation and precipitation processes. We observed that the 
salt concentration required to induce the precipitation process depends on the size of the cation. DSC and tem-
perature-dependent	viscosity	studies	show	a	gel-to-sol	phase	transition	in	bile	salts	at	a	specific	temperature.
 

a) NaDC b) NaDC aggregates c) DPH
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Clathroprobes- chiroptical probes for protein sensing

Bartosz Orzeł* 1, Andrzej Mular 1, Victor Chernii 2,4, Igor Fritsky 3,4, Elżbieta Gumienna- Kontecka 1

1 University of Wrocław, Wroclaw, Poland, 2 Vernadskii Institute of General and Inorganic Chemistry, Kyiv, Ukraine, 3 Taras 
Shevchenko National University of Kyiv, Kyiv, Ukraine, 4 Princeton Biomolecular Research Labs, Kyiv, Ukraine

A special type of complexes containing metal ion in a three- dimensional ligand cavity are called clatrochelates.
Being encapsulated in the macropolycyclic cage, the metal ion is shielded to a great extent from various external 
factors,	including	effects	of	solvents	and	exo-coordination	that	precludes	the	occurrence	of	redox	processes	[1].	
For this reason, clathrochelates often exhibit a number of unusual properties: they frequently attain enormous 
chemical	and	electrochemical	stability,	or	have	been	recently	recognized	as	prospective	biological	effectors	us-
ing	their	three-dimensional	structure	as	rigid	scaffold	for	macromolecular	binding.	[1]		
Upon interaction, the host protein molecules exhibiting inherent chirality are able to induce asymmetry of achiral 
organic and coordination compounds, such as clathrochelates, therefore may cause an appearance of a signal 
in their CD spectra. These induced CD (ICD) bands are very sensitive to the arrangement of the binding sites of 
hosting	proteins	and	may	reflect	both	the	structural	alterations	and	the	conformation	transitions	of	proteins.	[2]
Here we will present the results obtained for various clathrochelates complexes able to form multicentered su-
pramolecular interactions in the vacant cavities or at the surface of protein macromolecules and/or their macro-
molecular complexes. [3]

Acknowledgements: The project leading to these results has received funding from the European Union’s Horizon 
2020	Research	and	Innovation	Programme	under	the	Marie	Skłodowska-Curie	grant	agreement	no.	778245.	
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Design, docking and synthesis of selectives MAO-B inhibitors

Milainy Rocha Viana* 1, Brena Menezes 1, Manoel Rodrigues 1, Wanda Almeida 1

1 State University of Campinas, Campinas, Brazil

Background: Alzheimer’s disease (AD) is a neurodegenerative disorder associated with the intellectual memory 
loss and other cognitive impairments. The exact cause of progressive neuronal degeneration in AD is not known. 
However, etiology of the disease is linked with the presence of oxidative stress and MAO-B hyperactivity in gliosis 
which increases the levels of hydrogen peroxide and oxidative free radicals. High levels of MAO-B also contribute 
to the production of amyloid-β plaques. In preclinical studies, it has been found that MAO-B inhibition can cause 
cognitive	improvement.	Therefore,	use	of	more	selective	and	effective	MAO	inhibitors	can	be	an	additional	target	
for AD. 
Objective:	 Through	 rational	drug	design,	modulate	news	 selectives	MAO-B	 inhibitor	 analogs	 from	safinamide	
drug, aiming pharmacodynamic and pharmacokinetics improvement for use in AD.
Method:	The	safinamide´s	analog	molecules	were	proposed	from	the	conjunctive	approach	of	rational	planning	
of new drugs and submitted to the prediction of physicochemical and pharmacokinetic properties by the Swis-
sADME	software.	Pharmacodynamics	was	analyzed	from	molecular	docking	using	two	different	softwares	Aut-
odock	Vina	and	GOLD.	The	novels	safinamide	analog	molecules	were	synthesized	in	lab	and	tested	in	vitro	by	
enzymatic assay.
Results:	 In	silico	pharmacokinetic	studies	suggest	that	the	news	molecules	are	safer	than	safinamide,	demon-
strating a set of more favorable characteristics for good bioavailability. The analogs molecules were ranked by 
docking	screening	and	the	planned	compounds	showed	a	greater	affinity	for	the	MAO-B	enzyme	than	safinamide,	
demonstrating the optimization. The synthesis of the analogs demonstrated a great yield showing high potential 
for scale production.
Conclusion: With the in silico and in vitro results obtained, we can have great perspectives regarding the optimi-
zation	of	the	safinamide	molecule
Main theme:  Chemistry related to health  Subtheme: Medicinal chemistry

Keywords: Alzheimer’s disease, drug design, molecular docking.

Acknowledgment: Fapesp 2018/02879-3, Faepex-Unicamp 2559/20 and CAPES—Finance Code 001

Results of redocking and docking using the drug safinamide and its analogues, followed by the simplified synthesis to obtain 

the new unpublished molecules
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Revisiting Rotational Isomerism of Organic Compounds

Daniela Rodrigues Silva* 1, Lucas de Azevedo Santos 1, Trevor Hamlin 1, Célia Fonseca Guerra 1,  
Matthias Bichelhaupt  

1 Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

A	firm	grasp	of	the	driving	forces	behind	conformational	isomerism	is	crucial	for	the	rational	design	of	molecules	
with tailor-made properties. Therefore, we have reinvestigated the rotation around the C–C bond in organic com-
pounds within the framework of Kohn-Sham molecular orbital theory. We discuss how geometrical relaxations 
that occur in response to the internal rotation can hide the original causal factors and need to be taken into 
account to properly elucidate the physical mechanism at play.[1] Our bonding analyses then reveal that overall 
rotational	energy	profiles	are	always	set	by	steric	repulsion	between	occupied–occupied	orbitals.	However,	the	
conformational preferences can be shifted if one of the two requirements are met: i) if the relative steric repul-
sion is too weak and thus easily counteracted by subtle attractive interactions (e.g., hyperconjugation[2,3]), or ii) 
if stronger intramolecular interactions take place (e.g., hydrogen bonding[4]). Our analyses lead to a novel, fun-
damentally	revisited	picture	of	the	physical	mechanisms	behind	well-known	conformational	effects	in	organic	
chemistry.

[1]F. M. Bickelhaupt, E. J. Baerends, Angew. Chem. 2003, 115, 4315; Angew. Chem. Int. Ed. 2003, 42, 4183.
[2]D. Rodrigues Silva, L. de Azevedo Santos, T. A. Hamlin, C. Fonseca Guerra, M. P. Freitas, F. M. Bickelhaupt, 
ChemPhysChem 2021, 22, 641.
[3]D. Rodrigues Silva, L. de Azevedo Santos, T. A. Hamlin, F. M. Bickelhaupt, M. P. Freitas, C. Fonseca Guerra, Phys. 
Chem. Chem. Phys. 2021, 23, 20883.
[4]F. A. Martins, L. de Azevedo Santos, D. Rodrigues Silva, C. Fonseca Guerra, F. M. Bickelhaupt, M. P. Freitas, J. Org. 
Chem. 2022, 87, 11625.
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Total synthesis of novel dimethyl cardamonin derivatives

Kwangyong Park* 1, Sung Soo Chung 2, Hee Chang Chun 1, Jaeyeong Choi 1

1 Chung-Ang University, Seoul, South Korea, 2 Seoul National University Hospital, Seoul, South Korea

Chalcone	 compounds,	 a	 type	of	 bicyclic	flavonoids	 extracted	 from	natural	 plants,	 are	 known	 to	have	 various	
physiological	activities.	Moreover,	they	are	used	as	precursors	for	biosynthesis	of	tricyclic	flavonoids.	2’,4’-Dihy-
droxy-6’-methoxy-3’,5’-dimethylchalcone (dimethyl cardamonin, DMC) extracted from Cleistocalyx operculatus 
has	been	reported	to	exhibit	anticancer,	antiviral,	and	anti-inflammatory	effects.	In	particular,	it	was	discovered	
that DMC increases FAO by directly activating 5’ adenosine monophosphate-activated protein kinase (AMPK) in 
C2C12	myotubes	and	skeletal	muscle,	and	significantly	lowers	blood	glucose	levels	by	improving	glucose	toler-
ance in diabetic mice.
In this study, various derivatives of DMC were synthesized by changing the type and arrangement of the A- and 
B-ring substituents while maintaining the dimethyl chalcone skeleton. Since the regioselectivity of the synthesis 
must be precisely controlled according to the structure of the B-ring, an independent synthetic route was de-
signed	and	optimized	for	each	derivative	with	a	different	combination	of	B-ring	substituents.	After	synthesizing	
the appropriate phloroacetophenone intermediate with the desired B-ring structure, the chalcone backbone was 
prepared using Claisen-Schmidt condensation between the intermediate and benzaldehyde. DMC derivatives 
were produced in good yields through sequential reactions of 6 to 9 steps from phloroglucinol depending on the 
structure	of	the	B-ring.	The	antidiabetic	efficacy	of	the	derivatives	is	currently	under	investigation.	The	synthetic	
method developed in this study can be usefully applied to new drug development research using bicyclic and 
tricyclic	flavonoids	in	the	future.
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Upcyclying of Nitric Oxide for Green Ammonia Production

Dongyeon Kim* 1

1 Corporate Research Institute, Bluetec, Daejeon , South Korea

Green ammonia production from electrochemical nitric oxide reduction reaction (e-NORR) provides a break-
through way to convert a harmful air pollutant into a valuable hydrogen carrier. Moreover, the high standard 
reduction potential (+0.77V) of e-NORR makes it more attractive, resulting in low energy consumption for ammo-
nia	production.	Nevertheless,	poor	solubility	of	NO	in	aqueous	electrolytes	and	its	low	content	in	flue	gas	from	
emission	sources	hinder	the	development	of	NO	electroreduction.	Herein,	we	represent	two	efficient	strategies	
of	electrode-electrolyte	designing-	and	gas	diffusion	electrode	(GDE)-based	controlled	nitric	oxide	(NO)	reduc-
tion as an alternative approach for green ammonia production. The use of controlled amount of NO provides new 
insights to resolve the limitations of NRR reduction as well as safety limitations of NORR using highly concentrat-
ed NO gas.
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Determination of H.pylori urease activity in human saliva

Maria Célia Tavares* 1,2, Josué  Carinhanha Caldas Santos 2, Wendell Karlos  Tomazelli Coltro 3, Ângelo de Fátima 4

1 Federal Institute of the Alagoas - Campus Batalha, Batalha , Brazil, 2 Federal University of the Alagoas - Campus A. C. Simões, 
Maceió , Brazil, 3 Federal University of Goiás - Campus Samambaia , Goiânia , Brazil , 4 Federal University of Minas Gerais, Belo 
Horizonte, Brazil

Urease	is	produced	by	bacteria	hydrolysing	urea	from	saliva	and	stomach	into	NH₃	and	CO₂.	Determination	urease	
activity using paper analytical device (PAD) has become an important tool for the diagnosis of H.pylori infections¹. 
The change in pH can be observed using acid-base indicators as bromocresol and m-cresol purple, bromothymol 
blue, phenol and neutral red. The aim of this study was to assess the urease activity in synthetic and human saliva 
(without and with H.pylori infection) using PADs and colorimetry. The PADs (16 mm) were produced using Whatman 
paper CHR3MM, cutter (Silhouette Cameo 4), adhesive, scanner CanonLide 300 dpi and CorelPhoto-Paint software™. 
The	paper	surface	was	evaluated	without	and	with	modification	using	chitosan	(1-4	mg	mL-1),	polyvinylpyrrolidone	
(PVP 1-10% m/v), tetraethoxysilane (20-80% v/v) and poly-4-styrene sulfonate (PSS 1-10% v/v). The results of 
some parameters are shown in Figure A-D. The better analytical performance was obtained for CHR3MM, urea 80 
mM,	indicator	2	mM,	and	paper	surface	modification	(PSS	or	PVP)	lead	to	LOD	of	0.10	U	mL-1,	linearity	between	
0.25-4.0 U mL-1. The initial pH (5.5-6.5) depends on the pKa of the indicator. The PAD was applied to determine 
urease activity in synthetic and human saliva samples of the volunteers, positive and negative H.pylori, and the re-
coveries	were	quantitative	(range	85-103%);	thus,	there	was	no	matrix	effect.	It	was	possible	to	differentiate	saliva	
from volunteers infected with H.pylori considering the enzyme activity, and the values obtained were comparable 
with literature². Therefore, the PAD with simple and low-cost fabrication using acid-base indicators to determine 
urease produced by ureolitic bacteria as H.pylori was developed and validated.

¹Celik C, et al., Anal. Chem. 93, 2021, 6246.
²Bermudez, E. M. et al., Arch.Oral.Bio., 2011, 1282.  
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Results: A)-urea hydrolysis and deprotonation of phenol red; B)-Evaluation of paper substrate, initial pH, surface 

modification; C-Analytical curves and urease activity in the presence NBPT inhibitor versus reference method; D)-Color 

intensity variation for saliva samples from positive/ negative H.pylori volunteers.
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Linear-Scaling-Relations for electrochemical reduction of CO2 on metal-
dopped-SnO2

Zhaochun Liu* 1, Ivo Filot 1, Emiel Hensen 1

1 Eindhoven University of Technology, Eindhoven , The Netherlands

Electrochemical	conversion	of	CO₂	into	liquid	fuels	and	value-added	chemicals	is	considered	to	be	one	of	the	
most	promising	ways	to	combat	climate	change	due	to	anthropogenic	CO₂	emissions.	Here,	we	investigated	the	
mechanism	of	CO₂	reduction	(CO₂RR)	to	formic	acid	(HCOOH)	on	a	SnO₂	electrode	by	a	combination	of	density	
functional	theory	and	microkinetics	simulations.	We	used	an	implicit	solvent	model	to	model	the	influence	of	
the	electrolyte.	A	major	finding	is	that	hydroxylation	of	the	SnO₂	surface	does	not	only	lead	to	improved	CO₂RR	
activity but also to a higher HCOOH selectivity, in part due to inhibition of the competing hydrogen evolution 
reaction (HER). Another interesting aspect is that the main reaction pathway is via carboxyl (*COOH), while ear-
lier	postulates	for	formic	acid	formation	in	CO₂	electroreduction	found	*OHCO	to	be	the	dominant	intermediate	
for	SnO₂.	We	also	explored	the	influence	of	metal	doping	of	hydroxylated	SnO₂	for	this	*COOH	mechanism.	A	
Brønsted-Evans-Polanyi	relation	for	the	CO₂	to	*COOH	step	(i.e.,	the	first	protonation	step)	and	*COOH	to	HCOOH	
(i.e.,	the	second	protonation	step)	on	metal-doped	(metal	=	Ni,	Pd,	Bi,	and	Cu)	SnO₂	surfaces	has	been	identified	
(Figures 1a-b). Among these dopants, Bi is preferred for facilitating *COOH formation. The activation barrier of 
the	first	protonation	step	decreased	from	1.15	eV	to	0.93	eV	upon	Bi	doping.	A	reaction-diffusion	model	was	used	
that	takes	into	account	the	effect	of	electrochemical	potential	on	the	stability	of	intermediates	and	associated	
activation	barriers	 in	proton-coupled	electron	transfer	steps	as	well	as	diffusion	of	protons	and	CO₂	from	the	
bulk	electrolyte	to	the	electrode	surface.	Microkinetics	simulations	confirm	that	the	activity	for	CO₂RR	to	HCOOH	
improved	after	Bi	doping	(Figures	1c-d).	Our	findings	indicate	that	the	catalytic	activity	and	selectivity	of	SnO₂	
electrocatalysts can be improved by metal doping.

Figure 1. BEP plots for (a)CO₂-to-COOH* and (b) COOH*-to-HCOOH step on metal-doped-SnO₂ surfaces. Microkinetics 

simulations of CO₂RR on metal-doped-SnO₂ surfaces: (c) total electrochemical-current. (d) Theoretical volcano plots of TOF as 

a function of adsorption energies for CO₂RR on metal-doped-SnO₂ surface.
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Molecular recognition at the neuronal synapse

Agathe Henocq* 1, Dimphna Meijer 1

1 TU Delft, Delft, The Netherlands

The human brain contains 100 billion of neurons and each neuron will form ~ 7000 connection with other neu-
rons.	Despite	this	infinite	complexity,	each	neuron	has	to	form	very	specific	connections	to	be	a	part	of	a	func-
tional	circuit.	The	underlying	mechanisms	allowing	those	specific	connections	to	form	remain	poorly	understood.	
A partial answer to this question could reside in the structure and function of cell adhesion molecules (CAMs). 
CAMs are a very diverse class of proteins present at both pre- and post-synaptic elements.  They form hetero- or 
homophilic complexes in order to keep those two elements in physical proximity. In recent years, it has been 
shown	that	CAMs	play	a	crucial	role	in	the	specificity	of	circuit	formation,	as	well	as	in	the	synapse	consolidation	
and	differentiation.	A	striking	characteristic	of	this	type	of	proteins	 is	that	almost	all	of	them	are	heavily	and	
heterogeneously glycosylated. Our hypothesis is that glycosylation extends CAM diversity, thereby potentially 
providing a code for synaptic target recognition and self-avoidance. We are going to test this hypothesis using 
the family of Teneurin proteins, that are heavily glycosylated CAMs and instrumental in circuit wiring in the ver-
tebrate brain.  Our preliminary data show that Teneurin3 is heterogeneously N-glycosylated at 17  amino acids 
when	expressed	in	mammalian	HEK	cells.	To	further	address	our	hypothesis,	we	will	first	purify	Teneurin1-4	from	
mouse	brain	extracts	and	characterize	their	glycosylation	profiles	using	mass	spectrometry.	Then,	we	will	purify	
glyco-specific	macromolecular	complexes,	determine	their	3D	structure	with	cryo-electron	microscopy	and	per-
form functional assays using primary neurons to test how glycosylation contributes to molecular recognition at 
the neuronal synapse.
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Electro-responsive self-assembled monolayers for sustainable purification

Erik Postma* 1, Sissi de Beer 1

1 University of Twente, Enschede, The Netherlands

A fully circular economy should be obtained by 2050 according to the European Green Deal. However, many of 
today’s	industrial	processes	still	lack	circularity	of	valuable	molecules	from	their	feed	streams,	due	to	the	ineffi-
ciency or lack of sustainable separation techniques. Conventional separation techniques adsorb valuable mole-
cules to a solid support whereafter large quantities of heat and/or expensive chemicals are required to separate 
these molecules from their support again. In view of the current gas prices and climate concerns, we propose an 
electrically responsive coating for the ad- and desorption of molecules, in particular, proteins.
Therefore, we designed an optimal electro-responsive coating in our lab, with support from computer simula-
tions. These coatings consist of a self-assembled monolayer of ionic molecules which attract oppositely charged 
proteins.	For	desorption	of	the	proteins,	we	applied	an	electric	field,	which	caused	the	molecules	to	bend	back	to	
the	surface	and	repel	the	proteins	(see	figure).	We	optimized	the	chain	length	and	grafting	density	of	these	layers	
with molecular dynamic simulations. Furthermore, we synthesized new, sulfonate-terminated self-assembling 
molecules, which are more stable compared to conventional techniques. The grafting density of these layers was 
controlled with cyclodextrins, which are removed after attachment to gold substrates. The substrates are charac-
terized	by	XPS	and	AFM	to	confirm	the	formation	of	these	mono-layers.
Quartz	crystal	microbalance	measurements	in	electric	fields,	show	that	these	optimized	surfaces	have	enhanced	
adsorption and desorption ratio’s of proteins, on electrodes. Therefore, the designed smart surfaces are ideal 
to capture and release proteins from feed streams, and give us an improved system for sustainable recycling of 
molecules.

Self-assembled monolayers of sulfonate terminated alkyl thiols, bend back and alter surface properties in electric fields. 

These systems are a sustainable alternative to conventional purification systems that switch the affinity for target molecules 

with heat or additives.
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Investigation into CaCl2 phase-transitions: pure and under confinement

Michaela Eberbach* 1,2, Henk Huinink 1,2, Aleksandr Shkatulov 1,3, Hartmut Fischer 4, Olaf Adan 1,4,5

1 Eindhoven University of Technology, Eindhoven, The Netherlands, 2 EIRES, Eindhoven, The Netherlands, 3 German Aerospace 
Center (DLR), Stuttgart, Germany, 4 TNO, Eindhoven, The Netherlands, 5 Cellcius BV, Eindhoven, The Netherlands

The solid-state hydration of salts has gained particular interest within the frame of thermochemical energy stor-
age. Especially CaCl2 is used often both as pure salt and as composites impregnated into a porous material, 
because of its low costs and large abundance due to it being a waste product in the industry. However, contrary 
to traditional assumptions that CaCl2 has the hydration states 0-1-2-4-6, have some studies found that there is a 
hydrate with 0.3 or 1/3 moles of H2O per mol of CaCl2. The questions are where this new phase is in the phase 
diagram and in the overlapping regions with the monohydrate which is the stable phase? In this project the com-
plete phase diagram of CaCl2 from the anhydrate to the dihydrate with its thermodynamic phase lines and the 
kinetic phase transition onsets are determined.
Additionally,	this	salt	was	found	to	change	(de-)hydration	path	when	in	confinement.	This	was	found	by	impreg-
nating	the	CaCl2	into	three	different	matrices	(Sepiolite,	Halloysite,	and	silica	gels)	and	testing	it	under	the	same	
conditions as the pure salt. Here, it was found that the Sepiolite could stabilize the monohydrate phase against 
the tritohydrate one, while the Halloysite composite showed similar phase transitions as the pure salt but with 
faster kinetics. Lastly, in the silica gel composites, no intermediate step (neither monohydrate nor tritohydrate) 
between the anhydrate and dihydrate was observed. This dependency on the surrounding matrix could help to 
tune the CaCl2 salt hydrate to the wanted conditions in the use as a thermochemical heat storage material.
This publication is part of the project Mat4Heat (with project number 10025189 of the research program Materi-
als	For	Sustainability	which	is	(partly)	financed	by	the	Dutch	Research	Council	(NWO).

For the salt hydrate CaCl2 is the hydration pathway different from the dehydration pathway and the hydration pathway 

changes with other surroundings like confinement in various clays.
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Influence of lattice strain on core-shell catalyst performance

Just Jonasse* 1, Marta Perxés i Perich 1, Petra de Jongh 1, Jessi van der Hoeven 1

1 Materials Chemistry and Catalysis, Debye Institute for Nanomaterials Science, Materials Chemistry and Catalysis, The 
Netherlands

Noble metal catalyst are widely used in heterogeneous catalysis due to their superior catalytic performance. By 
coating an inexpensive nanoparticle core with a noble metal, a core-shell catalyst is obtained, which can exhibit 
an increased catalytic activity¹, whilst limiting the use of expensive noble metals². The increased activity of the 
core-shell catalyst compared to their monometallic counterpart can be caused by two distinct phenomena; i) 
lattice strain in the shell material induced by the lattice mismatch between the core and shell metal, and ii) elec-
tronic	interactions	of	the	core	with	the	shell	material³.	In	many	cases,	these	effects	are	difficult	to	disentangle	and	
a	suitable	model	system	to	solely	investigate	the	influence	of	modified	shell	lattice	spacing	on	catalytic	activity	
is missing. 
In this work, a trimetallic core-shell catalyst is being developed to induce strain in a platinum (Pt) shell by mod-
ifying the composition of the underlying gold-copper (AuCu) core. By growing a Pt shell of about 3 to 4 atomic 
layers,	electronic	effects	of	the	core	are	weakened,	allowing	us	to	study	the	impact	of	lattice	strain	on	the	catalyst	
properties. Through a multi-step colloidal method, monodisperse AuCu nanoparticles with a size of 13 nanome-
ter	were	synthesized⁴.	Subsequently,		a	Pt	shell	of	a	specific	thickness	is	grown	on	the	AuCu-core	to	achieve	a	
trimetallic core-shell nanoparticle with controlled lattice strain.   

References:
1.Hunt, S. T. et al, Acc. Chem. Res. 51, 1054–1062 (2018).
2.van der Hoeven, J. E. S. et al, Nat. Mater. 20, 1216-1220 (2021).
3.Kitchin, J. R. et al, Phys. Rev. Lett. 93, 4–7 (2004).
4. Motl, N.A. et al, J. Phys. Chem. C, 114, 19263–19269 (2010).
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Mitigating chemical risk: ERG guidebook for Russian-speaking countries
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The	 Emergency	 Response	 Guidebook	 (ERG)	 is	 a	 reference	manual	 used	 by	many	 first	 responders	 worldwide	
(https://www.phmsa.dot.gov/hazmat/erg/emergency-response-guidebook-erg). It assists rescue professionals in 
recognizing accidents involving hazardous chemicals, identifying life-threatening substances, selecting protec-
tion equipment and evacuation strategies, mitigating damages on victims and the environment and, ultimately, 
saving lives. The ERG is published every four years in English, French and Spanish. No Russian version of the text 
has been published so far and this limits the use of it by professionals in Eastern European and Central Asian 
countries, where Russian is the main working and communication language.
A Russian version of the guidebook has been completed in January 2023 in the framework of IUPAC Project 
2020-020-2-600 “Enhancing capabilities for the mitigation of chemical risk: the dissemination of the Emergency 
Response Guidebook in Russian-speaking countries”, (https://iupac.org/project/2020-020-2-600). The Project 
was proposed and is managed by the IUPAC Chemistry and the Environment Division, in collaboration with the 
Chemistry and Human Health Division, the Committee on Chemistry Education, the International Cooperation 
and Assistance Division of the Technical Secretariat of the Organization for the Prohibition or Chemical Weapons 
(OPCW; https://www.opcw.org/about/technical-secretariat/divisions/international-cooperation-and-assistance) 
and the Italian National Adhering Organization (CNR-NAO; https://www.iupac.cnr.it/).
The Russian translation of the ERG booklet is now available for free download at the Project’s website.
The	diffusion	of	this	translated	manual	will	broaden	the	range	of	final	users	and	will	enhance	the	preparedness	
and response capability across Central Asian and Eastern European countries, in terms of private workers’ and 
public safety, environmental protection and resilience against unintentional natural events, industrial accidents 
or criminal acts involving the use of hazardous chemicals.

Front page of the Russian version of the Emergency Response Guidebook (ERG) booklet
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Green Grignard reactions? Research-inspired sustainable chemistry 
practicals

Jing Lu 1, Juanjuan Li 1, Thomas Logothetis* 1

1 University of Southampton, Southampton, United Kingdom

Chemists have always pursued sustainable reactions, even when this was not framed “Green Chemistry”, which 
became en vogue once Paul Anastas championed it.[1] Since the discovery of the Grignard reaction as a means of 
forming new carbon-carbon bonds have chemists sought to understand the mechanism and searched for ways to 
simplify the practical aspects of this and other nucleophilic additions of (transition)metal-based carbon nucleop-
hiles.	Victor	Grignard	and	Paul	Sabatier	used	anhydrous	conditions,	and	Wilhelm	Schlenk	described	the	influence	
of ethers on the equilibrium of the reactive species of Grignard reagents. Not much has changed in more than a 
century until Koji Kubota, Hajime Ito et al.[2] described a mechanochemical variant of the Grignard reaction in 
2021.
At the University of Southampton, we have always sought to include sustainability aspects from chemistry and 
chemical engineering in our teaching laboratories and to inform our undergraduate practicals by recent re-
search[3]. In the context of Grignard reactions, we developed a new undergraduate experiment that contrasts 
the traditional and the sustainable way of synthesising Grignard reagents based on this novel approach. This has 
allowed us to touch upon techniques used by organometallic chemists as well as by material scientists: It has 
emboldened our students to explore green chemistry metrics as well as the 12 principles of green chemistry; and 
inspired us to implement a systems thinking approach in practical teaching when introducing an environmentally 
friendly pathway of this time-honoured reaction.

1. P. T. Anastas, J. C. Warner, Green Chemistry: Theory and Practice, OUP, New York, 1998.
2. R. Takahashi, A. Hu, P. Gao, Y. Gao, Y. Pang, T. Seo, J. Jiang, S. Maeda, H. Takaya, K. Kubota, H. Ito, Nat. Commun., 
2021, 12, 6691.
3. S. Chapman, J. M. Herniman, G. J. Langley, R. Raja, T. A. Logothetis, J. Chem. Educ., 2019, 96, 2937-2946.
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Aqueous BTEX removal onto the fly-ash based zeolites

Maciej Sobczyk* 1, Barbara Muir 1, Mateusz  Skalny 1, Rafał Panek 2, Jakub  Matusik 1, Tomasz Bajda 1

1 AGH University of Science and Technology, Kraków , Poland, 2 Lublin University of Technology , Lublin , Poland

Water	contamination	caused	by	anthropogenic,	and	unforecasted	release	of	BTEX	(benzene,	toluene,	ethylben-
zene	and	xylene)	compounds	poses	a	threat	to	the	quality	and	integrity	of	aquatic	ecosystems.	Sorption	of	BTEX	
with the use of novel materials characterized by increased hydrophobicity and stability has been proposed to 
overcome such contamination. This study aimed to investigate the whole array of hydrothermally synthesized 
zeolitic	materials	exhibiting	different	properties,	as	well	as	zeolite/carbon	and	zeolite/vermiculite	composites,	
to	analyze	their	potential	in	the	removal	of	aqueous	BTEX.	Various	parameters	and	experimental	conditions,	in-
cluding	the	of	volatile	organic	compounds	(VOCs),	initial	concentration,	BTEX	coexistence,	and	increased	solution	
salinity, were studied to verify the applicability of the derived materials. The adsorption capacity of the materials 
and their governing removal mechanisms were examined. The main removal mechanism involved partitioning on 
unburned	carbon	residues,	which	was	observed	in	zeolite/carbon	composites	showing	the	highest	removal	effi-
ciency.	Fly-ash	(FA)	and	high-carbon	fly-ash	(HCFA)	were	successfully	valorized	into	products	with	better	textural	
features.	This	products	may	allow	to	effectively	tackle	organic	water	pollution	caused	by	VOCs	under	near-real-
life conditions.

Man-made sources of the common VOCs and their uptake from water bodies by the waste-based zeolitic materials of different 

structures and textures to effectively tackle such contamination by the means of sorption processes
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Co-solvent effect on the Low-temperature glycolysis of PET

Emelin Yhoany Luna Barrios* 1,2, Haritz Sardón 1, Steven De Meester 2

1 Polymat/Basque Country University, Donostia-San Sebastián, España, 2 Ghent University, Koltrijk, Belgium

The	commercial	success	of	 the	different	varieties	of	plastic	material	available	has	derived	 in	 the	exponential	
increase of the amount of waste generated worldwide, from which up to 359 million tons were reported by 2018 
(Eurostat, 2021). Among the recycling strategies proposed as sustainable solutions to handle this global plastic 
challenge, the solvolysis, specially the PET glycolysis, is an attractive alternative when waste streams can not 
be recycled by mechanical methods due to economic, technical or environmental constrains (Thiounn & Smith, 
2020).	However,	the	industrial	scaling	up	of	this	recycling	pathway		is	strongly	affected	by	factors	like	the	high	
energetic	demands	of	the	process,	long	batch	cycle	times	as	well	as	high	product	purification	costs	(Glavič	et	al.,	
2021).   
In this study, we demonstrated that using polar, hydrogen bond acceptor solvents it is possible to depolymerize 
PET to BHET at 65°C in 1 h using Triazabicyclodecene (TBD) as organocatalyst. Moreover, we studied the physical 
mechanism that allows the reaction to take place at this temperature as well as which solvents are the best to 
obtain the highest monomer and oligomer yields. It was found that the higher the interaction of the solvent with 
the polymer matrix is, the higher is the PET conversion to BHET and oligomer at the selected reaction conditions. 
Ultimately, a Life Cycle Assessment (LCA) was carried out in order to compare the impact of the proposed process 
against the traditional depolymerization pathway with ethylene glycol as solvent and nucleophile in the system.

References:
Eurostat.	(2021).	Plastic	waste	and	recycling	in	the	EU:	facts	and	figures.	https://www.europarl.europa.eu/news/
en/headlines/society/20181212STO21610/plastic-waste-and-recycling-in-the-eu-facts-and-figures
Thiounn, T.,Smith, R. C. (2020). Advances and approaches for chemical recycling of plastic waste. Journal of Poly-
mer Science, 58(10), 1347–1364. doi.org/10.1002/pol.20190261
Glavič,	P.,	Pintarič,	Z.	N.,	&	Bogataj,	M.	(2021).	Process	design	and	sustainable	development—a	european	perspec-
tive. Processes, 9(1), 1–21.doi.org/10.3390/pr9010148

Figure 1. Yields of depolymerization products and PET conversion for each solvent evaluated.
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A New Generation Suporting Ligands for Buchwald-Hartwig Reactions

Ji-cheng Shi* 1, Fabin Zhou 1, Lixue zhang 1, Guoyu Cheng 1, Bingxin Yuan 2

1 Guangdong University of Petrochemical Technology, Maoming, China, 2 Zhengzhou University, Zhengzhou, China

With	the	flourishing	development	of	novel	catalytic	systems	and	deep	insight	into	the	reaction	mechanism,	the	
substrate scope has been widely expanded and the catalyst loading has been gradually decreased in palladi-
um-catalyzed C-N cross-coupling reactions. Now, the palladium-catalyzed C-N cross-coupling reactions have be-
come essential synthetic tools in laboratories and industrials. Even though enormous ligands have been designed 
to modify the structural and reactive properties of catalysts, the palladium-catalyzed C-N coupling reactions still 
suffer	from	some	drawbacks,	including	high	catalyst	loadings,	strong	bases	used	frequently,	and	especially	the	
limitation of substrate scope. The key factor for the outstanding performance of biphenyl phosphines in the pal-
ladium-catalyzed C-N cross-coupling reaction is that the non-phosphine-containing phenyl ring can facilitate the 
reductive elimination and stabilize the palladium(0) species generated subsequently if the palladium center is 
over it. Therefore, the iPrO and tBuO groups were introduced into biphenyl phosphines to block C-P rotation to 
keep the palladium center being over the non-phosphine-containing phenyl, and the ligands EPhos and GPhos 
have been designed and prepared. Terphenyl phosphines containing two non-phosphine-containing phenyls on 
both sides of the phosphorus atoms have been evolved by our group as a new strategy to ensure the palladium 
center being above the non-phosphine-containing phenyl ring. We disclosed that the terphenyl phosphines are 
a new generation of supporting ligands for the palladium-catalyzed C-N coupling reactions, many of them exhib-
iting	highly	efficiency	and	universality	compared	with	the	existing	phosphine	ligands.	With	the	terphenyl	phos-
phine palladium catalysts, the weak base KHCO3 can be the optimal and general base for the palladium-catalyzed 
C-N cross-coupling reactions. Syntheses of terphenyl phosphines and their palladium complexes, characteriza-
tion of catalytic species and mode of the active catalysts formed, adverse impact of auxiliary ligand and some 
coupling products, and the performance of the catalysts in hundreds of coupling reaction will be presented.
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Non-noble metal catalysts for C2+: Computational approach

Daniel de Carvalho Santos* 1, Ataualpa Albert Carmo Braga 1

1 University of Sao Paulo, São Paulo, Brazil

Carbon dioxide (CO2) is broadly revealed as the principal anthropogenic greenhouse gas (GHG).[1] Carbon diox-
ide occurs typically as a component of the global carbon cycle; however, human activities have raised climatic 
loadings by burning petroleum products or fossil fuel and other sources of emission.[2] 
Meanwhile, CO2 is a ubiquitous and generally available C1 feedstock in the world. Therefore, the need to simul-
taneously increase our energy supply while reducing CO2 emissions is one of the major challenges our global 
society is facing today. In this context, the chemical conversion of CO2 from greenhouse gas into value-added 
products with the assistance of H2 is highly desirable, which could reduce both the current CO2 emission level 
and the dependence of chemical production on the depleting fossil fuels.[3] In this direction, homogeneous cat-
alytic systems have lately been a major focus for this synthesis as potential low-temperature alternatives to the 
existing commercial processes.[4]
The	catalytic	hydrogenation	mechanism	of	CO2	is	quite	complex	and	involves	the	input	and	output	of	different	
chemical	species.	To	facilitate	understanding,	the	general	mechanism	is	divided	into	different	cycles	that	are	con-
nected to each other. For the future prospects of this work, we hope to use all the information we have collected 
from	all	cycles	to	propose	mechanisms	related	to	C-C	coupling	for	the	formation	of	different	C2+	species.	We	will	
also	investigate	the	effects	of	substituents	on	the	ligand	used.	

[1]. J. Env. Chem. Eng., 10, 2022, 106962
[2]. Inventory of U.S. greenhouse gas emissions and sinks: 1990–2014, 2016.
[3]. Chin J Chem Eng., 26, 2018, 2266–2279
[4]. J Organometallic Chem, 864, 2018, 115-127

Proposed homogeneous catalysis mechanism for formic acid, formaldehyde and methanol formation.
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Click Chemistry Platform to Access Bispecific T-cell Engagers

Irene Shajan* 1

1 Wageningen University and Research, Wageningen, The Netherlands

In	recent	years,	there	has	been	rising	interests	in	the	field	of	bispecific	antibodies.	Traditionally,	such	constructs	
are prepared via protein engineering. Herein, we present a chemoenzymatic platform based on Strained-Promot-
ed Oxidation-Controlled 1,2-Quinone Cycloaddition on tyrosine residue and Inverse Electron Demand Diels-Al-
der	reaction	to	develop	bispecific	T-cell	engagers.	Native	tyrosine	residues	are	attractive	targets	for	site-selective	
modifications.	The	tyrosine	residues	are	generally	less	exposed	because	of	their	hydrophobicity	and	π-π	stack-
ing	making	them	less	accessible	for	modifications.	Therefore,	more	exposed	tyrosine	residues	can	be	selectively	
modified.	There	is	a	tyrosine	residue	buried	under	the	glycan	group	on	Asn-297	of	the	heavy	chain.	Deglycosyla-
tion of this glycan moiety leaves the adjacent tyrosine exposed, making it an excellent site for SPOCQ reaction. 
Using	this	method,	an	Fc-silent	2:2	HER2xCD3	bispecific	and	an	Fc-active	2:1	HER2xCD3	bispecific	variant	has	
been	prepared.	Dose-response	studies	with	these	showed	construct-dependent	IC₅₀	values	in	the	sub-nanomolar	
range.

Chemoenzymatic preparation of A) 2:2 and B) 2:1 bispecific antibody.
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Physical Reservoir Computation Using Enzymatic Reaction Networks

Souvik Ghosh* 1, Mathieu Baltussen 1, Rianne Haije 1, Wilhelm Huck 1

1 Radboud University, Nijmegen, The Netherlands

In physical reservoir computing (PRC), the inherent complex dynamics of physical systems can be utilized as 
information-processing framework. Unlike conventional neural networks, PRC allows ease of training as it is only 
performed on a single output layer.1 In addition, PRC can perform multiple tasks using a single reservoir, only by 
changing	this	final	output	layer,	whereas	in	conventional	approaches,	networks	need	to	be	optimized	for	specific	
tasks. 
Enzymatic reaction networks (ERNs) play a crucial role in processing and transferring biomolecular information 
in our body. Complex dynamics like oscillations and ultrasensitivity can be achieved via rational design of arti-
ficial	ERNs	with	suitable	substrate	scopes.2,3	We	hypothesize	that	enzymatic	reaction	networks	(ERNs)	can	be	a	
suitable choice as a reservoir for PRC.
In the current work, we designed a network consisting of six proteases and one phosphatase and created a li-
brary of short peptide substrates. As these peptides are designed to have a range of interactions with multiple 
enzymes, introducing the library to the enzyme mix can lead to cascade reactions, substrate competition, and 
feedback	loops	within	the	network.4	Finally,	with	the	help	of	flow	chemistry,	we	utilize	this	ERN	to	optimize	for	
non-linear	classification	computation	 tasks	 including	 logic	operations	 (AND,	OR,	XOR).	We	will	 report	 scoping	
experiments on optimization of the library composition, substrates concentration range, and setting up data anal-
ysis methods.

References:
1.K. Nakajima Jpn. J. Appl. Phys. 2020, 59, 060501
2.S. Semenov, A. Wong, R. van der Made, et. al. Nat. Chem. 2015, 7, 160–165
3.M. Teders, A. A. Pogodaev, G. Bojanov, W. T. S. Huck, JACS 2021, 143 (15), 5709-5716
4.A. A. Pogodaev, C. L. Fernández Regueiro, M. Jakstaite, M. J. Hollander, W. T. S. Huck, Angew. Chem., Int. Ed. 2019, 
58	(41),	14539−14543
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Hydrogel-based detection of RNA in diagnosis of stroke

Tamar Woudenberg* 1,2, Reece Lewis 1, M. Leontien van der Bent 2, Nyika D. Kruyt 2, Paul H.A. Quax 2,  
A. Yaël Nossent 2, Jan H. van Esch 1

1 Delft University of Technology, The Netherlands, 2 Leiden University Medical Center, The Netherlands

Introduction: Stroke is the leading cause of disability in the world. The longer it takes to diagnose and treat 
patients, the worse the outcome. Small ribonucleic acids (RNAs) circulating in the bloodstream are potential bio-
markers	for	different	stroke	subtypes	during	the	acute	phase	of	stroke.	By	creating	a	system	that	is	able	to	detect	
these small circulating RNAs, the road to diagnosis and treatment could be shortened immensely. 
Aim: In this research we aim to develop a two-compartment hydrogel capable of detecting small RNAs, enabling 
a rapid diagnosis of stroke. 
Methods and results: While the research is still ongoing, we have been able to successfully incorporate a DNA-thi-
ol aptamer in polyethylene glycol diacrylate (PEGDA) hydrogels via crosslinking, and hybridize the aptamer with a 
partially complementary single stranded (ss) DNA template. We successfully replaced the ss-DNA upon introduc-
tion of the target RNA which is fully complementary to the aptamer. Furthermore, for the second compartment we 
successfully	incorporated	a	quenched	fluorophore	into	a	dextran-methacrylate	hydrogel.	Addition	of	an	enzyme	
with	the	ability	to	hydrolyze	the	quencher-fluorophore	bond	increased	the	fluorescence	intensity	in	the	hydro-
gel.	Additionally,	the	effect	of	a	molecular	spacer	between	the	dextran	structure	and	the	quenched	fluorophore	
on	hydrolysis	efficiency	was	tested.	
Outlook:	Coupling	the	ss-DNA	strand	to	the	enzyme	enables	the	detection	of	specific	small	RNAs.	Upon	introduc-
tion of the target RNA into the sensing layer, the ssDNA-enzyme is released, enabling it to move to the enzyme 
amplification	layer	to	hydrolyze	quenched	fluorophores.	This	detection	system	was	based	on	circulating	small	
RNAs	specific	for	different	stroke	subtypes,	but	is	applicable	for	other	diseases	as	well.	
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Safe and Sustainable by Design Organophosphate Flame Retardants

Hannah Flerlage* 1, Bianca Stadelmann 1,2, Tiago J. Martins 1,2, Steven Beijer 1, Ge Xie 2,3, Michiel H. S. Kraak 2, 
Antonia Praetorius 2, J. Chris Slootweg 1

1 Van ‘t Hoff Institute for Molecular Sciences, University of Amsterdam, Amsterdam, The Netherlands, 2 Institute for Biodiversity 
and Ecosystem Dynamics, University of Amsterdam, Amsterdam, The Netherlands, 3 Amsterdam Institute for Life and Environment 
(A-LIFE), Faculty of Science, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

Safe and Sustainable by Design has gained traction in research and policy spheres as a key tool to achieve a 
non-toxic environment. However, there are limited examples of its practical application. We present a case study 
of	redesigning	the	flame	retardant	tris(2-chloroethyl)	phosphate	(TCEP),	listed	as	substance	of	very	high	concern	
under REACH and frequently found in environmental monitoring studies.¹ The central aim of our redesign is to 
change the molecular structure to reduce hazard.
We propose an alternative chemical building on a computer-aided approach using in silico generation of chemi-
cal structures similar to the original chemical and QSAR (Quantitative Structure Activity Relationship) models to 
predict Persistency, Bioaccumulation, Mobility and Toxicity (PBMT) properties.² Elements of sustainable produc-
tion were considered by choosing retrosynthetic fragments with a high potential to be sourced sustainably in the 
future. Furthermore, research is underway in our labs to synthesize circular organophosphates from phosphates 
recovered from wastewater.
The poster will present the redesign process including results of a suite of experimental tests comparing the 
environmental safety of the original and newly designed compounds. Biodegradability is studied by assessing 
mineralization	via	CO₂	evolution	in	sewage	sludge	and	freshwater.	Acute	and	chronic	ecotoxic	effects	on	algae,	
daphnids,	and	chironomids	are	determined.	Furthermore,	we	will	test	the	function	of	the	alternatives	in	flame	
retardancy tests. This extensive series of experiments will likely make a solid case demonstrating the feasibility 
of Safe and Sustainable by Design.

Acknowledgement:	We	thank	the	Science	and	Design	Doctorate	program	of	the	Zero	Waste	research	theme	of	the	
University of Amsterdam for funding and support.

References:
1. European Chemicals Agency (ECHA). Tris(2-chloroethyl) phosphate Substance Infocard. https://echa.europa.
eu/nl/substance-information/-/substanceinfo/100.003.744 (last accessed January 11, 2023)
2. van Dijk J, Flerlage H, Beijer S, Slootweg JC, van Wezel AP. Chemosphere 2022; 296:134050. https://doi.
org/10.1016/j.chemosphere.2022.134050 

Systematic, computer-aided frame work for Safe and Sustainable redesign applied to flame retardant TCEP.
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A study on permutation test strategies in ASCA

Faezeh Maddahi 2, Jamileh Mohammad Jafari 2, Jeroen J. Jansen 1, Paul J. Gemperline 3, Hamid Abdollahi 2,  
Mahsa Akbari Lakeh* 1

1 Radboud University, Nijmegen, The Netherlands, 2 Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran, 3 East 
Carolina University, Greenville, United states

ASCA	examines	the	significance	of	the	effects	of	experimental	factors	and	possible	interaction	between	them	in	
chemical data commonly based on permutation tests [1]. Several permutation test approaches have been applied 
in ASCA [2, 3] from which two widely-used methods, restricted permutation, and reduced model, are studied in 
detail.
Restricted	permutation	tests	involve	restricting	the	permutations	to	maintain	a	specific	null	hypothesis,	such	as	
the exchangeability of treatment groups or the independence of observations while permuting the remaining 
variables. Reduced model permutation tests, on the other hand, involve comparing the observed data to a re-
duced model, in which certain variations or interactions have been removed.
For	this	study,	several	simulated	datasets	with	varying	conditions	regarding	the	significance	of	factors	and	inter-
actions were investigated. In addition, an experimental dataset on feral cabbage plants (Brassica oleracea) with 
two experimental factors, time and treatment, was used.
The	results	demonstrated	that	the	restricted	permutation	test	is	a	better	approach	for	testing	the	significance	of	
the	main	factors.	However,	in	the	case	of	examining	the	significance	of	the	interaction	between	the	main	factors,	
the reduced model test has a better performance. The reasons for these observations are investigated in detail.

Keywords: Restricted Permutation Tests, Reduced Model Permutation Tests, ASCA

1. Smilde, A.K., et al., ANOVA-simultaneous component analysis (ASCA): a new tool for analyzing designed metab-
olomics data. 2005. 21(13): p. 3043-3048.
2. Camacho, J., C. Díaz, and P.J.J.o.C. Sánchez‐Rovira, Permutation tests for ASCA in multivariate longitudinal inter-
vention studies. 2022: p. e3398.
3. Anderson, M., C.T.J.J.o.s.c. Braak, and simulation, Permutation tests for multi-factorial analysis of variance. 
2003. 73(2): p. 85-113.
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Chemoselective Electrochemical Aerobic Oxidation with Flavin Catalysis

Hiroki Iida* 1, Taiga Mizushima 1, Marina Oka 1, Yasushi Imada 2

1 Shimane University, Matsue, Japan, 2 Tokushima University, Minamijosanjima, Japan

Oxidation	of	sulfides	 is	 the	most	common	and	straightforward	approach	to	synthesizing	sulfoxides	which	are	
found in numerous pharmaceuticals, natural products, functional materials, and synthetic intermediates. Elec-
trochemical synthesis is often considered a greener alternative methodology compared to traditional synthetic 
techniques that use harmful external oxidants and reductants. Several electrochemical methods in which molec-
ular	oxygen	(O₂)	and	water	are	employed	as	eco-friendly	oxygen	sources	for	the	atom-economical	oxidation	of	
sulfides	have	recently	been	developed.¹	However,	the	electrochemical	process	for	the	direct	O₂	or	water	activa-
tion	requires	an	applied	voltage	of	approximately	3–4	V,	making	it	difficult	to	chemoselectively	oxidize	sulfides	
in the presence of other reactive functional moieties such as unsaturated hydrocarbons. Herein, we disclose the 
chemoselective	electrochemical	oxidation	of	sulfides	using	a	biomimetic	flavin	catalyst	that	enables	the	efficient	
O₂	activation	under	a	low	cathode	potential.²	Under	the	low-voltage	electrolytic	conditions,	a	variety	of	function-
al groups such as alcohols, ketones, aldehydes, cyclopropane, carboxylic acids, pyridine, alkenes, and alkynes are 
well tolerated. 

1. a) G. Laudadio, N. J. W. Straathof, M. D. Lanting, B. Knoops, V. Hessel, T. Noël, Green Chem. 2017, 19, 4061–4066; 
b)	Y.	J.	Liang,	S.	H.	Shi,	R.	Jin,	X.	Qiu,	J.	L.	Wei,	H.	Tan,	X.	Jiang,	X.	M.	Shi,	S.	Song,	N.	Jiao,	Nature	Catal.	2021,	4,	
116–123;	c)	S.	W.	Liu,	B.	C.	Chen,	Y.	Yang,	Y.	H.	Yang,	Q.	J.	Chen,	X.	J.	Zeng,	B.	Xu,	Electrochem.	Commun.	2019,	109,	
106583; d) N. Amri, T. Wirth, Chem. Rec. 2021, 21, 2526–2537.
2. T. Mizushima, M. Oka, Y. Imada, H. Iida, Adv. Synth. Catal. 2022, 364, 2443-2448.

Chemoselective electrochemical aerobic oxidation of sulfides using flavin as a redox organocatalyst
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Enhancing chemical education through 3D printing

Mai Yan Yuen* 1

1 The University of Hong Kong, Hong Kong, China

The COVID-19 pandemic has made online teaching the norm, further increasing the challenges that students have 
in learning chemistry. This article discusses the challenges faced by undergraduate chemistry students when it 
comes to visualizing molecular structures, particularly those that are three-dimensional in nature. The limitation 
of	learning	from	textbooks	or	other	two-dimensional	printed	materials	is	highlighted,	and	the	difficulty	students	
experience in comprehending concepts related to atomic and molecular orbitals is also addressed. 
It	is	generally	believed	that	the	use	of	physical	models	is	an	effective	way	to	help	students	understand	molecular	
structures and orbital concepts better. However, most commercially available molecular models are tailored typ-
ically toward organic chemistry, not inorganic or organometallic chemistry. As such, the Chemistry Department 
of The University of Hong Kong undertook research to develop tailor-made 3D printed models to aid teaching in 
these	areas.	The	research	aimed	to	evaluate	the	effectiveness	of	the	models	in	enhancing	teaching	standards	in	
these	chemistry	fields.	
This article highlights the importance of providing a suitable learning tool accessible by all students in the course 
to	support	students’	learning	of	chemistry	effectively,	especially	during	online	teaching	and	learning.	This	learn-
ing tool is provided free of charge by the Department to potentially reduce educational inequality. By designing 
tailor-made 3D printed models for inorganic systems and organometallic systems, it provides solutions for the 
lack of suitable physical models for these two areas, which addresses the limitations of textbook-based learning 
approaches.
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Effect of Fe impurities in electrochemical glycerol oxidation

Cássia Santana* 1, Elvisona Gjonaj 1, Amanda Garcia  

1 University of Amsterdam, Amsterdam, The Netherlands

Glycerol electrochemical oxidation reaction (GEOR) has received a great attention in the past years as it can be 
coupled to renewable sources of electricity to produce compounds that are more valuable than glycerol itself. 
Among non-precious metals, nickel-based electrocatalysts, in addition to low price and large sources, have an 
anti-poison ability and long-term stability in alkaline solutions, making them attractive candidates for GEOR. Un-
der	alkaline	conditions	it	has	been	shown	that	Fe	impurities	readily	incorporate	into	Ni(OH)2/NiOOH	films	during	
electrochemical	experiments	[1].	Taking	this	into	account,	here	we	investigate	the	influence	of	the	electrolyte	
purification	to	minimize	the	effects	of	Fe	impurities	on	the	activity	of	Ni(OH)2/NiOOH	catalyst	towards	GEOR.	
Our	major	finding	is	that	there	is	Fe	incorporation	into	Ni(OH)2/NiOOH	film	electrode	when	the	electrolyte	is	not	
purified.	As	a	result,	GEOR	on	NiOOH	competes	with	the	parallel	oxygen	evolution	reaction,	OER	(4OH-	→ O2 + 
H2O	+	4e-),	and	therefore	decreases	the	faradaic	efficiency	(FE)	of	glycerol	products.	For	example,	at	+0.6	V	(vs	
SCE),	the	FE%	for	liquid	products	was	~	80%	and	~	65%	using	the	electrolyte	purified	and	non-purified,	respec-
tively. For both conditions formic acid was the major product, which is consistent with previous reports [2]. The 
understanding	the	impact	of	electrolyte	purification	will	be	highly	valuable	to	future	studies	that	aim	to	design	
systems for selective GEOR.

Acknowledgement
The	authors	gratefully	acknowledge	the	Dutch	Research	Council	(NWO)	for	providing	financial	support	for	the	
project number KICH1.ED04.20.026 which is carried out in the framework of the Electrochemical Conversion and 
Materials (ECCM) program.

References
[1] Trotochaud, Lena, et al. Journal of the American Chemical Society 136 (2014): 6744-6753.
[2] Goetz, McKenna K., et al. Nature Communications 13 (2022): 1-10.



POSTERS 1

548

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-A0972

Mechanochemical control over molecular motors in elastomer networks
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Artificial	molecular	machines	have	the	potential	to	bring	transformative	changes	in	life-like	and	adaptive	mate-
rials, in soft robotics, and in nanomedicine. The sophisticated and controlled movement of these molecules has 
been used successfully to drive the macroscopic motion of soft materials. But inversely, one can imagine that 
macroscopic	mechanical	events	could	also	influence	the	nanoscale	mechanics	of	molecular	machines	–	the	field	
of mechanochemistry has shown indeed that macroscopic mechanical forces can be used to disrupt chemical 
bonds. 
The	specific	focus	of	my	PhD	research	 is	 to	 investigate	whether	and	how	the	mechanical	 force	applied	on	an	
elastomer	(at	the	macroscopic	scale)	modifies	the	operation	mode	of	molecular	motors	(at	the	nanoscale).	In	our	
work,	a	series	of	artificial	molecular	motors	were	synthesized,	and	they	were	incorporated	into	a	range	of	poly-
mer	networks	including	PDMS	and	polyurethane.	I	also	demonstrated	that	the	stretching	of	these	film	alters	the	
rotation frequency of the molecular motors, typically by accelerating the thermal helix inversion. 
Ultimately, we anticipate that a feedback loop will be established between the molecular motors and the poly-
mer	network.	Combining	mechanochemistry	approaches	with	artificial	molecular	motors	will	bring	us	one	step	
further to soft robotic materials that display sophisticated and autonomous motion.

(a) Rotational cycle for light driven unidirection-
al molecular motors; (b) Potential energy Profile 
associated with the light-driven rotary motion 
of an artificial molecular motor; (c) Illustration 
of the reversible tuning of the molecular motion 
through the aPPlication of macroscoPic stretch-
ing.
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A new family of antifungal quinone methide oximes.

Oleg M. Demchuk* 1, Konrad  Kubinski 1, Maciej  Masłyk 1, Monika  Janeczko 1, Antonina  Kurowska 1, Kamila  Górka 
1, Aleksandra  Martyna 1, Małgorzata  Sadczuk 2, Anna  Boguszewska-Czubara 2

1 The John Paul II Catholic University of Lublin, Lublin, Poland, 2 Medical University of Lublin, Lublin, Poland

Fungal infections are continually associated with high mortality rates, especially in immunocompromised pa-
tients. Candida species are responsible for the majority of fungal infections in humans. The overuse, prolonged 
treatment, and environmental exposure to contemporary antifungal drugs have led to the emergence and wid-
ening of drug resistance. The shortcomings of currently used antifungal drugs dictate the urgent and growing 
need to discover new classes of antifungal medicines. Nevertheless, since the beginning of the 21st century, only 
five	new	antifungal	agents	have	been	authorized:	caspofungin,	micafungin,	anidulafungin,	 isavuconazole,	and	
ibrexafungerp. Herein, we present the design and synthesis of new antifungal agents bearing quinone methide 
oxime framework.
As we have already reported, phenylcyanomethylenequinone oxime (4-AN) exhibits potent fungistatic and fungi-
cidal activity against Candida species (MIC/MFC = 4 μg/mL) [1]. The series of new drug candidates was obtained 
by direct functionalization of readily available 4-AN at the oxygen atom.
Biological studies carried out on 9 Candida species indicate that proper selection of functional groups may in-
crease the antifungal activity of new 4-AN derivatives to a level comparable to that of reference antibiotics such 
as caspofungin, ketoconazole, and amphotericin B (MIC < 2 μg/mL). Moreover, at a concentration of MIC/16, our 
new	compounds	prevent	hyphae	formation,	and	at	a	concentration	of	MIC/4,	they	effectively	disaggregate	mature	
biofilms.	The	influence	of	new	drug	candidates	on	100	clinical	isolates	of	C.	albicans	indicates	that	some	of	the	
compounds	were	also	active	against	drug-resistant	strains.	On	the	other	hand,	no	toxic	effects	of	4-AN	derivatives	
on	either	human	erythrocytes	or	zebrafish	embryos	were	observed.
The explanation of the biological activity of 4-AN derivatives was proposed based on a study of their interaction 
with a set of 20 protein kinases.

1.	Martyna	A,	Masłyk	M,	Janeczko	M,	et	al.	Molecules.	2020,	25(12):2928	(and	references	cited	therein).
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Synthesis of antifungally active derivatives of 4-AN
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Lignocellulosic Adsorbents for Sustainable Cleaner Water
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Most anthropogenic activities introduce pollutants into our rivers, streams and brooks thus making access to 
clean water a challenge for most developing countries with rapid growth in population and industrialization. Ni-
geria is one of the developing countries that is dependent on surface water and groundwater for daily activities 
in homes, industries and public places. Global requirements for sustainable, hygienic clean water to communities 
and homes are seldom met. This study was aimed at preparing activated carbonized orange and plantain peels 
as bio-adsorbents for treating river water. It is a simple, inexpensive and economically attractive method. These 
biomasses are wastes generated from consuming the fruit and they constitute environmental problems as they 
decay. Converting them to useful bio-adsorbents minimizes this. The results obtained showed that maximum 
adsorption occurred at pH 6 – 8 for both orange and plantain biochar. The colour of the water improved with 
both orange peel and plantain. The slight odour in the from water was eliminated. There was increase in percent 
removal for turbidity (100%), electrical conductivity (95.5%), BOD (50%), total hardness (80.8%), TDS (99.2%), 
TSS (85.7%), Cl-(99.5%), SO42-(80%) and NO3-(77.9%). These results show the feasibility of locally available 
orange and plantain peels as natural adsorbents for improving the quality of river water.

Keywords: Bio-adsorbents, Orange peels, Plantain peels.
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Synthesis of potentially bioactive azido nucleosides

Jennifer Szilagyi* 1, Rafael Nunes 1,2, Joana Silva 3, Alice I Martins 3, Nuno M Xavier 1
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Marine and Environmental Sciences Centre/ARNET-Aquatic Research Network, Polytechnic University of Leiria, Av. Porto de Pesca, 
Edifício Cetemares, 2520-630 Peniche, Portugal , Peniche, Portugal

Synthetic nucleosides, nucleotides and their analogs/mimetics have attracted much attention in organic and in 
medicinal chemistry, due to their propensity to exhibit a variety of biological
properties. Various examples of nucleoside and nucleotide analogs achieved clinical application as anticancer 
or antiviral drugs, acting through interference with nucleic acid biosynthesis [1]. The ability of these types of 
molecules	to	show	antimicrobial	effects	[2]	or	to	inhibit	cholinesterases	[3]	has	also	been	reported.	The	search	
for new structures of nucleos(t)ide analogs that may potentiate innovative mechanisms of action and open new 
therapeutic opportunities remain of interest.
In this context, for this communication we report on the synthesis and antiproliferatie evaluation of novel 5-azido 
nucleosides based on a xylofuranose template. The synthetic pathway employed diacetone-D-glucose as precur-
sor and involved the access to an acetylated 5-azidoglycosyl donor and its further N-glycosydation with uracil or 
with a purine derivative. An interesting result during
the synthesis of the glycosyl donor precursor was the access to an imino sugar via an intramolecular Boyer reac-
tion. Antiproliferative essays were performed on a panel of cancer cell lines. Herein our results will be presented 
and discussed.

Acknowledgments:	Centro	de	Química	Estrutural	is	a	Research	Unit	funded	by	Fundação	para	a	Ciência	e	Tecnologia.	
Institute of Molecular Sciences is an Associate Laboratory funded by FCT.  
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Lu,	X.;	Hollenbaugh,	J.	A.;	Cho,	J.	H.;	Amblard,	F.;	Schinazi,	R.	F.	Chem.	Rev.	2016,	116,	14379.	
[2] M. Serpi, V. Ferrari, F. Pertusati, J. Med. Chem. 2016, 59, 10343–10382. 
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J. Org. Chem. 2018, 2667 2681

Figure 1: General structure of the synthesized nucleosides
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Pathway complexity under light-matter strong coupling

Kripa Merin Joseph* 1, Stef Jansen, Joost van der Tol, Ghislaine Vantomme, E. W.  Meijer  

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Over the past decade, light-matter strong coupling has emerged as a powerful tool to modify material and chem-
ical properties. So far, vibrational strong coupling (VSC) has been used to alter product distributions and reaction 
rates.1,2	However,	recently	it	has	been	shown	that	VSC	can	also	affect	self-assembly	processes	and	crystalliza-
tion.3,4	Herein,	we	show	our	recent	results	of	the	effect	of	cooperative	strong	coupling	on	the	supramolecular	
polymerization	energy	landscape.	We	studied	Zinc	porphyrins	in	an	optical	cavity	and	observed	that	when	the	
vibrational	bands	of	side	wedges	are	coupled	via	cooperative	effect,	the	elongation	temperature	of	H-aggregates	
is reduced, while coupling the porphyrin ring stretch favored the H-aggregate formation. Further studies are re-
quired	to	get	better	insight	into	the	effect	of	VSC.	Nevertheless,	the	experimental	results	suggest	that	VSC	can	be	
used as an alternative approach to bias certain pathways.

Controlling the pathway in supramolecular polymerization through vibrational strong coupling
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Dynamics of vapour sorption in polymer brushes

Lars Veldscholte* 1, Sissi de Beer 1
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Polymer	brushes	are	promising,	versatile	coatings	that	consist	of	polymers	end-grafted	to	a	substrate	at	suffi-
ciently high densities that they are forced to extend from the surface.
Depending	on	the	specific	polymer	used	to	create	a	brush,	one	can	obtain	coatings	with	a	wide	range	of	inter-
facial properties. Polymer brushes are also characterised by the fact that they can respond strongly to solvents; 
solvents	that	would	ordinarily	completely	dissolve	a	non-grafted	polymer	film,	strongly	swell	a	polymer	brush	
without dissolving it because it is covalently bound to a substrate.
While the behaviour of brushes solvated by liquids is relatively well-understood, their behaviour when solvated 
by vapours (such as humid air) is comparatively a more active area of research. One open research area concerns 
the dynamics of brush swelling by vapours, which can be non-trivial. For example, many systems exhibit a sol-
vent-induced	glass	transition,	which	in	turn	influences	the	diffusivity.
Using molecular dynamics and humidity-controlled ellipsometry, we investigate the swelling dynamics of hydro-
philic polymer brushes exposed to water vapour.
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Anisotropy control of bijels for passive radiative cooling
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Passive	radiative	cooling	surfaces	can	be	achieved	by	tuning	optical	properties	in	such	a	manner	that	it	reflects	
almost	all	of	the	solar	irradiation(1).	One	highly	reflective	surface	is	the	shield	of	the	white	scarab	beetle.	The	
high	reflectance	of	the	shield	is	a	result	from	the	anisotropy	in	its	interwoven	structure	of	chitin	filaments(2,3).
Bicontinuous interfacially jammed emulsion gels (bijels) consist of a similarly interwoven structure. Bijels self-as-
semble via interfacial jamming of nanoparticles during spinodal phase separation of two immiscible liquids(4–6). 
While the bijel structure is typically isotropic, recently the typical domain size has been tuned to several hun-
dreds of nanometers, as necessary for interactions with visible light(7,8). As such, bijels with anisotropic nano-
structured domains are interesting to study.
Here,	we	present	the	synthesis	of	bijels	that	contain	flexible	polyacrylamide.	By	applying	a	stretching	force	these	
bijels are deformed into an anisotropic structure. We image the structures using confocal laser scanning micros-
copy and scanning electron microscopy, which allow us to reconstruct a 3d representation of the bijel. We quan-
tify the changes in structure using Minskowski tensors(9), showing that we have control of the anisotropy of bijel 
structures. In future studies we will use the structural control to experimentally determine the relation between 
anisotropy	and	reflectance.
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Photoredox Catalysis using Polymer-Supported Luminescent Transition 
Metal Complexes
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Applications of photoredox catalysis for promoting the reactions of organic compounds have received tremen-
dous	attention	in	recent	years.	Despite	successful	trifluoromethylation	of	various	organic	compounds,	applica-
tions	of	the	photoredox	catalysis	for	other	perfluorinated	hydrocarbons	are	much	less	investigated.	
In	this	work,	a	new	visible-light-induced	photocatalytic	method	for	the	preparation	of	perfluorinated	alkyl	am-
ides and esters under mild conditions has been developed [1]. On the basis of the emission quenching study and 
the characterizations of the reaction intermediates, the mechanism of this reaction has been proposed. On top of 
the	wide	substrate	scope,	it	can	also	be	used	for	chemical	surface	modification	to	introduce	advanced	functional	
properties on various materials [2]. As the photocatalysis works well under heterogeneous conditions, a series 
of	heterogeneous	photocatalysts	by	covalent	anchoring	a	cyclometalated	 Ir(III)	 complex	on	different	 types	of	
solid-support	polymeric	materials	have	been	developed.	A	detailed	study	confirmed	the	feasibility	of	designing	
recyclable heterogeneous photocatalysts through covalent immobilization. On the other hand, some important 
factors,	such	as	particle	size,	polymer	morphology,	and	covalent	linkage,	for	designing	efficient	immobilized	pho-
toredox catalysts will also be described [3].
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Synthesis of Organically Modified Silicones as Air-Release Agents

İlker Yati* 1
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Microfoams	are	small	air	bubbles	trapped	in	liquids.	Air-releasing	agents	play	an	effective	role	in	removing	mi-
crofoams. Since microfoams are very small particles, it may not always be possible to visually recognize them. 
However, they can be recognized by the lower than expected density of the paint formulation. The air-release 
mechanism works on the principle that small microfoams are combined into larger foams that can move away 
from the paint more quickly. Air-release agents allow microfoams to coalesce, increase their diameter, and rise to 
the surface more quickly. In doing so, they destabilize the surfactants surrounding the microfoams and allow the 
air	in	the	foam	to	diffuse	into	the	liquid.	Thus,	the	microfoams	coalesced	into	larger	foams	and	quickly	reached	
the surface. The active ingredients of air-releasing agents are generally silicone-based products. Silicone-based 
products	are	specially	designed,	modified	products.	The	best	air-release	agent	performance	can	be	achieved	by	
optimizing	the	compatibility-incompatibility	balance.	One	of	the	methods	to	be	applied	is	the	design	of	different	
modified	silicon	materials.	In	this	study,	different	silicones	were	modified	using	versatile	ethoxylated/propoxyl-
ated	(EO/PO)	polymers	via	hydrosilylation	reactions.	The	synthesized	organically	modified	silicones	were	further	
dispersed	with	different	hydrophobic	particles	for	use	as	air	release	agents.	The	performance	of	the	prepared	
air-release agents was tested using a low-pigment-volume-concentration (PVC) paint formulation. The perfor-
mance of the air-release agents was well characterized by the increase in density of the paint and visual control 
of the microfoams.
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Investigating different atomic-scale modelling approaches for silica
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Silica is widely used and investigated due to its attractive properties and broad applications. Resulting from its 
wide range of crystalline and amorphous structures, a good representation and understanding of their properties 
is crucial and remains a challenge. Density functional theory (DFT) and molecular dynamics (MD) are commonly 
employed modelling methods to describe materials at the atomic-scale. However, both methods are limited; DFT 
to	a	system	size	of	thousand	atoms	and	computational	cost,	whereas	MD	is	system	specific	and	lacks	general	
transferability. Due to the immense increase of computer power over the last decades, machine learning (ML) 
concepts have become increasingly researched and bear a great potential in the future of chemistry and material 
sciences.
In	this	work,	different	DFT	functionals,	MD	potentials	and	ML-approaches	were	tested	and	benchmarked	for	a	set	
of crystalline and amorphous silica structures to investigate their potential to describe small- and large-scale 
phenomena.

We thank SURF (www.surf.nl) for the support in using the National Supercomputer Snellius.
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Bio-resourced Photonic Pigments: Sustainable Whitener
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Photonic color is a fascinating concept that involves manipulating light at the nanoscale level to create a range 
of colors. Natural and synthetic materials alike can exhibit this phenomenon, from the iridescent wings of butter-
flies	to	the	vivid	hues	of	peacock	feathers.	While	TiO2	is	a	commonly	used	pigment,	its	manufacturing	process	is	
highly	energy-intensive	and	generates	significant	waste.	This	has	prompted	efforts	to	find	alternative	materials,	
and photonic pigments have emerged as a promising solution, drawing inspiration from nature’s coloration strat-
egies.	Unlike	conventional	absorptive	colorants	that	are	prone	to	fading,	photonic	pigments	offer	greater	stability	
and sustainability, particularly in the production of water-based paints. The ultimate objective of bio-resourced 
photonic whitener is to replace TiO2 through a green synthesis process that utilizes bio-based materials.

SEM image: the formation of the silica supra-pigment spheres Whitener using vegetable oil.



POSTERS 1

559

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-A1020
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Carbon	capture,	utilization,	and	storage	(CCUS)	technologies	have	become	increasingly	significant	in	recent	years	
as	a	means	of	mitigating	greenhouse	gas	emissions,	specifically	carbon	dioxide	(CO₂).	To	ensure	the	safe	and	
efficient	operation	of	CCUS,	accurate	and	metrological	traceable	measurements	of	impurities	in	CO₂	streams	are	
critical.	However,	the	absence	of	primary	reference	materials	for	all	impurities	in	CO₂	at	relevant	amount	fractions	
poses	a	significant	challenge	to	industries.	The	CCUS	industry	needs	to	accurately	determine	CO₂	purity	and	com-
position	as	storage	sites	and	industries	using	CO₂	for	utilization	have	impurity	amount	fraction	specifications.	
Reference materials are key to obtain accurate measurements and reliable measurement results to ensure that 
harmful	impurities	are	not	present	in	the	final	product	or	cause	corrosion	to	pipelines	or	storage	locations.	
To address these issues, the MetCCUS project (Metrology Support for Carbon Capture Utilization and Storage) has 
been initiated, led by the National Metrology Institute, VSL.
VSL maintains and develops primary measurement standards and reference materials on behalf of the Dutch 
government, providing the basis for dependable measurements across science, industry, and trade. The services 
ensure the traceability of measurement results from labs, companies, and institutes to national and international 
standards. Therefore, VSL is currently developing new primary reference materials for the accurate measurement 
of	CO₂	gas	composition.	This	is	essential	to	track	the	amount	of	carbon	captured,	utilized,	or	stored,	and	therefore,	
metrology is crucial for CCUS. 
Two	methods	for	obtaining	primary	reference	materials	with	impurities	in	CO₂	will	be	presented:	preparation	of	
gas mixtures in high-pressure cylinders and continuous blending of pure gases to make dynamic gas mixtures. 
These methods provide accurate composition determination of primary reference gas mixtures with small uncer-
tainty. The resulting primary reference materials can be used to calibrate industry measurement equipment for 
CO₂	purity	determination,	ensuring	compliance	with	legislation.
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P1-A1022

Impact of {Fe2+}:{HS-} on FeS formation

Alemeh Karami* 1, Janou Koskamp 1, Mariette Wolthers 1

1 Utrecht University, Utrecht, The Netherlands

Mackinawite(FeS)	is	the	first	iron	sulfide	phase	to	form	in	anoxic	sulfidic	environments.	Moreover,	 its	catalytic	
properties make it a potential candidate for a variety of industrial applications including energy storage systems 
and CO2 conversion. This together with Mackinawite’s potential for remediation through the doping of heaving 
metal cations makes it an interesting subject of investigation. In natural and engineered conditions, iron and 
sulfide	do	not	generally	occur	 in	alike	concentrations.	Therefore,	 investigating	diverging	 ratios	of	 iron:sulfide	
activities	will	improve	our	knowledge	about	iron	sulfide	formation	in	these	settings.
Here,	 we	 investigated	 FeS	 formation	 at	 ~63-fold	 supersaturation,	 varying	 {Fe2+}:{HS-}	 and	 pH	 10.2.	We	 ex-
plored the particle-size distributions via Dynamic-Light-Scattering, the particles’ ς-potential via Electrophoret-
ic-Light-Scattering	and	morphology/crystallinity	using	Transmission-Electron-Microscopy	and	X-Ray-Diffraction.
A non-linear evolution of particle size was observed through time. Higher concentrations of iron resulted in larger 
particles,	whereas	more	sulfide	yielded	smaller	particles.	We	observed	particles	with	a	negative	ς-potential when 
solution was in excess of HS-, compared to solutions with more cation Fe2+ which led to having particles with less 
negative net surface charge.
Our	observations	reveal	that	FeS	particle	formation	is	sensitive	to	imbalance	of	{Fe2+}:{HS-}	in	solution.	When	
there is an excess of iron, growth/aggregation of nuclei is enhanced and predominates over nucleation, in con-
trast	to	equal	activities	or	excess	sulfide.	These	results	may	be	explained	by	two	factors:	structure	and/or	charge.	
Ferrous iron may play a more crucial role in building the Mackinawite structure (with central Fe-atoms of S-cor-
ner-sharing tetrahedrons). Alternatively, the less negative ς-potential at higher Fe activity leads to less colloidal 
stability and more growth and aggregate formation. 
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Antimicrobial Photodynamic Therapy Using TiO2 Nanoparticles

Adrija Purkayastha* 1, Dhermendra Tiwari 1

1 Goa University, Taleigao, India

Antibiotic	resistance	is	a	growing	concern	in	the	field	of	medicine,	as	the	overuse	of	antibiotics	has	led	to	the	
emergence of bacteria resistant to multiple types of antibiotics. According to WHO, antibiotic resistance is one of 
the biggest threats to global health, food security, and development today¹. Antimicrobial photodynamic therapy 
(aPDT) is an emerging treatment option that uses photosensitizing agents and light to generate reactive oxygen 
species	that	can	kill	bacteria,	fungi,	and	viruses².	Unlike	antibiotics,	aPDT	is	not	affected	by	antibiotic	resistance	
mechanisms, and it has shown promising results in clinical studies. Nanomaterials have been extensively ex-
plored as potential photosensitizers for aPDT. For example, gold nanoparticles conjugated with methylene blue 
(MB)	can	effectively	kill	E.coli	and	S.aureus³,	and	silver	nanoparticles	coated	with	a	photosensitizer,	chlorin	e6,	
can	effectively	kill	P.aeruginosa⁴.In	this	study,	pathogenic	cultures	of	E.Coli,	P.aeurginosa	and	S.aureus	were	treat-
ed with varying concentrations of  antibiotics (Neomycin and Bacitracin), and photoactivated TiO2 nanoparticles 
and	photosensitive	dyes	(Toluidene	O	and	Methylene	Blue).	The	synergistic	effect	of	each	of	these	components	
was analysed by administering them in combination with each other. A novel TiO2-Bacitracin conjugate was de-
signed	using	EDC-NHS	coupling	and	the	effect	of	the	said	conjugate	was	assessed	using	various	biochemical	as-
says. The results were promising and the conjugate showed improved activity against the cultures in comparison 
to conventional antibiotics.

References :
1. World Health Organization. (n.d.). Antibiotic resistance. https://www.who.int/news-room/fact-sheets/detail/
antibiotic-resistance 
2. Tavares, A. et al. (2018). Antimicrobial photodynamic therapy: study of bacterial recovery viability and poten-
tial development of resistance after treatment. Marine Drugs.
3.	Li,	X.	et	al.	(2021).	Gold	nanoparticle-methylene	blue	conjugates	for	efficient	photodynamic	therapy	against	
bacteria. Journal of Colloid and Interface Science.
4.	Song,	X.	et	al.	(2019).	Chlorin	e6	coated	silver	nanoparticles	for	enhanced	antibacterial	effects	in	photodynam-
ic therapy. Journal of Materials Chemistry B.

Figure illustrating the mechanism of aPDT.
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Studying non-thermal N2/O2 plasmas using Raman spectroscopy

Tess van Eeden* 1, Richard van de Sanden 1, Waldo Bongers 1, Qinghao Shen 1, Vojta Laitl 1

1 DIFFER, The Netherlands

Non-thermal plasmas have the potential to unlock chemical conversions that are thermodynamically limited 
when accessed via thermal catalytic pathways.1,2 In a non-thermal or non-equilibrium plasma, the vibrational 
temperature (Tvib) is higher than the rotational (Trot) and translational or gas temperature (Tgas). This preferen-
tial excitation of the vibrational modes of gaseous molecules such as N2, lowers the activation energy of these 
compounds and make them susceptible for reactions.3,4 In this work, the vibrational excitation of N2 in a micro-
wave plasma and its subsequent reaction with O2 to NOx are studied using spatially resolved Raman spectrosco-
py. Both vibrational and rotational temperatures are mapped to assess the non-equilibrium character of the plas-
ma.	Moreover,	novel	plasma	configurations,	such	as	reverse	vortex	flow,	are	tested	to	enhance	the	preferential	
excitation of vibrational modes and maintain a low gas temperature optimal for NOx synthesis. This work not only 
contributes	to	fundamental	knowledge	on	plasma	physics	and	chemistry,	but	the	plasma-assisted	fixation	of	N2	
into NOx also opens up possibilities for the renewable energy-driven and decentralized synthesis of fertilizers. 

1. Fridman, A. Plasma Chemistry. (Cambridge University Press, 2008). doi:10.1017/CBO9780511546075.
2. Bogaerts, A. et al. The 2020 plasma catalysis roadmap. J. Phys. D. Appl. Phys. 53, 443001 (2020).
3.	Rouwenhorst,	K.	H.	R.,	Kim,	H.	H.	&	Lefferts,	L.	Vibrationally	Excited	Activation	of	N2	in	Plasma-Enhanced	Cata-
lytic Ammonia Synthesis: A Kinetic Analysis. ACS Sustain. Chem. Eng. 7, 17515–17522 (2019).
4. Gatti, N. et al. Preferential vibrational excitation in microwave nitrogen plasma assessed by Raman scattering. 
Plasma Sources Sci. Technol. 27, 055006 (2018).
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Self-synthesizing materials for tissue culture applications

Kirill Mikhailov* 1, Ivana Marić 1, Liangliang Yang 2, Reinier Bron 2, Patrick van Rijn 2, Sijbren Otto 1

1 Stratingh Institute for Chemistry, University of Groningen, Groningen, The Netherlands, 2 University Medical Center Groningen, 
Department of Biomedical Engineering and W. J. Kolff Institute, University of Groningen, Groningen, The Netherlands

INTRODUCTION
Peptide-based	hydrogels	are	important	materials	in	cell	culture	research	and	are	utilized	as	scaffolds	for	tissue	
engineering, wound healing and drug delivery due to their close resemblance to the extracellular matrices [1]. 
In	this	work,	we	report	on	creation	of	a	cell-compatible	self-synthesizing	peptide-based	hydrogel	scaffold	that	is	
made	of	a	highly	ordered	self-assembled	supramolecular	structure	and	utilizes	disulfide	and	hydrazone	orthog-
onal dynamic covalent bonds.
RESULTS AND DISCUSSION
Oxidation	of	a	peptide	building	block	modified	with	a	thiol-containing	moiety	and	a	hydrazide	moiety	results	in	
a dynamic equilibrium of various sized macrocycles (Figure 1a).
Out	of	 the	mixture,	only	pentamers	 stack	on	each	other	and	 form	fibers	 that	have	hydrazide	groups	on	 their	
surfaces.	This	network	of	fibers	is	cross-linked	with	a	dialdehyde	to	form	a	hydrogel	through	hydrazone	bond	
formation.	The	fibers	can	also	be	decorated	with	aldehyde-containing	bioactive	molecules	via	the	same	linkage,	
which	opens	vast	possibilities	of	modifications.
To	assess	biocompatibility	of	 these	hydrogels,	we	 investigated	cell	viability	and	spreading	on	unmodified	hy-
drogel	(1)	and	hydrogels	modified	with	10	mol	%	glyoxylyl-functionalized	RGD	and	LDV	peptides.	All	samples	
showed high cell viability and spreading after 24 hours of culturing (Figure 1b, c) [2]. 
To	evaluate	the	properties	of	the	modified	hydrogel	as	a	functional	scaffold,	we	are	currently	investigating	the	
osteogenic	differentiation	of	human	mesenchymal	stem	cells	(hMSCs)	on	a	scaffold	modified	with	IPP	peptide,	
which	has	a	positive	influence	on	osteoblast	function	[3].
CONCLUSION
Here we show the development of biocompatible and self-synthesizing hydrogel based on two orthogonal dy-
namic	covalent	chemistries.	The	osteogenic	differentiation	studies	utilizing	these	hydrogels	are	in	progress.

REFERENCES
1.	X.	Ding	et	al.,	Adv.	Drug	Deliver.	Rev.,	2020,	160,	78–104
2. I. Maric et al., Angew. Chem. 2023, 62, e202216475
3. M. Huttunen et al., J. Nutr. Biochem., 2008, 19, 708–715

Figure 1. (a) Formation of the dynamic combinatorial library

(b) Live/dead staining of hMSCs of the hydrogel samples after 24 h. (c). DAPI and FITC-phalloidin staining, after 24 h. Scale 

bars equal to 150 μm.
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Canister Sampling for Occupational Ethylene Oxide Exposure Analysis

Benedikt Thomas* 1

1 Institute for Occupational Safety and Health of the German Social Accident Insurance, Germany, 2 University of Wuppertal, 
Germany

Ethylene oxide is a toxic and carcinogenic gas that is present in a variety of workplaces e.g. sterilization facilities 
for	medical	devices.	It	is	classified	as	carcinogenic	and	mutagenic	(1B,	1B).	In	Germany	risk-based	limit	values	
have been derived according to the ERB concept (AC 0,2 mg/m3; TC 2 mg/m3). For workplace air measurements 
there are several methods for the analysis of ethylene oxide mainly be derivatization on a solid sorbent and sub-
sequent gas chromatography analysis of the derivatization product. For environmental analysis canister methods 
were established e.g. by the EPA (EPA method TO 15 and TO 15A). Canister sampling poses many advantages like 
easy handling and no further technical aids like pumps on sampling site, that should be transferred to workplace 
air measurement. Sampling requires the use of an inert sampling device that can collect the substances at the 
workplace and store them for a period of at least two weeks. 
With the help of a test gas facility for the production of dynamic test gases, a GC analysis was developed and 
further	validated	and	the	canisters	were	investigated	for	their	suitability	and	various	influencing	factors	like	sta-
bility, reproducibility and robustness were tested. The suitability could be proven and with the help of test gas 
facilities and further method development-related measurements could be successfully carried out. 
Subsequently measurements were also carried out at other industrial workplaces. A wide range of ethylene ox-
ide exposures was found, which require an individual, activity-dependent risk assessment. measurements were 
carried out to determine the exposure of employees at the workplace to certain hazardous substances. It was 
shown that the concentrations measured at several workplaces were higher than the limit values under certain 
conditions. Aided by this new gathered information,  companies can take steps to prevent exposure to hazardous 
substances like carcinogenic ethylene oxide.



POSTERS 1

565

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B0009

Reduction of NO with CO+O2 on Ca/Cu/Y-CeO2

Sichem Guerrero Ruz* 1, Gonzalo  Águila Avilés 2

1 Universidad de los andes, Santiago, Chile, 2 Universidad andres Bello, Santiago, Chile

Biomass and fossil fuel combustion are still important sources of low-cost energy, especially in developing coun-
tries. Hazardous pollutants generated during combustion not only take a toll on the environment but also on 
public	health.	To	cope	with	this	problem	several	approaches	exist	among	which	catalysts	play	a	significant	role.		
One approach is the reduction of NO with CO. This reaction is usually studied in the absence of oxygen because 
its presence leads to unwanted oxidation of CO to CO2 with NO not being able to be reduced. In the present 
study, 10% of oxygen is used to simulate a real exhaust containing 1%CO and 500 ppm NO. Since the gaseous 
pollutants frequently come from the combustion of natural sources containing small quantities of alkali and 
alkaline	earth	metals,	which	negatively	affect	the	catalysts,	the	addition	of	calcium	is	here	studied	to	simulate	
the natural accumulation of such species on the catalyst surface. The catalyst will consist of a support of Yttri-
um-stabilized CeO2 where the active phase is a combination of copper and calcium (denoted as Ca/Cu/YCeO2). 
Preliminary results show maximum conversion of NO and CO of 96% and 100% at 290oC, respectively. In fact, 
the NO conversion remains above 90% in the range of 260-350oC with CO being fully converted within the same 
temperature range. This work will report on the addition of CO2, water, carbon, and SO2 to the reacting mixture 
and	their	effect	on	the	activity	of	the	catalyst	for	the	reduction	of	NO	with	CO	in	the	presence	of	oxygen	will	be	
studied. Spectroscopic and physicochemical techniques will be used to characterize the Ca/Cu/YCeO2 catalyst 
such	as	N2	adsorption	and	desorption,	H2-TPR,	XPS,	TEM,	SEM,	Raman,	FTIR,	DRIFTS,	among	others.

Activity of Ca/Cu/YCeO2 on the NO reduction with CO. Concentrations: 1% CO, 500ppm NO, 10% O2, total flow 50 cc/min, 

GHSV=10,000 h-1.
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Interfacial Stabilization of Li2O Based Cathodes

Yong Joon Park* 1, Hee Jeong  Im  1

1 Kyonggi University, Suwon-si, South Korea

The utilization of the anionic redox reaction as an innovative strategy for overcoming the limitations of cath-
ode capacity in lithium-ion batteries has recently been the focus of intensive research. Li2O-based materials 
using the anionic (oxygen) redox reaction have the potential to deliver a much higher capacity than commercial 
cathodes using cationic redox reactions based on transition metal ions. However, parasitic reactions attributed 
to the superoxo species, derived from the Li2O active material of the cathode, deteriorate the stability of the 
interface between the cathode and electrolyte, which has limited the commercialization of Li2O-based cathodes. 
To address this issue, malonic-acid-functionalized fullerenes were applied in the electrolyte as an additive for 
scavenging	the	superoxo	radicals	that	trigger	parasitic	reactions.	MC60	can	efficiently	capture	superoxo	radicals	
using	the	π-conjugated	surface	and	the	malonate	functionality	on	the	surface.	As	a	result,	MC60	considerably	
enhanced the available capacity and cycling performance of the Li2O-based cathodes, decreased the interfacial 
layer formed on the cathode surface, and hindered the generation of by-products derived from parasitic reac-
tions. In addition, the loss of Li2O from the cathode surface during cycling was also suppressed, validating the 
ability	of	MC60	to	capture	superoxo	radicals.	This	result	confirms	that	the	introduction	of	MC60	can	effectively	al-
leviate the parasitic reactions at the cathode/electrolyte interface and improve the electrochemical performance 
of Li2O-based cathodes by scavenging the superoxo species.
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Electrochemical Properties of GCE@Ni(OH)2ThF Modified-Electrode For 
Supercapacitor Application

Saleh eddine Berrabah 1, Abdelhakim Benchettara* 2, Abdelkader Benchettara 3

1 Université des sciences et de la technologies Houari Boumediene, Alger, Algeria, 2 Université des sciences et de la technologies 
Houari Boumediene, Alger, Algeria, 3 Université des sciences et de la technologies Houari Boumediene, Alger, Algeria

In	this	context,	a	modified	electrode	based	on	electrodeposition	of	nickel	hydroxide	thin	film	(Ni(OH)2ThF)	on	the	
surface	on	graphite	carbon	electrode	(GCE)	was	elaborated	without	the	use	of	any	binders,	this	modified	elec-
trode was proposed as positive electrode (Anode) for supercapacitor application. After the elaboration process. 
To	get	insight	on	the	capacity	and	the	properties	of	the	supercapacitor	modified	electrode	(GCE@Ni(OH)2NPs),	
the latter was directly characterized in 1M KOH aqueous solution using several electrochemical techniques such 
as Open-Circuit Potential (OCP), Cyclic Voltammetry (CV), Galvanostatic Charge-Discharge (GCD) and Electro-
chemical	Impedance	Spectroscopy	(EIS).	All	electrochemical	tests	confirm	the	success	of	the	modification	pro-
cess. The values of the areal capacitances were determined by integrating area under the Cyclic Voltammetry (CV) 
curves, the areal capacitances of the bare graphite were found to be 15.7 mF cm-2 which was doubled almost 9 
times after the deposition of Ni(OH)2ThF (133 mF cm-2).
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Hybrid quinoline derivatives with antimicrobial activity

Violeta Mangalagiu* 1, Vasilichia Antoci 2, Dumitrela  Diaconu 1, Ionel Mangalagiu 2

1 Alexandru Ioan Cuza University of Iasi, Institute of Interdisciplinary Research- CERNESIM Centre; Romania, Iasi, Romania, 2 
Alexandru Ioan Cuza University of Iasi; Romania, Iasi, Romania

Quinoline	azaheterocyclic	and	its	derivatives	are	invaluable	scaffolds	in	medicinal	chemistry,	possessing	a	large	
range of biological activities: antimalarial, antibacterial, antifungal, antitubercular, anthelmintic, anticancer, etc. 
According with WHO, infectious diseases caused by microorganisms represent a major threat to public health all 
around the world, especially because of antimicrobial resistance, over consumption and misuse of antimicrobial 
agents, toxicity of drugs, high prices, etc. As a result, obtaining of new chemical entities with antimicrobial activ-
ity	remain	a	big	challenge	in	medicinal	chemistry.	In	continuation	of	our	efforts	in	the	azaheterocyclic	field	with	
antimicrobial activity, we will present in this work the chemistry and antimicrobial activity of some hybrids quin-
oline	anchored	with	triazole	heterocycle.	The	two	units	of	hybrid	structure	are	connected	via	different	linkers/
spacers (type alkyl, aryl, amido-amino-alkyl, amido-ureil) with variously lengths. The antibacterial and antifungal 
activity of the quinoline-triazole hybrids was evaluated, some of the obtained hybrids having a very good anti-
bacterial activity.
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Quinoline-benzimidazole hybrid compounds with anticancer activity

Dumitrela Diaconu* 1, Dorina  Amăriucăi-Mantu 2, Violeta Mangalagiu 1, Vasilichia  Antoci 2, Catalina Ciobanu 1, 
Ionel  Mangalagiu 1

1 Alexandru Ioan Cuza University of Iasi, Institute of Interdisciplinary Research, CERNESIM Centre, Iasi, Romania, 2 Alexandru Ioan 
Cuza University of Iasi, Faculty of Chemistry, Iasi, Romania

The	 cancer	 chemotherapy	 is	 complex,	 expensive	 and	often	 rather	 inefficient,	 because	of	 the	 large	 variety	 of	
neoplasm	 types,	 high	 toxicity	 levels	 and	non	 specificity	 of	 drugs,	 and	 the	emergence	of	 drug	 resistance	 and	
multi-drug-resistance (MDR).
Heterocycles,	as	privileged	structures	in	drug	discovery,	constitute	one	of	the	most	significant	areas	of	research	in	
medicinal	chemistry.	Quinoline	and	benzimidazole	derivatives	are	invaluable	scaffolds	for	medicinal	chemistry.	
Pharmacophore combination is a useful strategy to discover new anticancer agents. Intending to obtain com-
pounds with higher activity, better pharmacological properties and alternative mechanisms of action, the present 
study is aimed to combine two pharmacophores: quinoline and benzimidazole.
Motivated by the above considerations herein is reported part of our ongoing research aiming the design and 
synthesis of novel anticancer derivatives with azaheterocycles skeleton, we report here the design, synthesis and 
structure of some new quinoline derivatives bearing an benzimidazole moiety. 
The solubility in microbiological medium, anticancer activity of a selection of new synthesized compounds were 
evaluated. Some of the tested compounds have an excellent solubility and exhibit a very good and selective anti-
tumor activity against Renal, Breast and Prostate cancer (the assay was performed in a 60 human tumour cell line 
panel, representing leukemia, melanoma and cancers of lung, colon, brain, breast, ovary, kidney and prostate, in 
accordance with the protocol of the NCI).
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Chalcogen Atom Size Dictates Amide Hydrogen-Bond Donor Strength

Celine Nieuwland* 1, Célia Fonseca Guerra 1

1 Theoretical Chemistry Department, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

The amino groups of thio- and selenoamides can act as stronger hydrogen-bond donors than that of carboxam-
ides, despite the lower electronegativity of S and Se compared to O. This phenomenon has been experimentally 
explored, particularly in organocatalysis and supramolecular chemistry, but a sound electronic explanation is 
lacking. In this talk I will demonstrate that, not the electronegativity nor the often-suggested polarizability but 
the steric size of the chalcogen atom determines the amide’s hydrogen-bond donor strength.
Our quantum chemical analyses revealed that as the size of the chalcogen atom increases down Group 16, the 
amide	C=X	bond	is	elongated	due	to	the	increasing	steric	Pauli	repulsion	between	the	two	bonded	atoms.	This	
results	in	a	weaker	π(C=X)	interaction	in	the	case	of	the	heavier	chalcogens,	and	thereby	lowering	of	the	π*(C=S)	
and	π*(C=Se)	orbital	energies	compared	to	the	π*(C=O)	orbital.	These	low-energy	π*(C=S)	and	π*(C=Se)	orbitals	
can	accept	more	electronic	density	from	the	lone	pair	of	the	NH₂	group	than	the	higher-lying	π*(C=O).	This	larger	
electron	density	flow	leads	to	an	increase	of	positive	charge	on	the	NH₂	groups	of	thio-	and	selenoamides	that	
can in turn engage in more favorable electrostatic and orbital interactions and are thus better H-bond donors 
than carboxamides. 

This presentation is based on C. Nieuwland, C. Fonseca Guerra, Chem. Eur. J. 2022, 28, e202200755, and fol-
low-up work.

Thioamides and selenoamides are better hydrogen-bond donors than carboxamides because their amino groups are more 

positively charged. Quantum chemical analyses reveal that this counterintuitive phenomenon, not explainable by the 

electronegativity, results from the effective steric size of the chalcogen atoms.
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Metal hydride nanocomposites as catalysts for ammonia synthesis

Juliette Verschoor* 1, Petra de Jongh 1, Peter Ngene 1

1 Utrecht University, Utrecht, The Netherlands

Green hydrogen (H2) produced from wind and solar energy can be used as a zero-emission fuel but has a low 
volumetric	energy	density,	hence	difficult	to	transport.	Ammonia	(NH3)	is	a	very	important	feedstock	in	the	pro-
duction of fertilizers, but over recent years has been seen as a promising hydrogen carrier. Due to its high energy 
density and its well-developed handling, it is seen as a potential fuel for shipping.
Due to the high stability of the triple bond in nitrogen (N2, 945 kJ mol-1) high temperatures and pressures are 
needed to break the bond. Therefore, the conversion of N2 and H2 to ammonia is catalyzed by transition metals 
such as promoted iron or ruthenium, and performed at ca. 100 bar and at least 400°C. There is therefore a signif-
icant interest in developing novel catalysts that can activate N2 at moderate temperatures at which the equilib-
rium is more favorable.[1], [2]
Our study is focused on the development of transition metal-free catalysts, such as potassium hydride interca-
lated graphite (KHxCy).[1] These novel catalysts are obtained by intercalation of alkali hydrides such as KH in 
graphene layers, and are able to activate N2 at moderate conditions. We will discuss the preparation and catalytic 
activity of these alkali metal hydride-based catalysts and how they compare each other. We will show that the 
starting	materials	 and	preparation	 conditions	 (atmosphere	 and	 temperature	of	 intercalation)	have	 significant	
influence	on	the	catalytic	activity	and	stability	of	these	catalysts.	

[1] F. Chang et al., Nat. Catal., vol. 5, no. 3, pp. 222–230, Mar. 2022,
[2] N. Saadatjou et al., Chem. Eng. Commun, vol. 202, no. 4. Taylor & Francis Group, pp. 420–448, May 01, 2015.
This project is part of the AMBHER consortium and funded by the European Union.



POSTERS 1

572

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B0047

SWELLING DYNAMICS, THERMOMECHANICAL PROPERTIES OF 
MULTIFUNCTIONAL HYBRID SYSTEMS

Rabia Bozbay* 1, Nermin Orakdöğen 1

1 Istanbul Technical University, Istanbul, Turkey

Design	of	multicomponent	hybrid	gels	with	multifunctional	properties	is	the	focus	of	the	study,	as	the	field	of	hy-
brid	gel	design	based	on	the	combination	of	various	materials	and	complex	materials	has	expanded	significantly	
[1-4]. pH/thermo-sensitive cationic terpolymer hydrogels, and cryogels were prepared by varying the polymer-
ization temperature based on 2-(dimethylamino)ethyl methacrylate (DMAEMA) as weakly cationic monomer, hy-
droxypropyl methacrylate (HPMA) as neutral comonomer and glycidyl methacrylate (GMA) with epoxide groups 
by free-radical crosslinking (cryo)polymerization of the crosslinker diethyleneglycol dimethacrylate (DEGDMA) 
in	aqueous	solution.	Terpolymers	were	first	prepared	by	keeping	the	amount	of	HPMA	constant	and	by	varying	
the	feeding	DMAEMA/GMA	mol	ratio	from	80/0	to	0/80	to	determine	the	effect	of	the	epoxy	functional	groups	
of GMA and tertiary amine functional groups of DMAEMA on the gel properties. As a reference group for the 
terpolymer gels, three copolymer gels were prepared: P(HPMA-co-DMAEMA) (20/80 mol%), P(HPMA-co-GMA) 
(20/80 mol%), and P(DMAEMA-co-GMA) (80/20 mol%). In addition, the cationic terpolymer structure with 10% 
GMA,	70%	DMAEMA	and	20%	HPMA	was	selected	from	the	first	part	of	this	terpolymer	system	and	successfully	
synthesized by changing the gel preparation temperature Tprep between -18 and +60 oC. The structural char-
acterization	with	ATR-FTIR,	 XRD	and	 TGA,	 compression	flexibility,	 dynamic/equilibrium	 swelling	behavior	 and	
adsorption mechanism of n-alkyl methacrylate ester based cationic terpolymer systems were evaluated.

Acknowledgement 
The	financial	support	from	Istanbul	Technical	University	Research	Fund	(BAP,	42637)	is	gratefully	acknowledged.
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Testing of engineered protein nanocarriers on microfluidic platforms

Ionut-cristian Radu* 1, Catalin Zaharia 1, Timea Annabelle Rau 1, Ioana-Madalina Necolau 1, Eugeniu Vasile 2,  
Celina Maria Damian 1, Andra Onas 1

1 University Politehnica of Bucharest, Advanced Polymer Materials Group, Bucharest, Romania, 2 University Politehnica of 
Bucharest, Bucharest, Romania

INTRODUCTION:	Microfluidics	relates	to	the	design	and	study	of	devices	that	move	or	analyze	the	tiny	amount	of	
liquid,	smaller	than	a	droplet.	Microfluidic	devices	have	microchannels	ranging	from	submicron	to	few	millime-
ters.	Microfluidics	has	been	increasingly	used	in	the	biological	sciences	because	precise	and	controlled	experi-
ments can be conducted at a lower cost and faster pace. The grooves or microchannels that are characteristically 
engraved	on	silicon	or	polymer	layers	are	specifically	designed	to	enable	efficient	mixing.	
EXPERIMENTAL:	Polymeric	nanocarriers	were	developed	based	on	grafting	functionalization	of	proteins	with	syn-
thetic side chains. The protein has a macroinitiator role while synthetic chains generate the side chains such as a 
brush-like	structure.	The	protein	was	firtsly	modified		in	order	to	provide	growing	sites	for	the	synthetic	chains.	
The polymerization technique is able to control the side chains growth delivering a brush-like desired stucture. 
The grafted protein was used to prepare small size polymeric nanocarriers by nanoprecipitation procedure. In 
this regard, solutions of grafted silk sericin were precipited into a non-solvent to generate a self-assembling 
process. Drug loading and release tests were performed by drugs dissolution into grafted protein media followed 
by the self-assembling step. The drug release tests implied several measurements of the drug release ability in 
different	evironments.	In	parallel,	a	microfluidic	device	was	developed	by	3D	Printing/Laser	engraving	in	order	
to test the nanocarriers. Nanocarriers suspensions were fed within platform to reveal the interaction with the 
membrane and penetration potential.
CONCLUSION: In conclusion, we reported the development of  protein-based nanocarriers able to deliver  drugs 
with	potential	benefits	for	cancer	management.	The	nanocarriers	were	successfully	investigated	on	a	microfluidic	
device in terms drug release behavior and biological interactions. 

Acknowledgments: “This work was supported by a grant of the Ministry of Research, Innovation and Digitization, 
CNCS/CCCDI – UEFISCDI, project number PN-III-P1-1.1-PD-2021-0478”.
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Sulfonamide hybrids with antimicrobial activity

Dumitrela Diaconu* 1, Dorina  Amariucai-Mantu 2, Violeta Mangalagiu 1, Vasilichia Antoci 2, Ionel I. Mangalagiu 1,2

1 Alexandru Ioan Cuza University of Iasi, Institute of Interdisciplinary Research, CERNESIM Centre, Iasi, Romania, 2 Alexandru Ioan 
Cuza University of Iasi, Faculty of Chemistry, Iasi, Romania

Sulfonamides are appropriate ligands for the preparation of coordination compounds with biological activity, as 
they possess bactericidal, antiviral, antidiabetic, and diuretic properties and some sulfonamide compounds are 
under clinical evaluation for cancer treatment. Metal complexes provide highly versatile platforms for drug de-
sign. Metal complexes of sulfonamide derivatives have numerous applications including antibacterial, antifungal 
and other biological applications. 
Having	in	view	the	biological	potential	of	sulfonamide	scaffold	and	quinoline	core,	we	decide	to	combine	the	
pharmacophoric	properties	of	these	core	scaffolds	with	the	complementary	biological	properties	of	counter	cat-
ion	M2+	(M2+:	Zn2+,	Cu2+,	Co2+,	Cd2+,	Ni2+,	Pd2+),	with	the	final	goal	of	obtaining	better	biological	activity	and	
better pharmacokinetic properties for our compounds. 
The antibacterial (against two strains bacteria Gram-positive Staphylococcus aureus ATCC 25923 and Gram-neg-
ative Escherichia coli ATCC 25922) and antifungal (fungus Candida albicans ATCC 10231) activity was evaluated 
and it was noticed that only sulfonamide hybrid complexes that have in molecule the 4-chlorophenyl moiety and 
Cu2+,	Cd2+	and	Ni2+	have	a	significant	antmicrobial	activity.	

References:
[1] Liang, J., Sun, D., et all, European Journal of Medicinal Chemistry, 224, 113696, 2021.
[2]	Diaconu,	D.,	Antoci,	V.,	et	all,	Scientific	Reports,	12,	16988,	2022.
[3] Diaconu, D., Mangalagiu, V., et all, Molecules, 25 (12), 2946, 2020.
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Elucidating the Branched ADPr Signaling Pathway

Femke Van Der Heijden* 1, Sven Wijngaarden 1, Katarzyna Kliza 2, Suzanne Weijers 2, Michiel Vermeulen 2, Dmitri 
Filippov 1

1 Leiden University, Leiden, The Netherlands, 2 Radboud University, Nijmegen, The Netherlands

Adenosine	diphosphate	ribosylation	(ADP-ribosylation)	is	a	reversible	post-translational	modification	crucial	for	
signaling in multiple cellular processes such as DNA repair, mitosis and apoptosis. These signaling pathways are 
influenced	by	the	different	existing	structures	of	ADP-ribosylation:	mono-ADP-ribosylation,	linear	poly-ADP-ri-
bosylation, and branched-ADP-ribosylation.1,2 The latter form remains the least studied due to its low natural 
abundance	and	complex	molecular	structure.	These	difficulties	can	be	overcome	by	using	synthetic,	structurally	
well-defined	chemical	tools.	In	this	study,	an	affinity-based	probe	for	the	elucidation	of	the	branched	ADPr	sig-
naling pathway was synthesized. The structure of this probe is based on a branched ADPr-trimer with an attached 
biotin tag, making it suitable for exploring new branched ADPr readers in a proteomic screening. A complemen-
tary liquid- and solid-phase approach was used to synthesize the probe based on P(V)-P(III) chemistry. This form 
of chemistry enabled the installation of the essential pyrophosphates present in all ADP-ribosylated molecules. 
Liquid-phase chemistry was used to create suitable P(V)- and P(III)-based building blocks. Solid-phase chemistry 
then enabled the coupling of these building blocks to yield an alkyne-containing branched ADPr-trimer. This 
alkyne-containing	trimer	was	functionalized	in	the	last	step	with	a	biotin	tag	to	provide	the	novel	affinity-based	
probe.	This	tool	will	be	applied	in	the	first-ever	proteomic	screening	for	branched	ADPr	readers	and	has	the	po-
tential to form the foundation for elucidating the branched ADPr signaling pathway.

1	=	Rack,	J.G.M.,	Liu,	Q.,	Zorzini,	V.	et	al.	Mechanistic	insights	into	the	three	steps	of	poly(ADP-ribosylation)	rever-
sal. Nat Commun 12, 4581 (2021).
2 = Cohen, M., Chang, P. Insights into the biogenesis, function, and regulation of ADP-ribosylation. Nat Chem Biol 
14, 236–243 (2018)
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Synthesis of one-component Type II triphenylamine chalcone 
photoinitiators
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1 National Kaohsiung University of Science and Technology, Kaohsiung City, Taiwan, 2 National Kaohsiung University of Science 
and Technology, Kaohsiung City, Taiwan, 3 National Kaohsiung University of Science and Technology, Kaohsiung City, Taiwan

In this study, four new one-component Type II visible-light-absorbing chalcones (CY6–CY9) that include triphe-
nylamine substitutes in one side and dimethylaniline in another side have been prepared and applied for free 
radical photopolymerization. The position and methoxy-substituted of the triphenylamines demonstrate signif-
icant	 influence	on	their	properties.	 In	addition,	the	triphenylamine-free	one-component	Type	II	photoinitiator	
(CYP2) was also prepared for comparing. All the new photoinitiators exhibit boarder and red-shifted absorption 
than did the CYP2 one. The maximum absorption peaks were in the range of 415 to 425 nm. The photochemical 
properties of the compounds were studied by the electron spin resonance (ESR), steady-state photolysis tech-
niques, and theoretical calculations. Finally, all the one-component Type II photoinitiators were used to initiated 
the free radical photopolymerization of trimethylolpropane triacrylate (TMPTA) through a Photo-DSC experi-
ment.	Markedly,	the	double	bond	conversion	efficiency	for	TMPTA	in	the	presence	of	CY8	exhibits	the	highest	
values (UV for 34% and LED@405 nm for 33%) than other analogues (UV for 12-20% and LED@405 nm for 
8-13%) and control sample (UV for 9% and LED@405 nm for 9%) under UV lamp and LED@405 nm irradiation 
source.	This	work	thus	demonstrates	a	judicious	chemical	design	to	fine-tune	the	photopolymerization	character	
in one-component Type II triphenylamine-functionalized chalcones.



POSTERS 1

577

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B0075

Simulating CO2 methanation over partially reduced Co

Roos Krosschell* 1, Emiel Hensen 1, Ivo Filot 1
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Several experimental studies report that partially reduced supported cobalt catalysts show higher CO2 conver-
sion than their fully reduced equivalents [1-4]. This is reported for cobalt supported by titania [2,4], by ceria [2], 
and	by	ceria-zirconia	(CZ)	[1].	CO2	conversion	for	these	catalysts	is	higher	than	comparable	samples	of	cobalt	
supported by silica and alumina [2]. As possible reasons for the high activity of these partially reduced cobalt 
catalysts, the authors suggest inter alia 1) facile formate decomposition at metal-oxide interface [1]; 2) enhanced 
(heterolytic) dissociation of hydrogen at Co-CoO interface [1]; 3) optimal CO2 adsorption and coverage [2,3]; 4) 
facile hydrogen-assisted CO2 dissociation on CoO [2]; 5) strong metal-support interactions that decrease the 
number of active sites of the fully reduced samples [4]; 6) active CoO-support interface [4].
Parastaev et al. [1] observe the highest CO2 conversion for a ceria-zirconia supported 1% Co sample that is 
reduced	at	300C.	As	active	phase	for	this	catalyst	they	suggest	that	on	the	CZ	support	CoO	nanoparticles	exist	
that have small metallic clusters of a few cobalt atoms on the surface. To explore the unusually high activity of 
this catalyst, we aim to shed light on this mechanism from a DFT angle. We created a model of a cobalt cluster 
supported by CoO, see attached image. A genetic algorithm in combination with DFT was used to obtain the most 
stable Co8/CoO(100) cluster. On this cluster we simulate various CO2 methanation pathways. These pathways 
include CO2 dissociation, the formate pathway, the carbide pathway, and oxygen vacancy formation. With this 
model, we provide more insights in the high activity of partially reduced cobalt supported by a reducible metal 
oxide.

[1] Parastaev et al. 2022; https://doi.org/10.1038/s41929-022-00874-4
[2] Ten Have et al. 2022; https://doi.org/10.1038/s41467-022-27981-x
[3]	Zhao	et	al.	2021;	https://doi.org/10.1016/j.jechem.2020.05.025
[4] Melaet et al. 2014; dx.doi.org/10.1021/ja412447q

Top view of Co8/CoO(111) model to simulate a partially reduced Co/CZ catalyst
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Organelle-Specific Click-To-Release Chemistry In Antigen Presenting Cells

Nina A.M. Ligthart* 1, Mark A.R. de Geus 2, Merel A.T. van de Plassche 1, Diana  Torres García 1,  
Marjolein M.E. Isendoorn 1, Luuk Reinalda 1, Daniëlle Ofman 1, Tyrza van Leeuwen 1, Sander I. van Kasteren 1

1 Leiden University, Leiden, The Netherlands, 2 Department of Chemical Biology II, Leibniz-Forschungsinstitut für Molekulare 
Pharmakologie (FMP), Berlin, Germany

Bioorthogonal	deprotections	are	readily	used	to	control	biological	function	in	a	cell-specific	manner.	To	further	
improve the spatial resolution of these reactions, we here present a lysosome targeted tetrazine for an organ-
elle-specific	deprotection	reaction.	We	show	that	trans-cyclooctene	(TCO)	deprotection	with	this	reagent	can	be	
used to control the biological activity of ligands for invariant natural killer T-cells (iNKTs) in the lysosome to shed 
light on the processing pathway. We then use the lysosome targeted tetrazine to show that long peptide antigens 
used for CD8+ T-cell activation do not pass through this organelle, suggesting a role for the earlier endosomal 
compartments for its processing.
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Novel methane-biosynthesis inhibitors can reduce emissions from paddy

Ryota Suzuki 1, Yudai Hotta 2, Hiroto Tamura* 1
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Solutions related to the climate change are urgent issues for the transition to a sustainable society. Anthropo-
genic methane is the second largest greenhouse gas and is closely related to paddy cultivation. Recently a novel 
methanogenesis inhibitor, (4 -hydroxyphenyl) chloromethanesulfonate (HCS), was developed, suggesting that 
its	mode	of	action	is	different	from	that	of	the	well-	known	methanogenesis	inhibitor	2-bromoethanesulfonate	
(BES). Since volatile fatty acids (VFAs) derived from microbial degradation of rice straw are essential precursors 
for methanogenesis the purpose of this study was to characterize the inhibitor by analyzing the VFAs. HCS at a 
concentration of 5 ppm successfully inhibited methane biosynthesis using our indoor-paddy-model system. Its 
inhibitory	effect	was	higher	than	that	of	BES	at	the	20	ppm	concentration.	The	acetic	acid	concentration	in	un-
treated control reached the maximum of 200 ppm at 7 days and decreased to 5 ppm at 14 days after treatment. In 
HCS treatment the acetic acid concentration reached the maximum of 400 ppm at 10 days and rapidly decreased 
to 53 ppm at 17 days after treatment, while in known BES treatment the acetic acid concentration reached the 
maximum of 568 ppm at 25 days and rapidly decreased to 24 ppm at 39 days after treatment. In propionic acid, 
the maximum concentrations of untreated and HCS reached the maximum of 164 ppm and 179 ppm after 14 and 
25 days, respectively, while BES gradually increased from the beginning to the maximum of 200 ppm at 46 days 
and	gradually	decreased	to	154	ppm	on	the	53th	day	at	the	end	of	the	experiment.	The	concentration	profiles	of	
butanoic	acid	for	both	inhibitors	were	also	different	from	each	other.	In	conclusion,	HCS	with	a	different	inhib-
itory	mechanism	from	that	of	BES,	could	contribute	to	the	suppression	of	methane	emission	from	paddy	fields.
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Design, synthesis and anti-cancer activities of novel pyrazolines.

Dongsoo Koh* 1, Hyeon Hwa  Lee 1, Jin Ju  Yoo 1, Seunghyun Ahn 1

1 Dongduk Women’s University, Seoul, South Korea

New pyrazoline compounds were designed and synthesized based on chlacone compounds that showed remark-
able	anticancer	effects	in	our	previous	studies	[1].	The	newly	synthesized	compounds	were	identified	by	1H	and	
13C	NMR,	and	some	were	confirmed	by	single	crystal	X-ray	analysis.	Clonogenic	long-term	survival	assays	were	
adapted against HCT116 colon cancer to measure the cytotoxicities of the synthetic derivatives. Their half-maxi-
mal cell growth inhibitory concentrations ranged between 0.1 and 11.9 μM. Further biological experiments were 
performed to investigate the mechanism of action of the pyrazoline derivatives. Pyrazolines inhibited tubulin 
polymerization	by	binding	to	the	colchicine	binding	site	on	tubulin.	Anti-tubulin	immunofluorescence	micros-
copy revealed that the mitotic cells exhibited densely dispersed microtubules and a disorganized spherical ar-
rangement	of	chromosomes	in	the	presence	of	pyrazoline	compound.	Western	blot	and	flow	cytometry	analysis	
demonstrated	the	effect	of	pyrazoline	on	cell	cycle	progression.	Cyclin	E	and	cyclin	A	levels	progressively	de-
creased over 24 h whereas cyclin B1 levels increased at 12 h and decreased at 24 h after treatment. The binding 
mode between the title compound and tubulin α,β-dimer was elucidated using in silico docking [3]. These results 
suggest that pyrazoline inhibits tubulin polymerization by binding to the colchicine binding site of tubulin, thus 
preventing mitotic spindle formation during mitosis in HCT116 cancer cells. In this study, pharmacophores con-
taining pyrazoline obtained via QSAR provide a useful avenue for novel antimitotic chemotherapeutic agents.

[1]. S. Y. Shin, J. M. Lee, M. S. Lee, D. Koh, H. Jung, Y. Lim and Y. H. Lee, Clin. Cancer Res., 2014, 20(16), 4302-4313. 
[2]. H. K. Matthews, C. Bertoli, and R. A. M. de Bruin, Nat. Rev. Mol. Cell Biol., 2022, 23(1), 74–88.
[3]. H. Chen, S. Deng, N. Albadari et al. J. Med. Chem., 2021, 64(16), 12049–12074.
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Towards Metal-Organic Frameworks as a Source of Nutrition
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Consumption of an adequate amount of iron remains a major problem, with almost one-third of reproductive-aged 
women	suffering	from	anaemia.1	One	means	of	addressing	this	challenge	is	by	enriching	foods	with	iron-con-
taining	materials.	However,	a	trade-off	must	often	be	struck	when	doing	so	as	more	bioavailable	forms	of	iron	
are often more reactive, i.e. produce unwanted oxidation byproducts and unacceptable sensory characteristics 
in food, and less reactive forms of iron often have lower bioavailability. Over the last two decades, metal-organic 
frameworks (MOFs) have garnered substantial interest as potential delivery agents for a variety of compounds, 
including, but not limited to, therapeutics.2 These materials have been shown to stabilize substances prior to 
delivery, protect against unwanted side reactions, and control the release rate of their cargo.3 Despite this, direct 
incorporation of the substance to be delivered into the framework itself remains uncommon, and even less at-
tention has been given to delivering the metal component of the framework. Furthermore, little is known about 
the use of MOFs in a food context, which brings an additional set of unique challenges. In this work, we provide 
initial insights into the potential use of MOFs, particularly those based on phytochemicals, as a delivery system 
for essential minerals by probing material properties relevant to food systems such as dissolution and reactivity. 
In doing so, we aim to enable further development of MOFs to enhance the nutritional value of directed food 
applications while simultaneously avoiding unwanted reactivity.

[1]: Cappellini, M.D. et al. J. Intern. Med. 2020, 287, 153-170.
[2]: Lawson, H.D.; Walton, S. P.; Chan, C. ACS Appl. Mater. Interfaces 2021, 13, 7004-7020.
[3]: Maranescu, B.; Visa, A. Int. J. Mol. Sci. 2022, 23, 4458-4476.
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Ganoderma lucidum, a source of industrially important enzymes

Nika Kučuk 1, Mateja Primožič 1, Željko Knez 1, Maja Leitgeb* 1

1 University of Maribor, Faculty of Chemistry and Chemical Engineering, Maribor, Slovenia, 2 University of Maribor, Medical 
Faculty, Maribor, Slovenia

One of the most important medicinal mushroom is Ganoderma lucidum, as it is a rich source of biologically active 
compounds	and	enzymes.	Enzymes	show	many	benefits	for	the	human	body,	for	example,	superoxide	dismutase	
(SOD) is one of the most important endogenous antioxidants. They are also important in various industries; lac-
case is widely used in the textile industry. Glucoamylase and α-amylase are some of the most commonly used 
biocatalysts in the food industry, and cellulase plays an important role by degrading insoluble cellulose into 
soluble sugars [1,2].
Our study aimed to determine the content of various bioactive substances and enzymes, antioxidant potential, 
and antibacterial activity of aqueous extract of dietary supplement capsules of medicinal mushroom G. lucidum 
(Pharmanex) obtained by ultrasound-assisted extraction technique. The content of total proteins, total phenols, 
proanthocyanidins,	and	antioxidant	activity	were	determined	by	spectrophotometric	analyses.	Specific	enzymat-
ic assays were used for the determination of activities for individual enzymes, such as α-amylase, glucoamylase, 
cellulase,	laccase,	and	SOD.	The	microbial	inhibitory	properties	were	analyzed	using	the	well-diffusion	method	
on	the	growth	of	different	pathogenic	bacterial	species.
Based	on	the	obtained	results,	we	can	confirm	that	the	product	is	an	excellent	natural	source	of	various	bioactive	
compounds, including proteins, and enzymes, among which the highest activity of the enzyme SOD was achieved. 
In addition, it also exhibits excellent inhibitory properties against the growth of tested bacterial species, among 
which the most susceptible was Gram-positive bacteria Bacillus cereus. 

Keywords: Ganoderma lucidum, biological activity, bioactive substances
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Multifunctional nanoadsorbent for efficient removal of Cr(VI) ions

Katja Vasić* 1, Mateja Primožič 1, Željko  Knez 1,2, Maja Leitgeb 1,2

1 University of Maribor, Faculty of Chemistry and Chemical Engineering, Slovenia, Maribor, Slovenia, 2 University of Maribor, 
Faculty of Medicine, Slovenia, Maribor, Slovenia

Worldwide population growth and the rapid development of industrial activities are slowly but surely diminish-
ing our water resources. Many pollutants, such as antibiotics, microplastics and heavy metals are causing severe 
pollution.	Among	many	methods	 for	heavy	metals	 removal,	adsorption	 is	 the	most	effective	physicochemical	
method,	because	of	its	high	efficiency,	recyclability,	cost-effectiveness	and	simplicity.	Different	polysaccharides	
are implemented into magnetic nanoparticles (MNPs) synthesis, due to their surface reactivity and increased 
performance. Being used as nanoadsorptive material they are environmentally friendly, biodegradable and bio-
compatible. Arabinogalactan (AG) is a polysaccharide, that has high adsorption capacity for Cr(VI) ions. 
AG	modified	magnetic	nanoparticles	 (AG-MNPs)	were	prepared	by	co-precipitation	method.	Such	synthesized	
AG-MNPs were used as the nanoadsorptive magnetic material. The optimum conditions for Cr(VI) ions adsorption 
were	found	to	be	at	pH	4,	with	contact	period	of	only	30	min	at	200	rpm,	resulting	in	93%	adsorption	efficiency	
and	99.6%	maximum	adsorption	efficiency	after	120	min	at	200	rpm,	using	Cr(VI)	ions	at	concentration	0.5,	1.0	
and 5.0 mg/L. Freundlich adsorption isotherm models were obtained by changing the initial concentration of 
Cr(VI) ions. The calculated saturated adsorption capacity (qm) value of AG-MNPs for Cr(VI) ions was 1.22 mg/g. 
AG-MNPs	were	found	to	be	a	highly	nanoadsorptive	magnetic	material	for	efficient	removal	of	Cr(VI)	ions	from	
aqueous solutions and show excellent potential for use in wastewater treatments.

Keywords: magnetic nanoadsorbent, arabinogalactan, heavy metals removal 

Acknowledgements: This research was supported by the Slovenian Research Agency (ARRS) within the frame of 
program P2-0046 (Separation Processes and Production Design), project Nr. J2-3037, project Nr. L2-4430 and 
Project	Nr.	Z2-4431.
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People-friendly de-technicalized Chemistry: Empowering concepts to 
powerful knowledgebase.

Premnadh Kurup* 1, Uday Maitra 2

1 La Trobe University, Melbourne, Australia, Melbourne, Australia, 2 Indian Institute of Science, Bangalore, India

In many countries students move away from chemistry as the crowded curricula in high schools are concept 
heavy.	Students	often	find	these	complicated	to	comprehend,	understand	and	use	for	further	studies	or	in	real	
life. Assessments and practicals are not innovative and creative. Teaching and learning, and teacher preparation 
are also not focused to make the subject friendly and to connect to real world aspects. Content to contexts and 
contexts to contents in textbooks seem irrelevant most of the time and centered with out-of-scope scenarios.
For building a strong foundation in chemistry, it should start from high school chemistry and make it friendly, 
interesting,	and	connected	to	real	world	issues	to	make	conceptual	clarity.	Chemistry	as	a	subject	has	different	
languages, representational aspects, and measurements compared to other science disciplines and these often 
make engaging with chemistry complicated. There is a need to formulate a series of short, factual supplementary 
handbooks to enhance interest, understanding and applications of chemistry for high school and beyond. Such 
an	effort	would	lead	to	developing	specific	concepts	to	generate	a	powerful	knowledgebase	which	will	be	stu-
dent-friendly, easy to connect and understand. This powerful knowledgebase would be authentic, lifelong and 
will	lead	to	ownership	of	the	concept	for	effective	use	in	creative	and	innovative	space	for	leading	to	changes	
in existing practices. These series are not going to be just addition to existing and available materials, but they 
would be enablers for user-friendly, adaptive, creative, and innovative documents. For example, simple concepts 
in Chemistry such as   symbols, equations, moles, structural aspects, etc. can be the starting points to develop 
such a knowledgebase.
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Synthesis of Ultra-low Branched Polyglycerol Using Unprotected Glycidol

Kihyuk Sung* 1, Hye-Young Jang 1

1 Department of Energy Systems Research, Ajou University, Suwon, South Korea

Since the physical properties of polyglycerol can be varied depending on the degree of branching (DB), the syn-
thesis of polyglycerol with controlled DB has been investigated. Due to the facileness of chain growth at each 
hydroxyl group of polyglycerol, polymerization of unprotected glycidol with elaborate control of the degree of 
branching (DB) is rarely achieved. Here, copper catalysts were employed for the synthesis of polyglycerol with 
ultra-low degree of branching. This catalytic activity stems from the unique structure of copper catalysts pos-
sessing Lewis acidic and basic sites. The physical properties of resulting polyglycerols were evaluated by proton 
diffusion-ordered	spectroscopy	(DOSY)	and	gel	permeation	chromatography	(GPC).
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Closed-loop recycling of poly(imine-carbonate) derived from renewable 
resources

Keita Saito* 1, Fabian Eisenreich 1, Tankut Türel 1, Željko Tomović 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Recycling	of	polymeric	materials	is	a	major	scientific	challenge	of	modern	society	as	the	ever-increasing	produc-
tion of plastic goods and their predominant linear use cause severe environmental burden. Closed-loop recycling 
of	polymers	represents	the	key	technology	to	convert	plastic	waste	in	a	sustainable	fashion.	Efficient	chemical	
recycling and upcycling strategies are thus highly sought-after to establish a circular plastic economy. Here, we 
present the selective chemical depolymerization of polycarbonate by employing a vanillin derivative as bio-
based feedstock. The resulting di-vanillin carbonate monomer was used in combination with various amines to 
construct a library of poly(imine-carbonate)s, which show tailor-made thermal and mechanical properties. Due 
to the dynamic nature of the incorporated imine bonds, the polymers can be reprocessed without loss of per-
formance. More importantly, these novel poly(imine-carbonate)s show excellent recyclability under acidic and 
energy-efficient	conditions.	This	allows	the	recovery	of	monomers	in	high	yields	and	purity	for	immediate	reuse,	
even when mixed with various commodity plastics. This work provides exciting new insights in the design of bio-
based circular polymers produced by upcycling of plastic waste with minimal environmental impact.
Reference:	K.	Saito,	F.	Eisenreich,	T.	Türel,	Ž.	Tomović,	Angew.	Chem.Int.	Ed.2022,61,e202211806

Upcycling of polycarbonate with a bio-based derivative into novel dialdehyde monomer DVEC is shown. DVEC was 

polymerized by using amines into high-performance poly(imine-carbonate)s. These polymers are reprocessable and 

chemically recyclable under acidic conditions, thereby enabling a closed-loop recycling scheme.
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Development Composite Electrolyte  on PVDF/LI+ for the Accumulator

Faycal Benhacine* 1

1 Laboratory of polymer materials, Faculty of Chemistry, University of Sciences and Technology Houari Boumediene (USTHB), Bab 
Ezzouar, Algeria

Composite	polymer	electrolyte	with	boosted	ionic	conductivity	with	better	mechanical	properties	of	flexibility	
and strength are urgently needed for solid-state lithium metal accumulator. Exploitation of solid PVDF polymer 
electrolytes	offers	excellent	results	in	terms	of	ionic	conductivity	and	the	high	number	of	Li+	migration	is	a	pos-
sible	strategy	to	replace	the	liquid	electrolyte.	In	this	study,	poly(vinylidene	fluoride)	charged	by	lithium	(LiClO4)	
via bonding interactions are reported. The prepared the polymer electrolyte exhibits a captivating ionic conduc-
tivity	of	1.82	×	10−	3	S•cm−1	at	25	ºC.
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Aporphine alkaloids from Trivalvaria costata

Surat Laphookhieo* 1, Passakorn Teerapongpisan 1, Virayu Suthiphasilp 2, Piyaporn Phukhatmuen 1,  
Narawadee Rujanapun 1, Boonyanoot Chaiyosang 3, Sarawut Tontapha 3, Tharakorn Maneerat 1, Brian O. Patrick 4, 
Thidarat Duangyod 1

1 Mae Fah Luang University, Chiang Rai, Thailand, 2 Pathumwan Institute of Technology, Bangkok, Thailand, 3 Khon Kaen 
University , Khon Kaen, Thailand, 4 University of British Columbia, Vancouver, Canada

Aporphine alkaloids (AAs), one of the largest subgroups of benzylisoquinoline alkaloids abundant in the An-
nonaceae	family,	have	displayed	diverse	biological	activities	such	as	anti-inflammatory,	cytotoxic,	antimicrobi-
al, antioxidant, and anti-HIV activities. AAs have been shown to produce symmetrical and asymmetrical dimers 
through a C–C bond and a C-O bond of the natural AAs monomer units. Several genera of Annonaceae, including 
Artabotrys, Phoenicanthus, Piptostigma, Polyalthia, and Trivalvaria produced naturally occurring aporphine al-
kaloid dimers with a fascinating range of biological activity. In this work, ten new dimeric aporphine alkaloids 
and	one	new	isoquinolone	alkaloid,	as	well	as	four	known	aporphine	alkaloids,	were	isolated	and	identified	from	
the twig extract of T. costata. Their structures were elucidated by spectroscopic methods and HRESITOFMS data. 
Three	structures	of	dimeric	aporphine	derivatives	were	confirmed	by	single	crystal	X-ray	diffraction	analysis.	
All dimeric aporphine alkaloids were mixtures of atropisomers, and chiral HPLC further resolved most of the 
compounds.	The	absolute	configurations	of	the	pure	atropisomers	were	established	from	their	experimental	and	
calculated electronic circular dichroism (ECD) spectra. All levorotatory atropisomers were established as (Ra), and 
correspondingly the dextrorotatory atropisomers were assigned as (Sa). Bidebilines A and B, heteropsine, and 
urabaine showed α-glucosidase	inhibitory	activities	with	IC50	values	in	the	range	of	4.14−10.9	µM.
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Remediation of radioactive soil using magnetic nanocomposites

Ilgook Kim* 1

1 Korea Atomic Energy Research Institute, Daejeon, South Korea

After the Fukushima nuclear accident in Japan, a large amount of cesium (Cs) was distributed over a wide area 
and	has	remained	at	the	top	soil	due	to	its	strong	affinity	for	clay	particles	[1].	To	reduce	the	high	levels	of	radio-
nuclide contamination, the surface soil in the contaminated area was selectively scraped and removed. However, 
the	substantial	amount	of	collected	soil	waste	is	difficult	to	manage	and	thus	requires	volume	reduction	through	
decontamination of radioactive soil [2]. Even though various methods have been developed for remediation of 
Cs-contaminated	soil,	their	practical	applications	are	limited	by	poor	efficiency	and	high	energy	consumption.	
Therefore,	an	efficient	remediation	method	for	radioactive	soil	is	required.
	In	this	study,	we	used	magnetic	composites	to	improve	both	the	efficiency	of	separation	of	clay	particles	and	soil	
washing. Firstly, in the soil dispersion solution, polyethylenimine-grafted magnetic nanoparticles were selective-
ly bonded with clay particles through electrostatic attraction, enabling the clay particles to be easily separated 
from	solution	under	an	external	magnetic	field.	The	second	step	is	decontamination	of	the	remaining	sand-sized	
soils with a low Cs concentration after the magnetic separation of clay particles. To enhance Cs desorption, syn-
thesized core–shell-structured magnetic particles grafted with potassium titanium(IV) hexacyanoferrate (KTiFC) 
were used as the Cs adsorbent; these particles can selectively adsorb Cs even in the presence of a strong acid and 
other	competing	cations.	In	addition,	the	magnetic	adsorbent	was	stabilized	against	concentrated	HNO₃	solutions	
by the introduction of a silica interlayer. Finally, we evaluated the applicability of the proposed overall process to 
the practical remediation of radioactive Cs-contaminated soil.

References
1. J. Environ. Radioact. 111, 59-64(2012).
2. J. Hazard. Mater. 387, 121677 (2020).

Acknowledgement: This work was supported by the Korea Innovation Foundation (INNOPOLIS) grant funded by 
the Korean government, Ministry of Science and ICT (No. 1711176211).

Two-step process for remediation of Cs-contaminated soil using magnetic nanocomposites
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High throughput screening method for RNA targeting

Sophie Wintermans* 1

1 Leiden University, The Netherlands

The SARS-CoV-2 pandemic and ever-growing antibiotic-resistance have highlighted the importance of the de-
velopment	of	new	antimicrobials.	Recently,	a	field	in	drug	development	has	emerged	that	focusses	on	targeting	
RNA	instead	of	proteins	to	treat	disease,	in	hopes	of	finding	medicine	for	currently	untreatable	diseases.	In	this	
research, an RNA structure called the RNA pseudoknot is targeted, which is used by some bacteria and viruses to 
regulate gene expression, for example by -1 programmed ribosomal frameshifting (-1 PRF). Either stabilization or 
disruption of the bacterial PreQ riboswitch or the SARS-CoV-2 pseudoknot by ligand binding leads to alteration 
of	-1	PRF	efficiency	and	can	result	in	impairment	of	viral	replication	or	bacterial	growth,	respectively.	Here,	we	
have developed a FRET-based assay that can detect small molecule-RNA binding in a high throughput fashion for 
both the PreQ riboswitch and the SARS-CoV-2 pseudoknot. After screening of an RNA-focussed small-molecule 
library comprising 15,000 compounds, biological activity of the hits are evaluated in a cellular frameshifting 
assay	using	an	mCherry-GFP	reporter	system.	Hits	that	alter	the	-1	PRF	efficiency	can	be	further	optimized	in	a	
medicinal	chemistry	program,	which	will	hopefully	result	in	effective	new	antimicrobials.

Overview of the FRET-based competitive-displacement HTS method.
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Production of a development batch Segesterone Acetate

Luuk Steemers* 1

1 Aspen Oss BV, Oss, The Netherlands

Segesterone acetate (SGA) is a synthetic steroid used for birth-control (trade names Nestorone, Annovera and 
Elcometrine).	Although	first	synthesized	in	the	1960’s,	it’s	lack	of	oral	activity	meant	it	was	not	developed	into	
a drug for almost two decades. However, after it’s potent progestagenic activity via non-oral administration was 
discovered, it was developed into a birth control agent by the Population Council and has been marketed since 
2000. It entered the US market in 2018 for use in a vaginal ring which can be re-used for up to one year, in con-
trast to NuvaRing, which can be used for only one month. It is currently also under development for other forms 
of API delivery, including gels and patches. 
Aspen Oss has developed a route of synthesis towards SGA API starting from Norandrostenedione, a common 
19-norsteroid	starting	material.	The	route	includes	5	chemical	transformations,	1	purification	and	1	sieving	step.	
The	five	chemical	 transformation	 include	enoletherification	 (1),	Claisen-condensation	 (2),	 carbonyl	umpolung	
chemistry (3), Mislow-Evens-rearrangment (4) and acetylation (5). In contrast to the published methods of syn-
thesis (or related transformations), no mercury(II) salts or diazomethane are employed in the key transformations, 
thus	improving	the	overall	safety	profile.
The	route	was	optimized	and	extensive	safety	investigations	(including	HAZOP-LOPA	studies)	were	performed	in	
preparation of the production of a multi-kg scale development batch. However, during production of this batch a 
setback	occurred	during	the	3rd	process,	resulting	in	the	total	loss	of	the	batch.	The	problem	was	identified	and	
the	process	was	subsequently	modified	to	make	it	more	robust.	A	second	development	batch	was	started	and	
processes 1 till 4 have been performed successfully as of February 2023. The API product is expected for release 
in Q2-2023. Validation is expected to start in late 2023.

Aspen Oss route of synthesis towards Segesterone acetate, starting from Norandrostenedione.
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Revealing the shape of single-chain polymeric nanoparticles

Stefan Wijker* 1, Anja Palmans 1
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Single-chain	polymeric	nanoparticles	(SCPNs)	are	polymers	that	fold	into	particles	with	a	defined	size	and	shape.	
Formation	of	a	well-defined	3D	conformation	has	made	aqueous	SCPNs	the	subject	of	study	for	applications	in	
bio-orthogonal catalysis, sensing, imaging, and drug-delivery. Of utmost importance hereto is the ability of these 
particles to retain their folded structure in complex biological environments. To achieve this, multiple methods 
have been employed to enhance the conformational stability of SCPNs in these media, such as hydrophobic 
collapse, supramolecular self-assembly, multivalent metal-ligand interactions, and covalent cross-linking. We 
here systematically investigated a library of polymers that fold into aqueous SCPNs incorporating these folding 
strategies	to	investigate	the	design-structure	relationship	via	small-angle	X-ray	scattering	(SAXS).	Using	SAXS,	we	
reveal	the	particle	size,	shape,	flexibility,	and	single-chain	character.	We	successfully	found	single-chain	folding	
for most designs. Intriguingly, we observed that the shape of the SCPNs is strongly governed by the grafting den-
sity of functional groups onto the polymer backbone, best described as worm-like chains. Hence, the polymers 
behave	as	semi-flexible	chains	that	are	stiff	on	small	length	scales.	These	results	allow	us	to	link	polymer	design	
to structure, and from structure to function, enabling rationalization of the function and functional stability of 
SCPNs	in	biological	settings.	These	results	will	guide	the	future	polymer	design	to	enable	efficient	bio-orthogo-
nal applications of SCPNs.
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New Fluorescent Donor-Acceptor π-Conjugated Copolymers Based on 
Benzothiadiazole

Abdulrahman Bakry* 1, Ashraf El-Shehawy 2, Mohamed  El-Khouly 3, Morad El-Hendawy 4

1 Okinawa Institute of Science and Technology (OIST), Japan, 2 Department of Chemistry, Faculty of Science, Kafrelsheikh 
University, Egypt, 3 Egypt-Japan University of Science and Technology, Egypt, 4 Chemistry Department, Faculty of Science, New 
Valley University, Egypt

Three	π-conjugated	copolymers	based	on	benzothiadiazole	and/or	phenothiazine	were	synthesized	via	Pd-cat-
alyzed cross-coupling reaction. The type of donor moiety (hexylthiophene and/or hexylphenothiazine) is main 
structural	difference	among	the	three	copolymers.	The	monomer	and	polymer	structures	were	confirmed	by	1H	
NMR, 13C NMR, their photophysical properties were characterized using UV–vis absorption spectroscopy, and PL 
spectroscopy.	The	thermal	stability	of	copolymers	was	explored	by	thermogravimetric	analysis	(TGA)	and	differ-
ential scanning calorimetry (DSC). Also, cyclic voltammetry (CV) was employed to examine the electrochemical 
properties and determine the frontier molecular orbital energies, EHOMO and ELUMO, of the synthesized copo-
lymers.	These	copolymers	showed	promising	electrochemical	properties	as	polymer	donor	materials.	XRD	of	all	
copolymers	shows	a	first	broad	peak	at	22.20°~	21.94°corresponding	to	a	d-spacing	of	3.91~	4.04	Å,	reflecting	
the	π-π	stacking	and	some	degree	of	crystallinity	in	their	structure.	Moreover,	their	PL	spectra	showed	red	and	
near infrared light, which nominates them as potential red and near infrared light-emitting materials for PLEDs. 
The	fluorescence	intensities	of	both	P1	and	P2	were	significantly	decreased	with	increasing	the	solvent	polarity.	
It	was	interesting	to	see	that	fluorescence	quantum	yield	of	P2	in	the	less	polar	toluene	(Φf = 0.78), Which is 
much higher compared to that of the P1 in toluene (Φf = 0.19). Theoretical studies were performed using density 
functional theory (DFT) and time-dependent density functional theory (TD-DFT) calculations to supplement and 
explain	the	experimental	measurement.	The	DFT	findings	suggested	that	the	photoexcited	electron	transfer	from	
the	studied	polymers	to	the	acceptor	PCBM(60)	may	be	sufficiently	efficient	to	be	useful	in	photovoltaic	devices.	
. Further work in applications of these polymers in the luminescent devices and laser applications is in progress.
Acknowledgements:  I would like to acknowledge the generous support from Okinawa Institute of Science and 
Technology (OIST), Japan.

Cyclic voltammograms of copolymers P1 − P3 thin films recorded in 0.1 M Bu4NPF6/acetonitrile (supporting electrolyte) at a 

scan rate of 50 mV/s
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Phase Separation in Imine-Based Covalent Adaptable Networks

Sybren Schoustra 1, Martijn De Heer Kloots 1, Joris Posthuma 1, Daphne van Doorn 1, Joshua Dijksman 1,  
Maarten Smulders* 1

1 Wageningen University, Wageningen, The Netherlands

The introduction of dynamic covalent bonds into crosslinked polymer networks enables the development of 
strong and tough materials that can still be recycled or repurposed in a sustainable manner. To achieve the full 
potential of these covalent adaptable networks (CANs), it is essential to understand – and control – the underlying 
chemistry and physics of the dynamic covalent bonds that undergo bond exchange reactions in the network. In 
particular, understanding the structure of the network architecture that is assembled dynamically in a CAN is cru-
cial, as exchange processes within this network will dictate the dynamic-mechanical material properties. In this 
context,	the	introduction	of	phase	separation	in	different	network	hierarchies	has	been	proposed	as	a	useful	han-
dle to control or improve the material properties of CANs. Here, we report how Raman confocal microscopy can 
be used to visualize phase separation in imine-based CANs on the scale of several micrometers. Independently, 
atomic	force	microscopy	confirmed	the	phase-separated	domains	inside	the	polymer.	Remarkably,	the	materials	
were found to undergo phase separation despite being built up from miscible monomers, which arguably should 
yield	homogeneous	materials.	We	found	that	the	phase	separation	not	only	affected	the	appearance	of	the	mate-
rial	but	also	had	a	noticeable	effect	on	the	thermal-mechanical	properties	of	the	material:	CANs	(of	equal	aliphat-
ic/aromatic monomer composition) that displayed phase separation had both a higher crossover temperature 
(where the material transits from a rubbery to a viscous state) and an increased elastic modulus. By modifying 
the CAN architecture, we were able to either suppress or enhance the phase separation, and we propose that the 
phase	separation	is	driven	by	favorable	π–π	interactions	between	the	aromatic	components.	Our	work	further	
shows the importance of phase separation in CANs, including in networks built from miscible components, and 
provides a handle to control the dynamic material properties.

Raman image of a phase-separated imine-based CAN. The yellow, crystal-like domains 

indicate the regions where the aromatic components are predominantly present, while the 

blue regions represent a matrix of aliphatic components around the separated domains
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Amino-acid triggered water-soluble NBD-derivatives for differential 
organelle staining

Subhasis Mandal* 1
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Apart from being the unit of protein, amino acids have diverse roles. Here we have shown that amino acids guide 
the	differential	transportation	of	the	dye	molecule	to	the	cellular	organelles	depending	upon	the	property	of	
their intrinsic functionality. We have conjugated nitrobenzofurazan (NBD) moiety with two amino acids (lysine 
and histidine derivatives) with a linker. Both the derivatives are water-soluble and biocompatible in nature. Sur-
prisingly we found that lysine conjugated NBD (NBD-Lys) stains lipid droplets whereas the histidine conjugated 
NBD (NBD-His) stains lysosomes. We also measured the spectral properties of these two NBD conjugates. Results 
depict	that	both	the	conjugates	are	extremely	stable	both	in	air	and	inert	atmosphere	and	the	fluorescence	of	the	
derivatives	almost	remain	unaltered	at	different	pH.	Further	by	altering	the	functionality	of	the	side	chain,	we	
established	the	contribution	of	each	functional	group	towards	this	differential	organelle	targeting.

Different organelle staining of NBD tagged histidine and lysine staining lysosome and lipid droplet respectively inside the 

macrophage



POSTERS 1

596

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B0145

Chemoenzymatic synthesis of non-pungent capsaicinoids with anticancer 
potential

Georgina Cristina Basulto Padilla* 1, Jorge Alberto Rodríguez González 1, Juan Carlos Mateos Diaz 1,  
Rosa Maria Camacho Ruíz 1, Alejandro Arturo Canales Aguirre 1, Rodolfo Hernandez Gutierrez 1,  
Osvaldo  Gómez Secundino 1

1 Centro De Investigación Y Actualización Tecnologica Del Estado De Jalisco, Guadalajara, Mexico

Capsaicin, an active ingredient extracted from chili peppers, has been reported to display multiple pharmaco-
logical	effects,	including	analgesic	and	anticancer	effects	(1).	Capsaicin	can	be	absorbed	into	the	bloodstream	
through	the	digestive	system	and	is	finally	eliminated	by	the	liver	(2).	Studies	have	shown	that	capsaicin,	whether	
formed in liposomes or encapsulated in nanocapsules, can be precisely delivered to tumor tissue (1, 2). Despite 
the	potential	present	 in	capsaicin,	 its	use	 is	affected	by	 its	high	pungency.	 In	 this	sense,	non-pungent	capsa-
icin analogues (N-CAPS) are promising compounds with therapeutic application. Multiple studies indicate that 
increasing the size of the acyl chain and/or the lipophilic capacity of N-CAPS strongly decreases the pungent 
sensation (3, 4).
Alternatively, long acyl chain fatty acids (greater than 18 carbons) with multiple degrees of unsaturation, such as 
linoleic	acid	((9Z,12Z)-9,12-Octadecadienoic	acid),	punicic	acid	((9Z,	11	E,	13	Z)	-octadeca-9,11,13-trienoic	acid)	
and	docohexaenoic	acid	(Acid	(4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19	-hexaenoic),	have	shown	import-
ant antineoplastic activities (5). Therefore, the synthesis of capsaicinoids using the aforementioned fatty acids as 
acyl chain donors are of high interest as an alternative treatment against cancer cells.
Thus, in the present work the enzymatic synthesis of long acyl chain N-CAPS with the help of CALB(Candida Ant-
arctica Lipase B) (WT and Mutant) is proposed for its subsequent evaluation in HER 1 and 2 cells (breast cancer 
cell	line)	as	wel	as	into	fluorescent	colon	tumors	to	evaluate	its	citotoxic	activity.

(1)	Zhu	M,	Yu	X,	et	al.	Capsaicin-suppressed-activity-of	prostate-cancer-stem-cells-by-inhibition-of-Wnt/β-cat-
enin-pathway.  
(2) Rollyson WD,et al, Bioavailability-of-capsaicin-and-its implications-for-drug-delivery. J Control Release
(3) Castillo, E., et al, (2007). Lipase-catalyzed-synthesis-of pungent-capsaicin-analogues. Food Chemistry
(4) Yang, F., et al.(2015). Structural-mechanism-underlying capsaicin-binding-and-activation-of-the-TRPV1-ion-
channel. Nature-Chemical-Biology
(5) Vermonden, P.,et al (2021). Punicic Acid Triggers Ferroptotic Cell Death in Carcinoma Cells.
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Fluoride sorption using  modified Dicerocaryum eriocarpum leaves 
mucilage

Joshua Nosa Edokpayi* 1, Mukhethwa Mannzhi 1

1 University of Venda, Thohoyandou, South Africa

The	occurrence	of	fluoride	at	elevated	levels	remains	a	potential	risk	to	public	health	globally.	This	study	was	
performed	to	the	test	the	potency	of	modified	precipate	derived	from	the	mucilage	extracted	from	Dicerocaryum	
eriocarpum	(DE)	leaves.	The	mucilage	was	precipitated	and	modified	using	0.1	M	of	aluminium	and	magnesium,	
respectively. The sorbents (AlDE and MgDE) were characterized with Fourier transform infrared spectrometer, 
scanning	 electron	 microscopy	 and	 energy-dispersive	 X-ray,	 Brunauer-Emmett-Teller,	 X-ray	 fluorescence	 and	
Thermo-gravimetric	analyzer.	Batch	sorption	studies	including	the	effects	of	dosage,	pH,	time,	temperature	and	
change in water chemistry were investigated. The sorption studies recorded 84.23% removal by applying 0.25 g 
of	AlDE	for	2	hours	in	a	100	mL	aqueous	solution	containing	10	mgF-/L.	The	AlDE	and	MgDE	recorded	a	significant	
difference	in	removal	efficiencies	when	using	natural	water	over	deionized	water.	The	highest	fluoride	sorption	
capacity recorded with the use of AlDE (69.65 mg/g) over MgDE (41.84 mg/g). The pseudo-second-order kinetic 
model best described the sorption kinetics using both sorbents. The sorption process was feasible and exother-
mic.	Electrostaic	interaction	and	ion	exchange	were	responsible	for	the	update	of	fluoride	by	the	sorbents.	De-io-
nise water was recorded as a good desorbing agent for the sorbents.



POSTERS 1

598

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B0159

The Road to Linear Isotactic Polyamines from Aziridines

Daniël Hagedoorn* 1, Frederik Wurm 1

1 University of Twente, Enschede, The Netherlands

Only hyperbranched polyethylenimine (hbPEI) is produced on larger scale due to the hard to control and elab-
orated methods to synthesize linear polyetheylenimine (LPEI). However, even the hbPEI has a wide range of ap-
plications	due	to	its	high	amine	density.	After	the	first	unexpectedly	observed	ring-opening	polymerization	by	
Bergman and Toste in 2005,(1) living anionic ring-opening polymerization (LAP) of N-activated aziridines became 
of interest to prepare linear polyethylenimine (LPEI) derivatives.(2) Anionic polymerization uses nucleophilic 
initiators and propagates through an anionic chain end. It is attractive due to the high control over molar mass 
and dispersity of the resulting polymers compared to other polymerization methods, making it an ideal polymer-
ization technique for the hard-to-control polymerization of aziridines. 
To date, the common way to activate an aziridine ring for nucleophilic attack uses electron-withdrawing sulfonyl 
group. The monomer synthesize using amino acid as starting material opens up a wide variety of side chains. The 
amino acids have to be reduced and then the amino alcohol can be cyclised and activated in a one-pot procedure. 
The activated aziridine monomer can be polymerized using LAP. The polymer has to be desulfonylated to obtain 
the	final	linear	polyamine.
The presentation will summarize new activated aziridines from amino acids and their living anionic polymer-
ization to polysulfonamides, which can be deprotected to the respective polyamines. Since the discovery of the 
first	ring-opening	reaction	of	aziridines	only	racemic	aziridines	have	been	used	for	the	polymerization,	here	we	
present	 the	first	 linear	 isotactic	polymers	based	on	enantiomerically	pure	monomers	utilizing	bio-based	sub-
strates.	We	envision	many	different	biological	applications	such	as:	non-viral	gene-transfection,	anti-microbial	
and anti-viral coatings.

1. Stewart, I. C., et al. . J. Am. Chem. Soc. 127, 17616–17617 (2005).
2. Gleede, T. et al. Polym. Chem. 10, 3257–3283 (2019).

Activation of aziridines and the subsequent anionic ring-opening polymerization followed up by the 

desulfonylation to polyamines.
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Origin of Regioselectivity in Cycloaddition Reactions with Tropone

Eveline Tiekink* 1, Trevor A. Hamlin 1, Pascal Vermeeren 1

1 Vrije Universiteit, Amsterdam, The Netherlands

Higher-order	cycloaddition	 reactions	are	efficient	and	powerful	methods	 to	synthesize	bridged	3D	molecular	
structures from simple 2D substrates. Tropone can engage in various competing higher-order cycloaddition re-
actions, for instance, [6+2], [6+3], [6+4], [6+6], [8+2], and [8+3] cycloaddition reactions (Chem. Eur. J. 2020, 26, 
2120). Control of the regioselectivity is of paramount importance. Recently, Lewis acid catalysts were shown to 
impart	total	regiocontrol	of	the	cycloaddition	between	tropone	and	1,1-diethoxyethene:	B(C₆H₅)₃	furnishes	the	
[8+2]	adduct	while	B(C₆F₅)₃	yields	the	[4+2]	adduct.	(J.	Am.	Chem.	Soc.	2009,	131,	16628.)
To arrive at a physically sound model to account for both the origin of regioselectivity and the mode of cataly-
sis, we have studied the uncatalyzed and Lewis acid (LA)-catalyzed cycloaddition reaction between tropone and 
1,1-dimethoxyethene using dispersion-corrected relativistic density functional theory (DFT). The LA catalysts 
BF₃,	B(C₆H₅)₃,	and	B(C₆F₅)₃	efficiently	accelerate	both	the	competing	[4+2]	and	[8+2]	cycloaddition	reactions	by	
lowering the activation barrier up to 12 kcal/mol compared to the uncatalyzed reaction. Our study reveals that 
the LA catalyst promotes both cycloaddition reaction pathways by LUMO-lowering catalysis and demonstrates 
that Pauli-lowering catalysis (Acc. Chem. Res. 2021, 54, 1972) is not always the operative catalytic mechanism 
in	 cycloaddition	 reactions.	 Judicious	 choice	of	 the	 LA	 catalyst	 can	effectively	 impart	 regiocontrol	 of	 the	 cyc-
loaddition:	B(C₆H₅)₃	furnishes	the	[8+2]	adduct	while	B(C₆F₅)₃	yields	the	[4+2]	adduct.	We	discovered	that	the	
regioselectivity	shift	finds	its	origin	in	the	ability	of	the	LA	to	absorb	distortion	by	adopting	a	trigonal	pyramidal	
geometry around the boron atom.

The regioselectivity between [4+2] and [8+2] cycloaddition reactions of tropone can be steered using Lewis acids, which 

catalyze the reactions via a LUMO-lowering effect.
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Volume Isotope Effect of Ice Ih: New Insights

Soroush Rasti, Elvar Örn Jónsson 2, Hannes Jónsson 2, Jörg Meyer* 1

1 Leiden University, Leiden, The Netherlands, 2 University of Iceland, Reykjavík, Iceland

The	volume	isotope	effect	(VIE)	is	an	interesting	nuclear	quantum	effect	in	crystalline	phases	of	water.	In	most	
materials, substitution with a heavier isotope results in a smaller molar volume at temperatures approaching the 
absolute zero. Handwavingly, in a classical picture, this can be rationalized by the smaller vibrational amplitude 
ascribed to a heavier nucleus experiencing the same chemical interaction potential at the same temperature. In 
contrast,	the	molar	volume	of	the	D₂O	isotopologue	of	ice	Ih	is	0.1%	larger	than	its	H₂O	counterpart,	which	is	
called anomalous VIE.
Motivated	by	recent	high-precision	neutron	diffraction	experiments	[1],	here	we	present	a	computational	study	
based on the quasi-harmonic approximation [2]. We focus on recently developed polarizable many-body poten-
tials	and	find	that	one	of	them,	MB-pol,	yields	the	anomalous	VIE	in	good	agreement	with	the	experimental	data.	
We further scrutinize the interaction potentials by decomposing the zero-point pressure into contributions from 
different	vibrational	mode	groups.	According	to	MB-pol,	 the	librational	and	stretching	are	the	most	 important	
phonon	modes	responsible	for	the	anomalous	VIE,	mitigated	by	short-range	three-body	effects.	This	prediction	
is	experimentally	verifiable.	Our	study	 thus	goes	one	step	 further	 towards	a	deeper	understanding	of	hydro-
gen-bonding in this most ubiquitous and important system.

[1] A. D. Fortes, Acta Cryst. B. 74, 196 (2018).
[2]	S.	Rasti,	E.	Ö.	Jónsson,	H.	Jónsson,	and	J.	Meyer	,	J.	Phys.	Chem.	Lett.	13,	11831	(2022).

Ice Ih is the most abundant form of solid H₂O. D₂O ice Ih has an about 0.1% larger molar volume. We investigate how different 

interaction potentials describe this anomalous volume isotope effect and analyze why some can and most cannot.
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Generating Heterometallic Nanoclusters as Precursor Towards 
Supramolecular Materials

Rozie Sarip* 1, Syahrina Nur ‘Ain Abdul Halim 1, Siti Nadiah Abdul Halim 1

1 Universiti Malaya, Kuala Lumpur, Malaysia

The	nature	of	the	molecular	clusters	offers	great	properties	as	precursor	for	a	tailored	nanoparticle	and	supra-
molecular materials. Nevertheless, the formation of nanoparticles via. bottom-up approach always hindered by 
problems in controlling the growing numbers of the clusters and its fragmentations. Rationalization of the wide 
range (sometimes random) of cluster geometry and reactivity observed is largely abandoned. Typical character-
ization strategy did not uncover the information on how orbitals are behaving when transformation takes place 
from metal complexes to molecular clusters to nanoparticles. The properties of a solid gradually evolve as atoms 
are brought together to form increasingly larger molecular cluster units. Computational modelling on observ-
ing the energy evolvement from complexes to clusters to nanoparticles are lacking in understanding the trans-
formation processes. This research aims to study the atomically precise heterometallic nanoclusters formation 
from the bottom-up approach by tailoring from the ligands to complexes to clusters then to the nanoparticles. 
It deviates from the mass approach which is the top down formation from bulk metals to nano regime, that of-
ten relate to a lot of aggregation, agglomeration, stability and size dilemma. From this research we expected to 
gain	the	root	yet	crucial	understanding	on	orbital-orbital	behavior,	relativistic	effect	of	metal-metal	bonding	and	
energy	differences	in	the	molecular	clusters	formation	to	nanoparticles	then	back	to	bulk	metal	again	since	this	
is	the	main	topic	that	until	today	remain	blurred	in	cluster	chemistry	precinct.	The	main	significance	of	output	
from	this	research	is	the	controlled	growth	of	nanoparticles	with	application-specific	needs,	hypothetically	can	
be achieved. It will enhance and justify the meaning of generating nanoparticles not only for the sake of its size.

Acknowledgement:
This work was supported by the ‘Fundamental Research Grant Scheme (FRGS)’ Grant No. FP070-2020.
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Liquid Radio Chromatography analysis for environmental fate

Nils Timmermans* 1

1 Charles River Laboratories, Gilze, The Netherlands

Chromatographic	analysis	has	been	a	primary	tool	for	quantification	and	qualification	in	chemical	analysis.	Flow	
variants	such	as	liquid	chromatography,	in	combination	with	a	suitable	detector,	offer	a	good	compromise	be-
tween	resolution	and	sensitivity.	Both	resolution	and	sensitivity	are	considered	important,	however	difficult	to	
achieve simultaneously. One possibility to overcome this issue is radio detection with the application of online 
liquid	scintillation	counting	or	offline	scintillation	counting	after	fraction	collection	offering	increased	sensitivi-
ty. [1] Solid and liquid scintillation counting have been combined with chromatographic techniques such as thin 
layer chromatography (TLC-RAD), gas chromatography (GC-RAD), and liquid chromatography (LC-RAD). The devel-
opments of these techniques opened the way for the use of radiolabeled compounds such as 3H and 14C for a 
diverse range of applications. Currently, radiolabeled compounds are used in metabolism research, medicine, and 
industrial	processes.	Depending	on	the	appliance	different	types	of	isotopes	are	used.	3H	and	14C	are	commonly	
used in metabolism research and environmental fate as they have long half-lives with approximately 12.32 years 
for 3H and 5730 years for 14C. [2] The use of 14C radiolabeled components in environmental fate studies brings 
several	major	benefits	compared	to	unlabeled	components,	such	as	the	possibility	to	make	up	mass	balances	and	
it is easily distinguishable from the matrix. [3]

[1] S. Temple, “Liquid scintillation counting: how has it advanced over the years and what does the future hold?,” 
Bioanalysis, vol. 7, no. 5, pp. 503-505, 2015. 
[2] I. D. Wilson, “Bioanalytical Separations,” Elsevier, 2003.
[3]	W.	Dai,	J.	Zhang,	Y.	Wang,	C.	Jiao,	Z.	Song,	Y.	Ma,	Y.	Ding,	Z.	Zhang	and	X.	He,	“Radiolabeling	of	Nanomaterials:	
Advantages and Challenges,” Frontiers in Toxicology, pp. 1-6, 13 December 2021. 
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Continuous monitoring of Lactoferrin for real-time process control

Claire Michielsen* 1, Miriam van de Donk 1, Junhong Yan 2, Arthur de Jong 1, Menno Prins 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands, 2 Helia Biomonitoring, Eindhoven, The Netherlands

Lactoferrin is a multifunctional iron-binding glycoprotein that supports the immune system and is present in 
secretory	fluids.	Due	to	its	beneficial	properties	(a.o.	antiviral,	antibacterial,	anti-inflammatory,	anti-tumor,	an-
tioxidant), Lactoferrin is extracted from bovine milk and used as a supplement in infant nutrition and skin care 
products. The protein extraction process depends on the concentration of Lactoferrin in the milk. However, milk 
exhibits	fluctuating	levels	of	Lactoferrin,	which	complicates	the	extraction	process.	To	enable	extraction	process-
es with optimal yield and minimal use of resources, real-time measurements and real-time process control are 
needed. Here, we describe the development of a biosensor technology for real-time Lactoferrin measurements. 
The sensor is based on Biosensing by Particle Motion (BPM), a reversible sensing principle with single-molecule 
resolution¹.	We	will	show	results	on	the	development	of	reversible	affinity	binders	on	low-fouling	surfaces	for	
achieving	specific	and	reversible	interactions.	The	molecular	properties	of	the	sensor	are	characterized	with	sin-
gle molecule resolution. Finally, we discuss how the sensing methodology can enable real-time process control 
for sustainable food, biotechnology, and life science processes.

References
1. Buskermolen, A. D., Lin, Y. T., van Smeden, L., van Haaften, R. B., Yan, J., Sergelen, K., ... & Prins, M. W. (2022). 
Continuous biomarker monitoring with single molecule resolution by measuring free particle motion. Nature 
Communications, 13(1), 6052.
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High-resolution insight into fungal cell walls via NMR

Adil Safeer* 1, Fleur Kleijburg 1, Salima Bahri 1, David Beriashvili 1, Jacq Van Neer 1, Martin Tegelaar 1,  
Edwin Veldhuizen 1, Hans De Cock 1, Han Wösten 1, Marc Baldus 1

1 Utrecht University, Utrecht, The Netherlands

Fungi	are	increasingly	studied	in	the	context	of	finding	novel	chemistry	routes	related	to	health	and	sustainabil-
ity[1,2]. In such studies, the fungal cell wall and its structural and dynamical organization is of prime interest. 
Solid-state NMR (ssNMR) spectroscopy facilitates the non-destructive characterization of structurally heteroge-
neous biomolecules in their native arrangement[3]. We have previously studied the cell wall of Schizophyllum 
commune, a mushroom-forming fungus from the Basidiomycota phylum, by ssNMR. We were able to identify a 
rigid core of carbohydrates predominantly consisting of α-(1,3)-glucan, β-(1,3)-glucan and β-(1,4)-chitin[4] and 
found	that	the	mobile	cell	wall	exterior	consists	of	flexible	polysaccharides	and	polypeptide	chains.	Recently,	we	
also	demonstrated	the	power	of	ultra-fast	high-field	1H-detected	fast	magic	angle	spinning	(MAS)	ssNMR	spec-
troscopy	to	further	increase	spectroscopic	sensitivity	and	resolution[5].	These	advancements	allowed	us	to	refine	
our model of the S. commune cell wall organization and study how ligands i.e., metals and an antifungal peptide, 
interact with the fungal cell wall surface at atomic resolution. These experiments allowed us to estimate relative 
abundance of the cell wall components and led to the elucidation of the role of the polypeptide layers in ligand 
binding. Currently, ssNMR spectroscopy has enabled us to track how fungi adapt to changes in environmental and 
growth conditions, suggesting a prominent role of rigid β-glucan and chitin species in cell wall adaption. Obtain-
ing such atomic level information may be of critical relevance for future research into fungi in material science 
and biomedical settings[1,2].

[1] H.A.B. Wösten, Curr Opin Biotechnol. 2019, 59, 65-70. [2] J-P. Latgé & G. Chamilos, Clin Microbiol Rev. 2020, 
33(1): e00140-18. [3] S. Narasimhan et al., Nat Protoc. 2021, 16, 893-918. [4] H.L. Ehren et al., Cell Surf. 2020, 6: 
100046. [5] A. Safeer et al., Chem Eur J. 2022 29: e202202616.
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Solid-state isomerization of azobenzene-containing polyurethane films

Antoine Bigot* 1,2, Stéphane Delalande 3, Clément Dumand 1, Jennifer  Lesage de la Haye 2, Jean Raynaud 2, 
Emmanuel Lacôte 2

1 Stellantis, France, 2 Université Claude Bernard Lyon 1, France, 3 Conservatoire National des Arts et Métiers, France

Polymer coatings incorporating photoswitches could be a suitable approach to sunlight harvesting and energy 
storage	with	potential	release	as	heat.¹-⁴	To	evaluate	their	potential,	several	azobenzene-containing	monomers	
were synthesized and used in polycondensation reactions. Physicochemical properties of resulting polyconden-
sates	were	studied	using	NMR,	UV-Vis	spectroscopies	both	in	solution-	&	solid-states	as	well	as	DSC.⁵	Thin	films	
of the promising polyurethanes, with adjustable glass-transition temperatures, were cast in order to study the 
isomerization of azobenzenes in the bulk, synonymous of heat storage. Kinetics parameters and energy storage 
capacity were determined. Single samples could be subjected to multiple cycles of isomerization and heat re-
lease	while	remaining	in	the	solid	state,	which	could	be	advantageous	for	further	applications.⁵	Such	polymers	
could be used in various systems, including surface-mediated drug delivery, selective chelating capture of heavy 
metal ions and photomechanical actuators through architecturally-driven volume changes. 
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Photoisomerization of azobenzenes in a polymer film: energy storage and release
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Catalytic polyolefin waste recycling: fresh vs. aged plastics

Alexander A. Kolganov*, Sreenithya Avadakkam 1, Evgeny A. Pidko 1

1 Delft University of Technology, Delft, The Netherlands

Polyolefins	are	widely	used	in	the	production	of	various	consumer	goods	and	packaging	materials,	due	to	their	
low cost, lightweight, and versatility. Unfortunately, only a minor proportion of polyethylene (PE) waste is recov-
ered by recycling [1]. Given the ecological threats from the accumulation of PE waste, searching for new methods 
for	PE	recycling	is	the	task	of	current	interest	to	researchers	worldwide.	Chemical	recycling	offers	a	promising	
solution	by	converting	waste	polyolefins	into	value-added	products.	The	first	step	of	the	novel	chemical	plastic	
recycling processes is the transfer dehydrogenation reaction, catalyzed by the pincer-type iridium complexes 
(Figure 1a) [2,3]. Homogenous light alkane dehydrogenation was already extensively studied in the literature. 
However, PE dehydrogenation is a special case because the aging of the plastics could lead to the formation of 
various	surface	groups.	We	performed	a	computational	study	to	reveal	how	these	chemical	defects	could	influ-
ence the PE dehydrogenation reaction pathway.
We	considered	the	difference	between	the	energies	of	σ-complex	formation	of	the	catalyst	(ΔΔE)	with	perfect	
PE (Figure 1b) and with aged PE (Figure 1c). The results demonstrated that the catalyst strongly adsorbs on the 
Cl	atom,	carbonyl,	epoxide,	and	hydroxyl	groups	with	ΔΔE	reaching	values	up	to	–37	kJ/mol.	Moreover,	the	first	
reaction barrier (formation of the PE–[Ir]–H intermediate) increases from 66 kJ/mol to 133 kJ/mol on the PE with 
the carbonyl group. Thus, the Ir pincer complex catalyst is being deactivated on the oxygenated chemical defects 
formed on the aged polyethylene.

References.
[1] Coates, G. W. et al. Nat. Rev. Mat. 2020, 5 (7), 501-516.
[2] Conk, R. J. et al. Science 2022, 377 (6614), 1561-1566.
[3] Wang, N. M et al. J. Am. Chem. Soc. 2022, 144 (40), 18526-18531.

Figure 1. Ir-POCOP catalyst (a). Complex of Ir-POCOP catalyst with perfect PE crystal (b) and PE with a carbonyl group (c).
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Unlocking distal mutations in an artificial enzyme

Fabrizio Casilli* 1, Gerard Roelfes 1
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In	Nature,	enzymes	have	evolved	to	fulfil	their	specific	biological	function	by	fine-tuning	not	only	the	active	site	
but also the whole protein ensemble. This can be observed in the generation of allostery in many biocatalysts. 
However,	the	design	of	novel	artificial	enzymes	is	usually	limited	to	only	the	active	site,	which	is	fine-tuned	to	
properly accommodate new chemistries. 
Artificial	enzymes	are	synthetic	catalysts	that	combine	the	high	enantioselectivity	of	enzymes	with	abiotic	cata-
lytic components, e.g. non-canonical amino acids (ncAA). The Lactococcal multidrug resistance regulatory protein 
(LmrR)	has	proven	to	be	an	exceptional	protein	scaffold	for	the	design	of	artificial	enzymes	due	to	a	promiscuous	
hydrophobic pocket that can be functionalized with ncAA. 
Recently, a non-canonical para-aminophenylalanine (pAF) buried in the LmrR pocket (LmrR_pAF) was found to 
catalyze a model hydrazone formation reaction via an iminium ion intermediate [1] . A previous directed evolu-
tion	campaign	yielded	the	triple	mutant	LmrR_pAF_RMH,	which	showed	57-fold	higher	catalytic	efficiency	(kcat/
KM) than the initial template [2]. The evolution campaign was focused on residues surrounding the catalytic 
aniline side chain; favorable interactions in the outer sphere were not investigated.
By taking advantage of the convenient colored read-out provided by this reaction, this project aims at (i) identi-
fying those residues that are involved in long-range interactions with the catalytic site, (ii) determining the struc-
tural reasons behind it and (iii) exploit this new information to better adapt the catalytic site to novel chemistries.

[1] I. Drienovská, C. Mayer, C. Dulson, and G. Roelfes, Nat. Chem., vol. 10, no. 9, pp. 946–952, 2018.
[2] C. Mayer, C. Dulson, E. Reddem, A.-M. W. H. Thunnissen, and G. Roelfes, Angew. Chemie Int. Ed., vol. 58, no. 7, 
pp. 2083–2087, 2019.
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Recovery of Metals from Wastewater using Plant Extracts

Cynthia Ibeto*, Stella Nnoka, Jonnie Asegbeloyin  

1 University of Nigeria Nsukka, Nsukka, Nigeria

Response Surface Methodology was used to optimize the recovery of iron and copper from ceramic and textile 
industrial wastewater respectively with plant extracts of Ipomea aquatica and Nelumba nucifera. The wastewater 
samples were analysed for concentrations of heavy metals by Inductively Coupled Plasma-Optical Emission Spec-
trometry while the bioactive components of the plant extracts were determined via Gas Chromatography-Mass 
Spectrometry (GC-MS). Box-Behnken design was utilized in the evaluation of the impacts of the process variables 
on	the	removal	efficiency.	The	residual	solid	deposits	from	the	reaction	between	the	wastewater	samples	and	
plant	extracts	were	characterized	using	Scanning	Electron	Microscopy-	Energy	Dispersive	X-ray	(SEM-EDX)	anal-
ysis. Concentrations of a range of heavy metals were obtained from the wastewater with iron (9.06 mg/L) and 
(copper 0.84 mg/L) having the highest and therefore selected for the recovery process. Analysis of the plant ex-
tracts showed benzofuran, furan, benzaldehyde, phenol and tetraethylsilicate as the major bioactive compounds 
present. Plant extract dosage of 30 mL, temperature of 40oC, and contact time of 135 minutes corresponded to 
the optimal operating conditions for the recovery of iron and copper. Under the optimum working conditions, it 
was	determined	that	the	recovery	efficiency	of	the	metals	were	77.10%	iron	(I.	aquatica),	57.42%	iron	(N.	nucif-
era),	64.41%	copper	(I.	aquatica)	and	55.09%	copper	(N.	nucifera).	The	SEM-EDX	results	of	the	combined	depos-
its for the total experimental runs of each plant showed that iron (79.62%; I. aqautica), (77.53%; N. nucifera) and 
Copper (69.04%; I. aqautica), (65.70%; N. nucifera) were the main elemental components of the solid deposits 
obtained	from	the	extraction.	Comparatively,	the	results	show	that	I.	aquatica	more	efficiently	recovered	iron	and	
copper from the ceramic and textile wastewater. Therefore, it can be employed in treating heavy metals contam-
inated	wastewater	not	just	for	purification	but	also	for	recovery	of	the	metals	for	reuse.
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Operando NMR methods for studying electrochemical CO2 reduction

Zhiyu Zhu* 1, Kaan Zeki Çolakhasanoĝlu 1, Evan Wenbo Zhao 1

1 Magnetic Resonance Research Center, Institute for Molecules and Materials, Radboud University Nijmegen, The Netherlands

The	electrochemical	conversion	of	carbon	dioxide	 (CO₂)	 into	valuable	products	 is	a	promising	solution	to	ad-
dress the energy and environmental crisis.¹ Copper (Cu) and its derivative catalysts have shown high selectivity 
towards	multicarbon	products	(C₂+).	However,	the	nature	of	the	active	site	responsible	for	selectivity	remains	
a subject of debate.² Given that copper is prone to oxidation under open-circuit potential due to its oxophilic 
nature, the development of operando characterization techniques with high sensitivity towards structure and 
oxidation state is imperative.³ Compared to traditional operando characterization like infrared spectroscopy and 
X-Ray-based	methods,	nuclear	magnetic	resonance	(NMR)	is	advantageous	for	its	atomic	specificity	and	versatil-
ity	for	studying	gas,	liquid,	and	solid	phases.	It	can	be	applied	to	investigate	CO₂	electroreduction	under	realistic	
working	conditions.	Nevertheless,	operando	NMR	under	flow	has	not	been	demonstrated	due	to	the	technical	
challenge that involves the synergy between NMR and electrochemical systems. Here, we demonstrate the de-
velopment and application of two operando NMR methods – inline and in situ – for analysing liquid products and 
the transformation of Cu catalysts. Preliminary results acquired using these methods will be presented. 

Reference:
1.	Tackett,	B.	M.	et	al.	Net	reduction	of	CO₂	via	its	thermocatalytic	and	electrocatalytic	transformation	reactions	in	
standard and hybrid processes. Nat. Catal. 2, 381–386 (2019).
2.	Nitopi,	S.	et	al.	Progress	and	Perspectives	of	Electrochemical	CO₂	Reduction	on	Copper	in	Aqueous	Electrolyte.	
Chem. Rev. 119, 7610–7672 (2019).
3. Lum, Y. et al. Stability of Residual Oxides in Oxide‐Derived	Copper	Catalysts	for	Electrochemical	CO₂	Reduction	
Investigated	with	¹⁸O	Labeling.	Angew.	Chem.	Int.	Ed.	57,	551–554	(2018).
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Green synthesis of new attractive furan-based monomer: 
5,5’-[oxybis(methylene)]bis-2-furfural

Mattia Annatelli* 1, Chaimaa  Sadraoui 1, Fabio Aricò 1

1 Università Ca’foscari Venezia, Venezia Mestre, Italy

The	depletion	of	 fossil	 fuels	 for	 the	synthesis	of	solvents,	plastics,	has	prompted	the	scientific	community	 to	
find	more	bio-based	alternatives.	The	preparation	of	biomass-derived	chemicals	has	become	a	priority	in	order	
to	promote	the	transition	of	the	current	oil-refinery-based	society	into	a	bio-refinery-based	one.[1]	Sugars	are	
an extremely abundant bio-resource; even today, one of the most studied reactions is the synthesis of 5-hy-
droxymethyl-2-furfural	(HMF).	This	compound	is	considered	important	for	biorefinery	because	of	its	wide	range	
of applications.[2] During the spontaneous degenerative process, it was observed the formation of a compound 
that could be equally important 5,5’-[oxybis(methylene)]bis-2-furfural (OBMF).
The synthesis of OBMF is scarcely reported, only in recent years interest in this dimer of HMF has emerged for its 
possible applications in industry.[3] Good yield values of OBMF are reported in the literature from HMF (Figure 
1); however, the solvents used are the most common halogenated and/or aromatic solvents, known to be toxic.
In	this	work,	a	green	synthetic	approach	to	OBMF	from	HMF	is	reported	for	the	first	time.	In	the	optimized	reaction	
conditions, dimethyl carbonate is used as green solvent and iron(III) sulfate as catalyst.
The	HMF	self-etherification	reaction	is	conducted	both	in	milligram-	and	gram-scale	with	quantitative	isolated	
yields. [4]
Given the excellent results, this work can be a starting point to study new synthetic methodologies for OBMF, 
such	as	continuous	flow	reactions.
The	OBMF	has	great	potential:	two	aldehyde	functionalities	that	can	be	reduced,	oxidized	or	modified	into	other	
functionalities such as nitriles. This feature makes OBMF an attractive monomer for biopolymer synthesis.

[1]	Y.	Zhao	et	al.,	Bioresour.	Technol.,	2012,	114,	740–744
[2]	J.J.	Bozell	et	al.,	Green.	Chem.,	2010,	12,	539−554
[3] J.M. Timko et al., J. Am. Chem. Soc., 1974, 96, 7159–7160
[4] M. Annatelli et al.,  Adv. Sustainable Syst., 2022, 2200297

Figure 1. OBMF Synthesis from HMF
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GREEN ETHICAL CHEMISTRY: A rational perspective towards sustainability

Mani Omprakash Srivastava* 1

1 New Horizon Scholars School, Thane , Mumbai, India

An amalgamation of GREEN CHEMISTRY and ethical education to prepare leaners and spread the green culture 
with an army of green tender hearts to conserve Mother Earth and respect Nature’s serenity, tranquility and mag-
nificence.
A novel approach towards GREEN Chemistry education and Moral Code in Chemistry Education is TO CREATE 
ETHICAL IDEOLOGY. Shifting  Paradigm by embracing an interdisciplinary approach of ethical imagination and 
invention.	Designed	and	implemented	different	researches	towards	a	greener	prospective	program	with	full	in-
volvement of students, teachers and local communities.
It’s to Initiate and prepare the subsequent generation of chemists and scientist by empowering them towards a 
fundamental change in society by bringing a radical revolution in human mind to develop an understanding that 
Chemistry is to CREATE NOT DESTROY.
Developed	a	zero-tolerance	approach	towards	ignorance	and	negligence	in	scientific	inventions	by	highlighting	
the understanding towards whose responsibility is deadly plastics which has become threatening to all life, CFC 
generated broad spectrum thinning of ozone layers, heavy metal hazards, oil spill, COVID-19, many like these 
represents a big concern towards our planet and makes big inventions in vain. Inducing every learner and teach-
ers towards the protection of environment and to protect humanity on Planet earth. The students were instilled 
with the oft repeated thought that, ‘We have not inherited this earth from our fore-fathers; we have borrowed it 
from our children’.
Bridging the gap between green chemistry and sustainable education through ethical green expansions is by 
connecting the dots across as individuals, society, community, country and world.
It’s an approach to aim and design a “Sustainable World” with Green Curriculum and Green Pledge and to put a 
stop	on	the	IGNORANCE	in	scientific	INVENTIONS.

Acknowledgement:
Indian	Institute	of	Metrology	and		Geomagnetism,	Nehru	science	Centre,	Subodh	and	Infinity	lab	

Reference:
Green chemistry Education. Scholar.google.com

A novel approach towards green chemistry education: innovative cross curricular technology
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Unleashing catalytic potential of transition-metals in biological media

AP Prakasham* 1, Anja R. A. Palmans 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Transition metals (TM) are widely used in academic and chemical industrial research owing to their excellent 
potential in catalysis for facilitating various challenging organic transformations otherwise inconceivable. On 
the other hand, the medicinal use of the catalytic potential of transition metals is still limited mainly due to the 
toxicity associated, especially while considering the heavy metals, though several metal ions favorably play cru-
cial roles in biological processes. The practical utility of heavy metals in therapeutics could be achievable, when 
the	pharmacological	effects	are	performed	only	at	the	required	site	of	action	while	not	disturbing	other	physi-
ological activities and most importantly not getting lost in the complex biological environment. Bio-orthogonal 
catalysis¹ is an eminent approach to address this bottleneck issue, utilizing single chain polymeric nanoparticles 
(SCPNs)²	as	a	carrier	material	that	can	safely	deliver	the	transition	metal	catalysts	at	the	specific	target	sites	for	
the prodrug activation. N-Heterocyclic carbenes (NHC) are strong σ-donating ligands and extensively studied in 
organometallic chemistry.³ An active catalyst is only required in low catalyst loading and thus minimizing the 
toxic,	unnecessary	side	effects.	The	objective	of	this	approach	is	designing	an	active	TM-NHC	catalyst	for	the	in	
situ catalytic activation of masked prodrug, carefully engineering the SCPN carriers with targeting anchors, hy-
drophilic/hydrophobic packets, covalently linking the active catalyst for the safe intake and precise delivery at 
the site of interest amidst the complex biological medium by self-encapsulating the metal catalyst while forming 
nanometer	size	particles	and	finally	performing	the	demasking	catalytic	reaction	to	free	the	active	drug	for	its	
necessary therapeutic action.

References:
1) Unciti-Broceta, A.; et al. Curr. Opin. Chem. Biol. 2021, 61, 32–42. 
2) Meijer, E. W.; Palmans, A. R. A.; et al. J. Am. Chem. Soc. 2018, 140, 3423–3433.
3) Glorius, F.; et al. Nat. Rev. Chem. 2021, 5, 711–725.

General representation of transition metal N-heterocyclic carbene (TM-NHC) complexes incorporated in engineered single 

chain polymeric nanoparticles (SCPN) framework for bio-orthogonal catalysis in biological media.
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Novel Poly(methyl-orange)/rGO composite electrodes for heavy-metals 
ions detection

Ismaila Diédhiou 1,2, Modou Fall* 1, Noureddine  Raouafi  2, Abdelaziz  Sbei 2

1 Cheikh Anta Diop University, Dakar, Senegal, 2 University of Tunis El Manar, Tunis, Tunisia

Anthropological activities such as intensive use of chemical fertilizers in agriculture, discharge of industrial ef-
fluents,	wastewater	treatment,	etc.,	lead	to	a	release	of	hazardous	substances	such	as	heavy	metals,	for	which	
chemists are trying to provide solutions. In this context of preservation of drinking water quality, several studies 
have been made on the detection of heavy metals [1]. In this work, we propose to develop a new electrochemical 
sensor based on poly(methyl orange)/graphene composite electrodeposited on glassy carbon electrode for the 
analysis of heavy metals ions in water. The electrode is prepared in two steps: electroreduction of graphene by 
cyclic	voltammetry	(CV)	from	a	5	mg/mL	graphene	oxide	(GO)	suspension	in	0.15	M	phosphate	buffered	solution,	
followed	by	the	electrodeposition	of	a	conductive	poly(methyl-orange)	(pMO)	film	by	CV.	Electrochemical	per-
formances like reversibility, electrostability and standard heterogeneous electron transfer rate constant of pMO/
rGO/GCE platform are very impressiv. Raman results showed characteristic bands of pMO and SEM showed pMO 
films	clearly	appearing	as	grey	shadows	on	the	electrode	surface.	Heavy	metal	detection	tests	were	performed	by	
square wave anodic stripping voltammetry (SWASV) in aqueous medium, after optimizing the parameters related 
to	the	detection	method	and	the	electrolytic	medium.	Significant	analytical	performance	was	achieved	with	a	
linear concentration range of 14-595 ppb, a sensitivity of 5.60 μA/ppb/cm² and a detection limit of 0.82 ppb (S/
N=3). The sensor was successfully tested in ore water samples taken from mines in Tunisia and whose lead and 
cadmium contents were previously determined by atomic absorption spectroscopy.

Reference:
[1] B. Fall, A.K.D. Diaw, M. Fall, M.L. Sall, M. Lo, D. Gningue-Sall, M.O. Thotiyl, H.J. Maria, N. Kalarikkal, S. Thomas, 
2021.	Synthesis	of	highly	sensitive	rGO@CNT@Fe₂O₃/polypyrrole	nanocomposite	for	the	electrochemical	de-
tection of Pb2+, Mater. Today Commun. 26, 102005. https://doi.org/10.1016/J.MTCOMM.2020.102005 
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Synthesis of morpholine-appended porphyrin fluorescent probes for 
lysosome-targeting

Chungah Kim* 1, Gun-Jae Jeong 2, Myung-Seok Choi 1

1 Department of Materials Chemistry & Engineering, Graduate School of Engineering, Konkuk University, South Korea, 2 Institute 
of Cell and Tissue Engineering, College of Medicine, The Catholic University of Korea, South Korea

Lysosomal imaging technology is important for understanding the dysfunction of lysosomes that can leas to neu-
rodegenerative	diseases,	cancer,	and	Alzheimer’s	disease.	Porphyrins	are	used	as	fluorescent	probes	in	a	variety	
of biological and biochemical applications. Morpholine molecule are lysosomal-targeting compound that can 
selectively	bind	to	cellular	lysosomes.	To	develop	an	efficient	fluorescent	probe	for	lysosomal	imaging,	we	newly	
synthesized	a	series	of	morpholine-appended	porphyrin	fluorescent	probes	(MPs)	that	are	capable	of	crossing	
the	lysosomal	membrane	and	releasing	a	fluorescent	label.	All	compounds	were	fully	characterized	by	1H-NMR	
spectroscopy and MALDI-TOF-MS. The optical properties of the porphyrin probes were evaluated by measuring 
the absorption and emission spectra.
To evaluate the cytotoxicity and intracellular lysosomal targeting ability of MPs molecules We have used Human 
Mesenchymal Stem Cells (HMSC) that can maintain multipotency and proliferate extensively in vitro. As a result, 
MPs molecules are not toxic to the hMSC cell line. Co-staining of cells treated with MP and commercial lysotrack-
er-green	indicates	that	MP	was	specifically	bound	to	lysosomes.
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Development of multiresidue pesticide analysis method for eel

Myungheon Kim* 1, Mihyun Cho 1, So Eun An 1, Chang kyo Seo 1, Jaebin Im 1, Namuk Cho 1, SeoHong Kim 2,  
Mi Ra Jo 3, YOONMI  LEE 3, Moo-Hyeog Im 1

1 Daegu University, South Korea, 2 ChungBuk National University, South Korea, 3 National Institute of Fisheries Science, South 
Korea

Pesticides have the potential to remain in eel because of spraying that takes place on farms, golf courses, and un-
intentional	irrigation.	Therefore,	developing	rapid	methods	that	can	simultaneously	analyze	different	pesticides	
present in eel is vital. The principal objective of the present study is to develop a rapid and easy multiresidue 
method using gas chromatography mass spectrometry (GC-MS/MS) for detecting 44 pesticides, such as alachlor, 
in eel. To set the multiple reaction monitoring (MRM) using GC-MS/MS, a full scan of the pesticide is performed, 
and one or two precursor ions are chosen. Second, using a product ion scan, two or three good sensitivity and se-
lectivity	product	ions	are	selected	as	quantifier	and	qualifier	ions.	To	determine	the	presence	of	multiple	residues	
in	eel,	samples	are	prepared	for	analysis	based	on	a	modification	of	the	QuEChERS	AOAC	and	Pesticide	Analytical	
Manual method. The pesticides in eel are extracted using acetonitrile with 0.1% acetic acid. The eel sample has a 
high	fat	content	(over	20%);	contaminants	are	removed	using	a	Florisil	cartridge.	The	limit	of	quantification	(LOQ)	
for	eel	is	in	the	range	0.007–0.010	mg/kg.	The	matrix-matched	calibration	curves	present	coefficients	of	deter-
mination	(R2)	above	0.9946	for	all	analytes.	The	fortification	levels	are	LOQ,	10×LOQ,	and	50×LOQ.	The	recovery	
rates are 80.9–119.1%, 69.1–108.7%, and 66.4–114.1%, at concentration levels of LOQ, 10×LOQ, and 50×LOQ, 
respectively.	In	addition,	the	coefficient	of	variation	is	less	than	17.7%,	which	is	under	the	Codex	guideline	(CO-
DEX	CAC/GL	40).	Therefore,	 these	 results	show	that	 the	newly	proposed	method	 is	effective	 for	multiresidue	
pesticides analysis in eel.

Acknowledgements: This work was supported by a grant from the National Institute of Fisheries Science.
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3D-Printed Scaffolds of Silk Protein for Tissue Engineering

Hsin-Ni Wu* 1, Ming-Chia  Li 1

1 National Yang Ming Chiao Tung University, Hsinchu City, Taiwan

Silk	fibroin,	a	biopolymer	derived	from	silkworm	silk,	has	high	tensile	strength	and	good	biocompatibility,	is	a	
promising material for medical applications. However, its poor mechanical properties, including low elasticity 
and	viscosity,	make	it	difficult	to	use	in	3D	printing	that	requires	strong	and	flexible	materials.
In	this	study,	a	photocrosslinkable	SF-GMA	was	synthesized	from	silk	fibroin	and	glycidyl	methacrylate	(GMA)	
[1].	Using	Pluronic®	F127	(F127)	as	a	sacrificial	material		to	make	a	template	[2]	for	3D	printing	of	the	gyroid	
structure	can	improve	the	mechanical	strength	of	the	final	product.	Then,	the	SF-GMA	hydrogel	was	filled	in	the	
3D-printed gyroid structure to manufacture a bicontinuous double gyroid structure. The mechanical properties 
of	 the	SF-GMA	could	be	 further	 improved	under	ultraviolet	 light	 irradiation.	Also	after	washing	 the	sacrificial	
material, the gyroid structure provides an interconnected pores and channels network promoting cell growth and 
proliferation.
Despite the promising results of this study, further research is needed to understand the potential of SF-GMA and 
anti-helical structures for tissue engineering applications. Further studies are needed to evaluate the biocompat-
ibility, degradability and long-term performance of these materials in vivo.

Acknowledgements
This	study	was	financially	supported	by	the	Ministry	of	Science	and	Technology	of	the	Republic	of	China,	Taiwan	
(110-2221-E-A49-002-MY3). This work was also supported in part by the “Center for Intelligent Drug Systems 
and Smart Biodevices (IDS2B)” from The Featured Areas Research Center Program within the framework of the 
Higher Education Sprout Project by the Ministry of Education (MOE) in Taiwan.

Reference
1.	Kim,	S.H.,	et	al.,	Precisely	printable	and	biocompatible	silk	fibroin	bioink	for	digital	light	processing	3D	printing.	
Nature Communications, 2018. 9(1): p. 1620.
2.	Shaikhullina,	M.,	et	al.,	NMR	relaxation	and	self-diffusion	in	aqueous	micellar	gels	of	pluronic	F-127.	Journal	of	
Molecular Liquids, 2020. 306: p. 112898.
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Artificial Friedel-Crafts alkylase featuring noncanonical aminotyrosine

Bart Brouwer* 1, Gerard Roelfes 1

1 University of Groningen, Groningen, The Netherlands

Enzymes are remarkable biocatalysts exhibiting high activities and exceptional (stereo)selectivities under phys-
iological conditions, making their use in synthetic chemistry attractive. Yet enzymes are, relatively, limited in 
the scope and chemical transformations they can catalyze. This is partly due to the limited chemical diversity 
in amino acids that comprise the natural genetic code. The design of enzymes for non-natural transformations 
by	providing	proteins	with	abiological	chemical	functions	is	a	fascinating	and	emerging	field	of	research.¹	One	
way	of	creating	such	“artificial	enzymes”	is	by	incorporation	of	noncanonical	amino	acids	(ncAA’s)	into	a	protein	
scaffold.	Recently,	an	aniline	harboring	ncAA	(para-amino	phenylalanine,	pAF)	was	genetically	incorporated	into	
a multidrug resistance regulator protein from Lactococcus lactis (LmrR).²,³ In this way, a uniquely reactive primary 
amine was introduced into the promiscuous binding pocket of this protein. This approach has been used to create 
artificial	enzymes	that	employ	an	iminium-based	catalytic	mechanism,	for	example	for	catalysis	of	enantioselec-
tive Friedel-Crafts alkylation reactions between α,β-unsaturated	aldehydes	and	indoles.⁴	In	this	study	we	report	
the incorporation of a new ncAA, 3-aminotyrosine (aY), into LmrR. Contrary to pAF, aY is a tyrosine derivative 
bearing a primary amine at the ortho position. We show that aY can also act as a catalytic residue to create a 
Friedel-Crafts alkylase that exhibits opposite enantioselectivity compared to when using pAF, showcasing the 
promising	 synthetic	 utility	 of	 artificial	 enzymes.	 Subsequently,	 optimization	of	 the	 Friedel-Crafts	 alkylase	by	
mutagenesis will also be discussed.

(1) Lovelock, S. L.; Crawshaw, R.; Basler, S.; Levy, C.; Baker, D.; Hilvert, D.; Green, A. P. Nature 2022, 606, 49–58.
(2) Drienovská, I.; Mayer, C.; Dulson, C.; Roelfes, G. Nat Chem 2018, 10, 946–952.
(3) Roelfes, G. Acc Chem Res 2019, 52, 545–556.
(4)	Leveson-Gower,	R.	B.;	Zhou,	Z.;	Drienovská,	I.;	Roelfes,	G.	ACS	Catal	2021,	11,	6763–6770.
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Preparation of Polycaprolactone/Nanocellulose Composite Membrane for 
Microplastics Removal
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Netherlands, 3Polymer Science, Zernike Institute for Advanced Materials, University of Groningen, Groningen, The Netherlands, 
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The omnipresence of microplastic pollution in the environment has become a main challenge in recent years. 
One of the primary concerns is the eco-toxicological impact of microplastics on marine ecosystems, as well as 
the potential risk to humans related to the accumulation of microplastics in the body. Moreover, studies have re-
ported	the	effluent	of	wastewater	treatment	plants	(WWTPs)	as	a	major	source	of	microplastics	since	they	are	not	
prepared	for	this	purpose.	As	a	result,	developing	simple	and	efficient	methods	for	removing	microplastics	from	
surface water is an urgent challenge. Conventional membrane technology has been used for removing microplas-
tics from wastewater. However, it mostly produces asymmetric membranes since it is hard to take precise control 
over	the	membrane	preparation,	making	them	unsuitable	for	highly	efficient	microplastic	removal.	Melt	electro	
writing (MEW) has recently gained huge interest as an explicit three-dimensional (3D) writing method to prepare 
orderly porous structures with precise geometrical characteristics. In this work, we prepared polyvinyl alcohol 
(PVA)/nanocellulose	composite	membranes	with	defined	pore	structures	around	500	µm	by	MEW.	The	overall	
performance	of	PVA/nanocellulose	composite	membranes	and	the	effect	of	the	ionic	strength	of	the	membrane	
for microplastic removal applications will be evaluated.

References
B. G. Thiam, A. El Magri, H. R. Vanaei, and S. Vaudreuil, “3D Printed and Conventional Membranes—A Review,” 
Polymers (Basel)., vol. 14, no. 5, pp. 1–16, 2022.
Y.	Jin	et	al.,	“Fabrication	of	heterogeneous	scaffolds	using	melt	electrospinning	writing:	Design	and	optimization,”	
Mater. Des., vol. 185, Jan. 2020.
A. R. P. Pizzichetti, C. Pablos, C. Álvarez-Fernández, K. Reynolds, S. Stanley, and J. Marugán, “Evaluation of mem-
branes	performance	for	microplastic	removal	in	a	simple	and	low-cost	filtration	system,”	Case	Stud.	Chem.	Envi-
ron. Eng., vol. 3, no. October 2020, pp. 0–4, 2021.
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Electrochemical behaviour of Ti3C2Tx in molecular crowding electrolyte

Chaofan Chen* 1, Albert  De Kogel 1, Xuehang Wang 1

1 Delft University of Technology, The Netherlands

Boosting demand for electrochemical energy storage devices with high energy density, high power density, and 
long	lifespan	has	posed	significant	challenges	for	developing	reasonable	electrodes	and	electrolytes	systems	
with fast charge transport kinetics and superior cycling stability.¹ Among all the electrode materials being ex-
plored	so	far,	two-dimensional	transition	metal	carbides/nitrides	(or	namely,	MXenes)	have	attracted	tremendous	
research interests in recent years due to their high electronic conductivity (~15000 S cm-1), large interlayer spac-
ing (~1 nm) for fast ion transport and great hydrophilicity.² Originating from from their surface redox charge stor-
age	behavior,	MXene	electrodes	have	shown	superior	rate	performance	and	long	cycling	life	for	supercapacitor	
application in dilute neutral electrolytes and acidic electrolytes. However, the narrow electrochemical window 
of	dilute	aqueous	electrolytes	(limited	to	1.23	V)	leads	to	a	lower	energy	density.	Anomaly,	Ti₃C₂Tx	MXene	has	
shown reversible desolvation-free bahavior with a wide voltage window of 1.6 V and an enhanced charge storage 
capacitance	in	water-in-salt	electrolyte.	³,⁴Recently,	a		low-cost,	eco-friendly	molecular	crowding	electrolyte	with	
unique hydrogen bonding structure has been proposed as a new approach to expand the voltage window as well 
as	the	energy	density.⁵	Taking	advantage	of	the	unique	solvation	structure	of	molecular	crowding	electrolyte,	the	
electrochemical	performance	of	Ti₃C₂Tx	MXene	as	the	electrode	for	supercapacitor	has	been	improved,	and	the	
charge	storage	mechanisms	are	further	investigated	by	in-situ	X-ray	diffraction.	

Reference:
(1) Simon, P. et al.  Nature Materials 2008, 7 (11), 845-854. 
(2) Anasori, B et al.  Nature Reviews Materials 2017, 2 (2), 16098. 
(3)	Wang,	X.	et	al.		ACS	Nano	2021,	15	(9),	15274-15284.	
(4)	Wang,	X.	et	al.		ACS	Energy	Letters	2022,	7	(1),	30-35.	
(5)	Xie,	J.	et	al.	Nature	Materials	2020,	19	(9),	1006-1011.	
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Late-stage divergent production route towards Etonogestrel and 
Desogestrel

Peter Botman* 1, Luuk Steemers 1, Henk van der Lee 1, Hans van Uden 1, Esther Kerver 1

1 Aspen API, Oss, The Netherlands

Desogestrel and Etonogestrel are closely related synthetic progestogens that are applied in numerous contra-
ceptive formulations. Both steroids are part of the API (Active Pharmaceutical Ingredient) portfolio of Aspen API. 
For commercial production of both Desogestrel and Etonogestrel, a new late-stage divergent, high yielding syn-
thetic route is presented, starting from 11-keto-18-methylnordion (1), which is converted into mono-ketone 2 
utilizing	a	selective	protection	group	strategy	(Scheme	1).	For	the	subsequent	Peterson	olefination,	TMS-CH2-Li	
was applied successfully, and this reagent is preferred over the more generally utilized magnesium variant or the 
Wittig reaction. The ethynylation was executed with potassium acetylide, to form key-intermediate 3, of which 
the thioketal moiety can be reduced to yield Desogestrel or can be deprotected to obtain Etonogestrel. [1], [2] 
The	combination	of	significant	impurity	formation	in	the	reduction	and	the	use	of	hazardous	reagents	like	thalli-
um nitrate or periodic acid in the deprotection, prevented the commercial application of this strategy until now. 
For the conversion of 3 to Desogestrel, the use of lithium in a THF/ammonia mixture [3] proved superior over the 
commonly applied sodium in ammonia. The combination of iodine and sodium bicarbonate in an aqueous solvent 
mixture is employed for the deprotection step, resulting in the fast and clean conversion to Etonogestrel. [4] This 
methodology is scalable, safe, and more sustainable compared to the previously reported methods.
With this new 2nd generation strategy, a 50% reduction of water and a 75% reduction of “toxic/hazardous” 
chemicals is realized compared to the currently applied 1st generation production route, contributing to the 
sustainability targets of Aspen API.

[1] M.J. van den Heuvel, et al; Recl. Trav. Chim. Pays-Bas, 1988, 107(4), 331-334. 
[2] M. Ostendorf; WO2013/135744, 2013, and references therein.
[3] L.F. Tietze, et al; Chem. Eur. J., 2008, 14(5), 1541-1551.
[4] R. Caputo, et al; Tetrahedron, 1986, 42, 2369-2376.

Scheme 1.
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Mechanism of PsbS and interactions with partner proteins
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1 Biophysical Organic Chemistry/ssNMR dept, Leiden Institute of Chemistry, Leiden University, Leiden, The Netherlands

High light conditions can cause photo-oxidative damage in a plant. The process to dissipate this excess ener-
gy as heat is called non-photochemical quenching (NPQ). qE, the fastest NPQ mechanism, is carried out by the 
pH-sensing protein Photosystem II Subunit S (PsbS) and the xanthophyll cycle. A low luminal pH is sensed by 
Glu69 (E1) and Glu173 (E2) which triggers a change in the structure of the lumen amphipathic helical stretches. 
It was found that the amphiphatic 3-10 helix containing Glu69 unfolds at high pH while the amphipatic helix 
containing	Glu173	moves	from	the	membrane	to	the	water	phase.	PsbS	has	been	hypothesized	to	facilitate	flu-
orescence quenching at low pH. Molecular understanding of the PsbS pH-sensing mechanism can help optimize 
photosynthetic yield.
To investigate the role of PsbS helix movement at low pH, we produced recombinant wildtype PsbS and the mu-
tant E173Q from spinach and will investigate its interaction with Light Harvesting Complex II trimers (LHCII) in 
liposomes made from thylakoid lipids. The E173Q mutant was found to be ‘locked’ in a low-pH conformational 
state.	By	comparing	LHCII	fluorescence	quenching	in	the	presence	of	wildtype	or	E173Q	PsbS	at	different	lipid	
ratios, we aim to understand the role of amphipatic helix movements on establishing functional inter-protein 
interactions.

Recombinant spinach PsbS and the E173Q PsbS mutant are reconstituted in liposomes together with the antenna protein 

light-harvesting complex II (LHCII) to investigate the effect of PsbS, at different pH and lipid ratios, on quenching of light 

excitations.
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X-Ray analysis of structural evolutions in MDO-PE films
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1 Eindhoven University of Technology, Eindhoven, The Netherlands, 2 DOW Benelux, Terneuzen, The Netherlands, 3 Maastricht 
University, Maastricht, The Netherlands, 4 The DOW Chemical company, Lake Jackson, United States of America

PE	 (Polyethylene)	based	mono-material	flexible	packaging	design	presents	a	new	alternative	 to	conventional	
design	as	it	has	the	potential	to	be	mechanically	recycled	efficiently.
Conventionally	outer	 layer	of	multilayer	flexible	packaging	 is	usually	made	 from	non-PE	materials	which	can	
provide	adequate	stiffness	and	barrier	properties	to	the	overall	package.	Stiffness	of	PE	films	can	be	enhanced	
significantly	by	MDO	(Machine	Direction	Orientation)	process.	During	MDO	process	the	polymer	film	is	stretched	
in machine direction at a certain orientation temperature which depends on polymer being stretched.
X-Ray	diffraction	is	a	powerful	non-destructive	characterization	tool	which	requires	only	small	amount	of	sample	
and	can	reveal	critical	microstructural	information.	Our	work	presented	X-Ray	analysis	of	structural	evolutions	in	
MDO	(Machine	Direction	Oriented)-PE	films	which	results	in	enhancement	of	stiffness.	
5	different	PE	resins	and	blends	chosen	for	study	were	processed	in	a	lab	scale	setup	to	produce	MDO-PE	films.	
One	selected	resin	was	further	processed	at	different	orientation	temperatures.	X-Ray	analysis	was	performed	for	
the analysis of shape, size, and orientation of the crystals. 
WAXS	and	SAXS	profile	revealed	average	crystallite	dimension	and	long	period	of	orthorhombic	crystal	structure	
after stretching and it increased with increase in orientation temperature indicating higher partial melting and 
strain induced re-crystallization. Apparent crystallinity increased after stretching and increase was higher for 
comparatively	higher	density	 resin	films.	Crystallite	dimension	decreased	more	after	 stretching	 for	 relatively	
higher	density	resin	films	indicating	relatively	higher	fibrillation	of	the	lamella.	Orientations	quantified	by	Her-
man orientation factors presented highly oriented structure towards stretch direction. 
Our	study	concluded	that	enhancement	in	crystallinity	due	to	fibrillation	and	re-crystallization	of	initial	crystal-
line	structure	combined	with	highly	oriented	structure	in	stretch	direction	leads	to	enhancement	of	stiffness	of	
MDO-PE	films	which	can	be	further	used	as	outer	layer	in	PE	based	design	for	flexible	packaging	applications.

Image depicting different stages of experimental setup for the analysis.
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Artificial Enzymes featuring Thiophenolic Unnatural Amino Acids

Mathijs Veen* 1, Friso S. Aalbers 1, Daniel F. Sauer 1, Gerard Roelfes 1

1 University of Groningen, Groningen, The Netherlands

Enzymes are attractive catalysts because of their unmatched rates and selectivity compared to small molecular 
catalysts. Directed evolution enables to expand the substrate- and reaction scope further. Nonetheless, natural 
enzymes	are	limited	by	the	diversity	offered	by	the	20	canonical	amino	acids.	Our	group	aims	to	expand	the	cat-
alytic scope of enzymes to reactions that have no equivalent in nature through incorporation of non-canonical 
amino acids that act as catalytic residue. [1,2] Here, we set out to create new enzymes containing thiophenolic 
amino acids. Thiophenols are used as nucleophilic catalyst for a variety of transformations because of their nu-
cleophilic character and good leaving group ability. In addition, they are used as ligands to synthesize transition 
metal complexes. 
We present a facile strategy to introduce genetically a metal binding site through the stop-codon suppression 
technology for 4d/5d transition metals reminiscent of natural metal binding sites. Therefore, we synthesized a 
thiophenol-containing amino acid, incorporated it into LmrR, and probed the synthesized protein in the binding 
of platinum group metals. Thiophenols, the envisioned ligand for platinum group metals, are more polarizable 
and	generally	exhibit	a	softer	character	than	aliphatic	thiols	like	cysteine.	As	the	protein	scaffold,	we	used	our	
privileged	 LmrR.	Our	 generated	 artificial	 protein	 successfully	 binds	 a	 variety	 of	 platinum	group	metals.	 Sub-
sequently, we probed these enzymes in catalysis. We show the catalytic properties of the corresponding gold 
enzymes in hydroamination reactions for generating indoles.
In the future, we aim to subject our new catalytic systems to directed evolution to obtain improved reactivities 
and selectivities for the found catalytic transformations. In addition, we probe the synthesized proteins in or-
ganocatalytic transformations.

References
1) I. Drienovská, C. Mayer, C. Dulson, G. Roelfes, Nature Chem 2018, 10, 946–952 
2) R.B. Leveson-Gower, C. Mayer, G. Roelfes, Nat Rev Chem 2019, 3, 687–705

The production and assembly of LmrR_pSHF, which contains two thiophenolic residues inside a hydrophobic pocket, that can 

bind various metals to create artificial metalloenzymes.
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Sulfated-ZrO2/SBA-15 as Solid Catalyst for Plastic Pyrolysis

Jochem van de Minkelis* 1, Jan Kees van der Waal 2, Mark Roelands 2, Rinke Altink 2, Ina Vollmer 1,  
Bert Weckhuysen 1

1 Utrecht University, Utrecht, The Netherlands, 2 Brightsite, Geleen, The Netherlands

Introduction
Due to the low plastic recycling rate (12%) more focus should be on the development of recycling techniques 
to gradually move towards a circular economy [1]. For polyethylene (PE), chemical recycling via pyrolysis is an 
attractive option. The product distribution can be further tuned using suitable catalysts [2]. 
However, testing inherent catalyst activity is hampered by the low accessibility of the catalytic pores because of 
their	small	size	compared	to	polymer	chains	[3].	For	example,	for	microporous	zeolite	Y,	acidity	does	not	influ-
ence	activity	significantly.	Herein,	we	utilize	a	mesoporous	solid,	namely	SBA-15	functionalized	with	acid	sites,	
thereby	increasing	pore	accessibility	and	allowing	to	assess	the	influence	of	acidity	on	the	catalytic	performance	
in PE pyrolysis.
Results
Mesoporous	silica	 (SBA-15)–supported	sulfated	zirconia	catalysts	were	synthesized	with	different	acidities	by	
varying	the	Zr(SO₄)₂∙4H₂O	loading.	Higher	weight	loadings	resulted	in	a	higher	acidity.	The	mesoporous	channel	
structure remained intact after impregnation (Figure 1A–B).
To	evaluate	catalyst	activity,	catalytic	pyrolysis	was	performed	via	thermogravimetric	analysis	(TGA)	with	differ-
ent polymer-to-catalyst ratios. The temperature of maximum decomposition rate (Tmax) was observed as a mea-
sure for catalytic performance. Compared to Tmax of 480 °C for a low Mw PE (Mw = 4.000 g/mol), the introduction 
of	sulfated-ZrO₂/SBA-15	decreased	Tmax	by	80	°C	for	the	catalyst	with	the	lowest	acidity	and	by	120	°C	for	the	
highest acidity (Figure 1C). For a high Mw PE (Mw = 350.000 g/mol), Tmax decreased ~70 °C, independently of 
acidity,	suggesting	accessibility	limitations.	Product	analysis	revealed	that	sulfated-ZrO₂/SBA-15	produces	more	
alkenes and less coke compared to the conventional cracking catalyst zeolite Y.

References
[1] Ellen MacArthur Foundation 2016, The New Plastic Economy: Rethinking the Future of Plastics.
[2] I. Vollmer et al. 2020, Angew. Chem. Int. Ed., 36, 15402–15423.
[3] J. Socci et al. 2019, Appl. Catal. A, 570, 218–227.

Figure 1: Transmission electron microscopy (TEM) images of as-synthesized SBA-15 (A) and after impregnation with 50 

wt% Zr(SO₄)₂∙4H₂O (B). Maximum degradation temperature of TGA experiments with low Mw PE and sulfated-ZrO₂/SBA-15 

catalyst materials and their comparison with zeolite Y  (C).
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Thiourea H-bonded solid polymer electrolytes for Li-S batteries
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1 Zernike Institute for Advanced Materials, University of Groningen, Groningen, The Netherlands

Lithium-sulfur (Li–S) batteries are regarded as promising candidates for next-generation energy storage systems 
due to their high theoretical energy density and low cost. Solid polymer electrolytes (SPEs) are widely explored 
because of their good processability, high safety, and high compatibility with electrodes. However, their wide 
commercial application is limited by the low ionic conductivity at ambient temperature. H-bonded supramolec-
ular polymers were recently proposed to develop electrolytes with good conductivity and excellent mechanical 
strength, which could also impede dendrite growth and volume expansion [1]. However, the number of H-bonded 
supramolecular systems explored for battery applications is still limited. To develop these novel materials, it is 
of	vital	 importance	to	perform	fundamental	 investigations	on	the	influence	of	 lithium	salts	on	the	H-bonding	
interactions [2].
In this study, we focused on the possibility to use thiourea groups to develop SPEs. Thiourea groups mostly form 
non-linear arrays of H-bonding, which reduce the tendency to crystallize that has a negative impact on ion trans-
port [3]. Thus, a series of ether-based thiourea H-bonded supramolecular polymers were synthesized and used 
as SPEs for Li-S batteries. The mechanical properties, conductivity, and self-healing ability of the polymers with 
different	polyether	blocks	were	investigated.	The	effect	of	LiTFSI	salt	on	H-bonding	supramolecular	interactions	
was	also	 investigated	by	FTIR,	 rheology,	and	SAXS/WAXS	measurements.	With	our	 study,	we	hope	 to	provide	
guidelines on how to design supramolecular materials for battery applications.

References
[1]	D.G.	Mackanic,	X.Z.	Yan,	and	Q.H.	Zhang,	Nature	communications	10,	5384	(2019).
[2] H. Rupp, R. Bhandary, A. Kulikarni, and W. Binder, Adv. Mater. Technol. 7, 2200088 (2022).
[3] Y. Yanagisawa, Y.L. Nan, and K. Okuro, Science 359, 6371 (2018).
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A series of thiourea H-bonded self-healing supremolecular solid polymer electrolytes (SPEs) with different polyether blocks 

were proposed for Li-S batteries. Besides, The effects of lithium salt on H-bonding interaction and electrolyte performance 

were also investigated.



POSTERS 1

626

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B0293

Molecular engineering of visible-light responsive Iminothioindoxyl 
photoswitches
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2, Michiel Hilbers 5, Ben Feringa 2, Wybren Jan Buma 5, Wiktor Szymanski 1,2

1 University Medical Center Groningen, Groningen, The Netherlands, 2 University of Groningen, Groningen, The Netherlands,  
3 Palacký University in Olomouc, Olomouc, Czech Republic, 4 University of Nantes, Nantes, France , 5 University of Amsterdam, 
Amsterdam, The Netherlands

Recent	years	have	witnessed	a	surge	 in	 the	development	of	photoswitches.	Photoswitches	offer	 the	possibil-
ity of controlling properties and functions of chemical and biological systems, such as photopharmacological 
agents (1–3). However, photoswitches are often operated by UV-light, which is harmful to tissues and hampers its 
biomedical applications, thus highlighting the need for visible light-operable switches. Not only is visible light 
non-toxic, but it also penetrates tissues more deeply than UV-light (1,4).
Iminothioindoxyl	photoswitches	 (ITIs,	fig.1)	are	a	recently	reported	class	of	visible	 light-responsive	molecular	
tools with unprecedented band separation (100 nm) between the absorption bands of its isomers. The (E)-isomer 
of ITI is thermally unstable and has a half-life of several milliseconds (1,5). For applications in controlling the 
function of bioactive molecules with light, the thermal half-life of the metastable isomer of a photoswitch should 
ideally be between 0.1 – 10 seconds, which indicates that ITIs still need improvement (6).
This	poster	will	present	the	study	on	the	influence	of	substituents	on	the	half-life	of	the	(E)-isomer.	By	exploring	a	
library of prepared ITIs, we have discovered that small electron-withdrawing substituents on the ortho-positions 
were critical, allowing for increasing the half-life to several tens of milliseconds. A second library was designed 
and synthesized based on computational analysis. The poster will focus on the synthesis and spectroscopic stud-
ies of ITI photoswitches.

1. Hoorens MWH, et al. Nature Communications. 2019 Dec 1;10(1). 
2. Lerch MM, et al.. Angewandte Chemie. 2016 Sep 5;128(37):11140–63. 
3. Wang H, et al. Vol. 28, Chemistry - A European Journal. John Wiley and Sons Inc; 2022. 
4. Welleman IM, et al. Vol. 11, Chemical Science. Royal Society of Chemistry; 2020. p. 11672–91. 
5. Medved’ M, et al. Chemical Science. 2021 Mar 28;12(12):4588–98. 
6. Dong M, et al. J Am Chem Soc. 2017 Sep 27;139(38):13483–6. 
 

Influence of ortho-substituents on the half-life of ITI photoswitches
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Borax Cross-linked Starch-based Self-healing Hydrogels for Dye Removal
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Starch-based	hydrogels	 have	been	widely	 applied	 in	many	fields,	 such	 as	 food,	 pharmaceuticals,	wastewater	
treatment, and agriculture, due to their biocompatibility, biodegradability, and low cost[1]. However, their me-
chanical properties tend to decline and cannot recover after damage, hindering their practical application[2]. 
Borax is a reversible crosslinker that dissociates into borate in water[3]. The resulting borate can be used to create 
self-healing hydrogels by forming dynamic borate-diol linkages with the hydroxy groups of starch. Meanwhile, 
these linkages are pH- and temperature-responsive, rendering the developed hydrogels stimuli-responsive and 
reusable. In this work, a novel self-healing and stimuli-responsive hydrogel was successfully prepared by graft-
ing	acrylamide	onto	starches,	followed	by	crosslinking	with	borax.	The	effective	grafting	of	acrylamide	onto	the	
starches	and	the	formation	of	boronic	ester	bonds	were	both	confirmed	by	FTIR.	The	storage	modulus	 (G’)	of	
the hydrogel increased with increasing borax concentration and was higher than that without borax. At elevat-
ed temperatures, the G’ of the hydrogel decreased dramatically, and the decrease of G’ was reversible when 
cooled	down	to	room	temperature,	revealing	the	hydrogel’s	temperature-responsiveness.	Besides,	the	effects	of	
hydrogel dosage, contact time, initial pH, dye concentration, and temperature on the adsorption capacity were 
investigated.	This	study	also	showed	that	the	prepared	hydrogels	can	be	used	as	efficient	adsorbents	and	have	
good desorption capacities, making them promising materials for the removal of harmful dyes from wastewater.

References:
[1]	X.	Lan,	W.	Li,	C.	Ye,	ACS	Applied	Materials	&	Interfaces	2023,	15,	4398.
[2]	C.	Ye,	F.	Yan,	X.	Lan,	Applied	Materials	Today	2022,	29,	101683.
[3] F. Seidi, Y. Jin, J. Han, The Chemical Record 2020, 20, 1142.
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Fig. 1. Schematic illustration of the chemical structure of borax cross-linked starch-based hydrogels.
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Toward a selection platform for continuous biocatalyst evolution
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Enzymes are impressive catalysts that accelerate reactions with unmatched rates and selectivity under benign 
conditions.	Moreover,	enzymatic	features	that	warrant	improvement	can	be	tailored	to	fit	a	user’s	needs	through	
directed	evolution,	i.e.	iterative	cycles	of	diversification,	selection,	and	amplification.	Rather	than	assessing	each	
variant’s activity one-by-one (screening), we have recently developed a phenotypic selection platform that utiliz-
es	genetic	code	expansion	to	link	enzymatic	activity	to	cellular	fitness.	Here,	we	describe	how	this	high-through-
put,	survival-based	platform	allows	for	selection	on	a	population	 level,	mimicking	nature’s	survival	of	 the	fit-
test.	Specifically,	we	challenge	this	platform	to	selectively	amplify	the	best	catalysts	from	increasingly	complex	
populations, starting from two to millions of enzyme variants. Lastly, we demonstrate how our platform can be 
adapted to evolve enzymes in an autonomous and continuous manner, allowing the researcher to explore multi-
ple evolutionary trajectories simultaneously.
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Construction of Glycoassemblies by preparing Duplex-responsive Triblock 
Glycopolymers

Mokun Chen* 1, Théophile Pelras 1, Rudy Folkersma 2, Katja Loos 1

1 University of Groningen, The Netherlands, 2 NHL Stenden University of Applied Sciences, The Netherlands

Glycoassemblies derived from amphiphilic block-type glycopolymers have attracted increasing attention due to 
their wide applications, such as biomedicine and drug delivery. Especially, stimulus responsive glycoassemblies 
are deemed of great interest because of the capabilities of altering their chemical and/or physical properties. 
However, the challenges still lie in the tailoring of these aggregates through stimuli responses in their dispersion 
medium.	Herein,	we	show	that	the	pH	and	thermal	duplex-responsive	triblock	glycopolymers	could	form	differ-
ent types of glyco-inside aggregates in aqueous solution, and with changes in pH and/or temperature permitting 
the reversible transition of the glycoassemblies. By utilizing the stimulus responses of the glcopolymers, highly 
ordered	spheres,	complex	vesicles	and	stacking	flakes	were	prepared,	and	the	morphologies	were	captured	by	
CryoEM and the sizes were detected by dynamic light scattering. The formation mechanism of aggregates could 
be	explained	by	the	structure	and	configuration	of	the	glycopolymers	chains	in	water.	Thus,	this	method	provides	
a good thought to prepare glycopolymers with multiple stimulus responses, as well as to fabricate glycoasseblies 
with tunable morphologies and various sizes, which is essential to enable the wide application of glycoasseblies.

Acknowledgement
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work	is	financially	supported	by	the	China	Scholarship	Council.
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Glyco-inside assemblies with different nanostructures are fabricated by preparing pH/thermal responsive glycopolymers, and 

the responsiveness of the glycopolymer enables the reversible transition of the aggregates.
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Isomerism for ACQ-to-AIE modulation and long-lived charge separation

Swatilekha Pratihar* 1

1 IIT Madras, Chennai, India

The present study aims to demonstrate how positional isomerism can drastically alter the aggregation properties 
and	 the	back-electron	 transfer	 rate	 (kBET)	with	 the	example	of	 three	 iso-structural	fluorophores	viz.	 (E)-2-(2-
(anthracen-9-yl) vinyl) benzonitrile (ortho-CN) and (E)-4-(2-(anthracen-9-yl) vinyl) benzonitrile (para-CN), (E)-3-
(2-(anthracen-9-yl)	vinyl)	benzonitrile	(meta-CN).	By	tracking	the	evolution	of	the	excited	states	by	fluorescence	
spectroscopy	and	density	functional	theory	(DFT)	calculations,	it	is	found	that	the	inherent	“push-pull”	effect	in	
the isomers with EWG at the ortho/para position enables these isomers to undergo dark intramolecular charge 
transfer (ICT) state to highly emissive locally excited (LE) state transition on going from solution to aggregate/ 
solid	state,	thus	making	them	effective	AIE	(aggregation	induced	emission)	luminogens.	The	meta	isomer	under-
goes aggregation caused quenching (ACQ) due to the absence of such medium polarity-modulated ICT LE tran-
sition [1]. Alongside, by using time-dependent density-functional theory calculation, femtosecond, and nanosec-
ond absorption spectroscopy we demonstrate that, in presence of suitable electron donors (N, N-DEA), the rate 
of charge recombination (kBET) can be slowed up to two orders of magnitude for the ortho/para isomer over the 
meta	isomer.	A	more	vigorous	“push-pull”	effect	in	ortho/para	radical	ions	stabilizes	the	excited	charge	separated	
state	of	ortho	and	para	isomer	to	a	greater	extent	via	efficient	electronic	delocalization	[2-3].	The	details	of	the	
work will be presented.

Reference: 
1.	S.	Pratihar,	A.	Bhattacharyya	and	E.	Prasad,	Achieving	ACQ-AIE	modulation	using	isostructural	organic	fluoro-
phores, J. Photochem. Photobiol. A Chem., 2020, 396, 112458.
2. A. Bhattacharyya, P. Malakar and E. Prasad, Long lived charge separated states in vinylbenzonitrile substituted 
derivatives of pyrene and anthracene, J. Photochem. Photobiol. A Chem., 2017, 340, 88–95.
3.	S.	Pratihar,	and	E.	Prasad,	Effect	of	Positional	Isomerism	in	the	Excited	State	Charge	Transfer	Dynamics	in	An-
thracene-based	D-π-A	Systems,	Phys.	Chem.	Chem.	Phys.,	2023,	25,	5226-5236
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Designing and understanding metal-binding proteins

Britt Rooijakkers* 1, Aimee Boyle 1
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Studying structure-function relationships in natural proteins can be challenging because of their inherent com-
plexity. It is convenient to design minimal protein models which can be used to examine how structural elements 
influence	particular	functions.	We	have	designed	two	proteins,	3Hep	and	4Hep,	based	on	a	de	novo	designed	
coiled-coil peptide HisAD which selectively adopts a folded state upon addition of selected metal ions. 3Hep has 
been	successfully	produced	and	purified	and	with	CD	spectroscopy;	we	observe	that	it	is	unfolded	in	the	absence	
of	metal	yet	adopts	a	helical	structure	in	the	presence	of	Co(II),	Cu(II),	Ni(II)	and	Zn(II).	Whilst	the	amount	of	fold-
ing	is	similar	for	all	metals,	thermal	unfolding	experiments	show	a	difference	in	thermal	stability	for	the	different	
metals.	3Hep	complexed	with	Ni(II)	has	the	highest	thermal	stability,	followed	by	Co(II)	and	Zn(II).	Interestingly,	
3Hep complexed with Cu(II) has the lowest thermal stability. SEC-MALS analysis showed that 3Hep is mainly 
present	in	the	monomeric	form.	We	intend	to	use	this	scaffold	as	a	starting	point	for	designing	metal-selective	
proteins, either through a directed evolution or rational design approach.
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Supercharged Alkaline Zinc Batteries from Vo ̈/Mn-SrTiO3

Christelle Pau Ping Wong 1, Joon Ching Juan* 1
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Rechargeable	alkaline	zinc	batteries	(RAZBs)	are	promising	aqueous	battery	due	to	the	advantages	of	Zn	metal	
as	the	anode.	Although	the	Zn	anode	is	low	cost,	non-toxic,	and	intrinsic	safety,	the	use	of	metal	oxide	cathode	
suffers	from	poor	discharge	capacity	and	energy	density	in	RAZBs.	The	preparation	of	SrTiO3	and	doped	SrTiO3	as	
cathode	has	successfully	supercharged	the	RAZBs.	The	performance	of	RAZBs	is	according	to	this	order	as	follows:	
5.0% Mn-STO (744 mAh cm-3) > 1.0% Al-STO (646 mAh cm-3) > 3.0% Ni-STO (596 mAh cm-3) > STO (387 mAh 
cm-3).	The	cyclability	of	RAZBs	maintained	100%	of	its	initial	capacity	after	100	cycles.	This	is	attributed	to	the	
metal doping increased the conductivity and oxygen vacancies (Vo ̈) of pristine STO. Ti sites in STO are partially 
filled	by	dopant	atoms	leading	to	the	formation	of	oxygen	vacancies.	The	manipulation	of	Vo	 ̈ play an important 
role	in	the	electrochemical	performance	of	RAZBs	as	it	provides	more	active	sites	for	charge	storage.	Redox	reac-
tion	of	Mn	also	contributed	to	the	specific	capacity	of	RAZB.	High	energy	density	of	90	mWh	cm-3	was	obtained	
in	doped	Mn-STO	cathode	showing	the	potential	of	RAZBs.
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9-Ethynylanthracene Based Push-Pull Molecules: Photophysics and Possible 
Applications

Sonali Sahu* 1, Venkatakrishnan Parthasarathy 1, Ashok Kumar Mishra 1
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The well-known industrial dye 9,10-bis(phenylethynyl)anthracene and its derivatives have been widely studied 
in	literature	and	have	been	functionally	employed	in	various	fields	due	to	their	rich	photophysical	properties	
(Chem. Mater., 2008, 20 (1), 32–34). Here, we aim to explore the photophysical properties of their mono-substi-
tuted	analogue.	Six	9-phenylethynyl	anthracenes	were	synthesized	and	 the	fluorescence	emission	properties	
and intramolecular charge transfer (ICT) abilities were compared with regard to various electron donating and 
withdrawing substituents at the para-position of the phenyl ring (Phys. Chem. Chem. Phys., 2023, 25, 1957-
1969). The molecules were divided into two groups according to the absence and presence of ICT character ac-
cording to the experimental observations, which was supported by theoretical calculations. One compound from 
each group was chosen to make a white light emitting (WLE) solution in DMSO. This solution was further used to 
prepare a WLE gel using Poly Vinyl Alcohol as the gelator. This gave an excellent CIE index of (0.31, 0.33). Further, 
fluorescence	anisotropy	studies	show	very	good	sensitivity	of	these	compounds	towards	microviscosity	of	their	
immediate molecular environment. This property led to check the potential of these molecules in studies involv-
ing organized media. For example, N,N-dimethylamino substituted compound could sense the critical micellar 
concentration	(CMC)	of	the	bile	salt	Sodium	deoxycholate	in	aqueous	medium	in	both	fluorescence	intensity	and	
anisotropy studies. Additionally, the nitro substituted compound shows twisted ICT leading to drastic emission 
quenching and the hyper-sensitivity towards solvent polarity was used to quantitively sense moisture content 
in cyclic ether solvents like 1,4-Dioxane and THF using three parameters i.e., emission intensity decrease ratio, 
emission wavelength and lifetime values. 

We thankfully acknowledge CSIR, IIT Madras and SERB for the funding and facilities.

Figure 1. Solvatochromism of the ICT showing molecules. Figure 2. Twisting geometry of the nitro-containing compound. 

Figure 3. CIE diagram of the WLE gel and its visual emission.



POSTERS 1

634

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B0315

Coated microfluidic channels enable local feedback in CRNs

Aliye Hazal Koyuncu* 1, Jacopo  Movilli 1, Dimitrii V. Kriukov, Jurriaan Huskens, Albert S. Y. Wong 1

1 University of Twente, Enschede, The Netherlands

In	 this	work,	we	report	a	method	to	create	 reactive	surfaces	 in	microfluidic	channels,	providing	an	additional	
control element for the design of chemical reaction networks (CRNs). This work is inspired by how living sys-
tems	process	information,	which	can	dynamically	regulate	effective	concentrations	of	chemical	components	in	
biological pathways (e.g., in signalling, protein, and metabolic networks). Here, we create reactive surfaces, by 
coating	microfluidic	channels	with	poly-L-lysine	(PLL),	to	exploit	its	capacity	to	process	information	carriers.	We	
demonstrate that PLL-coated channels have higher delay compared to uncoated channels, when subjected to a 
straightforward acid-base reaction based on proton exchange. We developed a mathematical model to explain 
how	this	delay	can	be	 facilitated	by	 the	flow	rate	 (a	global	 transport	parameter)	and	 the	concentration	of	an	
indicator	molecule,	which	 in	our	case	 is	phenol	 red	 (which	effectively	acts	as	a	 transmitter).	The	observation	
that a local surface-liquid interface enables an overall nonlinear responses could provide new ways to develop 
chemical feedback loops (e.g., local reactions), with a potential to develop CRNs capable of molecular informa-
tion processing.
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Catalysis and Anti-Oxidation properties of Rutin on Steel
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Institute of Metal Research, Shenyang, China

The corrosion inhibition and catalyzing properties of Natural Rutin (NR/OM) extract were studied using electro-
chemical	techniques	as	well	as	the	effects	of	concentration,	temperature,	and	time	on	its	inhibition	performance.	
Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron Microscope (SEM) were used to investi-
gate the corrosion surface properties. The results obtained showed that the Natural Rutin, catalyzed corrosion 
catastrophically at a higher concentration of 1.0 g/L and inhibits optimally at 0.1 g/L. The corrosion catalyzing 
behavior is attributed to the formation of enough corrosion complex and the bulky nature of Rutin- polyphenolic 
molecule. NR functioned as a mixed-type corrosion inhibitor and catalyzer, while the mechanism is by adsorption 
at	the	metal-acid	interface.	The	effect	of	the	time-based	inhibition	efficiency	shows	optimal	corrosion	inhibition	
after forty-eight hours followed by a sequential decrease. The Fourier Transform Infrared Spectroscopy and Scan-
ning	Electron	Microscope	Spectra	confirmed	the	mechanism	of	corrosion	inhibition	and	give	a	clear	result	of	the	
adsorption of NR molecules on the Pipeline steel surface.
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Anti-diabetic and -atherosclerotic effects of novel dimethyl cardamonins

Sung Soo Chung* 1, Ji Seon Lee 1, Chun Hee Chang 2, Jaeyeong Choi 2, Kyong Soo Park 1, Kwangyong Park 2
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Insulin resistance usually precedes the development of type 2 diabetes. Drugs that target peroxisome prolifer-
ator-activated receptor γ (PPARγ)	or	AMP	kinase	(AMPK)	activation	have	anti-diabetic	effects	by	increasing	insu-
lin sensitivity. We previously showed that dimethyl cardamonin (DMC) directly binds to AMPK to increase fatty 
acid oxidation (FAO) in skeletal muscle and improves glucose tolerance in a high fat diet-induced obese mouse 
model. In this study, the biological activities of various newly designed and synthesized DMC derivatives were 
evaluated. Several derivatives increased not only AMPK activity but also PPARγ activity. DMC derivatives bound 
to PPARγ	with	much	lower	affinity	than	rosiglitazone,	a	well-known	PPARγ agonist, and interestingly, the binding 
site of these derivatives to PPARγ	was	analyzed	to	be	different	from	that	of	rosiglitazone.	Some	derivatives	inhib-
ited fat accumulation and adipogenesis in 3T3-L1 preadipocytes. Administration of the compounds to high-fat 
diet-induced	obese	mice	 improved	glucose	 tolerance	without	weight	gain,	whereas	pioglitazone	significantly	
increased body weight. FAO in skeletal muscle was dramatically increased by DMC derivatives, while serum and 
liver triglyceride levels were decreased. In addition, some of the derivatives inhibited PDGF-induced migration 
of vascular smooth muscle cells and adhesion of monocytes to vascular endothelial cells, suggesting that they 
have	anti-atherosclerotic	 effects.	 These	 results	 suggest	 that	DMC	derivatives	 could	be	promising	 therapeutic	
candidates for the treatment of diabetes and other metabolic syndromes as PPARγ and AMPK dual agonists.
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Improved copper-mediated [18F]-fluorination of arenes from boronic esters

Annemarie Doze* 1,2, Maria Kominia 1, Simon Blok 1, Gert Luurtsema 1, Wiktor Szymanski 2,3, Ben Feringa 2,  
Philip Elsinga 1

1 Department of Nuclear Medicine and Molecular Imaging, University Medical Center Groningen, Groningen, The Netherlands,  
2 Center of Systems Chemistry, Stratingh Institute for Chemistry, Faculty of Science and Engineering, University of Groningen, 
Groningen, The Netherlands, 3Department of Radiology, Medical Imaging Center, University Medical Center Groningen, Groningen, 
The Netherlands

Positron Emission Tomography (PET) is a molecular imaging technique characterized by its extraordinary sensi-
tivity. [1] It allows visualization of physiological processes at the molecular level with high resolution, used for 
clinical	diagnosis.	The	most	predominant	PET	radionuclide	is	fluorine-18,	due	to	its	excellent	nuclear	imaging	
properties and availability from commercial cyclotrons. 
¹⁸F-labelled	aromatics	are	often	used	due	to	the	metabolic	stability	of	the	C-F	bond,	which	is	important	to	reduce	
background	signal	and	accumulation	of	¹⁸F-fluoride	 in	 the	skeleton.	 [2,3]	 	A	highly	promising	method	for	 the	
¹⁸F-labelling	of	arenes	is	the	copper-catalyzed	radiofluorination	of	pinacol	boronic	acid	esters	introduced	by	the	
Gouveneur group. [4]  Following the work of Sanford and Scott, this is based on the copper-promoted Chan-Lam 
type C-F cross-coupling. [5] The method tolerates a wide range of functional groups, enabling its application for 
a variety of aromatic systems including clinically relevant radiotracers. 
Despite	the	success	of	this	copper-mediated	radiofluorination,	this	method	has	revealed	several	problems	in-
cluding	modest	or	fluctuating	radiochemical	yields	and	practical	challenges	in	purification	of	the	pinacol	boronic	
acid	precursors.	[6]	In	this	work,	we	present	an	improved	copper-mediated	¹⁸F-fluorination	of	arenes	based	on	a	
different	boronic	ester	precursor.	This	has	shown	to	be	more	stable,	easier	to	purify	and	results	in	¹⁸F-fluorination	
with high and reproducible yields. 

		[1]	Z.	Liu,	Y.	Sun	and	T.	Liu,	Front.	Chem.	2022,	10,	883866
  [2] J. Wright et al., Clin. Trans. Im. 2020, 8, 167-206
  [3] M. Kuchar and C. Mamat, Molecules 2015,  20, 9, 16186–16220
  [4] M. Tredwell et al., Angew. Chem. Int. Ed. 2014, 53, 7751-7755
  [5] A. Mossine et al., Org. Lett. 2015, 17, 23, 5780-5783
  [6] V. Orlovskaya et al., Eur. J. Org. Chem. 2020, 7079-7086
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Discrete ruthenium and osmium derivatives of Modified lawsone

Yogita Arya* 1, Goutam Kumar Lahiri  1
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The	conformational	flexibility	of	the	hinge-like	H₂L	(2,2’-bislawsone	or	3-hydroxy-1,4-napthoquinone)	due	to	its	
free rotation about the central C-C single bond involving two hydroxynaphthoquinone units provides structural 
diversities including supramolecular assemblies, zig-zag, helix, square, and Cu, Co based coordination polymers 
and	less	explored	azo	appended	modified	lawsone	(lawsone:	2-hydroxy-1,4-naphthoquinone,	a	natural	dye	ma-
terial	extracted	from	the	henna	plant	and	also	used	in	the	biochemical	fuel	cells)¹	derived	HL₁	or	HL₂	on	selec-
tive metal coordination situations. In the same context, the present deliberation is intended to highlight our 
recent contribution in the direction of developing L²-derived discrete diruthenium ([1](ClO„)‚ (S=0), 2 (S=1) and 
monoruthenium 3 (S=0)) frameworks.² In addition, it also highlights the transformation of bis-lawsone (H‚L) to 
deprotonated 3-(1.3-Dioxoindan-2-yl)-2-hydroxy-1,4-naphthoquinone (L ‘²-) on the selective osmium platform 
to give monomeric frameworks 4 (S=0) and 5 (S=0) where one of the hydroxynaphthoquinone units of H‚L has 
been transformed to 1,3-dioxoindan via C-C bond activation step.³ On the other hand, with azo appended modi-
fied	lawsone	is	deliberated	in	the	direction	of	developing	L	-	or	L‚-	derived	discrete	monoruthenium	frameworks	
6/10 (S=1/2), [7]ClO„/[11]ClO„ (S=0), [8]ClO„/[12]ClO„ (S=0), and 9/13 (S=0).t Besides structural authentication 
of 1n-13n, mechanistic outlook and electronic structural aspects in accessible redox states of the complexes 
including mixed valent features have been investigated via UV-Vis-NIR-EPR spectroelectrochemistry in combina-
tion with DFT/TD-DFT calculations and these studies have revealed bidirectional non-innocence of L²-/L -/L‚-un-
der the stated selective coordination situations. 

References:
1. ACS Energy Lett. 2019, 4, 1880-1887.
2. Dalton Trans. 2022, 51, 10441-10456.
3. Inorg. Chem. 2021, 60, 11883-11887.
4. Chem. Eur. J. 2023, 10.1002/chem.202204049.
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PH-dependent conformational changes of membrane protein PsbS.

Anouska Van Troost* 1, Willem  Marulanda Valencia  1, Anjali Pandit 1

1 Leiden University, Leiden, The Netherlands

During photosynthesis light energy is converted to chemical energy. This is done via the excitation of electrons 
in the Light harvesting complex of the photosynthetic pathway. However, at excess light, photooxidative damage 
can occur in the plant. This happens when an overload of energy is deposited on nearby formed oxygen creat-
ing reactive oxygen species. To prevent damage, the plant dissipates excess energy as heat in a process called 
non-photochemical quenching (NPQ). In higher plants the pH-sensing protein Photosystem II subunit S (PsbS) 
protein	is	a	key	player	in	sensing	light	stress	by	changes	in	luminal	pH	(fig	1).	The	molecular	mechanisms	of	this	
process are not well known yet. Understanding of the molecular mechanism of PsbS will create new possibili-
ties for optimization of biomass production via adjustment of NPQ. The change  in luminal pH is sensed by two 
glutamates (E69 and E173) that induce conformational changes upon protonation. This project looks at the con-
formational changes of PsbS in response to pH changes. The protein was produced in E.coli cells and 13C/15N 
labeled by optimizing its growth in minimal medium. PsbS is a membrane protein and the recombinant protein 
was refolded in n-Dodecyl-B-D-Maltoside (DDM) detergent micelles. PsbS conformation and protonation states 
at	different	pH	were	assessed	by	13C/15N	NMR	spectroscopy	in	liquid	and	solid	state.

Figure 1: Schematic illustration of PsbS conformation changes caused by the different pH on the lumen side.
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Furfural-derived butenolides to replace acrylates in coatings
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Photo-oxidation	of	waste	biomass-derived	furfural	with	singlet	oxygen	affords	hydroxy	butenolide,	a	singly	re-
duced	derivative	of	maleic	anhydride,	with	minimal	waste	 in	matter	and	energy.	This	efficient	process	can	be	
performed	both	in	batch	and	flow	setups.	Hydroxy	butenolide	can	be	further	derivatized	through	its	acetal	moi-
ety, for instance by condensation with a variety of (potentially bio-based) alcohols. The resulting butenolides are 
cyclic acetals which incorporate an acrylate motif and thus constitute a sustainable alternative to acrylate-based 
polymers	used	in	the	coatings	industry.	The	variability	in	the	substituents	and	in	the	co-monomers	offers	a	con-
trol on both the reactivity during radical polymerization and on the coating properties following cross-linking. 
The versatility of this new platform holds many promises for bio-based polymers and coatings, and beyond that 
for functional materials.
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Diverse Electronic Forms of Ruthenium-Azobenzazoles

Aditi Singh* 1, G. K. Lahiri 1

1 Indian Institute of Technology, Bombay, Mumbai, India

Incorporation	of	redox	active	ligands	in	transition	metal	complexes	extended	their	efficacy	towards	multi-electron	
transfer processes due to the accessibility to attain variable electronic states.[1,2] In this context, electronic struc-
tural aspects of ruthenium-azo (N=N, azobenzazoles; [-N-N-]0/•-/2-) complexes were assessed as a function of 
varying	ancillary	ligands	i.e.	electron	rich	acetylacetonato	(acac)	to	moderately	electron	deficient	2,2’-bipyridine	
(bpy)] to electronically poor phenylazopyridine (pap). In this occasion, electron rich Ru(acac)2 in presence of abbt 
(2,2’-azobis(benzothiazole) led to metal-to-ligand charge transfer (MLCT)) mediated isolation of excited electron-
ic state [(acac)2RuIII-abbt•-] and valence tautomers [(acac)2Ru2.5(μ-abbt•-)Ru2.5(acac)2]/[(acac)2RuIII(μ-abbt2-)
RuIII(acac)2].[3] On contrary, the use of relatively electron rich abim (azobis(1-methylbenzimidazole)) directed 
the exclusive formation of the two-step intramolecular electron transfer (IET) product [(acac)2RuIII(μ-abim2-)
RuIII(acac)2].[4] Moreover, generation of bi-stable electronic forms [RuII(bpy)2(abbt0)]2+/ RuII(bpy)2(abbt•-)]+ 
and	[RuII(pap)2(abbt•-)]+	on	interaction	of	abbt	with	{RuII(bpy)2}	and	{RuII(pap)2}	fragments,	respectively,	(Fig-
ure) re-established the electron reservoir property of azo ligand via the involvement of polar protic solvent as 
an oxidant (benzyl alcohol to benzaldehyde).[5] Besides structural authentication, accessible redox states of the 
complexes were scrutinized by spectroelectrochemistry (UV-vis/EPR) in conjunction with their computational 
(DFT/TD-DFT) studies.

References:
1. J. Am. Chem. Soc. 2012, 134, 6520-6523.
2. Chem. Rev. 2020, 120, 5582-5636.
3. Angew. Chem. Int. Ed. 2021, 60, 11206-11210.
4. Dalton Trans. 2022, 51, 2547-2559.
5. Inorg.Chem. 2021, 60, 18260-18269.
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Novel solid-state electrolyte composites for lithium-ion batteries
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Although rechargeable lithium-ion batteries have been widely used in electronic products, their traditional liquid 
electrolytes	are	not	optimal	since	they	present	problems	such	as	easy	leakage,	flammability,	narrow	operating	
temperature range, and poor safety. In order to solve the above problems and at the same time increase the 
energy density of the battery, all-solid-state lithium-ion batteries have received great attention. Among the dif-
ferent categories of solid-state electrolytes, inorganic solid-state electrolytes, polymer solid-state electrolytes 
and their composite are considered to be the most promising solid-state electrolytes. Various inorganic materials 
have been explored in combination with polymers to construct such electrolytes, namely nanoparticles, nano-
tubes, 2D nanosheets and larger 3D inorganic structures.
MXenes	are	emerging	2D	nanomaterials	with	 tunable	surface	 terminations	 that	due	 to	 their	unique	structure	
and	properties	have	demonstrated	potential	for	many	interesting	applications	in	fields	such	as	supercapacitors	
and	batteries.	The	first	MXene	and	polymer	composites	or	hybrids	to	serve	as	solid-state	electrolytes	have	been	
recently proposed.[1-4] Yet, there is still a lot to improve in these interesting systems.
In	this	project,	we	intend	to	contribute	to	this	field	by	developing	efficient	composite	electrolytes	with	a	unique	
structure	based	on	PEG-grafted	MXenes	dispersed	in	a	PVDF-HPF	matrix.	After	continuous	optimization	of	the	
experimental procedure, we obtained a high ionic conductivity of 2.78×10-4 S cm-1 at room temperature. Com-
pared to other solid electrolytes of the similar type, our material shows better results and after the full character-
ization study, it will undergo battery testing.



POSTERS 1

643

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B0369

PHOSPHINES WITH AMIDO FUNCTIONALITIES: CHEMISTRY AND CATALYTIC 
APPLICATIONS

Gazal Sabharwal* 1, M.S Balakrishna 1

1 IIT Bombay, Mumbai, India

The catalytic potential of phosphorus chemistry as well as the great structural diversity that may be attained in 
the	design	of	phosphorus-based	 ligands,	have	sparked	attention	and	development.	Tertiary	phosphines	 (PR₃)	
are widely used in coordination chemistry and metal mediated catalysis due to their varied donor and acceptor 
properties and also their ability to stabilize metals in their low valent states¹. Phosphines with hemilabile donor 
functionalities have generated considerable interest both as ligands and ideal candidates for catalyst generation 
because of unique reactivity and coordination modes². Pincer complexes of phosphines with hemilabile donor 
centers	have	proved	to	be	efficient	catalysts	for	a	variety	of	organic	transformations³.	Herein	we	describe	the	
synthesis of a PNN type pincer capable ligand and its metal complexes and perform palladium pincer complex 
promoted Suzuki-Miyaura cross coupling reaction between aryl halides and boronic acids. The synthetic details 
and structural aspects will be presented in poster.
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with	top-notch	research	facilities	and	equipment,	and	TA	Fellowship	for	financial	assistance.
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57 (12), 7468-7480.
2. Kashid, V. S.; Radhakrishna, L.; Balakrishna, M. S., First examples of tri- and tetraphosphametacyclophanes: 
synthesis and isolation of an unusual hexapalladium complex containing pincer units with Pd–P covalent bonds. 
Dalton Trans. 2017, 46 (20), 6510-6513.
3. Kunchur, H. S.; Radhakrishna, L.; Pandey, M. K.; Balakrishna, M. S., Novel approach to benzo-fused 1,2-azaphos-
pholene involving a Pd(ii)-assisted tandem P–C bond cleavage and P–N bond formation reaction. Chem. Commun. 
2021, 57 (39), 4835-4838.

Synthesis of transition metal complexes of PNN donor ligand and Palladium pincer complex promoted Suzuki-Miyaura cross 

coupling reaction between aryl halides and boronic acids.
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Dynamic Non-Covalent Surfaces for Cardiomyocyte Stimulation
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The use of human pluripotent stem cells (hPSC) in vitro models provides a better representation of human phys-
iology.	 However,	 hPSC-derived	 cardiomyocytes	 (hPSC-CM)	 are	 still	 in	 an	 immature	 state	 after	 differentiation,	
characterized by weak spontaneous contraction. Chemical, mechanical and electrical stimulation is important to 
mature	hPSC-CMs.	Understanding	the	effect	of	stimulation	can	improve	hPSC-CM	differentiation.
We propose a simple 2D platform using Self-Assembled Monolayers of alkanethiols on gold to study the impact 
of	different	stimulations	on	hPSC-CM.	Bioactive	surfaces	are	fabricated	using	curcubit[8]uril	 (CB[8])-mediated	
dynamic host-guest chemistry. CB[8] allows two guests in its cavity and by using methylviologen (MV²+) as one 
of the guests the system is responsive to electrical stimuli.To make the surface cell-adhesive we used N-termi-
nated naphthol-RGD peptide as previously described [1]. However, hPSC-CM formed a monolayer of cells with 
organized sarcomeres - structures responsible for CM contraction - independently of the presence of the RGD 
peptide.
We	conclude	 that	 CB[8]	 and	 its	 smaller	 CB[7]	 analogue	 are	 suitable	 surfaces	 to	 culture	 hPSC-CM.	 This	 offers	
the	opportunity	to	test	chemical	and	electrical	stimulation.	Timely	release	of	molecules	that	affect	CM	can	be	
achieved by using MV²+ as one of the guests and applying a negative electrical potential to the surface. The ef-
fect of electrical stimulation can be analysed by applying positive electrical pulses that will not alter the surface 
but pace the cells. Therefore, we will use this surface chemistry to assess the changes of hPSC-CM behaviour and 
molecular landscape regarding a single relevant stimulus.
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[1] Q. An, J. Brinkmann, J. Huskens, S. Krabbenborg, J. deBoer, and P. Jonkheijm, “A supramolecular system for the 
electrochemically controlled release of cells,” Angewandte Chemie International Edition, vol. 51, no. 49, pp. 12 
233–12 237, 2012.
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Doubly BF2 Appended Phosphines: Copper Complexes, Photophysical 
Studies

Manali Mohite* 1
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Molecules	with	 extended	π-conjugation	 have	drawn	 considerable	 attention	 in	 the	 last	 two	decades	 because	
of their intriguing optical and electronic properties,¹ and also their wide applications in organic light emitting 
diodes	 (OLEDs),	 organic	 field-effect	 transistors	 (OFETs),	 polymer	 solar	 cells	 (PSCs)	 and	 organic	 photovoltaics	
(OPVs).²	The	incorporation	of	heteroatoms	such	as	boron,	nitrogen	and	phosphorus	assists	in	fine	tuning	the	opti-
cal	and	electronic	properties	of	natural	π-conjugated	materials.	Here	in	we	report	the	synthesis	of	2,2’-Bipyridine	
based	bisphosphine	[C₅H₃N{N(H)CH₂PPh₂}]₂	(1)	and	its	bischalcogenide	derivatives	[C₅H₃N{N(H)CH₂P(E)Ph₂}]₂	
(2,	E	=	O;	3,	E	=	S;	4,	E	=	Se)	which	were	further	reacted	with	BF₃·Et₂O/Et₃N	to	form	doubly	B←N fused compounds 
[C₅H₃N(BF₂){NCH₂P(E)Ph₂}]₂	(5,	E	=	O;	6,	E	=	S;	7,	E	=	Se)	in	excellent	yields.³	Single	crystal	X-ray	structures	of	
5-7 indicate the phosphine arms oriented on the same side probably to achieve the planarity with respect to the 
bipyridine	ring.	The	structural	distortions	were	observed	as	reflected	in	mean	plane	deviation	and	dislocation	of	
the boron atoms from the bipyridine backbone. Impacts on photophysical study of 6 were carried out with cop-
per(I)	salts.	Treatment	of	6	with	CuX	in	1:1	molar	ratio	afforded	2D	coordination	polymer	8-10,	and	Cu-complexes	
showed	enhancement	in	the	fluorescence	property.

References:
1)G.	Zhang,	J.	Zhao,	P.	C.	Y.	Chow,	K.	Jiang,	J.	Zhang,	Z.	Zhu,	J.	Zhang,	F.	Huang	and	H.	Yan,	Chem.	Rev.,	2018,	118,	
3447–3507.
2)K. Matsuo and T. Yasuda, Chem. Commun., 2017, 53, 8723– 8726.
3)D. Mondal, G. Sardar, D. Kabra, M. S. Balakrishna, Dalton Trans. 2022, 51, 6884-6898.

Treatment of 6 with CuX (X = Cl, Br, I) in 1:1 molar ratio afforded 2D coordination polymer 8-10, and Cu-complexes showed 

enhancement in the fluorescence property.
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Hydrodechlorination of Chloroform over Pt-based Catalysts
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Chloromethanes are widely used as solvents, and produced as byproducts and intermediates in the chemical 
industry. These compounds, however, cause serious problems when released in the environment [1, 2]. Catalytic 
hydrodechlorination,	an	effective	treatment	to	remove	chlorinated	pollutants,	can	operate	at	moderate	condi-
tions for the upgrading of chloromethanes to valuable products [3].
Compared	to	other	carriers	used	for	Pt-based	catalysts	in	terms	of	hydrodechlorination	of	CHCl₃,	γ-Al₂O₃-sup-
ported	Pt	catalyst	exhibits	the	best	activity	at	relatively	low	temperature	(Figure	1a),	and	the	selectivity	of	CH₄	
and	CH₂Cl₂	are	quantified	as	70%	and	30%,	respectively.	The	high-resolution	TEM	(HR-TEM)	image	demonstrates	
the presence of highly dispersed Pt nanoclusters on γ-Al₂O₃	with	an	average	size	of	0.9	nm,	implying	the	high	
activity of Pt-based catalyst using γ-Al₂O₃	as	the	carrier	in	the	hydrodechlorination	of	CHCl₃	at	a	relatively	low	
temperature (Figure 1b). As depicted in Figures 1c, the Pt/γ-Al₂O₃	catalyst	material	exhibits	outstanding	stability	
over	10	h	of	operation,	achieving	100%	conversion	of	CHCl₃	under	continuous	conditions	at	180	°C.	As	previ-
ously	indicated,	CH₄	is	the	primary	product	observed	in	the	hydrodechlorination	reaction	utilizing	the	Pt/γ-Al₂O₃	
catalyst. As a result, γ-Al₂O₃	is	regarded	as	a	highly	potential	support	material	for	further	 investigation	in	the	
catalytic	hydrodechlorination	of	CHCl₃.

[1] A.W.A.M. van der Heijden et al., Angew. Chem. Int. Ed. 2008, 47, 5002.
[2] P. Van der Avert et al., Angew. Chem. Int. Ed. 2002, 41, 4730.
[3] S. Liu et al., Catalysts 2020, 10, 1462.

Figure 1 (a) Catalytic performance of Pt-based catalysts on CHCl₃ hydrodechlorination with different carriers. (b) HR-TEM of 

the Pt/γ-Al₂O₃ catalyst. (c) Evolution of CHCl₃ conversion and selectivity to CH₂Cl₂ and CH₄ with increasing time on stream for 

the Pt/γ-Al₂O₃ catalyst.
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Catalytical Studies of Iminophosphorane Based Tethered Ru(II) Complexes
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Ligands having dangling aromatic groups close to the coordinating atoms are of great interest because of their 
ability to exhibit η²-η⁶	binding	modes	depending	on	the	electronic	situation	at	the	metal	center	to	form	teth-
ered	 complexes.¹	 ²	Well-defined	 tethered	 ruthenium	 complexes	 are	 potential	 catalysts	 for	 the	 reduction	 of	
imines, transfer hydrogenation of ketones, etc.³ Previously our group reported η⁶-arene	coordinated	tethered	
Ru(II)	complexes	which	were	found	to	be	excellent	catalysts	for	styrene	oxidation.⁴	Herein,	we	have	synthesized	
iminophosphorane-phosphine	ligand	[Ar*N=PPh₂CH₂PPh₂]	(1)	based	on	bulky	2,6-dibenzhydryl-4-methylphenyl	
core via Staudinger reaction and their Ru(II) complexes. The reaction of 1 with [Ru(η⁶-p-cymene)Cl₂]₂	resulted	
in	 a	mononuclear	 complex	 [RuCl₂{(η⁶-p-cymene)(PPh₂CH₂Ph₂P=NAr*)-κ¹-P}]	 (2).	 Interestingly,	 upon	 refluxing	
in	chlorobenzene	at	different	reaction	conditions	afforded	the	tethered	Ru(II)	complexes	[RuCl{(Ar*N=PPh₂CH-
POPh₂)-κ²-N,C}]	 (3)	 and	 	 [RuCl{(Ar*N=PPh(C₆H₄)CH₂POPh₂)-κ²-N,C}]	 (4),	 respectively.	 The	 tethered	 complex	 4	
showed good catalytic activity towards the transfer hydrogenation of aromatic ketones.

References:
1. Arquier, D.; Vendier, L.; Miqueu, K.; Sotiropoulos, J.-M.; Bastin, S.; Igau, A., Organometallics 2009, 28 (17), 4945-
4957.
2. Navarro, M.; Vidal, D.; Clavero, P.; Grabulosa, A.; Muller, G., Organometallics 2015, 34 (5), 973-994.
3.	G.	Nedden,	H.;	Zanotti-Gerosa,	A.;	Wills,	M.,	The	chemical	record	2016,	16	(6),	2623-2643.
4. Pandey, M. K.; Mague, J. T.; Balakrishna, M. S., Inorg. Chem. 2018, 57 (12), 7468-7480.

Synthesis of Ruthenium Complexes 2−4 and its catalytical application.
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Stimuli-responsive ferrocene molecular nanohoops
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[n]Cycloparaphenylenes ([n]CPPs) are macrocycles consisting solely of n benzene rings connected via their para 
positions.	They	represent	the	shortest	armchair	carbon	nanotubes.	Although	envisioned	decades	ago,	the	first	
synthesis of these strained molecules was accomplished only in 2008¹ and opened new frontiers in aromatic 
hydrocarbons research. Small [n]CPPs (n = 5–12) exhibit unique size-dependent optoelectronic properties with 
applications in bioimaging, sensing and optoelectronic materials.² 
[n]CPPs possess a rigid cavity with a high electron density making them excellent hosts for electron-poor guests. 
As	an	example,	fullerene	C₆₀	is	encapsulated	by	[10]CPP	with	impressive	Ka	=	2.79	×	10⁶	L-1	mol	in	toluene,	due	
to	the	matching	size	and	curvature	of	the	host	and	the	guest.³	However,	C₆₀	cannot	be	easily	released	because	it	
is not yet possible to adjust the shape of the cavity. Controlling the shape of the cavity reversibly, e.g., through an 
external stimulus, would open new avenues to govern the [n]CPP–guest interactions. To this date, there is a single 
attempt	to	achieve	such	control	by	incorporating	azobenzene	photoswitch	into	[n]CPP	structure.⁴	However,	the	
switching is strongly limited by the [n]CPP size. 
In this work, I use ferrocene as a molecular hinge in the [n]CPP backbone to alter the macrocycle curvature re-
versibly. The control over the geometry of the cavity will thus allow for uptake and release of guests, such as 
fullerenes,	at	will.	Moreover,	since	ferrocene	is	a	known	mechanophore,⁵	incorporation	of	ferrocene–[n]CPPs	into	
polymers will allow to tailor their macroscopic response to mechanical stress. 

[1] J. Am. Chem. Soc., 2008, 130, 17646–17647.
[2] Nat. Rev. Chem., 2019, 3, 672–686.
[3] Angew. Chem. Int. Ed., 2011, 50, 8342–8344.
[4] Photochem. Photobiol., 2019, 382, 111878.
[5] Nat. Chem., 2021, 13, 56-62.
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Cycloparaphenylene double hoops as materials for display applications
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Cycloparaphenylenes ([n]CPPs) represent the shortest armchair carbon nanotubes. Their curved, cyclic structure 
endows them with unique properties that have captured attention from both fundamental and practical perspec-
tives.	[n]CPPs	display	exceptional	luminescent	characteristics,	such	as	visible-light	fluorescence,	high	quantum	
yields	and	large	Stokes	shifts.	[1-2]	The	recent	discovery	of	the	thermally	activated	delayed	fluorescence	in	CPPs	
has been recently utilized to construct organic light emitting diodes (OLEDs). [3] Therefore, CPPs are highly prom-
ising candidates as organic semiconductors and imaging probes. [4-5]
Introducing chirality into achiral CPPs could further expand the possibilities for the development of materials for 
chiral	sensing	and	transparent	displays	in	OLEDs.	[3]	Recently,	CPP-derived	molecules	with	figure-eight	shapes,	
such as CPP lemniscates or helicene nanohoops, that possess inherent chirality and promising CPL properties 
were reported. [6-8]
In this work, we aim to synthesize and investigate [n]CPP double hoops with a rigid [2.2]paracyclophane core that 
serves	as	a	stereogenic	element	(see	figure	below).	The	figure-eight	arrangement	of	benzene	rings	around	the	pa-
racyclophane	core	results	in	a	configurationally	stable	system	with	enhanced	electronic	communication	through-
out the entire molecule. With the development of these architectures, it will be possible to achieve new molecu-
lar topologies with improved photophysical and chiroptical properties for the applications of CPL in OLEDs. 

References: 
[1] J. Am. Chem. Soc. 2008, 130, 17646
[2] Chem. Soc. Rev. 2015, 44, 6401 
[3] Org. Lett. 2023, DOI: 10.1021/acs.orglett.3c00127
[4] J. Phys. Chem. C 2016, 120, 17, 9104
[5] ACS Nano 2021, 15, 9, 15285
[6] J. Am. Chem. Soc. 2019, 141, 7421
[7] Org. Lett. 2020, 22, 23, 9276
[8] Angew. Chem. Int. Ed. 2022, 61, e202208591
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Structure of the figure-eight-shaped cycloparaphenylene double hoop (double bonds in the benzene rings marked in red and 

blue colors are omitted for better representation)
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Photoredox Catalysis in Confined Spaces
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With the large demand of energy worldwide, the use of fossil fuels will reach its limit as a
non-renewable energy source. Therefore, a sustainable approach is required where the energy
can be collected and used from more abundant and renewable sources. Light, which is nontoxic
and inexpensive as it is available from our sun, has been investigated a lot over the past
decades	in	chemical	applications.	Mainly	the	field	of	photoredox	chemistry	has	displayed	the
ability to perform chemical reactions at milder conditions by the use of a photosensitizer, a
molecule which is excited by light and can participate in the chemical reaction by either single
electron transfer or energy transfer.[1]
Unfortunately, photoredox chemistry comes with three big challenges, namely i)
photodegradation of the photosensitizer ii) electron-hole recombination and iii) achieving
enantioselectivity.[1] A potential solution for these challenges could be incorporating the
photosensitizers as ligands in metal-organic cages (MOC). MOCs have proven in literature to
stabilize ligands[2], pre-organize substrates in the cavity by various interactions[3] and transfer
chirality	from	the	host	the	to	product	by	performing	reactions	in	a	chiral	confined	space.[4]
This project focuses on using such photoactive MOCs for (enantioselective) light-driven
catalysis	to	explore	various	reactions	that	could	be	beneficial	for	further	applications.

- Close proximity of the photosensitizer and the substrate because of binding in the cavity

- Stabilization of the photosensitizer

- Use of a chiral photosensitizer creates a chiral surrounding, enabling enantioselective catalysis
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Towards Radial Polymers

Sergey Fisher* 1, Tomáš Šolomek 1

1 University of Amsterdam, Amsterdam, Netherlands

The demand to miniaturize electronics has stimulated researchers in pursue of new classes of nanomaterials such 
as	single-walled	carbon	nanotubes	(SWCNTs).	Many	properties	of	SWCNTs	are	strongly	chirality-specific	but	tradi-
tional	top-down	synthesis	of	SWCNTs	typically	provides	only	mixed	samples.[1]	Consequently,	chirality-specific	
formation of SWCNTs remains a formidable challenge and only in a few instances the control over the chirality 
and diameter has been successfully achieved.[2]  On the contrary, bottom-up strategies may allow to produce 
specific	SWNCTs	by	elongation	of	structurally	precise	macrocyclic	precursors.[3]	Although	the	challenging	syn-
thesis of these molecular “seeds” has been achieved, their polymerization has not been properly explored and 
represents a synthetic challenge. 
The limits in the synthesis of SWCNTs motivated us to search for synthetic alternatives to SWCNTs that could 
(1)	allow	for	both	the	radial	and	linear	π-electron	conjugation	analogous	to	SWCNTs	but	(2)	to	use	known	and	
well-established chemistry of conducting co-polymers. Therefore, we designed radial polymers that possess the 
π-electron	surface	oriented	perpendicular	to	the	polymer	backbone	as	in	the	SWCNTs.	Such	polymers	could	be	
assembled by a co-polymerization of easily accessible macrocyclic monomers and linear linkers allowing for a 
high	modularity	to	tailor	the	properties	for	specific	applications.
Here, we will present the synthesis of functionalized macrocycles based on pyromellitic dianhydride that allows 
for radial electron conjugation.[4] Subsequently, the initial attempts to co-polymerize the macrocycles (1) cova-
lently by Suzuki–Miyaura or Sonogashira cross-coupling reactions and (2) non-covalently via a supramolecular 
polymerization based on halogen-bonding into tubular structures will be discussed.

References: 
[1]Chem. Soc. Rev. 2013, 42, 2824. 
[2]Nature 2010, 466, 470.
[3]Nat. Chem. 2022, 14, 507.
[4]Chem. Eur. J. 2002, 8, 2484.
[5]J. Am. Chem. Soc. 2017, 139, 6635.
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Inducing defects in colloidal crystals

Max Schelling* 1, Tom Sparidans 1, Janne-Mieke Meijer 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Crystal	defects	are	imperfections	that	occur	in	any	crystalline	material	and	can	crucially	influence	the	mechan-
ical, structural, and optical properties of the material. Colloidal crystals serve as useful model systems to study 
defect phenomena due to their similarities with atomic/molecular crystal systems. Although defect structures in 
colloidal crystals have been addressed [1, 2], little is known about how (point) defects interact and the mecha-
nisms	of	their	diffusion	in	3D,	due	to	the	lack	of	experimental	control	over	the	defect	formation.	
We developed a colloidal system in which (point) defect formation in 3D crystals can be controlled in-situ. This 
system consists of thermoresponsive poly(N-isopropyl acrylamide) microgels [3] embedded in a crystal of non-re-
sponsive colloids. Heating and cooling the system results in shrinking and swelling of the embedded microgels, 
and subsequently induce vacancy-like defects and interstitials, respectively (see Figure). The concentration of 
defects can be easily controlled by changing the mixing ratio of microgels and non-responsive colloids.
Temperature-controlled confocal microscopy experiments were performed to study the formation of defects in 
3D, as well as the resulting stress relaxations after defect formation. By using particle tracking routines, the 
colloidal particles and defects were followed in time, which allows to investigate the local crystal deformation 
around defects on a single-particle level. Ultimately, this project aims to provide fundamental insight into the 
formation and dynamics of defects.

References:
[1] R.M. Alkemade et al., J. Chem. Phys., 2021, 154, 164905
[2] M. de Jager et al., Soft Matter, 2021, 17, 5718-5729
[3] J. Appel et al., Part. Part. Syst. Charact., 2015, 32, 764-770

Conceptual visualization of inducing vacancy-like and interstitial defects using thermoresponsive microgel particles.
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Chemical characterisation of Cucumeropsis mannii Naud. seeds.

Hermeline Ntalani* 1, Ravelle Duclérine Ngouanou 1, Lucien Meril Bassinga Moussounda 1

1 Marien Ngouabi University, Brazzaville, Congo

Goal 6, one of the 17 Sustainable Development Goals adopted in 2015 as part of the United Nations 2030 Agenda, 
proposes to “ensure the availability and sustainable management of water and sanitation for all”. In developing 
countries, 97% of the population in rural areas do not have access to piped water supply.   It is in the context of 
implementing this objective that we are conducting research into natural coagulants of plant origin. The species 
Cucumeropsis mannii Naud. was studied and Moringa oleifera Lam. was used as a reference in this study because 
of	its	coagulant	activity	due	to	cationic	polypeptide-type	polyelectrolytes	and	proven	in	water	clarification.
The aim of this study was to characterize the proteins in the coagulating solutions of C. mannii and M. oleifera 
seed powders.  Steric exclusion high performance liquid chromatography (SE-HPLC) was performed on a Super-
dex column in the range of 10 kDa to 500 kDa and on a Shodex column in the range of 204 Da to 35000 Da. SDS 
PAGE electrophoresis was also performed. The results obtained showed that the coagulating solutions of C. man-
nii and M. oleifera contain mostly small proteins, 75.4% and 94.4% of which have molecular masses lower than 
10 kDa. Majority peaks are obtained around 40 minutes of elution, which corresponds to peptides with molecular 
masses	of	500	Da	to	1500	Da.	These	results	are	in	agreement	with	the	SDS	PAGE	analyses,	which	show	significant	
bands around 10 kDa for the coagulating solutions of the seed powders of these two plants.  The results of the 
Jar-Test	clarification	tests	of	raw	water	samples	of	131	NTU	and	32.75	NTU	turbidity	with	the	solutions	of	the	
seed powders of these two plants showed turbidity reduction percentages higher than 90%.
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Profiling S-palmitoylation during neuronal differentiation of SH-SY5Y cells

Samiksha Sardana* 1, Marc Baggelaar 1

1 Utrecht University, Utrecht, The Netherlands

S-palmitoylation is the covalent attachment of palmitic acid to cysteine residues through a thioester bond, and is 
the	most	abundant	lipid	post-translational	modification.1		This	reversible	modification	is	highly	abundant	in	neu-
rons, where it plays a fundamental role in neuronal development and has been implicated in many neurodegen-
erative disorders, including Alzheimer’s disease.2 However, knowledge of S-palmitoylation in neurodevelopment 
is	lagging	due	to	the	technological	challenges	associated	with	analysing	this	lipid	modification.	To	avoid	these	
limitations, indirect mass spectrometry proteomics techniques have been developed to study S-palmitoylation.3, 
4 Here, we describe the optimisation and application of acyl-biotin exchange (ABE) in combination with lipid 
metabolic	labelling	(LML)	to	identify	S-palmitoylated	proteins	and	sites	by	label	free	quantification	proteomics	in	
SH-SY5Y	cells	during	retinoic	acid	induced	neuronal	differentiation.	We	identified	2962	S-palmitoylated	proteins	
and	909	sites	with	ABE	and	819	S-palmitoylated	proteins	with	LML.	The	identified	proteins	are	well	known	for	
their	key	role	in	neuronal	differentiation	and	include	many	disease-relevant	proteins,	such	as	BACE1,	PSEN1	and	
Fyn.	Additionally,	S-palmitoylation	was	shown	to	be	important	for	neuronal	differentiation	as	significant	changes	
in	S-palmitoylated	protein	abundance	was	discovered	between	differentiated	and	undifferentiated	cells,	affect-
ing e.g. protein localisation and neuron projection development. 

[1]	Kallemeijn,	W.W.	et	al.	Proteome-wide	analysis	of	protein	lipidation	using	chemical	probes:	 in-gel	fluores-
cence	visualization,	identification	and	quantification	of	N-myristoylation,	N-	and	S-acylation,	O-cholesterylation,	
S-farnesylation and S-geranylgeranylation. Nat. Protoc. 16, 5083–5122 (2021).
[2]	Hohoff,	C.	et	al.	Deficiency	of	the	palmitoyl	acyltransferase	ZDHHC7	impacts	brain	and	be-haviour	of	mice	in	
a	sex-specific	manner.	Brain	Struct.	Funct.	224,	2213–2230	(2019).
[3]	Zhou	B.	et	al.	Low-background	acyl-biotinyl	exchange	 largely	eliminates	the	coisolation	of	non-S-acylated	
proteins and enables deep S-acylproteomic analysis. Anal. Chem. 91, 9858–9866 (2019).
[4]	Martin,	B.R.	et	al.	Large-scale	profiling	of	protein	palmitoylation	in	mammalian	cells.	Nat.	Methods	6,	135–138	
(2009).
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Profiling arginine residues in MRSA using novel electrophiles

Marnix Roseboom* 1

1 Leiden University, The Netherlands

Covalent inhibitors are making a comeback in medicinal chemistry and chemical biology due to the growing 
understanding of electrophilic reactivity towards nucleophilic residues. While traditional therapeutics reversibly 
bind	to	their	biological	target,	covalent	inhibitors	form	a	strong	covalent	bond,	enhancing	the	inhibiting	effect.	
This mechanism is relevant in many antibiotics and is becoming increasingly important due to bacterial antibiotic 
resistance.
 
Of all residues, cysteine is mostly targeted for covalent inhibition for their high nucleophilicity. However, cyste-
ine is relatively uncommon in many proteomes, meaning that many potential drug targets remain undiscovered. 
Arginine is a more common amino acid and displays a plethora of biologically relevant functions such as protein 
interactions, enzyme function and protein structure, making this an attractive drug target. However, targeting 
arginine is more challenging, which is why research is now focused on discovering novel electrophiles binding 
to this residue.
Recently,	we	used	a	phenylglyoxal	(PhGO)	probe	for	proteome-wide	profiling,	initiating	the	development	towards	
arginine-selective warheads. In this project, chemical probes based on PhGO are synthesized and utilized in an 
activity-based	protein	profiling	workflow	on	Methicillin-resistant	Staphylococcus	aureus	lysate.	With	this,	we	aim	
to globally map arginine, outline residue reactivity and discover new potential drug targets to battle bacterial 
drug resistance. 
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Superoxide Production in Protein Complexes

Kiana Jahani* 1,3, Remco Havenith 1,2,4, Peyman Shariatpanahi 3

1 Stratingh Institute for chemistry, University of Groningen, Groningen, The Netherlands, 2 Zernike Institute for Advanced 
Materials, University of Groningen, Groningen, Netherlands, 3 Institute of Biochemistry and Biophysics, University of Tehran, 
Tehran, Iran, 4Department of chemistry, University of Ghent, Ghent, Belgium

In	recent	decades,	the	impact	of	low-frequency	external	magnetic	fields	(ELF)	on	biological	cells	has	been	stud-
ied.	Biological	effects	of	the	magnetic	fields	on	cells	and	tissues	are	non-thermal	[1].	For	this	reason,	the	potential	
effects	of	low-frequency	magnetic	fields	on	human	health	are	being	extensively	studied.	A	number	of	observa-
tions	indicate	the	antitumor	properties	of	ELF	that	have	an	antiproliferative	effect	and	lead	to	an	increased	apop-
tosis	of	cancer	cells	[2].	It	has	been	suggested	that	a	part	of	the	biological	effects	of	ELF	is	due	to	the	increase	in	
the concentration of free radicals such as reactive oxygen species [3]. 
Finding	the	main	site	of	the	effect	of	ELF	on	the	concentration	of	reactive	oxygen	species	is	a	significant	issue.	
An important source of the production of reactive oxygen species in cells is the production of superoxide in the 
electron transport chain in mitochondria [4] 
Our	purpose	 is	 to	 investigate	the	possibility	of	 the	effect	of	 low	frequency	magnetic	fields	on	the	amount	of	
superoxide production in protein complexes 1 and 3 of the electron transport chain through the radical pair 
mechanism. For this purpose, we use molecular dynamics simulations (MD) and density functional theory (DFT). 
Here,	we	present	our	results	obtained	for	the	different	spin	states	of	the	active	sites	and	how	these	relate	to	the	
probability of superoxide formation.

References:
[1]	Y.	Nie,	L.	Du,	Y.	Mou,	Z.	Xu,	L.	Weng,	D.	Youwei,	Z.	Yanan,	H.	Yayi	and	T.	Wang,	BMC	cancer	13,	1	(2013).
[2]	L.	Huang,	L.	Dong,	Y.	Chen,	H.	Qi,	and	D.	Xiao,	Electromagnetic	Biology	and	Medicine	25,	2	(2006).
[3] S. Roy, Y. Noda, V. Eckert, M. G. Traber, A. Mori, R. Liburdy and L. Packer, FEBS letters, 376, 3 (1995).
[4] M. D. Brand, Experimental gerontology, 45, 7-8 (2010).
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1,3-Bridged dioxanium ions in the glycosylation reaction

Frank De Kleijne* 1

1 Radboud University, Nijmegen, The Netherlands

The stereoselective introduction of the glycosidic bond remains one of the main challenges in carbohydrate syn-
thesis. Characterizing the reactive intermediates of this reaction is key to develop stereoselective glycosylation 
reactions. Herein we report the characterization of low-populated, rapidly equilibrating mannosyl dioxanium 
ions that arise from participation of a C-3 acyl group using chemical exchange saturation transfer (CEST) NMR 
spectroscopy. Dioxanium ion structure and equilibration kinetics were measured under relevant glycosylation 
conditions and highly alpha-selective couplings were observed suggesting glycosylation took place via this elu-
sive intermediate.

Structure and expected stereoselectivity of the equilibrating dioxanium ion and alpha-glycosyl triflate. Detection of the 

minor dioxanium ion population via saturation transfer to the major alpha-glycosyl triflate species via chemical exchange.
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Surface self-assembly of overcrowded-alkene based switches and motors

Cosima Stahler 1, Robby Reynaerts 2, Cristina Nitu* 1,2, Kunal Mali 2, Steven De Feyter 2, Ben Feringa 2

1 University of Groningen, Groningen, The Netherlands, 2 KU Leuven, Leuven, Belgium

Surface	confinement	of	overcrowded	alkene-based	molecular	switches	and	motors	is	a	promising	approach	to	
inhibit	their	Brownian	motion.	Within	the	confinement	of	the	surface	their	photoinduced	molecular	switching	
or rotation can be harnessed towards useful work. Consequently, the organization of the motors and switches at 
the	surface	needs	to	be	investigated	in	order	to	ultimately	achieve	the	amplification	of	the	molecular	switching	
and/or rotation at the nanoscale. A possible strategy towards this purpose is to use directional intermolecular 
interactions	to	attain	well-defined	2D	patterns.
In this study, Feringa-type switches were designed to self-assemble at the liquid-solid interface on highly orient-
ed	pyrolytic	graphite	(HOPG).	The	overcrowded	alkene	aromatic	cores	are	expected	to	stack	via	π-π	interactions.	
Long-alkyl based side groups are placed on the switch bottom half to enable interactions with the surface. The 
effect	of	substituents	with	different	electron	donating	capacities	(-OC18H37	versus	-C18H37)	on	the	self-assem-
bled architecture is explored as well. Furthermore, urea moieties are introduced in the side groups to strengthen 
the association between the individual molecules. By forming a hydrogen-bonded network, the urea-functional-
ized switches are envisioned to form tapes with a high level of organization. Following the organic synthesis of 
the overcrowded alkenes and their solution characterization, their nanoscale assemblies on the HOPG substrate 
were investigated with the scanning-tunneling microscope (STM).

1. Pooler, D. R. S.; Lubbe, A. S.; Crespi, S.; Feringa, B. L. Designing Light-Driven Rotary Molecular Motors. Chem. Sci. 
2021, 12, 14964–14986.
2. Balzani, V.; Credi, A.; Venturi, M. Molecular Machines Working on Surfaces and at Interfaces. ChemPhysChem 
2008, 9, 202–220.
3. Elemans, J. A. A. W.; Lei, S.; De Feyter, S. Angew. Chemie - Int. Ed. 2009, 48, 7298–7332.
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Advances for Non-Metal Determination in Tea Using Mass Spectrometry 
Detection

Marcia Mesko* 1, Larissa Cristine Andrade Costa 1, Jenifer Heller Cerqueira 1, Fernanda Pitt Balbinot 1, Filipe Soares 
Rondan 1

1 Federal University of Pelotas, Pelotas, Brazil

The determination of non-metals, especially halogens, can be performed to provide important information about 
the	influence	of	these	elements	in	several	fields,	such	as	nutrition,	health,	and	toxicology.	However,	despite	of	
the technological developments in instrumentation, samples are generally introduced in the equipment as a 
solution. Classical methods are generally used for sample digestion and involve the use of a relatively high vol-
ume of concentrated reagents and take a long time for digestion. The use of concentrated reagents may require 
a dilution step of digests before the analyte determination, which could compromise the limits of detection. In 
this sense, even using methods based on microwave-assisted closed vessels, some drawbacks can occur, and 
incomplete digestions are frequently reported. In addition, regarding to halogen determination, they can also 
be lost in their unstable volatile compounds in acid medium. Moreover, it is important to point out that there is 
a trend for the development of green analytical methods, which require lower reagent consumption and waste 
generation,	less	analytical	steps	combined	with	high-efficiency	digestion.	The	suitability	of	the	digests	with	the	
determination techniques is also important. On this aspect, the main advances for sample preparation for tea for 
further non-metal determination mass spectrometry detection will be presented. The use of diluted solutions 
and combustion systems will be covered, and recent developments will be highlighted.
R
eferences 
Mesko, MF. et all., Laser ablation-ICP-mass spectrometry for determination of the concentrations and spatial dis-
tributions of bromine and iodine in human hair. JOURNAL OF ANALYTICAL ATOMIC SPECTROMETRY, v. 37, p. 775-
782, 2022.
Mesko, MF. et all., Are there feasible strategies for determining bromine and iodine in human hair using interfer-
ence-free plasma based-techniques?. ANALYTICA CHIMICA ACTA, v. 1060, p. 45-52, 2019.
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WorldFAIR Chemistry-Developing FAIR IUPAC Assets

Fatima Mustafa* 1,3, Leah  McEwen 1,2

1 IUPAC, Research Triangle Park, United States, 2 Cornell University, United States, 3 Texas A&M-San Antonio, United States

The majority of chemists are quite familiar with IUPAC’s contributions to nomenclature, terminology, and stan-
dardized chemical procedures over the course of more than a century; nevertheless, we might be less familiar 
with	other	activities	and	initiatives	that	IUPAC	is	involved	in.	IUPAC	is	stepping	up	its	efforts	to	convert	current	
standards into digital formats in light of the growing interest in Open Science and FAIR (Findable, Accessible, In-
teroperable, Reusable) data. Increased accessibility and interoperability of data by both humans and computers 
will	result	from	the	availability	of	chemical	terminology	and	data	in	the	digital	environment	utilizing	standard	file	
formats and standard IDs. Recently, the IUPAC Committee on Publications and Cheminformatics Data Standards 
(CPCDS) took part in a two-year WorldFAIR Project to lead the chemistry case, with the primary objective of en-
couraging the use of FAIR data principles in the chemical community.
WorldFAIR is a global initiative led by CODATA and the Research Data Alliance Association (RDA) that aims to 
advance the application of the FAIR data principles, particularly those for interoperability, and to create a set of 
guidelines and a framework for FAIR assessment across a number of disciplines or cross-disciplinary research 
areas. The IUPAC goal is to  harmonize chemistry data standards with the FAIR data principles.
In this poster, we  will discuss how IUPAC coordinates with the community to develop guidelines on the best ways 
to handle and disclose chemistry data that is FAIR-enabled for various stakeholder roles. Additionally, we will 
discuss early  prototypes in the following areas:
Developing  a realistic, reusable educational resource for the community online that shows how to manage digital 
data	files	and	information.
Developing web-based services to verify chemical identity and give immediate feedback on how well chemical 
data and metadata are represented for machine reading.
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Reversible Manipulation of Adaptive Conformational Emissions in [1]
Rotaxane

Thanh Trung Nguyen* 1, Chun-Hao Chiu 1, Hong-Cheu  Lin 1

1 National Yang Ming Chiao Tung University; Taiwan, Hsinchu City, Taiwan

Mechanically interlocked molecules (MIMs) can be employed to construct promising multifunctionality materials 
by	their	unique	dynamic	and	structural	characteristics.	However,	MIMs-incorporated	fluorophores	with	conforma-
tional changes have just been explored recently due to their potential applications. Herein, [1]rotaxane featuring 
9,14-diphenyl	9,14-dihydrodibenzo[a,c]phenazine	(DPAC)	as	the	vibration-induced	emission	(VIE)	unit	is	firstly	
designed and synthesized. Taking advantage of the shuttling controls on loosen-tighten loops of [1]rotaxane, the 
conformational freedom degrees of DPAC moiety can be manipulated upon pH tuning to induce reversible switch-
ing in DPAC emission wavelengths as well as further photoluminescence color changes of [1]rotaxane containing 
another	fluorophoric	stopper	or	probe	due	to	its	various	Förster	resonance	energy	transfer	(FRET)	behaviors.	The	
structural design and photophysical properties are carefully demonstrated and analyzed by NMR, UV-Vis, and PL 
spectroscopies.	In	addition,	the	transformation	of	DPAC	fluorescence	in	[1]rotaxane	is	further	investigated	under	
various pH, temperature, and solvent conditions. This work manifests a distinct mechanism for tuning emission 
colors of the mechanically interlocked molecular structure in [1]rotaxane by altering the adaptive conformations 
of	DPAC	moiety,	which	 is	significant	 for	 the	developments	of	 intelligent	 luminescent	materials	as	well	as	 the	
future applications of sensor materials.
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PHOTOPHYSICS OF DONOR-ACCEPTOR BASED 4-ETHYNYL 
2,1,3-BENZOTHIADIAZOLE DERIVATIVES

Asit Kumar Pradhan* 1, Ashok Kumar Mishra 1, Parthasarathy Venkatakrishnan 1

1 Indian Institution of Technology Madras, Chennai, India

2,1,3-Benzothiadiazole	 (BTD)	based	fluorescent	derivatives	have	been	found	potential	applications	 in	various	
scientific	and	technological	areas,	especially	in	the	field	of	OLEDs	(Sci	China	Chem,	2021,	64:	341–357)	and	bio-
imaging	probes	(Acc.	Chem.	Res.,	2015,	48,	1560–1569).	Here	few	different	2,1,3-benzothiadiazole	derivatives	
(BTDs) are synthesized through Sonogashira cross-coupling reactions between 4-bromo-2,1,3-benzothiadiazole 
and	different	para-substituted	phenylethynyl	derivatives.	 The	 synthesized	molecules	 are	different	 from	each	
other	by	different	electronic	substituents	attached	at	the	para-position	of	terminal	phenyl	moiety.	The	effects	
of electron donor/acceptor substituents on the photophysical properties of BTDs were studied. On increasing 
the solvent polarity, the BTDs bearing strong donor substituent exhibit a large bathochromic shift along with a 
decrease	in	fluorescence	quantum	yield	(φf), indicating strong intramolecular charge transfer (ICT) happening in 
the excited state. The φf	ranged	from	0.07	to	0.87	in	different	solvents	and	depend	on	the	terminal	substituent	of	
the	phenyl	ring	in	the	derivatives.	Through	Lippert-Mataga	and	ET(30)	model,	the	influence	of	general	and	specif-
ic solute-solvent interactions over emission properties was investigated. The lifetime studies show all the BTDs 
follow mono-exponential decay (except dimethylamino BTD derivative), with shorter LE and longer ICT lifetime. 
Further, the geometry and electronic transitions were analyzed by DFT and TD-DFT, and the results are consistent 
with	the	experimental	observations.	The	fluorescence	anisotropy	studies	show	that	these	derivatives	reflect	ex-
cellent sensitivity towards the microviscosity of their immediate molecular environment and are compared with 
traditional DPH probe. Also, a BTD derivative (without any substituents) could able to sense the sol-gel transition 
temperature of 10% (w/v) aqueous Pluronic system. 
We gratefully thank SERB, UGC, and IIT Madras for providing the resources and support.

Figure a and b.  Shows steady-state emission spectra of aldehyde and dimethyl amino substituted BTD., Figure c. Fluorescence 

anisotropy of different BTDs and DPH., Figure d. Solvatochromism of the ICT showing for the dimethyl amino substituted BTD.
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Development of multiresidue pesticide analysis method for flatfish

Mihyun Cho* 1, Myungheon Kim 1, So Eun An 1, Chang kyo Seo 1, Jaebin Im 1, Namuk Cho 1, SeoHong Kim 2, Mi Ra Jo 3, 
Yoonmi Lee 3, Moo-Hyeog Im 1

1 Daegu University, South Korea, 2 Chungbuk National University, South Korea, 3 National Institute of Fisheries Science, South 
Korea

Organochlorines pesticides are environmentally stable and highly lipophilic, food chain contamination still ex-
ists.	These	substances	generally	are	eliminated	slowly	from	the	body,	raising	concerns	about	the	effects	of	chron-
ic, low-level exposure from the food chain. The principal objective of the present study is to develop a rapid 
and easy multiresidue method using gas chromatography mass spectrometry (GC-MS/MS) for detecting 42 pes-
ticides,	such	as	2,4’-DDD,	in	flatfish.	To	set	the	multiple	reaction	monitoring	(MRM)	using	GC-MS/MS,	a	full	scan	
of the pesticide is performed, and one or two precursor ions are chosen. Second, using a product ion scan, two 
or	three	good	sensitivity	and	selectivity	product	ions	are	selected	as	quantifier	and	qualifier	ions.	To	determine	
the	presence	of	multiple	residues	in	flatfish,	samples	are	prepared	for	analysis	based	on	a	modification	of	the	
QuEChERS	AOAC	and	Pesticide	Analytical	Manual	method.	The	pesticides	in	flatfish	are	extracted	using	acetoni-
trile	with	0.1%	acetic	acid.	Contaminants	from	flatfish	sample	are	removed	using	a	florisil	cartridge.	The	limit	of	
quantification	(LOQ)	for	flatfish	is	in	the	range	0.007–0.010	mg/kg.	The	matrix-matched	calibration	curves	pres-
ent	coefficients	of	determination	(R2)	above	0.99	for	all	analytes.	The	fortification	levels	are	LOQ,	10×LOQ,	and	
50×LOQ. The recovery rates are 63.0–120.7%, 71.3–111.5%, and 71.9–118.3%, at concentration levels of LOQ, 
10×LOQ,	and	50×LOQ,	respectively.	In	addition,	the	coefficient	of	variation	is	less	than	9.1%,	which	is	under	the	
Codex	guideline	(CODEX	CAC/GL	40).	Therefore,	these	results	show	that	the	newly	proposed	method	is	effective	
for	multiresidue	pesticides	analysis	in	flatfish.

Acknowledgements: This work was supported by a grant from the National Institute of Fisheries Science.
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P1-B0501

Alkali Ions’s Role with Homogeneous Catalyst in CO2RR

Lingshu Zhuo* 1, Eva Pluhařová 2, Jana Roithová 3, Evert Jan Meijer 4

1 University of Amsterdam, Amsterdam, The Netherlands, 2 Academy of Sciences of the Czech Republic, Prague, The Czech 
Republic, 3 Radboud University Nijmegen, Nijmegen, The Netherlands, 4 University of Amsterdam, Amsterdam, The Netherlands

Using renewable electricity to convert greenhouse gas CO into commodity chemicals is promising. Alkali cations 
in the electrolyte have been proposed to regulate the reactivity of catalysts. While their
impact in heterogeneous catalysis are demonstrated in detail, cations’ role in homogeneous electrocatalysis 
remains underexplored. In this research, focusing on CO product, hosting of potassium or sodium ions in the 
metalloporphyrin cage assists in decreasing the overpotential of CO electroreduction with high selectivity. Ab 
initio molecular dynamics simulations will be employed to probe the behavior of K and Na in the system with an 
aqueous	solution,	ascertaining	how	numbers	and	types	of	alkali	cations	affect	catalytic	process.
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Dynamic Molecular Switches Based on HATNA Derivatives

Alessandro Borrini* 1

1 University of Twente, Enschede, Netherlands

: Synaptic plasticity is an essential requirement for materials trying to emulate complex biology-inspired opera-
tions such as memory and learning. Such architectures allow for neuromorphic computing, a promising strategy 
to solve the von Neumann bottleneck. Currently, most approaches to neuromorphic computing rely on high ener-
gy	consuming	silicon	materials.	An	attractive	energy	efficient	solution	is	given	by	molecular	switches	which	can	
potentially	simulate	synaptic	plasticity.	However,	up	to	now,	molecular	switches	can	only	switch	between	fixed	
on	and	off	states,	hence	showing	a	static	rather	than	(a	history	dependent)	dynamic	behaviour.	The	key	factor	
to	reproduce	synaptic	plasticity	is	coupling	different	processes	each	characterised	with	its	own	time	constant,	
e.g.,	 analogues	of	 fast	action	potential	 coupled	 to	 slow	diffusion	of	Ca2+	and	neurotransmitters	 in	 synapses.	
5,6,11,12,17,18- hexaazatrinaphthylene (HATNA) in a tunnelling junction is a promising candidate because it 
can	couple	a	 fast	electron	transfer	 to	slow	proton	transfer	step.	Synthetic	modification	of	HATNA	with	diphe-
nylacetylene (DPA) moieties can potentially facilitate charge transport through the molecule while at the same 
time enhance packing density of molecules on the electrode and, thus, devices stability. In this poster we give an 
overview of the synthesis route to achieve the dynamic switch HATNA-DPA.
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Intercalated Anions in NiFe-LDH for efficient OER catalysis

Maike Berger* 1, Ioana Popa 1, Regina Palkovits 1

1 Institute of Technical and Macromolecular Chemistry, RWTH Aachen University, Aachen, Germany

The	energy	crisis	and	progressive	global	warming	have	led	to	the	urgent	need	of	developing	efficient	and	sus-
tainable fuels. Hydrogen, which can be produced environmentally friendly and emission free by the electrolysis 
of water, is a promising alternative energy carrier to conventional fuels and has therefore gained great interest in 
recent years. Electrocatalysts, that lower the kinetic barrier and have a long-life stability in electrolyte media are 
therefore	essential	for	efficient	green	hydrogen	production.
Here,	NiFe-layered	double	hydroxides	were	produced	via	co-precipitation	with	different	intercalated	anions	to	
probe their role in oxygen evolution reaction under alkaline conditions. [1] Compared to the carbonate integrated 
NiFe-LDH (η10 = 374 mV), intercalation with hypophosphite and boronate anions led to an enhanced catalyst ac-
tivity (η10 = 328 mV and 340 mV) without changing the ECSA. Impedance data revealed a lowered charge transfer 
resistance and a lowered rate of surface intermediates formation after anionic exchange. For all three catalysts, 
a dual Tafel slope behavior was noticeable and fractional reaction orders were observed, which were explained 
through Temkin adsorption conditions.[2] The kinetic model suitable for OER was the physisorbed hydrogen per-
oxide	mechanism.	Using	 these	models,	different	 rate	determining	steps	 for	all	catalysts	could	be	 traced.	This	
study	elucidates	mechanistical	aspects	of	the	OER	on	NiFe	LDH	films	and	shows	that	simple	anion	exchange	can	
have a large impact on the catalytic performance.[3]

This	work	was	funded	by	the	Federal	Ministry	of	Education	and	Research	(H2Giga	QT1.5	AlFaKat;	FKZ	03HY109B)

[1]	M.	Luo,	Z.	Cai,	C.	Wang,	Y.	Bi,	L.	Qian,	Y.	Hao,	L.	Li,	Y.	Kuang,	Y.	Li,	X.	Lei	et	al.,	Nano	Res.	2017,	10,	1732.	
[2]	L.	Negahdar,	F.	Zeng,	S.	Palkovits,	C.	Broicher,	R.	Palkovits,	ChemElectroChem	2019,	6,	5588.	
[3] M. Berger, I.M. Popa, L. Negahdar, R. Palkovits, 2022 under preparation.
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Digital Multiplayer Organic Chemistry Platform: An Educational Analysis

Wei Ren Mattias Kon* 1, Jovern Teo 1, Panshul Sharma 1, Fun Man Fung 2, Yun Ling Teh 1, Lin Yun Tan 2, Jia Yi Han 2, 
Ju-We Gan 2, John Yap 2, Yulin Lam 2

1 NUS High School of Mathematics & Science, Singapore, Singapore, 2 National University of Singapore, Singapore, Singapore

Organic	Chemistry	is	widely	known	to	present	challenges	and	conceptual	difficulties	to	its	students	(Schweiker	
et	al.,	2020;	Slocum	&	Jacobsen,	2010).	Due	to	these	difficulties,	students	often	resort	to	rote	learning	or	memo-
rization (DeCocq & Bhattacharyya, 2019).
ChemPOV, the only synchronous online multiplayer Organic Chemistry game, is designed to reinforce concepts in 
the classrooms through MCQs and reaction schemes, with chance and strategy elements included to increase stu-
dents’ engagement. Moreover, the remote nature of the game is especially pertinent in this pandemic era where 
virtual platforms are critical in students’ learning of Organic Chemistry (Fontana, 2020).
Previously, ChemPOV was piloted on undergraduate Year 1 students from the National University of Singapore 
(NUS). In this study, ChemPOV was trialed by a cohort of Grade 9 students (n = 176) from NUS High School of 
Mathematics and Science, a specialized STEM school. We investigated the scalability of ChemPOV over a wide 
age-range	of	audiences,	 and	analyzed	how	ChemPOV	 influences	 the	 interest,	engagement,	 and	motivation	of	
younger students towards Organic Chemistry.
We observed an increase in correlation between interest levels and both engagement and enjoyment levels of 
the students in the trial group (0.59 vs 0.52 and 0.75 vs 0.64 respectively). Furthermore, we observed an increase 
in the proportion of students who consume Chemistry-related material beyond the school’s syllabus (+0.26). Our 
results	suggest	that	ChemPOV	could	leverage,	via	gamification	and	peer	interactions,	a	younger	student	base	to	
have more wide-reaching impacts.
In the future, we hope to incorporate a categorization system into the design of ChemPOV to allow students to 
better customize their experience to suit their personal academic standard and learning pace. ChemPOV’s archi-
tecture	can	be	extended	to	accommodate	other	fields	of	Chemistry	(Analytical,	Inorganic)	as	well.

ChemPOV’s user interface (top left), Grade 9 students from NUS High School experimenting with the game’s functions during 

the trial session (bottom left), and a correlogram of the statistics obtained from the pre- and post-surveys conducted (right).
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Modify Bulrush for Adsorption of Methylene Blue Dye

Nozipho Mabaso* 1, Arthur  Makenda 1, Nkululeko Nkosi 1

1 Vaal University of Technology, Vanderbijlpark, South Africa

This study aims to investigate the adsorption capacity of acrylic acid-grafted bulrush for the removal of methy-
lene	blue	(MB)	dye	from	aqueous	solutions.	Bulrush	was	modified	through	a	grafting	process	with	acrylic	acid	to	
improve	its	adsorption	capacity	for	MB.	The	modified	bulrush	was	characterized	using	Fourier	transform	infrared	
spectroscopy	and	scanning	electron	microscopy.	After	being	modified	with	acrylic	acid,	shifts	in	the	bands	were	
observed	through	FTIR.	SEM	revealed	characteristics	of	porosity	and	structure	that	have	undergone	significant	
modifications	which	were	attributed	to	the	modification	of	the	bulrush.	Batch	adsorption	experiments	were	con-
ducted	to	evaluate	the	efficiency	of	the	modified	bulrush	in	removing	MB	from	aqueous	solutions.	The	effect	of	
various	factors	such	as	initial	MB	concentration,	contact	time,	and	pH	on	the	adsorption	capacity	of	the	modified	
bulrush was studied. The optimum concentration was 100mg/L, contact time 2 hours, temperature 60 C, the mass 
of adsorbent 2 g and pH 8,5 for the poly (acrylic acid) grafted bulrush powder for the removal of methylene blue. 
The	results	showed	that	the	modified	bulrush	had	a	significantly	higher	adsorption	capacity	for	MB	than	the	un-
modified	bulrush.	The	Langmuir	and	Freundlich	isotherm	models	were	applied	to	analyze	the	adsorption	data,	
and	the	results	showed	that	the	Langmuir	model	was	the	best	fit	for	the	experimental	data	with	the	R2	that	was	
1. This was supported by the RL values that range from 0,0020 to 0,0560, which indicates favourable adsorption. 
The kinetic studies revealed that the adsorption process followed a pseudo-second-order model with an R2 of 
0,9995.	These	findings	suggest	that	acrylic	acid-grafted	bulrush	could	be	a	promising	material	for	the	removal	of	
MB dye from aqueous solutions.
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Aromatic halogenation using PhSSiMe3 of PhSSPh and N-halosuccinimide

Tomohiro Maegawa* 1, Yuuka Hirose 1, Mirai Yamazaki 1, Kohshi Mashiba 1, Nanako Sawada 1, Misa Nogata 1,  
Akira Nakamura 1

1 Kindai University, Higashi-osaka, Japan

We	developed	a	mild	aromatic	halogenation	 reaction	using	a	combination	of	N-halosuccinimide	and	PhSSiM₃	
or PhSSPh.¹ Less reactive aromatic compounds, such as methyl 4-methoxybenzoate, were brominated with PhS-
SiMe₃	or	PhSSPh	and	N-bromosuccinimide	in	high	yields.	No	reaction	was	observed	in	the	absence	of	PhSSiMe₃	
or PhSSPh. This method is also applicable to chlorination reactions using N-chlorosuccinimide and PhSSPh. We 
have also explored the scope and limitation of substrates and our method can apply various aromatics including 
heterocycles.

1) Hirose, Y., Yamazaki, M., Nogata, M., Nakamura, A., Maegawa, T. J. Org. Chem., 2019, 84, 7405. 
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Peptide-modified biomaterial interfaces for non-union bone healing on-a-
chip

Gulistan Kocer* 1, Francisco Conceição 2, Dorothee Wasserberg 1, Nathalie Bravenboer 3, Jenneke  Klein-Nulend 4, 
Peter  Nolte 4,5, Liliana Moreira Teixeira 2,6, Pascal  Jonkheijm 1,6

1 Laboratory of Biointerface Chemistry, Department of Molecules and Materials, University of Twente, Enschede, The Netherlands, 
2 Department of Advanced Organ Bioengineering and Therapeutics, University of Twente, Enschede, The Netherlands,  
3 Department of Clinical Chemistry, Amsterdam University Medical Center, Amsterdam Movement Sciences, Amsterdam, The 
Netherlands, 4Department of Oral Cell Biology, Academic Centre for Dentistry Amsterdam (ACTA), University of Amsterdam 
and Vrije Universiteit Amsterdam, Amsterdam Movement Sciences, Amsterdam, The Netherlands, 5Department of Orthopedics, 
Spaarne Gasthuis Hoofddorp, Hoofddorp, The Netherlands, 6Organ-on-Chip Center Twente, University of Twente, Enschede, The 
Netherlands

Non-union	bone	fractures	are	defined	as	a	defect	 (gap)	that	shows	no	healing	without	further	 intervention.	 It	
is highly interesting to discover cell-instructive factors that can improve the healing potential of non-union 
fractures for regenerative purposes. This requires well-controlled in vitro models, allowing incorporation of na-
tive-tissue/cells, instructive biomaterials, biochemical and physical cues in 3D. Importantly, in such models, in-
corporation of bone morphogenetic protein 2 (BMP-2) to biomaterials is an appealing bone-inducing strategy, 
but	 is	hampered	due	 to	 the	 lack	of	 specific	control	over	 its	delivery	 to	cells.	 	Microfluidic	platforms	 (on-chip	
models) provide near-physiological microenvironments with high surface to volume ratio, high spatiotempo-
ral control over chemical and physical cues, presence of shear stress and ability to introduce mechanical in-
puts.	Here,	we	fabricated	an	on-chip	model	that	consists	of	two	bone	fragments	interspaced	by	a	fibrin	hydrogel	
(bottom compartment), which are separated from the perfusion channel (top compartment) by a biocompatible 
poly(ethylene	terephthalate)	(PET)	based	woven-mesh,	that	allows	media	flow	to	the	bottom	compartment	and	
acts	a	sealing	for	cells.	Peptides	that	specifically	bind	to	BMP-2	are	synthesized	and	covalently	attached	to	the	
surface	of	the	woven-mesh	biomaterial,	providing	specific	control	over	BMP-2	presentation	and	rendering	the	
biomaterial	cell-attractive/instructive.	Peptide	modification	is	characterized	by	X-ray	photoelectron	spectrosco-
py and by immunochemical analysis of BMP-2 binding on the surface. Peptide bioactivity/BMP-2 immobilization 
on	the	biomaterial	is	characterized	by	the	activation	of	differentiation	in	pre-osteogenic	cells.	The	on-chip	model	
is fabricated from cast polydimethylsiloxane (PDMS) using 3D-printed molds, and BMP-2 bound woven-mesh is 
introduced in the assembly via mechanical stabilization. Migration of cells from bone fragments across the hy-
drogel	filled	gap	and	their	ability	to	re-connect	the	two	fragments	are	assessed	via	3D	confocal	microscopy.	This	
model	could	 incorporate	other	osteogenic	peptides	and	reveal	defined	microenvironmental	factors,	 to	design	
enhanced strategies for non-union bone healing.
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Ru-based catalysts for water oxidation

Yuting Liu* 1

1 University of Amsterdam, Amsterdam, The Netherlands

Water splitting is an important step in solar into chemical energy. The water oxidation half-reaction is considered 
to	be	the	bottleneck	in	this	process.	Design	of	efficient	and	stable	excellent	water	oxidation	catalysts	(WOCs)	is	
indispensable	for	realizing	the	efficient	water	splitting.	Using	first-principle	molecular	simulation	we	studied	a	
ruthenium-based complex [LRuII]+ developed by Thummel et al (1), with the aim to elucidate the mechanism 
and role the oxidatively anionic rugged ligand as promotor of the catalysis activity. Our study revealed that WNA 
mechanism	rather	than	oxo-oxo	coupling	mechanism	is	responsible	for	O–O	bond	formation.	We	also	quantified	
the role of the anionic carboxy ligand as proton acceptor, by determining its pKa. The combination of all factors 
underlined in present work shows that the strong oxidizing intramolecular carboxy ligand is advantageous for the 
oxidative activation, O–O bond formation in water oxidation catalysis and O2 release process. In future research 
we will scan for a range of alternative proton-accepting ligands in order to provide guidance for designing opti-
mal WOCs.

References
1.	H.	N.	Kagalwala,	L.	Tong,	R.	Zong,	L.	Kohler,	M.	S.	G.	Ahlquist,	T.	Fan,	K.	J.	Gagnon	and	R.	P.	Thummel,	ACS	Catal.,	
2017, 7, 2607-2615.

Reaction cycle of water oxidation catalysis.
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Incorporating diversity and inclusion into chemistry education

Akiko Nakamura* 1

1 Colorado State University, Fort Collins, United States

In order to foster awareness of diversity, equity, and inclusion (DEI) in chemistry education, DEI related activities 
were incorporated into the chemistry classroom as bonus point opportunities. The activities were voluntary and 
took	place	outside	regular	classroom	time.	In	the	STEM	field,	racial,	ethnic,	and	gender	gaps	are	significant;	there-
fore, it is useful to promote equity and inclusion in the STEM classroom to reduce these gaps. Also, DEI activities 
are examples of high-impact educational practices, which have been shown to increase rates of student retention 
and	engagement.	The	student	participants’	reflective	essays	were	reviewed	and	analyzed	to	gain	further	insights.	
The students’ feedback suggests that activities associated with DEI successfully promoted the importance of di-
versity,	equity,	and	inclusion	in	chemistry	education	and	have	positive	effects	on	their	social	awareness.
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Prebiotic amino acid-clay interactions on rocky planets

Orr Rose Bezaly* 1,2, Helen E. King 2, Annemieke Petrignani 1

1 University of Amsterdam, Amsterdam, The Netherlands, 2 Utrecht University, Utrecht, The Netherlands

Interactions of organic building blocks of life, such as amino acids, and mineral surfaces, are of great interest in 
prebiotic chemistry studies. In a warm little pond on a rocky planet, proteinogenic and non-proteinogenic amino 
acids could naturally be present together with layered clay minerals. Chemical processes of amino acids on clay 
surfaces could possibly change the pond environment, on top of having possible consequence on surface-cata-
lysed	chemical	reactions	[1].	However,	only	few	studies	so	far	have	investigated	mixtures	of	different	amino	acids	
together with clay minerals in this aspect [2].
Montmorillonite	is	an	abundant	layered	clay	mineral,	presumed	to	have	existed	on	Early	Earth	and	identified	on	
Mars [3]. Montmorillonite reversibly swells upon hydration and readily adsorbs organics from solution. Gamma 
aminobutyric acid (“GABA”) is a biological, non-proteinogenic, amino acid, found in CM meteorites in comparable 
amounts to glycine. In the scenario of a meteorite landing in a warm pond and releasing some of its organic con-
tent, GABA might have been present alongside other amino acids, together with Montmorillonite clay. 
In this poster, results of experimental studies of mixtures of GABA and proteinogenic and non-proteinogenic 
amino acids interacting with Calcium-Montmorillonite clay, will be presented and discussed. 

References:
1. Lambert, J. F. Adsorption and Polymerization of Amino Acids on Mineral Surfaces: A Review. Orig. Life Evol. 
Biospheres 38, 211–242 (2008).
2.	Zaia,	D.	A.	M.	&	Zaia,	C.	T.	B.	V.	A	Few	Experimental	Suggestions	Using	Minerals	to	Obtain	Peptides	with	a	High	
Concentration of L-Amino Acids and Protein Amino Acids. Symmetry 12, 2046 (2020).
3. The Omega Team et al. Phyllosilicates on Mars and Implications for Early Martian Climate. Nature 438, 623–627 
(2005).
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Raman characterization of passivating layer during olivine dissolution

Vincenzo Alagia* 1, Michael  Duits 1, Igor Sîretanu 1, Frieder Mugele 1

1 University of Twente, The Netherlands

Negative	Emission	Technologies	(NETs)	are	expected	to	play	a	fundamental	role	 in	reverting	CO₂	levels	 in	the	
atmosphere	to	pre-industrial	levels.	Carbon	mineralization,	where	CO₂	is	permanently	converted	into	stable	min-
erals,	is	an	attractive	NET,	as	it	inherently	prevents	CO₂	from	leaking	back	into	the	environment.	
Olivine	 can	 be	 used	 for	 CO₂	 mineralization,	 as	 it	 naturally	 undergoes	 chemical	 weathering.	 In	 this	 dissolu-
tion-reprecipitation process, silica and carbonate minerals are the main products. Olivine dissolution, however, 
is considerably slow and hard to control. A proposed reason for that is the growth of a silica-rich alteration layer, 
which limits mass transfer at the electrolyte-mineral interface. The properties of this layer are not fully under-
stood,	as	they	are	heavily	influenced	by	local	concentration	and	pH	gradients.
Confocal Raman Microscopy (CRM) can be used to characterize the alteration layer, as it can both keep track of 
compositional changes in the mineral, and local pH and concentration gradients in the electrolyte. We observed 
and	tracked	the	formation	of	the	alteration	layer	during	olivine	dissolution	in	H₂SO₄	over	time	and	at	different	
pH with CRM. A full understanding of the alteration layer properties will provide valuable information on olivine 
weathering,	offering	pathways	towards	more	efficient	olivine-based	mineralization.

E.H. Oelkers, J. Declerq, G.D. Saldi, S.R. Gislason, J. Schott, “Olivine dissolution rates: A critical review”, Chem. 
Geol., 2018, 500, 1-19
K.	Kuebler,	B.L.	Jolliff,	A.	Wang,	L.A.	Haskin,	“Extracting	Olivine	(Fo-Fa)	Compositions	from	Raman	Spectral	Peak	
Positions”, Lun. Plan. Science, 2005, 36
R.C.L. Jonckbloedt, “Olivine dissolution in sulphuric acid at elevated temperatures—implications for the olivine 
process, an alternative waste acid neutralizing process” Jour. Geochem. Expl., 1998, 62, 337-346
T. Geisler, L. Dohmen, C. Lenting, M.B.K. Fritzche, “Real-time in situ observations of reaction and transport phe-
nomena	during	silicate	glass	corrosion	by	fluid-cell	Raman	spectroscopy”,	Nature	Materials,	2019,	18,	342-348

Scheme of the passivated surface for forsterite olivine (Mg₂SiO₄) during weathering. As magnesium ions are released into 

solution, silicate anions in the structure form an alteration layer that passivates the forsterite surface. The reaction is, 

therefore, slowed down.



POSTERS 1

675

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B0953

Effective hybrid filler infiltrated in epoxy composite

Gaehang Lee* 1, Ki Min Nam 2
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Thermal management is a critical technology in operating electric devices with high-performance and reliabil-
ity. We have developed thermally conductive adhesive composites based on commercial thermally conductive 
epoxy,	Stycast	2850FT(S2850),	by	adding	boron	nitride	(BN).	We	confirmed	that	the	best	mixing	ratio	of	BN	to	
epoxy resin was 10 wt%, and the thermal conductivity (κ)	of	this	composite	was	1.65	W/m∙K	at	25	ºC,	which	is	a	
1.6	times	higher	value	than	neat	S2850.	The	elemental	mapping	analysis	confirmed	the	formation	of	effective	
thermal	conductive	pathways	generated	by	additive	BN	ceramic	fillers	into	the	adhesive	polymeric	layers,	which	
leads to the great enhancement of κ. Our epoxy-based thermally conductive adhesives with increased κ were 
then adopted for a superconducting magnet. Owing to improved heat dissipation of epoxy composites, the super-
conducting magnet showed an enhancement of 42.7% in the cooling rate, 14.8% in the minimum quench energy, 
and 76.6% in the normal zone propagation velocity in the longitudinal direction at 70% of the current-carrying 
capacity, respectively compared to a coil with neat S2850.



POSTERS 1

676

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B0955

Synthesis of Sustainable Rubbers from Bio-renewable Terpene Monomers

Ramón Díaz de León* 1

1 Centro de Investigación en Química Aplicada, Saltillo, México

Due to the negative environmental impact of using petroleum as raw material, upcoming regulations are pro-
moting the use of natural raw materials to produce bio-based rubbers. A wide variety of renewable resources 
has extensively been investigated as precursors to produce alternatives for rubbers, which include terpenes [1]. 
These substances are natural unsaturated hydrocarbons constituents of resin plants and essential oils and one 
of the main molecular features is their carbon skeletons build for isoprene units, which share an electronic en-
vironment similar to conjugated dienes such as 1,3-butadiene, and some of them myrcene and farnesene have 
the potential to be polymerized by the same mechanisms as the 1,3-butadiene, e.g. coordination polymerization 
(CP).	In	an	effort	to	contribute	in	this	field,	in	this	work	the	CP	of	terpene	monomers	was	examined	using	differ-
ent	Ziegler-Natta	catalytic	systems	based	on	neodymium,	affording	a	vast	scenario	of	sustainable	polyterpene	
rubbers (polymyrcene (PMy) and polyfarnesene (PFa)). The neodymium versatate and neodymium isopropoxide 
as catalytic precursors for CP of terpenes and activated with several halogen source and aluminum trialkyl com-
pounds, exhibited high polymer yields, high polymer molecular weights and broad molecular weight distribu-
tions. The neodymium catalytic systems produce polyterpenes with high cis-1,4 content (>90%) and they can be 
considered	as	amorphous	and	rubbery	nature	according	to	the	glass	transition	temperature	(PMy	≈	-64	and	PFa	≈	
-72	ºC).	Additionally,	conventional	and	efficient	vulcanization	was	performed	in	order	to	elucidate	the	influence	
of the chemical structure and molecular weight on the crosslinking network and mechanical properties. The cur-
rent work contributes to understanding the features that are required to produce competitive bio-based rubbers 
with good sustainability and performance balance.

[1]	I.	Rivera,	R.	López,		J.	Enriquez,	S.	Kumar,	A.	Aguilar	Sánchez,	R.	Handa,	R.	Díaz	de	León,	“Bioelastomers:	current	
state of development”, J. Mater. Chem A, 2022, 10, 5019-5043.
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Making salted caramel computers

Thijs de Jong* 1, Mathieu Baltussen 1, William Robinson 1, Quentin Duez 1, Wilhelm Huck 1

1 Radboud University, Nijmegen, The Netherlands

Nature contains many systems that show remarkable abilities to process information, such as biochemical reac-
tion networks, cells and the brain. Encouraged by this many attempts have been made to unlock the information 
processing	potential	in	chemistry,	to	this	end	many	different	molecular	and	DNA	based	systems	have	been	creat-
ed. However these systems are generally very hard to scale up.
Here we present our work on harnessing the complexity of the Formose Reaction Network (FRN), a prebiotically 
plausible reaction network that produces a complex mixture of sugars from recursive sugar forming reactions. We 
have previously demonstrated the environmental and history dependence for the composition of the FRN (1,2). 
This allows us to use the FRN as a physical reservoir computer.
For this purpose we have engineered new methods to get a live readout of the FRN using a coupled trapped ion 
mobility	spectrometry	with	a	time-of-flight	(tims-TOF)	mass	spectrometry.	We	directly	interface	this	with	a	con-
tinuous stirred tank reactor (CSTR). Using this method, we have been able to collect a large amount of data, and 
create a proof of principle for the formose reservoir computer.
We	demonstrate	the	potential	of	the	FRN	as	a	reservoir	by	performing	a	variety	of	non-linear	classification	tasks,	
such as Boolean logic gates. Furthermore we show how we can use the FRN to predict the behaviour of chaotic 
systems such as the Lorenz attractor.

References:
(1)van Duppen, P.; et al. J. Am. Chem. Soc. 2023.
(2)Robinson, W. E.; et al. Nat. Chem. 2022, 14 (6), 623–631.
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Substituent Effects on the Ultrasound Homodimerization of Coumarin-3-
carboxylates

Nevena Petkova-Yankova* 1, Ana Koleva 1, Rositca Nikolova 1

1 Faculty of Chemistry and Pharmacy, Sofia University St. Kliment Ohridski, Sofia, Bulgaria

Biscoumarins are linked heterocyclic compounds consisting of a coumarin dimer moiety. They are a relatively 
new	class	of	 compounds,	 isolated	and	characterized	 from	different	plant	 species.	Moreover,	 such	compounds	
exhibit properties similar to those of coumarins anticoagulants, anti-oxidant, anti-tumor and anti-fungal agents, 
for example. Some representatives possess inhibitory activity against enzymes such as kinases, telomerases, 
ureases, integrations, DNA polymerases, that play a major role in the processes of tumor development and the 
spread of cancer cells.
A large number of biscoumarins and bis-3,4-dihydrocoumarins, containing a variety of types, lengths and lo-
cations of the linkage, have been isolated, characterized and synthesized. Very few synthetic approaches for 
synthesis of biscoumarin structures are known in the literature. Most of the methods have been presented multi-
stage synthesis, electrochemical reduction, or electroreduction/hydration. The inconvenience of the methods is 
the long reaction time, the unsatisfactory yields, or necessity of complex equipment for the reactions. 
Here we present our investigations on the development of a new strategy for synthesis of biscoumarins from 
coumarin-3-carboxylates	during	a	homodimerization	process.	Evaluation	of	the	effects	of	the	substituent	in	the	
benzene	ring	on	the	reaction	rate	were	clarified.

Acknowledgments: This work was supported by National Science Fund project - KP-06-N-39/15 from 17.12.2019.
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Bio-inspired Total Synthesis of Ruspolinone, Septicine and seco-Antofine

Tun-Cheng Chien* 1

1 National Taiwan Normal University, Taipei, Taiwan

2-(Acylmethylene)pyrrolidine derivatives were synthesized via intermolecular decarbonylative Mannich reac-
tion from various methyl ketones and 1-alkyl-1-pyrroliniums, generated in situ from 1-alkylprolines. This meth-
odology features the advantages that direct formation of pyrrolinium intermediates from 1-alkylprolines and 
subsequent intermolecular Mannich reactions with methyl ketones could both be carried out under simple and 
mild conditions without the use of metal catalysts and other additives. This approach mimics the biosynthetic 
pathway and provides a direct access to a series of N-methyl-2-(acylmethyl)pyrrolidine alkaloids, such as hygrine, 
N-methylruspolinone, and dehydrodarlinine. Upon removal of the N-alkyl substituents, this methodology can be 
expanded into synthetically more valuable free NH pyrrolidine alkaloids. We demonstrated an expeditious syn-
thesis of ruspolinone as a practical example, and its application to biomimetic synthesis of seco-phenanthroin-
dolizidine	alkaloids,	septicine	and	seco-antofine.	Further	application	of	this	methodology	would	be	amenable	to	
the synthesis of versatile 2-substituted pyrrolidine derivatives.
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Zwiterrionic peptide-based anti-biofilm agents against marine 
microorganisms

Chai-lin Kao* 1, Shen Chen 1, Henry Chingyen Kao 2, Austin Kao 3

1 Kaohsiung Medical University, Kaohsiung, Taiwan, 2 Tamkang University, Tamkang, Taiwan, 3 National ChiNan University, Puli, 
Taiwan

Biofilming	is	one	critical	step	in	biofouling,	leading	to	accumulating	microorganisms.	Material	within	toxic	heavy	
metal is one conventional way against the fouling process. However, their high toxicity is one major limitation, 
especially used in marine environments. Recently, hydrophobic and zwitterionic materials have been brought to 
attention because of their biological safety. Complicated handling process for hydrophobic materials limits their 
applications. On the contrary, zwitterionic materials are an alternative selection. Several types of zwitterionic 
material, such as polymers, have been reported. Nevertheless, the required structural feature and distribution of 
ion	pairs	remain	puzzling.	Herein,	peptides	with	different	patterns	of	zwitterions	were	synthesized	through	sol-
id-phase	peptide	synthesis	and	afforded	structurally	well-defined	products,	which	allowed	the	structure-activity	
analysis. Besides, zwitterionic branched peptide derivatives based on the lysine framework were synthesized 
and	subjected	to	antibiofilm	experiments.	The	result	indicated	that	the	consecutive	arrangement	of	ammonium	
and	carboxylate	is	crucial	for	antibiofilm	activity.	The	required	structural	features	will	be	discussed.
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Synthesis of novel potential anticancer N-propargyl glucuronamide-based 
nucleosides

Euclydes Pretti Neto* 1, Tania Moreira 1, Radek Jorda 2, Nuno Xavier 1

1 Centro de Química Estrutural - Institute of Molecular Sciences, Faculdade de Ciências, Universidade de Lisboa, Lisboa, Portugal, 2 
Department of Experimental Biology, Faculty of Science, Palacký University, Olomouc, Czech Republic

Over	the	last	years	the	synthesis	of	new	nucleosides	and	analogs	has	been	of	growing	interest	in	the	field	of	me-
dicinal	chemistry,	being	able	to	greatly	fulfill	demanding	roles	from	antibacterial	agents	to	anticancer	or	antiviral	
medication [1,2]. The research work presented in this communication was motivated by previous studies from 
our group that showed potent anticancer activities of N-dodecyl-containing glucuronamide nucleosides [3,4]. It 
aims to synthesize, and to evaluate the anticancer potential of novel glucuronamide-based compounds compris-
ing	different	nucleobases	and	a	N-propargyl	group	(Figure	1).	For	their	synthesis	D-glucofuranurono-6,3-lactone	
was used as precursor, and it was converted into suitable N-propargyl 1,2-di-O-acetyl glucuronoamidyl donors 
for further N-glycosylation with a silylated pyrimidine or purine derivative. Antiproliferative evaluation revealed 
significant	activities	of	some	compounds	against	breast	cancer	and	leukemia	cell	lines,	in	some	cases	with	a	GI50	
value close to that of a clinically used drug.

Acknowledgments:	 We	 thank	 Fundação	 para	 a	 Ciência	 e	 Tecnologia	 for	 financial	 support	 through	 grant	
CEECIND/03881/2018,	 exploratory	 project	 EXPL/MED-QUI/1017/2021	 and	 projects	 UIDB/00100/2020,	
UIDP/00100/2020 (CQE) and LA/P/0056/2020 (IMS).

References:
1.	J.	Shelton,	X.	Lu,	J.	A.	Hollenbaugh,	J.	H.	Cho,	F.	Amblard,	R.	F.	Schinazi,	Chem.	Rev.	2016,	116,	14379.	
2. M. Serpi, V. Ferrari, F. Pertusati, J. Med. Chem. 2016, 59, 10343–10382. 
3.	N.	M.	Xavier,	A.	Porcheron,	D.	Batista,	R.	Jorda,	E.	Řezníčková,	V.	Kryštof,	M.	C.	Oliveira,	Org.	Biomol.	Chem.	2017,	
15, 4667-4680.
4.	N.	M.	Xavier,	R.	Goncalves-Pereira,	R.	Jorda,	D.	Hendrychová,	M.	C.	Oliveira,	Pure	Appl.	Chem.	2019,	91,1085-
1105.

Figure 1 - General Structures of the Synthesized Nucleosides
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Structural and Functional Elucidations of Druggable SARS-CoV-2 Macro-
domain

Chun-Hua Hsu* 1

1 National Taiwan University, Taipei, Taiwan

The pandemic outbreak of a novel coronavirus, SARS-CoV-2, has threatened the global public health and econo-
my since late December 2019. SARS-CoV-2 encodes the conserved macro domain within non-structural protein 3, 
which may reverse cellular ADP-ribosylation and potentially cut the signal of a viral infection in the cell. Herein, 
we report that the SARS-CoV-2 macro domain was examined as a poly-ADPR binding module and possessing 
mono-ADPR	cleavage	enzyme	activity.	After	confirming	the	ADPR	binding	ability	via	a	biophysical	approach,	the	
X-ray	crystal	structure	of	the	SARS-CoV-2	macro	domain	was	determined	(Figure	1A)	and	structurally	compared	
with	those	of	other	viruses.	Fragment	screening	by	saturation	transfer	difference	nuclear	magnetic	resonance	
(STD-NMR) is a method with the advantages of high-throughput to identify small molecules binding with bio-
logical targets, especially the promised drug target. Moreover, the fragment library screening using STD-NMR 
was	established.	We	had	identified	small	molecules	that	bind	to	the	SARS-CoV-2	macro	domain	(Figure	1B).	To	
verify the screening-hits, the 1H, 13C, and 15N resonance assignments of the SARS-CoV-2 macro domain were 
also completed. This study provides structural, biophysical, and biochemical bases to further evaluate the role of 
the SARS-CoV-2 macro domain in the host response via ADP-ribose binding but also as a potential target for drug 
design against COVID-19.

[1] Lin, M.-H., Huang, Y.-P., Chang, C.-F., & Hsu, C.-H. (2021). Biomol. NMR Assign., 15, 137-142.
[2] Lin, M.-H., Cho, C.-C., Chiu, Y.-C., Chien, C.-Y., Huang, Y.-P., Chang, C.-F., & Hsu, C.-H. (2021). Commun. Biol., 4, 
123.
[3] Lin, M.-H., Chang, S.-C., Chiu, Y.-C., Jiang, B.-C., Wu, T.-H., & Hsu, C.-H. (2021). ACS Infect. Dis., 6, 2970-2978.

(A)Crystal structure of SARS-CoV-2 macro domain in complex with ADP-ribose. (B)WaterLOGSY spectra for hit compound 1 is 

shown on the top. Peaks with phase-reverting and the relevant peaks in the reference spectra of compound 1 are labeled as 

symbol *.
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Socio-scientific controversies on sustainability in Brazilian Sciences 
textbooks

João Paulo Stadler* 1, Mariana da Silva Azevedo 1

1 Instituto Federal do Paraná, Palmas, Brazil

In	Brazil,	textbooks	for	public	schools	are	free	and	strongly	influence	teaching	practice[1,2].	In	2021,	a	new	layout	
was	presented,	focusing	on	integrative	projects	to	articulate	scientific	concepts	with	social	themes[3].	 It	 is	in-
ferred	they	can	enable	socio-scientific	discussions	and	contribute	the	education	to	participate	in	decision	making	
based	on	knowledge	and	values[1,2,4].	This	study	analyzed	socio-scientific	controversy	occurrence,	related	to	
sustainability, in 13 Natural Sciences textbooks. Through content analysis5 based on indicators previously estab-
lished[1,2].	First,	the	themes	were	evidenced	from	textbooks,	and	then,	socio-scientific	controversies	presence	
was	identified	after	the	reading	of	the	entire	project	proposal.	It	was	evidenced	that	11	books	presented	projects	
on	sustainability.	Of	 the	23	projects	 identified	as	 related	 to	sustainability	 thematic,	amongst	66	proposals	 in	
total, mainly discussing energy production, waste management, and environmental impacts.  However, consider-
ing	those	23,	only	10	presented	excerpts	with	potential	for	socio-scientific	discussions,	suggesting	debates	(8),	
decision-making	 (1),	and	decision	 justification	 (1).	The	results	are	 like	previous	analysis[1,2]	and	 indicate	 low	
possibility	of	these	practices	in	classrooms.	Furthermore,	it	is	essential	to	outline	that	effective	socio-scientific	
practice relies on teachers’ planning and guiding and students’ active participation. 

1.	Stadler	JP,	Azevedo	MDS.	Análise	de	aspectos	sociocientíficos	em	livros	didáticos	de	Química	para	a	primeira	
série	do	Ensino	Médio.	Revista	Brasileira	de	Ensino	de	Ciências	e	Matemática.	2020	Jun	29;4(1).	
2.	Stadler	JP,	Azevedo	MDS.	Análise	de	aspectos	sociocientíficos	em	livros	didáticos	de	Química	para	a	segunda	e	
terceira	séries	do	Ensino	Médio.	Revista	Brasileira	de	Ensino	de	Ciências	e	Matemática.	2021	Apr	22;4(2).	
3. Brasil. Programa Nacional do Livro e do Material Didático. Edital Consolidado. Brasília; 2021. 
4.	Santos	WLP	dos,	Mortimer	EF.	Aspectos	sociocientífico	em	aulas	de	Química.	Investigações	em	Ensino	de	Ciên-
cias. 2009;14(2):191–218. 
5.	Bardin	L.	Análise	de	Conteúdo.	1a	ed.	São	Paulo:	Edições	70;	2016.
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NIR Absorbing Photothermal Agents with Excellent Phototoxic Effect

Gibeom Kim* 1, Youngmi Kim 2

1 Kyung Hee University, South Korea, 2 Kyung Hee University, South Korea

Phototherapy is a promising approach for the treatment of various types of cancers, with two distinct modalities, 
photothermal therapy (PTT) and photodynamic therapy (PDT). PTT involves the conversion of light energy into 
heat by light-absorbing agents, such as nanoparticles or dyes, leading to the selective destruction of cancer 
cells through thermal ablation. Whereas PDT involves the activation of photosensitizing agents by light, which 
generate reactive oxygen species, leading to the destruction of cancer cells through oxidative stress. In terms of 
clinical	applications,	PTT	can	effectively	ablate	cancer	cells	with	laser	irradiation	alone,	while	PDT	is	less	effective	
in	hypoxic	conditions.	Therefore,	the	development	of	PTT	agents	with	high	photothermal	conversion	efficiency	
(PCE) and good biocompatibility is an ongoing challenge that requires further attention. In this presentation, we 
report a boron dipyrromethene (BODIPY)-based near-infrared (NIR) absorbing PTT agents that are able to under-
go an oxygen-independent photothermal action upon irradiation with small doses of light in the NIR range. To 
improve the biocompatibility of PTT agents, we employed the encapsulation technique using polar lipids based 
on polyethylene glycol. These ENPAs (encapsulated PTT agents) demonstrate excellent photothermal conversion 
efficiency	(above	70%),	photostability,	and	remarkable	photothermal	effects	to	ablate	cancer	cells.	According	to	
our in vitro experiments using human breast cancer cells (MCF-7), we have observed that ENPAs up to 15 μM don’t 
significantly	impact	cell	viability	without	laser	irradiation,	as	viability	remains	higher	than	90%.	However,	within	
laser	irradiation,	the	ENPAs	exhibit	outstanding	efficacy	in	inducing	cancer	cell	death,	even	at	low	concentrations	
and	under	hypoxic	conditions.	Furthermore,	they	are	stable	up	to	two	weeks	when	stored	at	4	ºC,	and	their	size	
(160 ~ 200 nm) is appropriate for penetrating tumors. With these advantages, the ENPAs developed in this study 
could	significantly	contribute	to	the	advancement	of	PTT	agents	for	cancer	treatment.

Figure 1. (A) Illustration of the BODIPY-Based NIR absorbing PTT agents. Thermal images of BODIPY-Based NIR absorbing PTT 

Agents (B) and control compounds (C) under laser irradiation for 5 min.
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Photoreversible diode nanopore

Xingzao Wang* 1, Aidan  Kerckhoffs 1, Jorin  Riexinger 1, Matthew Langton 1, Yujia Qing 1, Hagan Bayley 1

1 Department of Chemistry, University of Oxford, Oxford, United Kingdom

Alpha-hemolysin (αHL) is a robust transmembrane protein pore which can be engineered to accommodate a 
wide range of functionalisation. However, an αHL	pore	capable	of	regulating	ionic	flow	across	a	lipid	bilayer	in	
a	photoreversible	manner	has	never	been	prepared.	Such	spatiotemporal	control	of	ionic	flow	would	aid	in	the	
development of bio-iontronic circuits and provide a means of transmembrane communication. Previous studies 
in our group have demonstrated that engineering of the β barrel of the αHL pore can produce an ionic diode[1], 
irreversible photocaging[2] and reversible photoswitching[3]. The present work demonstrates a nanopore com-
bining the properties of an ionic diode and reversible photoswitching. 
By	conjugation	of	an	azobenzene	to	a	specific	site	on	the	αHL polypeptide, we created a heptameric αHL nanopore 
with	95%	current	gating	(on/off	switching)	at	the	single	molecule	level	and	85%	current	gating	at	the	ensemble	
level.	We	examined	the	gating	efficiency	and	photoisomerisation	kinetics	by	electrical	recording	in	planar	lipid	
bilayers. During irradiation of individual pores, discrete stepwise current transitions are observed, suggesting 
that the pore contains seven asynchronous photoswitches. We also characterised the current-voltage responses 
of the pores to demonstrate its diode property. Finally, we demonstrated the photoswitching of pores in drop-
let-interface bilayers formed between droplets 400 μm in diameter and in synthetic tissues composed of 100-μm 
droplets.	In	summary,	the	photodiode	nanopore	offers	solutions	to	the	control	of	ionic	flow	in	bio-iontronics	and	
signaling in synthetic tissues.

References:
[1] G. Maglia, A. J. Heron, W. L. Hwang, M. A. Holden, E. Mikhailova, Q. Li, S. Cheley, H. Bayley, Nat. Nanotechnol. 
2009, 4, 437–440.
[2] C. Chang, B. Niblack, B. Walker, H. Bayley, Chem. Biol. 1995, 2, 391–400.
[3] S. Loudwig, H. Bayley, J. Am. Chem. Soc. 2006, 128, 12404–12405.

Acknowledgements:
This work was supported by a European Research Council Advanced Grant.



POSTERS 1

686

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B1003

Flavin-Catalyzed Oxidative Coupling for C-C Bond Formations

Hazuki Miyake* 1, Hiroki Iida 1

1 Shimane University, Japan

Flavin	catalysts,	developed	by	mimicking	the	enzymatic	function	of	flavin	monooxygenase,	have	gained	increas-
ing	attention	as	biomimetic	redox	organocatalysts	that	enable	efficient	activation	of	molecular	oxygen.	Although	
the	flavin-catalyzed	aerobic	oxidation	system	has	been	mainly	used	for	oxygen-atom	transfer	reactions	of	vari-
ous substrates, its application to other oxidative transformations is required to provide environmentally friendly 
processes	that	fulfill	the	requirement	of	green	chemistry.	Recently,	in	our	laboratory,	we	have	applied	flavin	cat-
alysts to electrolysis, photoreactions, and a two-component catalyst system hybridized with an iodine catalyst.¹ 
Tetrahydroisoquinoline derivatives have useful pharmacological activities such as antitussives and emetics, and 
their	synthesis	and	modification	methods	have	been	developed.	In	this	study,	we	investigated	whether	the	flavin	
catalyst could catalyze the oxidative C–C bond formation by cross-dehydrogenative coupling (CDC) reaction be-
tween tetrahydroisoquinoline (1) and carbon nucleophiles (2) using molecular oxygen, with an expectation that 
this would allow for the development of an eco-friendly reaction system. As a result, in the presence of a catalytic 
amount	of	cationic	flavin	catalyst,	the	CDC	reaction	between	1	and	2	proceeded	efficiently	under	an	oxygen	at-
mosphere (1 atm), and the corresponding product (3) was obtained in good yield. This reaction system produced 
only	water	as	a	waste,	using	molecular	oxygen	due	to	the	redox	ability	of	the	flavin	catalyst.

1) a) T. Ishikawa, M. Kimura, T. Kumoi, H. Iida, ACS Catal., 2017, 7, 4986-4989; b) R. Ohkado, T. Ishikawa, H. Iida, 
Green Chem., 2018, 20, 984-988; c) H. Okai, K. Tanimoto, R. Ohkado, H. Iida, Org. Lett., 2020, 22, 8002-8006; d) 
M. Oka, D. Katsube, T. Tsuji, H. Iida, Org. Lett., 2020, 22, 9244-9248; e) T. Mizushima, M. Oka, Y. Imada, H. Iida, Adv. 
Synth. Catal., 2022, 364, 2443-2448.

The CDC reaction between tetrahydroisoquinoline (1) and carbon nucleophiles (2) under O₂ atmosphere (1 atm) in the 

presence of a cationic flavin catalyst.
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Structural and Vapor De-Adsorption Behavior of Zn(II) MOFs

Yu-Chen Chung* 1, Chih-Chieh Wang 1

1 Soochow University, Taiwan

Ten	 Zn(II)	 metal-organic	 frameworks	 (MOFs),	 {[Zn(HL¹)(m-pda)]•(ClO₄)•2C₂H₅OH•4H₂O}n	 (1),	 and	 {[Zn²(HL¹)
(L¹)(p-pda)₂]•(ClO₄)•6C₂H₂OH•6H₂O}n(2),{[Zn₂(L1)₂(1,4-BDC-2,5(OH))(Cl)₄(CH₃OH)₂]•6CH₃OH}n(3),{[Zn(L¹)
(1,4-BDC-2,5(OH))(H₂O)]•2C₂H₅OH}n(4),{[Zn(L¹)(1,4-BDC-2,5(OH))(H₂O)]•2DMF•2H₂O}n	 (5),	 {[Zn(L¹)(1,4-BDC-
2(OH))(H₂O)]•2DMF}n	 (6),	 {[Zn(L¹)(5-nipa)]·C₂H₅OH·H₂O}n	 (7),	 {[Zn(L¹)(1,3-BDC-5(Br))]•2C₂H₅OH•H₂O}n	 (8),	
{[Zn₂(HL¹)(L¹)(HBTC)₂]•(ClO₄)•10H₂O}n	 (9),{[Zn2(HL¹)₂(BT)]•2(ClO₄)•12H₂O}n(10)	 (L¹=1,3,5-tris(4-pyridylsulfa-
nylmethyl)-2,4,6-trimethylbenzene)	were	synthesized	and	structurally	characterized	by	Single-Crystal	X-ray	dif-
fraction	method.Compounds	1	and	2	contain	Zn(II)	ions	coordinated	by	HL¹	or	L¹	ligands	and	m-pda²-	or	p-pda²-	
ligands,	forming	[Zn₂(m-pda)₂]	or	[Zn₂(p-pda)₂]	metallocycles	that	connect	via	bridges	to	form	a	1D	polymeric	
chain. These chains are interpenetrating to complete a 3D supramolecular network. Compound 3 has a 1D poly-
meric	chain	with	a	[Zn₂L¹₂]	metallocycle	unit	connected	via	bridges	of	Zn(II)	ions	and	1,4-BDC-2,5(OH)²-	ligands	
to form a 2D layered MOF with a doubly-,interpenetrating polycatenane network. Compounds 4-6 share a 2D hon-
eycomb-like	layered	framework,	with	six-coordinate	Zn(II)	ions	bonded	to	L¹	and	1,4-BDC-2,5(OH)²-	or	1,4-BDC-
2(OH)²- ligands. The large intra-framework spaces are occupied by two additional 3D networks to produce a 3D 
triply-interpenetrating supramolecular framework.These compounds’ structural characteristics, thermal stability, 
reversible solvents vapor de-/ad-sorption behaviors and nitrogen, water and carbon dioxide ad-/de-sorption be-
haviors	ic	chain	connected	via	Zn(II)	and	HBTC²-	bridges	to	form	a	2D	layered	MOF	with	adjacent	layers	arranged	
in	an	ABAB	pattern.	Compound	10	has	a	2D	layered	MOF	with	Zn(II)	ions	coordinated	by	L¹	and	BT⁴-	ligands	and	
adjacent layers arranged in an AAA pattern. The structural characteristics, thermal stability, reversible solvents 
vapor de-/ad-sorption behaviors and nitrogen, water and carbon dioxide ad-/de-sorption behaviors of these com-
pounds will be studied in detail. Thanks to my supervisor for providing me with many suggestions when I was 
doing	the	experiment	and	reminding	me	to	find	answers	to	the	questions	in	a	timely	manner.

Reference:
1. Seo, J. S.; Whang, D.; Lee, H.; Jun, S. I.; Jeon, Y. J.; Kim, K. Nature 2000, 404, 982–986.
2. D.A. McMorran; P.J. Steel, Tetrahedron, 2003, 59, 3701-3707
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Impact of solution-stoichiometry on mineralization: Stability of charged-
triple-ion-clusters

Janou Koskamp* 1, Sergěj Seepma 1, Vincent Peters 1, Dimitrios Toroz 2, Devis Di Tommaso 2, Mariëtte  Wolthers 1

1 Utrecht University, Utrecht, The Netherlands, 2 Queen Mary University of London, London, United Kingdom

When	carbonate	salts	form	in	natural	aquatic	systems	such	as	seawater,	pore	fluids,	and	body	fluids,	nuclei	form	
from solutions with widely diverging ratios of the crystal-building ions. One or both ions is generally externally 
controlled by e.g., weathering rates, redox conditions, physiology, or pH. However, laboratory, as well as theo-
retical	studies,	investigated	crystal	nucleation	in	fluids	where	the	ion	ratio	matches	that	of	the	crystal	lattice	or	
vary in titration experiments. For existing crystals, it is known that growth rate depends strongly on the solution’s 
ionic ratio, even if degree of supersaturation is kept constant [1,2]. For nucleation, almost all experiments have 
been	conducted	at	ideal	ionic	ratio,	i.e.,	the	cation:anion	ratio	of	the	uncharged	final	crystal.	Nuclei,	that	form	at	
these conditions are expectedly charge neutral, and their formation can be described with nucleation theories 
based	on	uncharged	gas	condensation	into	droplets	[3].	Recently,	it	was	shown	for	CaCO₃	that	the	solution	ionic	
ratio impacts nucleation asymmetrically [4]. Here, we test the hypothesis that, when there is a shortage of one 
lattice-building ion, it is more likely that the main nucleation path is through the formation of charged-triple-ion-
clusters. This triple-ion-cluster can be positive (with two cations and one anion) or negatively charged (with two 
anions	and	one	cation).	To	investigate	if	there	is	a	difference	in	stability	and	lifetime	of	the	triple-ion-clusters,	
we performed classical molecular dynamics with metadynamics. Results indicate a possible cause of the asym-
metrical behaviour when nucleation occurs under non-stoichiometric conditions for some mineral systems. This 
contributes to a better fundamental understanding of the processes important in mineral sequestration.

References:
[1] Wolthers, M.,Nehrke,G.,Gustafsson,J. P.,&Van Cappellen,P. (2012).Geochim.Cosmochim.Acta,77,121–134.
[2] Kowacz, M.,Putnis,C.V.V.,&Putnis,A.(2007).Geochim.Cosmochim.Acta,71(21),5168–5179.
[3] Benning, L.G.,&Waychunas,G.A.(2008).Kinet.Water-Rock Interact.,259–333.
[4] Seepma, S.Y. M.H.,Ruiz-Hernandez,S. E.,Nehrke,G.,Soetaert,K.,Philipse,A.P.,Kuipers,B.W.M.,& Wolthers,M.(2021).
Cryst.GrowthDes.,21(3),1576–1590.
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Biobased triblock copolymers using an unconventional flow reactor

Milan Den Haese* 1, Hannes P.L. Gemoets 2, Koen Van Acken 2, Louis M. Pitet 1

1 Hasselt University, Belgium, 2 Creaflow, Belgium

Producing	polymers	in	continuous	flow	offers	significant	advantages	in	terms	of	efficiency,	scalability,	and	safety.	
Using	conventional	tubular	flow	reactors	to	synthesize	polymers	comes	with	some	challenges,	especially	related	
to	maintaining	narrow	residence	 time	distributions	 (RTD)	when	operating	with	viscous	fluids.	Laminar	flow	 is	
typically	observed	in	tubes	with	restricted	dimensions,	and	significant	wall	effects	result	in	the	broadening	of	the	
molar	mass	distributions.	We	envisioned	that	such	a	limitation	can	be	overcome	by	the	use	of	an	oscillatory	flow	
reactor	(OFR).	This	work	describes	the	use	of	a	novel	plate-type	OFR	to	improve	continuous-flow	polymerization	
reactions	for	the	first	time.	The	reactor	plate	is	equipped	with	millimeter-scale	cubic	pillars,	and	when	combined	
with	a	superimposed	oscillatory	flow	regime,	pro-	motes	turbulent	flow	to	circumvent	detrimental	wall	effects	
during	polymerizations.	Additionally,	 the	pulsatile	flow	intensifies	mixing,	and	careful	tuning	of	the	pulsation	
amplitude and frequency led to improved (i.e., narrowed) residence time distributions, a crucial parameter when 
synthesizing	 complex	 block	 polymer	 scaffolds	 in	 continuous	flow.	 This	 innovative	 principle	 of	 implementing	
OFRs for improved continuous polymerization reaction is demonstrated with the benchmark ring-opening po-
lymerization of lactide, a well-known renewable monomer. Thorough characterization using the reactor system 
reveals the relationships between process conditions and molecular attributes, including target molar mass and 
dispersity	(Đ).	Further,	the	OFR	enabled	the	streamlined	preparation	of	a	series	of	block	polymers	with	variable	
composition and low dispersity in a single experiment by judiciously adjusting the independent inlet feed rates. 
Finally,	the	OFR	system	allows	for	simple	scaling	without	affecting	the	critical	process	parameters.	As	a	result,	a	
multi-gram synthetic protocol was achieved employing a biobased hydroxyl telechelic poly(β-farnesene) macro-
initiator in the ring-opening polymerization of lactide to generate fully renewable ABA-type triblock copolymers.
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Indole-based dual compounds targeting TSPO/CAs as neuroprotective 
agents

Valeria Poggetti* 1,2, Emma Baglini 2, Elisabetta Barresi 2, Eleonora Da Pozzo 2, Claudiu Supuran 3, Sabrina Taliani 2, 
Federico Da Settimo 2

1 University of Groningen, The Netherlands, 2 University of Pisa, Italy, 3 University of Florence, Italy

Translocator protein (TSPO) is an 18 kDa mitochondrial protein that in response to brain injury is overexpressed in 
neuroglia,	and	so	it	is	widely	recognized	as	a	marker	or	neuroinflammation,	characteristic	of	neurodegenerative	
diseases. 
TSPO plays an important role in steroidogenesis, as it is involved in the internalization of cholesterol into the 
mitochondrion,	 the	 rate-limiting	step,	 thereby	 leading	 to	 the	synthesis	of	anti-inflammatory	 steroid	products	
among which are neurosteroids. [1]
Carbonic Anhydrases (CAs) are enzymes which mainly catalyze the interconversion between carbon dioxide and 
bicarbonate by using a metal hydroxide nucleophilic mechanism. In the active site of alpha-CAs there are a zinc 
(II) ion, three histidine residues and a water molecule in the inactive state. If water loses a proton, the enzyme is 
transformed into the active state. In the native state of the enzyme, the proton transfer occurs thanks to a proton 
shuttle represented by the imidazole group of His64; so, a compound able to act as an additional proton shuttle 
can activate CAs. It has been proven that CA activation represents a potential therapeutic approach for the treat-
ment of neurodegenerative diseases, by promoting synapse strength. [2]
In this respect, the aim of the present study is the development of dual derivatives able to modulate both TSPO 
and CAs in order to obtain molecules with therapeutic potential for neurodegenerative diseases. In particular, the 
basic	structure	of	the	2-phenylindol-3-ilglyoxylamide	(PIGAs)	derivatives,	a	class	of	highly	affine	and	selective	
TSPO	ligands	[3],	was	modified	by	the	insertion	of	a	protonatable	chain,	to	obtain	compounds	(figure	1)	able	to	
transfer	a	proton	in	the	CA	active	site,	while	maintaining	a	good	affinity	for	the	TSPO.	

References:
[1] Gavish M. et al., Pharmacol Rev, 1999
[2] Poggetti V. et al., Molecules, 2022
[3]	Primofiore	G.	et	al.,	J	Med	Chem,	2004

Figure 1: General structure of newly synthesized dual compounds
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Mapping fluxes of activated species in plasma reactors

Anja Herrmann* 1, Patrick Krebaum 2, Mauritius C.M van de Sanden 1,3

1 Dutch Institute for Fundamental Energy Research (DIFFER), Eindhoven , The Netherlands, 2 Fontys Hogeschoolen Technische 
Natuurkunde, Eindhoven, The Netherlands, 3 Eindhoven Institute for Renewable Energy Systems (EIRES), Eindhoven University of 
Technology, Eindhoven, The Netherlands

Reducing	the	carbon	footprint	of	nitrogen	fixation	is	a	key	factor	in	combating	climate	change,	as	currently	1%	
of	world’s	fossil	fuel	usage	used	for	nitrogen	fixation	in	Haber-Bosch	processes.	Both	catalysts	and	plasma	acti-
vation of Nitrogen have the potential to reduce the energy needed to to break nitrogen bond and promote the 
reactions[1].
We are working on combining a radio frequency (RF) plasma, generating highly reactive nitrogen species, with a 
catalyst-coated solid oxide electrolysis cell (SOEC), providing reacting species to the catalyst surface in a control-
lable manner[2,3]. The SOEC membrane can either be Proton- or Oxygen conducting, forming either ammonia or 
nitric oxide with the activated Nitrogen respectively. The density of activated Nitrogen species in an RF inductive-
ly	coupled	flow	reactor	varies	with	distance	from	the	RF-coil,	as	the	lifetime	of	the	activated	species	is	limited.	
As	this	also	impacts	the	flux	to	the	catalyst	surface,	the	position	of	the	SOEC	with	respect	to	the	plasma	must	be	
optimized for a maximum output of reaction products.
Here, we present our work on the development of a dual thermocouple catalytic probe as a low cost, in-situ meth-
od	to	characterize	the	flux	of	activated	nitrogen	species	in	the	afterglow	of	a	nitrogen	plasma	with	distance	from	
the RF-coil and compare it with data of NO production at varying distance of the catalyst surface.

Acknowledgements
This project is part of the European project ORACLE, which has received funding from the European Union’s Hori-
zon 2020 Research and Innovation Programme under grant agreement No101022738.
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[2] R. K. Sharma, H. Patel, U. Mushtaq et al, ACS Energy Lett. 6 (2020) 313.
[3] H. Patel, R. K. Sharma, V. Kyriakou, et al, ACS Energy Lett. 4 (2019) 2091.
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Plasmon-assisted CO2 Conversion at Low Temperatures

Anna Zabelina* 1, Oleksiy  Lyutakov 1, Václav  Švorčík 1, Olga Guselnikova 1

1 UCT Prague, Prague, Czech Republic

The world is facing a serious problem with climate change, which is caused by high levels of carbon emissions. 
Despite	efforts	 to	 reduce	 carbon	dioxide	 (CO2)	emissions,	 the	agriculture	and	building	 industries	 remain	 the	
major sources of these emissions. Unfortunately, with increasing demand for food and housing, it is unlikely that 
emissions will decrease anytime soon. To combat this issue, CO2 must be utilized instead of being released into 
the atmosphere. This utilization process generally involves two steps: CO2 capture and activation.
A novel approach to CO2 cycloaddition has been proposed in this study. Plasmon-assisted chemistry is used to 
produce useful carbonates at extremely low temperatures as low as -40°C. The reaction is carried out under sol-
vent-free conditions by saturating three organic epoxides with CO2 and illuminating dispersed plasmon-active 
hybrid catalysts using LED light at 595 nm.
This	research	proposes	utilizing	a	specific	type	of	photocatalyst	with	an	organic	shell	that	captures	CO2	and	a	
plasmon-active metal nanoparticle core that activates the trapped CO2. Gold nanoparticles with a TBD ligand 
were used as the hybrid catalyst to capture CO2 at atmospheric pressure and low temperatures. Plasmon activa-
tion led to the activation of the TBD-CO2 adduct and cycloaddition, which was found to be weakly dependent on 
the reaction temperature. This reaction can be used even at -40°C. Quantum mechanics simulations have revealed 
an alternative reaction pathway with a 3 times lower activation barrier than in common CO2 cycloaddition cases.
This proposed process is technologically attractive due to its scalability, humidity insensitivity, and sunlight uti-
lization.	It	can	also	be	expanded	to	other	reactions,	including	carbon	dioxide	fixation/utilization	and	dehydroge-
nation. The need for such a process is urgent, and this research provides a promising solution to the problem of 
climate change caused by high carbon emissions.

Figure 1. Schematic representation of the preparation of AuNPs-TBD hybrid catalysts for CO2 cycloaddition to three different 

epoxides
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Plasmon-Assisted Dual Z-Scheme For Photocatalytic Overall Water splitting
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Solar energy holds great potential as a carbon-free source of energy, and one promising application is the split-
ting	of	water	into	its	constituent	gases:	hydrogen	and	oxygen.	This	can	be	achieved	through	a	Z-scheme	design	
that	uses	two	different	semiconductor	materials	to	prevent	the	recombination	of	excited	electrons	and	holes,	
allowing water-splitting reactions to occur on each corresponding semiconductor side.
In	 this	study,	a	 ternary	Z-scheme	using	WO3-x/CdWO4/CdS	materials	was	designed	and	created	to	efficiently	
split water into its constituent elements. The use of a plasmon active grating in combination with these materials 
resulted	in	an	“artificial	leaf”	design	that	can	utilize	the	complete	sunlight	spectrum	without	the	need	for	addi-
tional catalysts. The proposed structure has been demonstrated to produce stoichiometric amounts of oxygen 
and	hydrogen	with	high	efficiency,	and	without	leading	to	catalyst	photodegradation.
By	conducting	control	experiments,	the	study	confirmed	that	the	electrons	and	holes	produced	in	the	process	are	
selectively	involved	in	the	water	splitting	half-reaction,	further	validating	the	proposed	ternary	Z-scheme	as	a	
promising approach towards achieving a sustainable carbon-free energy future.
Compared	to	traditional	methods	of	solar	energy	conversion,	the	proposed	design	has	significant	advantages,	
such	as	high	efficiency	and	the	ability	to	utilize	the	full	spectrum	of	sunlight	without	additional	materials.	The	
study provides important insights into the development of new materials and designs for solar energy conversion 
and water splitting, which could help pave the way towards a more sustainable energy future.
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NIR-Induced Photocatalysis for Drug Synthesis by Upconversion 
Nanoparticles

Jianghua Liu* 1
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Recently, photocatalysis showed widespread application in chemical synthesis, energy, environment, biological 
sectors and drug discovery that enable spatial and temporal control by light under milder reaction conditions. A 
noteworthy application is photoredox catalysts utilize light to activate bioorthogonal reactions in living systems 
for protein modulation and labelling,  probing cells, drug release and etc. Although initial success has been made 
in visible light-controlling photocatalysis in cells, in vivo photocatalysis remains a substantial challenge especial-
ly the limitation of light. Shorter-wavelength light (<500 nm) exhibits potential health risks due to the high ener-
gy, undesired background reactions because of the photon absorption in short-wavelength regions of substrate 
or product, and poor tissue penetration. In contrast, red light (620-700 nm) or near-infrared light (NIR, 700-750 
nm) with lower energy, fewer health risks, fewer side reactions and higher penetration depth through tissue and 
other materials  draws researchers’ interest. Therefore, the activation of photocatalysis by longer-wavelength red 
light or NIR is still a very important research problem.
Based on the previous study, there are two main ways of red light-promoted reactions including direct red light 
photocatalysis and indirect red light photocatalysis through upconversion. we mainly focus on the upconver-
sion nanoparticles (UCNPs) strategy, which can convert NIR to ultraviolet(UV) and/or visible light. Upconversion 
nanoparticles (UCNPs) have a number of unique properties that make them attractive for applications in biology, 
including their low toxicity, excellent biocompatibility, limited photodamage and higher penetration depth into 
biological tissue. These characteristics make UCNPs particularly attractive for a variety of applications, such as 
cell and vivo imaging, bioassays, biosensors and drug delivery. 
Herein, we utilized poly(allylamine)-coated, Ru(dcbpy)(bpy)2 photocatalyst-loaded  lanthanide nanoparticles to 
construct	UCNPs@PAAm@Ru	upconversion	nanocatalyst	and	realize	the	release	of	fluorescent	molecules	and	
drug molecules activated by NIR.

Scheme 1. Upconversion nanoparticles conjucted with photocatalysts Ru for azide reductant reaction.
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Photocatalytic Dye Degradation over Modified Ferroelectric Barium Titanate

Johanna van gent González* 1, Ewout van der Veer 1, Beatriz Noheda 1

1 Zernike Institute for Advanced Materials, University of Groningen, The Netherlands

Charge photogeneration in solid-state materials under supra-bandgap irradiation may be used to induce re-
dox-driven	processes,	among	which	oxidative	degradation	of	organic	pollutants	forms	a	green	method	for	effi-
cient water remediation. Since charge recombination is detrimental to photocatalytic performance, the polarisa-
tion-induced charge separation of ferroelectrics makes them appealing for photocatalysis.
Ferroelectric	barium	 titanate	 (BaTiO₃,	BTO)	pellets	are	used	 for	 the	photocatalytic	degradation	of	Rhodamine	
Blue (RhB). Several pathways to improve the performance of BTO were pursued. First among these is the selective 
deposition	of	Ag₂O/Ag	core-shell	nanoparticles	(NPs)	from	a	AgNO₃	solution,	shown	to	be	dependent	on	surface	
polarity, deposition time and temperature. Through control of such parameters photocatalytic performance of 
BTO pellets was increased twentyfold. It is further demonstrated that hematite (α-Fe₂O₃)	can	be	selectively	de-
posited	on	BTO	by	“piezo-deposition”	from	a	Fe(NO₃)₃	solution,	where	a	maximum	16x	improvement	to	the	pho-
tocatalytic	rate	was	observed	through	adjusting	deposition	time	and	Fe(NO₃)₃	concentration.	Lastly,	wet	chemical	
etching using HF-based solutions was performed to increase the catalyst surface area. By controlling the forma-
tion	of	BaTiF₆	spherulites	at	the	BTO	surface	upon	etching,	RhB	degradation	rates	show	a	sixfold	increase	due	to	
the	increased	surface	area,	favourable	electronic	band	alignment	and	photocatalytic	properties	of	BaTiF₆.
All methods for improving photocatalytic performance employed in this work show it is possible to achieve 
competitive degradation rates using bulk materials. Given the scalability and ease of recyclability of the bulk 
form factor when compared to nanoscale alternatives, these developments are promising in accelerating the 
implementation of photocatalysts for wastewater treatment, thereby addressing the negative environmental and 
health implications of dye pollution.

[1] Cui, Y. et al. Chem. Mater. 2013, 25(21).
[2] Kalinin, S. et al. Nano. Lett. 2002, 2(6).
[3] Song, W. et al. ACS Appl. Mater. Interfaces. 2018, 10(48).
[4]	Zhang,	S.	et	al.	J.	Adv.	Ceram.	2017,	6(1).



POSTERS 1

696

MONDAY & TUESDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P1-B1041

Site-Specific Conjugation on Glycosylated Antibodies using Microbial 
Transglutaminase

Adem Hadjabdelhafid-Parisien* 1, Sebastian Bitsch 2, Arturo Maccaron 2, Lukas Deweid 2, Harald Kolmar 2,  
Joelle Pelletier 1

1 Université De Montréal, Montréal , Canada, 2 University of Darmstadt, Darmstadt, Germany

Antibody-drug	conjugates	consist	of	a	monoclonal	antibody	bound	to	a	cytotoxic	drug	and	combine	the	efficacy	
of	chemotherapy	with	the	high	specificity	of	the	antibody	for	the	treatment	of	cancer.	Microbial	transglutaminase	
(mTG) allows the conjugation of amino molecules to a glutamine (Q295) of the human crystallizable fragment 
(hFc) of deglycosylated antibodies¹. However, the deglycosylation process reduces antibody stability and solu-
bility, limiting its use for industrial-scale production. We screened 80 positions of IgG1 hFc for conjugation by 
mTG	to	a	glycosylated	antibody.	Gel	fluorescence-based	screening	identified	I253Q	hFc	variant	as	allowing	con-
jugation by mTG and was validated in the context of a complete antibody, trastuzumab, used for the treatment of 
Her2+	breast	cancer.	Mass	spectrometry	analysis	confirmed	complete	conjugation	to	the	monodansylcadaverine	
fluorophore.	Characterization	of	the	trastuzumab	I253Q	variant	conjugated	to	monomethylauristatin	E,	a	cyto-
toxic drug, showed that antigen binding and compound cytotoxicity were retained compared to the conjugated 
deglycosylated	wild-type	antibody.	Neonatal	Fc	receptor	affinity	was	abolished,	preventing	recycling	of	antibody	
conjugates. These results are promising for the use of mTG in the synthesis of antibody-drug conjugates.

1.	Jeger,	S.;	Zimmermann,	K.;	Blanc,	A.;	Grunberg,	J.;	Honer,	M.;	Hunziker,	P.;	Struthers,	H.;	Schibli,	R.	Angew	Chem	
Int Ed Engl 2010, 49 (51), 9995-7.

The I253Q substitution enables microbial transglutaminase conjugation of trastuzumab to a fluorophore or click chemistry 

reagent, enabling the synthesis of an antibody-drug conjugate with similar activity to deglycosylated trastuzumab. I253Q 

substitution abolishes FcRn-mediated recycling, making it ideal for biomolecular applications.
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Remediation of acidic tailings using enhanced weathering techniques
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Mining is responsible for substantial Scope 1 emissions. CO2 reduction is a favourable technique for mitigating 
environmental impacts associated with mining. Mine waste (‘tailings’) present additional environmental hazards; 
notably as a potential contaminant. Strategies for managing tailings include storage and rehabilitation. Risk of 
adverse environmental impacts are not eliminated using this method. This paper aims to determine whether 
enhanced weathering of basalt can be used as a remediation and carbon reduction tool for mining waste. The 
study will attempt to simulate natural weathering, where igneous rock is broken down in the presence of water 
and	CO2.	The	 result	 is	 carbon	 sequestration	and	buffering	capability.	Using	acidic	 tailings	obtained	 from	 the	
processing of kaolin clay to extract high purity alumina (HPA), this study aims to determine whether enhanced 
weathering can be used to: (i) meaningfully increase tailings pH, (ii) repair soil structure for rehabilitation pur-
poses, (iii) sequester carbon, and (iv) produce a ‘net zero’ or ‘reduced’ carbon reduction technique for ameliorat-
ed soils. Objectives will be achieved through laboratory studies and statistical modelling initially. Preliminary 
analysis will include the investigation of soil properties using a combination of standard tests (pH, EC, CEC), and 
percolation tests to determine quantity and mobility of contaminants. HPA tailings will then be subject to various 
amelioration treatments using pulverised basalt. Sampling will be conducted to monitor changes in soil proper-
ties	over	time.	Results	will	be	analysed	using	MANOVA	and	MANCOVA	models	to	determine	significance	of	the	
data.	If	successful	in	laboratory	tests,	the	experiment	will	be	extended	to	field	trials	to	determine	effectiveness	
for rehabilitation. This will include executing HPA tailings remediation using successful basalt application rates 
and	utilising	the	material	to	cultivate	vegetation.	Economic	viability	of	trials	will	be	modelled	using	cost-benefit	
analysis. Results of this research could have positive implications for mine waste management.
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Multifunctional Protocells for combination therapy in neuroblastoma

Alejandro Baeza* 1, Jorge  Parra-Nieto 1, Manuel Ramírez-Orellana 2

1 Universidad Politecnica De Madrid; Spain, Madrid, Spain, 2 Hospital Infantil Universitario Niño Jesús; Spain, Madrid, Spain

Neuroblastoma (NB) is the most frequent extracranial solid tumor in children which present the highest mortality 
rate in pediatric oncology.[1] The current treatment of this disease employs chemotherapeutic agents which 
were discovered more than 40 years ago, and it has failed to increase the survival rates. Clearly, novel strate-
gies to address this pathology are required.[2] The development of protocells (mesoporous silica nanoparticles 
coated	with	a	lipid	bilayer)	specifically	decorated	with	targeting	moieties	capable	to	interact	with	different	cell	
populations present in the tumoral tissue, provide a valuable nanoplatform to treat this malignancy.
A set of protocells capable to house therapeutic agents with diverse nature (hydrophilic and hydrophobic drugs, 
proteins, and enzymes) were synthesized. The external surface of these nanocarriers were decorated with syn-
thetic	 targeting	moieties	 to	provide	 selectivity	 towards	 their	 specific	 cell	 target	 (NB	 cells	 and	macrophages).	
Furthermore, polymeric nanocapsules which contained therapeutic enzymes (glucose oxidase and catalase) have 
been	anchored	on	the	nanocarrier	surface	to	improve	the	efficacy	by	synergistic	effects.	Selective	uptake	and	
therapeutic	efficacy	were	evaluated	in	vitro.	The	attachment	of	specific	4-aminobenzylguanidine	analogues	in-
duced	10-fold	higher	uptake	in	NB	cells	comparison	with	naked	protocells.	Protocells	loaded	with	different	cyto-
toxic agents were capable to induce neuroblastoma cell death with extremely low dosages. Parallelly, protocells 
loaded with cocktails of macrophage-depletion drugs decorated with mannose showed selective uptake and high 
depletion capacity.
These	engineered	protocells	have	showed	a	great	capacity	to	transport	multiple	therapeutic	agents	with	different	
nature	to	different	cell	populations.	The	combined	action	of	the	released	drugs	and	the	catalytic	action	of	the	
housed	enzymes	provide	a	significative	improvement	of	the	therapeutic	efficacy	by	synergistic	effect.

Acknowledgements:	This	work	was	supported	by	Ministerio	de	Ciencia	e	Innovación,	Government	of	Spain,	Ref:	
PID2019-106381RB-I00.

References: [1] Med Res Rev. 2020;1–61, [2] Nat Rev Clin Oncol. 2022, 19, 515–533

Multifunctional Protocells for neuroblastoma therapy
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Mono-Phosphine Metal-Organic Framework-Supported Cobalt Catalyst for 
Borylation Reactions

Wahida Begum* 1, Kuntal  Manna 1

1 Indian Institute of Technology, IIT Delhi, New Delhi, India

Phosphine ligands have always been of utmost importance in the production of many transition metal catalysts 
due	to	their	distinctive	property	of	enabling	convenient	adjustment	of	electronic	effect	without	experiencing	
significant	change	in	steric	effects.	In	particular,	Mono-phosphine	ligands	are	easy	to	use	because	of	their	flexible	
structures and excellent catalytical activity. The synthesis of monoligated phosphine base metal complexes is 
challenging because of their tendency to undergo ligand exchange reactions. The site isolation in metal-organic 
frameworks (MOFs) could be employed to prevent such ligand exchange reactions. We present a monoligated 
phosphine-cobalt complex supported by a MOF that is an active heterogeneous catalyst for aromatic C-H bory-
lation and alkene hydroboration. The metalation of a porous triarylphosphine-functionalized MOF (MOF-P) with 
CoCl₂	was	followed	by	activation	with	NaEt₃BH	to	synthesize	the	mono(phosphine)-Co	catalyst	(MOF-P-Co).	The	
arene- and alkyl-boronate esters can be produced with good yields and selectivity using the MOF catalyst’s broad 
substrate scope and excellent functional group tolerance. In arene C–H borylation, MOF–P–Co provided a TON of 
30,000 and could be recycled and utilised at least 13 times. Importantly, the attempt to prepare the homogeneous 
control	(Ph₃P-Co)	using	triphenylphosphine	was	unsuccessful	due	to	the	facile	disproportionation	reactions	or	
intermolecular ligand exchanges in the solution. In contrast, the site isolation of the active mono(phosphine)-Co 
species	within	the	MOF	affords	the	robust	and	coordinatively	unsaturated	metal	complexes,	allowing	to	explore	
their catalytic properties and the reaction mechanism. 
This research is funded by CSIR-HRDG [01(3040)/21/EMR-II]. Authors acknowledge the Central Research Facility, 
IIT Delhi, for instrument facilities.

References 
Newar, R.; Begum, W.; Akhtar, N.; Antil, N.; Chauhan, M.; Kumar, A.; Gupta, P.; Malik, J.; Balendra; Manna, K. Mono-Phos-
phine	Metal-Organic	Framework-Supported	Cobalt	Catalyst	for	Efficient	Borylation	Reactions.	Eur.	J.	Inorg.	Chem.	
2022, e202101019.

A porous metal-organic framework stabilize mono(phosphine)-cobalt species R₃P-Co is a highly active and recyclable solid 

catalyst for borylation of aromatic C–H bonds and hydroboration of alkenes.
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A Kinetically Trapped [TiCl3]+ Cation: Coordination and Reactivity

Errikos Kounalis* 1, Dylan van Tongeren 1, Martin Lutz 1, Daniël Broere 1

1 Utrecht University, The Netherlands

The combination of a Lewis base and a Lewis acid generally results in the formation of a Lewis adduct. Through 
the introduction of appropriate geometric strain or by modifying the steric bulk around the Lewis acid and base, 
this adduct formation can be prevented, resulting in so called ‘Frustrated Lewis Pairs’ (FLPs).[1] The most studied 
class of FLPs comprise combinations of bulky phosphines and bulky boranes. The ‘frustration’ in these systems 
enables the heterolytic and cooperative activation of a variety of bonds in small molecules (e.g. reversible H2 
activation), using the polarized interaction between the Lewis acid and base. [1] Whereas most FLPs are based 
on main-group elements, a far less explored area is that of Transition Metal-based FLPs (TM-FLPs).[2] A potential 
advantage of TM-FLPs is that by using a transition metal as the Lewis acid, d-orbitals can get involved in follow-up 
reactivity.[2] This can also result in reactions that are typically stoichiometric for main-group FLPs being catalyt-
ic when TM-FLPs are used, e.g. the dehydrocoupling of amine-boranes.[3] TM-FLPs are however underexplored 
compared to main-group FLPs in literature, with the most studied TM-FLPs being cationic, group IV metallocene 
phosphinoaryloxides. In this presentation, we describe a new type of TM-FLP based on the PNNP expanded pincer 
developed by our group.[4] Although the PNNP ligand is designed to bind two metals, we here show that it can 
kinetically trap a highly electrophilic [TiCl3]+ fragment with the phosphines. Interestingly, the highly polarized 
Ti-P bonds of this complex are among the longest reported in literature. We demonstrate that exposure of [PNNP-
TiCl3][BArF24] to epoxides results in Meinwald-rearrangement to aldehydes. Lastly, we present how this new 
class	of	TM-FLP	reacts	with	aldehydes	where	we	have	trapped	and	isolated	the	fleeting	“FLP-type”	adduct,	which	
has	been	fully	characterized	with	multinuclear	NMR-spectroscopy	and	single-crystal	XRD.

[1] Stephan,D.W,Acc.Chem.Res.2015,48,2,306.
[2] Flynn,S.R.et.al,ACS.Catal.2013,3,11,2574.
[3] Metters,O.J.et.al,ACS.Catal.2016,6,10,6601.
[4] Kounalis,E.et.al,Chem.Eur.J.2019,25,58,13280.
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Path modelling of GC-MS data of river pollution

Andre van den Doel 1, Maria Cairoli 1, Berber Postma* 1, Tim Offermans 1, Henk Zemmelink, Gerard Stroomberg 1,3, 
Lutgarde Buydens 1, Geert van Kollenburg 1,4, Jeroen Jansen 1

1 Radboud University, Department of Analytical Chemistry & Chemometrics, Institute for Molecules and Materials (IMM), 
Nijmegen, The Netherlands, 2 Rijkswaterstaat, Lelystad, The Netherlands, 3 RIWA-Rijn, Nieuwegein, The Netherlands, 4 Eindhoven 
University of Technology, Interconnected Resource-aware Intelligent Systems, Eindhoven, The Netherlands

A comprehensive approach to protect river water quality is needed within the European Water Framework Direc-
tive.	Non-target	screening	of	a	complete	chemical	fingerprint	of	the	aquatic	ecosystem	is	essential	to	identify	
chemicals of emerging concern, to reveal dynamic patterns of suspect river water pollution. Dedicated data pro-
cessing of ongoing GC-MS measurements at 9 sites along the Rhine using PARADISe, combined with spatiotem-
poral modelling of these sites with Process PLS, provided a new approach to track chemicals through the Rhine 
catchment, and tentatively identify known and unknown potential pollutants based on non-target screening.
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Structure- Property correlation of Tenter-Frame Biaxially Oriented 
Polyethylene

Ilaria Squillante* 1,2, Giuseppe Portale 1,2

1 University of Groningen, Groningen, The Netherlands, 2 DPI, Eindhoven, The Netherlands

Plastic	Packaging	is	a	sector	largely	dominated	by	polyolefins,	polyethylene	(PE)	and	polypropylene	(PP)	in	par-
ticular.	The	identification	of	an	efficient	recycling	strategy	for	polyolefin-based	packaging	systems	is	hampered	
by	the	fact	that	PP	and	PE	are	often	used	in	multilayered	films	comprising	of	different	materials	glued	together,	
which	are	extremely	difficult	and	costly	to	recycle.	To	improve	the	circularity	of	the	plastic	economy	in	the	pack-
aging sector, the introduction of mono-material packaging containers entirely based on PE is pursued as a re-
placement	of	multi-material	film	packaging.	Biaxially	oriented	polyethylene	films	(BOPEs),	in	particular,	are	very	
promising materials due to their superior mechanical and barrier properties.
In this respect, the present project aims at identifying novel strategies that allow for extension of PE usage as 
mono-material in new applications. To achieve this objective, the full understanding of the structure-property 
relationship in BOPE materials as a function of processing conditions is mandatory.
To	achieve	this,	we	carried	out	an	extensive	ex-situ	investigation	on	industrial	BO-LLDPE	films	at	the	nano,	micro	
and	macro	scales,	which	I	will	show	in	this	poster.	In	particular,	the	orientation	of	the	films	upon	stretching	was	
characterized in terms of biaxial crystalline and amorphous orientation factors using FTIR spectroscopy.(1) The 
FTIR data have been supported and completed by the combination of Transmission and Grazing Incidence Small 
and	Wide	Angle	X-ray	Diffraction,	allowing	us	to	obtain	structural	information	in	all	the	relevant	processing	direc-
tions (machine direction and the perpendicular to it). The spectroscopic and structural results, are linked to other 
information coming from microscopy (AFM) and calorimetry (DSC) data. These results helped us to understand 
how	the	mechanical	behavior	is	changing	as	a	function	of	the	different	applied	draw	ratios.(2)

1.Solid Phase Processing of Polymers 33–65 (2000).
2.J. ACS Omega 5, 655–666 (2020).

Transmission (a- first row) and Grazing Incidence (a-second and third rows) Wide Angle X-ray Diffraction images for BOPE 

films stretched at different draw ratios. White-Spruiell orientation factors from FT-IR (b).
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Mechanochemical synthesis of hydantoin-based drugs: Computational 
insights

Iogann Tolbatov* 1, Dayana  Galeas 1, Evelina Colacino 2, Feliu Maseras 1

1 Institut Català d’Investigació Química (ICIQ), Tarragona, Spain, 2 ICGM, Univ. Montpellier, CNRS, ENSCM, Montpellier, France

Hydantoin-based active pharmaceutical ingredients, nitrofurantoin and dantrolene, are ubiquitously produced 
drugs with annual global sales of  > $553 million [1]. Industrially, both drugs are produced via a complex process 
including dimethylformamide or acetonitrile, this synthesis being characterized by long reaction times (8 hours) 
and moderate yields (16-92% for nitrofurantoin and 41-96% for dantrolene). On the other hand, recently it was 
shown	that	the	employment	of	ball-milling	technique	permits	an	eco-compatible,	waste-free	and	efficient	syn-
thesis of both drugs [2]. Apart from the evident sustainability of this solvent-free process, another advantage is 
a	significantly	shorter	reaction	time	(below	two	hours).	The	reasons	for	this	acceleration	were,	however,	are	not	
fully	understood.	Our	hypothesis	is	that	the	ball	milling	allows	for	efficient	mixing	of	the	solid	reactants,	which	is	
followed afterwards by the reaction mechanisms similar to those in solution [3]. This hypothesis was put to test 
through unprecedented density functional theory (DFT) calculations of reaction barriers followed by microkinetic 
models.	We	were	able	to	reproduce	the	effect	of	ball	milling	on	reaction	times	in	two	selected	reactions,	which	
opens the way for further optimization of these and other related mechanochemical processes.

[1] https://www.pharmacompass.com/active-pharmaceutical-ingredients/nitrofurantoin (accessed February 14, 
2023).
[2] Colacino, E., Porcheddu, A., Halasz, I., Charnay, C., Delogu, F., Guerra, R. and Fullenwarth, J. Mechanochemistry 
for “no solvent, no base” preparation of hydantoin-based active pharmaceutical ingredients: nitrofurantoin and 
dantrolene. Green Chemistry 2018, 20(13), pp.2973-2977.
[3] Pladevall, B.S., de Aguirre, A. and Maseras, F. Understanding ball milling mechanochemical processes with DFT 
calculations and microkinetic modeling. ChemSusChem 2021, 14(13), pp.2763-2768.

Acknowledgements: This work is a contribution to the EU Programme COST Action CA18112 “Mechanochemistry 
for Sustainable Industry”.

Keywords: Mechanochemistry, Active Pharmaceutical Ingredients, DFT
Main theme: 3.14 Chemistry related to sustainability - sustainable synthesis.
Subtheme: Mechanochemical applications for sustainable synthesis
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Fabrication of Multifunctional Lanthanide Nano-transducer for NIR-driven 
bio-therapy

Kefan Wu* 1, Jun Yuan 1, Hong Zhang 1

1 University of Amsterdam, Amsterdam, The Netherlands

Photochemical	reactions	are	the	most	important	and	fundamental	reactions	in	nature,	affecting	many	aspects	of	
our lives. The main challenge in the application of photochemical reactions is often the penetration restriction of 
ultraviolet	and	visible	light,	e.g.,	noninvasive	photodynamic	therapy	is	mainly	conducted	for	superficial	diseases	
in clinics. Luminescence upconversion softens the challenge to a certain extent. Here we introduce a two-step 
bioorthogonal strategy in NIR-driven photodynamic therapy. Based on an advanced understanding of the photo 
energy transfer and migration dynamics, we integrate upconversion luminescence and scintillating luminescence 
in	a	lanthanide	nanoparticle,	which	offers	switchable	optical	imaging	and	synergy	of	photodynamic	therapy	and	
radiotherapy of deep diseases, e.g., deep tumor.
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Unravelling molecular self-assembly for materials design

Mónica Espinoza Cangahuala* 1, Thomas Jansen 1

1 University of Groningen, Groningen, The Netherlands

Self-assembled organic molecular aggregates have applications in energy storage, photovoltaics, energy harvest-
ing, sensors, and optoelectronic devices. The well-known amphiphilic cyanine-dye-based chromophore, C8S3, is a 
promising	material	that	self-assembles	in	water	into	double-walled	nanotubes	with	high	quantum	efficiency	and	
energy transport properties. Although widely studied, its self-assembly process remains shrouded in mystery. 
Here,	we	employ	a	multiscale	approach[1]	 to	determine	 the	absorption	and	2DES	spectra	 to	unravel	 the	first	
self-assembly step: dimerization. This approach combines molecular dynamics (MD) simulations with quantum 
chemistry calculations to obtain an exciton Hamiltonian that is then used in spectral calculations. We compare 
results	obtained	in	different	solvents	and	validate	our	model	with	experimental	data.	Our	results	reveal	the	spec-
troscopic signatures of molecular clustering at the initial stage of the self-assembly process. Additionally, we 
apply	our	 (simplified)	method	to	doped	nanotubes	 to	understand	 the	effect	of	doping	on	 the	self-assembled	
nanoarchitecture	and	exciton	diffusion	of	the	fully	formed	nanotubes.	The	current	approach	paves	the	way	for	
future investigations of the mechanism of self-assembly processes in similar light-harvesting complexes and 
guides the design of optoelectronic devices.

References
[1] Jansen, T. L. C., Computational spectroscopy of complex systems. J. Chem. Phys. 2021, 155 (17), 170901.

Acknowledgements
We would like to acknowledge the discussions with our experimental collaborators: Maxim S. Pchenitchnikov, 
Sundar R. Krishnaswamy, Pieter J. Brongers, and Alexey Kuevda. This work is part of the “Self-assembly pathways 
of	an	artificial	light-harvesting	complex”	with	project	number	OCENW.Klein.356	of	the	research	programme	NWO	
Klein,	which	is	financed	by	the	Dutch	Research	Council	(NWO).	

Summary of the approach. We model spectroscopic signatures of C8S3 clusters and nanotubes in water.
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Chromium(III) Diamino-bis(phenolate) Catalysts for Ring-opening 
Polymerization Reactions

Cyler Vos* 1, James Beament 1, Christopher Kozak 1

1 Memorial University of Newfoundland and Labrador, St. John’s, Canada

We have previously reported the use of chromium(III) diamino-bis(phenolate) complexes as catalysts for ring 
opening	polymerization	(ROP)	of	epoxides	and	ring	opening	copolymerization	(ROCOP)	of	epoxides	and	CO₂.(1-
4) Work now focuses on expanding the polymer-classes that can be formed using these catalysts. This involves 
using	different	monomers,	such	as	cyclic	anhydrides	and	lactones,	for	incorporation	into	copolymers.	These	ter-
polymers	incorporating	CO₂,	epoxides,	and	other	monomers	into	their	structure	can	show	tunable	physical	prop-
erties.	The	coordination	geometry	of	the	metal	complex	is	important.	The	activity	and	selectivity	for	different	
monomers	is	influenced	by	whether	a	trans-ligand-inducing	tetradentate	diamino-bis(phenolate)	ligand	(ONNO)	
is	used,	or	a	tripodal	diamino-bis(phenolate)	 ligand	(O₂NN´)	 is	used,	which	enforces	a	cis-ancillary	ligand	ori-
entation.	The	 influence	of	 the	 ligand,	choice	of	co-catalyst,	catalyst	 loading,	monomer-to-monomer	ratio,	and	
temperature will be discussed.

References
(1) Ambrose, K.; Murphy, J. N.; Kozak, C. M. Chromium Amino-Bis(Phenolate) Complexes as Catalysts for Ring-Open-
ing Polymerization of Cyclohexene Oxide. Macromolecules 2019, 52 (19), 7403–7412. https://doi.org/10.1021/
acs.macromol.9b01381.
(2) Ambrose, K.; Murphy, J. N.; Kozak, C. M. Chromium Diamino-Bis(Phenolate) Complexes as Catalysts for the 
Ring-Opening Copolymerization of Cyclohexene Oxide and Carbon Dioxide. Inorg. Chem. 2020, 59 (20), 15375–
15383. https://doi.org/10.1021/acs.inorgchem.0c02348.
(3)	Ni,	K.;	Kozak,	C.	M.	Kinetic	Studies	of	Copolymerization	of	Cyclohexene	Oxide	with	CO₂	by	a	Diamino-Bis(Phe-
nolate) Chromium(III) Complex. Inorg. Chem. 2018, 57 (6), 3097–3106. https://doi.org/10.1021/acs.inorgc-
hem.7b02952.
(4)	Ni,	K.;	Paniez-Grave,	V.;	Kozak,	C.	M.	Effect	of	Azide	and	Chloride	Binding	to	Diamino-Bis(Phenolate)	Chromium	
Complexes	on	CO₂/Cyclohexene	Oxide	Copolymerization.	Organometallics	2018,	37	(15),	2507–2518.	https://
doi.org/10.1021/acs.organomet.8b00298.
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Bulk polymerization of biobased polyesters derived from 
2,5-bis(hydroxymethyl)furan

Cornelis Post* 1, Dina Maniar 1, Vincent Voet 2, Rudy Folkersma 2, Katja Loos 1

1 University of Groningen, Groningen, The Netherlands, 2 NHL Stenden University of Applied Sciences, Emmen, The Netherlands

The negative consequences of fossil raw materials are becoming more visible today, with examples including 
extreme weather and plastic waste pollution in the environment. Commodity plastics such as polyethylene tere-
phthalate (PET), polypropylene (PP) and polyethylene (PE) are indispensable in society, but they also contribute 
to these problems. Biobased polymers, on the other hand, have a lower carbon footprint while still possessing 
comparable properties to traditional commodity plastics.
2,5-Furandicarboxylic acid (FDCA) is a monomer for the production of poly(ethylene 2,5-furandicarboxylate) 
(PEF), a prominent biobased alternative for PET. 2,5-Bis(hydroxymethylfuran) (BHMF), a structurally similar mono-
mer to FDCA, is a promising but understudied sugar-derived building block. BHMF can be derived from sugars via 
a straightforward and facile 5-hydroxymethylfurfural (HMF) reduction, which produces high yields. However, the 
synthesis of BHMF-based polymers is challenging due to BHMF’s low thermal and chemical stability. Enzymatic 
polymerization	is	a	potential	solution	to	address	this	problem	because	it	provides	high	reaction	efficiency	and	
selectivity under mild conditions.
In this work, BHMF was successfully polymerized with dimethyl succinate (DMS) as a comonomer using immobi-
lized Candida antarctica lipase B (iCALB) enzyme as the catalyst. The bulk polymerization process was optimized 
to prevent BHMF degradation while aiming for a high molecular weight. A relatively high molecular weight poly-
ester of Mn of approximately 10 kg/mol with Tg = 15 °C and Tm = 98 °C was obtained.

Schematic representation of the conversion of biomass to BHMF and subsequent polymerization to various polyesters.
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Urban Wetlands:  Significant Carbon Reservoir for Conservation

Jeyanny Vijayanathan* 1

1 Forest Research Institute Malaysia, Kepong, Malaysia

Peatland ecosystems were reported to store approximately 69.6–129.8 Pg C (Page et al. 2011). If they are not 
carefully managed, they can be a source of carbon dioxide (CO2) and methane (CH4). The objective of this re-
search was to estimate the soil and aboveground carbon stocks in an urban wetland in Dengkil, Selangor, Malay-
sia. Five points were established in a transect of 1,860 m and a peat auger was used to collect peat samples from 
the surface to the mineral layer. Core rings were used to collect surface bulk density samples. Vegetation in the 
transect were also measured for height and mean diameter at breast height.  Results display that all sites have 
organic	peat	in	the	range	between	150	to	200	cm	with	carbon	content	≥	41%	and	classified	as	moderately	deep	
peat.	The	soil	type	here	classified	as	Typic	Haplohemist.	Secondary	vegetation	ranged	from		Acacias,	Macaranga,	
and Euodia sp. Soil bulk density ranged from 0.10- 0.30 g cm-3 for peat and 0.5- 0.9 g cm-3 for the parent mate-
rial. The mean diameter at breast height was 17.5 cm whereby the lowest was 7.6 cm and highest was 31.5 cm. 
The mean aboveground C stocks were 93.5 t C ha-1. The root C stocks constituted 22.5 tC ha-1. The peat carbon 
stocks was 440.9 tC ha-1 up to 1 m depth (Table 1). Urban wetlands are important ecosystem to be conserved as 
a long-term carbon sink in the midst of rapid urbanization in a developing country for greenhouse gas mitigation 
strategies. 

Reference : 
1.PAGE SE, RIELEY JO, BANKS CJ (2011). Global and regional importance of the tropical peatland carbon pool. 
Global Change Biology 17:798–818

Peat sampling using peat auger
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Influence of environmental conditions on a sustainable neutralizer

Mauricio Córdova-Udaeta* 1, Tingkai Zhou 2, Kengo Horiuchi 3, Takaya Hamai 3, Yutaro Takaya 4, Keishi Oyama 5, 
Chiharu Tokoro 4,5

1 Waseda Research Institute for Science and Engineering, Waseda University, Japan, 2 School of Creative Science and Engineering, 
Waseda University, Japan, 3 Metal Environment Management Department, Japan Organization for Metals and Energy Security 
(JOGMEC), Japan, 4Graduate School of Engineering, The University of Tokyo, Japan, 5Faculty of Science and Engineering, Waseda 
University, Japan

Acid mine drainage (AMD) is an environmental problem that needs attention, and thus remediation techniques 
are needed. In this regard, passive treatment appears as a promising alternative due to its low implementation 
cost and ease of maintenance. For this purpose, PAdeCS®, which is a solid material prepared from the recycling 
of concrete sludge, is being studied as a potential neutralizer for passive AMD treatment in Japan.
In this study, we investigated the environmental conditions (namely: metal concentration, hydraulic retention 
time	and	temperature)	affecting	the	efficiency	of	PAdeCS®	in	terms	of	its	neutralization	capacity	using	two	dif-
ferent chemical reactor approaches at 5, 15 and 25 °C, respectively. Batch reactor experiments comparing the 
efficiency	of	limestone	(CaCO₃)	and	PAdeCS®	to	neutralize	either	water,	sulfate-laden	water	and	simulated	AMD	
showed	that	PAdeCS®	is	more	effective	than	limestone	in	raising	the	pH	value,	reaching	pH>11	for	water	and	
sulfate-laden water after 60 min of reaction, while reaching pH values close to 8 after 360 min of reaction for 
simulated AMD. On the other hand, column experiments studying the neutralization of water and simulated AMD 
showed	that	the	 increase	 in	pH	is	greatly	affected	by	the	hydraulic	retention	time	within	the	column	and	the	
initial metal concentration in the liquid, as the pH increase observed was of around 5 pH units for water, while 
averaging only 1 pH unit for synthetic AMD. A comparison of the metal content in solution found for both reactor 
approaches suggested the presence of potential surface precipitation phenomena occurring at the solid-liquid 
interface	of	PAdeCS®,	which	may	be	detrimental	for	its	overall	neutralization	efficiency.
The	results	of	this	work	contribute	to	the	understanding	of	the	effect	exerted	by	3	common	environmental	con-
ditions found during passive AMD remediation, and could be useful in cases where surface reactions have a 
predominant role.
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Supercapacitor Electrodes based on Biomass modified with Trimetallic/
Hydroxides-(Co,Ni,Fe-OH)

Andy Alfredo Cardenas-Riojas* 1, Miguel A. Vargas-Ponce 2, Angelica M. Baena-Moncada 1

1 National University of Engineering , Rimac, Peru, 2 University of Reims Champagne-Ardenne, Reims, France

Intermittent renewable energy sources demand suitable storage devices, in order to release the energy when 
needed. Therefore, in this work the development of alternative materials for their use as electrodes in superca-
pacitors -high power density energy storage devices- is proposed. In order to contribute to the circular economy 
and sustainable development, biomass residues such as sugarcane bagasse and orange peel are employed to ob-
tain the activated carbon for the electrode fabrication, (see Figure 1). The resulting material exhibits great chem-
ical stability, high surface area and optimal energy storage capacity. The latter is improved by the incorporation 
of trimetallic hydroxides based on Co, Ni and Fe, resulting in a capacitance increase due to the pseudocapacitive 
component provided by the hydroxides (Ruiz-Montoya; et.al 2021).

References:	 Ruiz-Montoya,	 J.	 G.,	 Quispe-Garrido,	 L.	 V.,	 Gómez,	 J.	 C.,	 Baena-Moncada,	 A.	M.,	&	Gonçalves,	 J.	M.	
(2021). Recent progress in and prospects for supercapacitor materials based on metal oxide or hydroxide/bio-
mass-derived carbon composites. Sustainable Energy & Fuels, 5(21), 5332-5365.

Acknowledgments: The authors wish to thank PROCIENCIA (Contract PE501080196-2022) for the funding grant-
ed for carrying out the research. The authors gratefully acknowledge the Applied Electrochemical Research Lab-
oratory, Faculty of Sciences of the National University of Engineering Lima-Peru. The authors acknowledge the 
Center de Calcul Régional ROMEO, France for computing facilities (http://romeo.univ-reims.fr).

Figure 1. Synthesis of activated carbon from the biomass of orange peel or sugarcane bagasse
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Control of ammonia formation from swine manure

Yeomyeong Yun* 1, Gwang-Su Yun 1, Ha-Eun Oh 1

1 Chungbuk National University, Cheongju, South Korea

Ammonia	generated	from	the	urinary	urea	of	livestock	manure	can	have	a	significant	impact	on	air	quality	and	
human health. The aim of this study was to investigate the feasibility of acetohydroxamic acid (AHA) as a urea 
structural analogue for the inhibition of ammonia formation from urinary urea. The experiment was performed 
at	different	levels	of	urea	(500-4,000	mg	Urea-N/L),	AHA	(0-4,000	mg	AHA/L),	pHs	(pH	6-10),	and	temperature	
(10-35ºC).	The	result	showed	that	the	urease	inhibition	efficiency	increased	at	higher	AHA	levels.	Meanwhile,	the	
specific	urease	inhibition	activity	dropped	when	pH	increased,	showing	867	Unit/g	AHA	at	pH	6	and	1,168	Unit/g	
AHA	at	pH	10,	respectively.	Increased	urease	inhibition	efficiency	at	both	AHA	and	control	was	observed	at	a	low-
er temperature. This study indicates that AHA can be utilized as the agent of urease inhibition for decreasing the 
emission of ammonia in the management of livestock manure.
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Palladium-Catalyzed N-Arylation of Anilines with 2,3-Dihalopyridines in 
Water

Cheng-Yi Chen 1, Shyh-Chyun Yang* 1,2,3

1 School of Pharmacy, Kaohsiung Medical University, Kaohsiung, Taiwan, 2 Department of Fragrance and Cosmetic Science, 
Kaohsiung Medical University, Kaohsiung, Taiwan, 3 Department of Medical Research, Kaohsiung Medical University Hospital, 
Kaohsiung, Taiwan

A principal goal of organometallic chemistry was the catalytic synthesis of organic compounds by using the tran-
sition metals with organic ligands. The palladium-catalyzed arylation of N-nucleophiles was an established and 
efficient	method,	which	has	been	widely	applied	to	organic	chemistry.	
With green chemistry processes and the concerns over the environmental impacts of using volatile organic sol-
vents, the promising potentials of water and other non-conventional solvents have become highly noteworthy in 
designing organic syntheses. Water has become a highly recommended solvent for organic reactions in terms of 
cost, safety, availability, and more friendly to environmental concerns.¹
In this study, the palladium-catalyzed arylation of aniline with 2,3-dichloropyridine in water was investigated 
under	various	conditions.	Under	optimized	conditions,	in	the	presence	of	PdCl₂(1,10-Phen)₂,	BINAP,	and	potassi-
um phosphate in water under microwave at 150°C for 30 min, selective 3-chloro-N-phenylpyridin-2-amine was 
formed in 91% yield. In addition, we successfully applied the same conditions to carried out the N-arylation of 
anilines derivatives.

1. B-J Peng, Y-T Huang, Ferenc Fulo, I-L Lin, and S-C Yang, New J. Chem., 2019, 43, 11549.
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Extent of Solubilization of Flurbiprofen in Polysorbate Micelles

Ihor Kulai* 1, James Roach  

1 Weill Cornell Medicine - Qatar, Doha, Qatar

Globally,	non-steroidal	anti-inflammatory	drugs	 (NSAIDs)	are	 the	most	widely	used	group	of	pharmaceuticals	
owing	to	their	anti-inflammatory,	antipyretic	and	analgesic	activities.	Recently,	certain	NSAIDs	have	also	emerged	
as valuable drugs in the treatment of other diseases including breast cancer. Despite their prevalence, many 
NSAIDs,	including	flurbiprofen,	have	poor	biopharmaceutical	properties	like	low	water	solubility,	rapid	metabo-
lism	and	excretion,	and	deleterious	side	effects.	These	properties	can	be	improved	via	solubilization	of	NSAIDs	
in surfactant micelles as drug carriers. Still, few studies on physico-chemical interactions between these drugs 
and surfactants have been conducted. Such information is important not only to the pharmaceutical sciences but 
also to the environmental sciences as it sheds the light on potential remediation of NSAIDs via micellar-enhanced 
ultrafiltration.
The	 partitioning	 of	 flurbiprofen	 into	 non-ionic	 polysorbate	micelles	 in	 phosphate	 buffered	 saline	 have	 been	
studied.	 The	 partitioning	 coefficients	were	 determined	 for	 a	 range	 of	 flurbiprofen	 loading	 in	 the	micelle	 via	
semi-equilibrium	dialysis.	The	micellar-water	solubilization	equilibrium	constant	for	deprotonated	flurbiprofen	
was observed to increase linearly with increasing the mole fraction of drug in micelles. ¹H NMR and UV spectro-
scopic techniques were used to determine the locus of solubilization in the micellar interior. Experimental results 
match	well	with	previous	results	obtained	for	the	solubilization	of	flurbiprofen	in	other	surfactants	as	well	as	the	
literature data.
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Micro-scaled chemical oscillator networks - towards chemical computing

Jacqueline Figueiredo da Silva* 1, Vesna Bacheva 1, Ute Drechsler 1, Robert Lovchik 1, Steffen Reidt 1, Armin Knoll, 
Heiko Wolf 1

1 IBM Research Europe - Zurich, Rüschlikon, Switzerland

Chemical computing (CC) can be based on information processing by an arbitrary non-linear oscillatory chemical 
reaction network (CRN) [1]. In a basic stage, the ‘chemical computer’ might be composed of a set of reactants from 
a	CRN	in	an	enclosed	volume.	Some	benefits	of	CC	are	the	processing	unit	and	memory	share	the	same	space	and	
minimal power is needed for their operation since the reactions of the CRN do not require any input of external 
power.
Towards development of a ‘chemical computer’, the reactors` coupling for the assignment of logical operations 
from CRNs is important. In this work, we demonstrate a system of coupled micro-scaled chemical reactors (MCRs). 
The	network	consists	of	nanofluidic	channels	that	connect	MCRs	containing	the	Belousov–Zhabotinsky	(BZ)	re-
action.	The	BZ	reaction	comprises	an	acidic	aqueous	media	containing	a	transition-metal	catalyst	that	mediates	
the	oxidation	of	an	organic	compound	by	bromic	acid	(HBrO₃)	[2].	A	catalyst	of	the	BZ	reaction,	the	ruthenium	
bipyridyl	complex,	Ru(bpy)₃²+,	enables	visualizing	oscillations	by	fluorescence	microscopy.
The	influence	of	the	device	geometry	on	the	oscillation	is	crucial	for	describing	a	communication	between	MCRs.	
Using	photolithography,	silicon	chips	containing	different	combinations	of	MCRs	and	nanofluidic	channels	were	
fabricated.	The	reactors’	size	ranges	from	5	to	80	µm.	The	filling	of	channels	was	performed	by	pressure.	The	
spatiotemporal	study	of	MRC	coupling	was	performed	by	image	processing.	In	the	figure,	a	proof-of-concept	of	
communicating MCRs is presented. A reaction wave arrives in the branching region (frame d) and then is trans-
mitted to both directions (frame e). The use of chemical synchronization from large sets of coupled MCRs can be 
executed and visualized without complicated experimental setups.

[1] Bergh, E., et al. Advances in Unconventional Computing. Springer, Cham (2017): 677-709.
[2] Dueñas-Díez, M., and Pérez-Mercader, J. iScience 19 (2019): 514-526.

Frame a) is a bright field image of micro-scaled reactors (MCRs). b) to e) represent fluorescence images of Belousov–

Zhabotinsky wave`s propagation along MCRs over time. Orange color represents presence of Ru²+ and dark color represents 

presence of Ru³+.
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Hydrazone-based detection paper to selectively detect  Novichok agents

Lucile Termeau* 1, Sébastien  Penlou 1, Alexandre Carella 2

1 CEA, LITEN, DTNM, Univ. Grenoble Alpes, Lab Measure Safety & Environm., Grenoble, France, 2 CEA, DES, ISEC, DMRC, Univ. 
Montpellier, Marcoule, France

Organophosphorus	based	nerve	agents	such	as	sarin	(GB),	tabun	(GA),	soman	(GD),	and	VX	are	extremely	toxic.	
High exposure to nerve agents can cause neurological damage leading to rapid death. The Chemical Weapons 
Convention, signed in 1993, banned all chemical weapons production but recent attempted assassinations in-
volving A-type nerve agents in 2018 used against Sergei and Yulia Skripal or the poisoning of Alexei Navalni, in 
2020, show the need to rapidly detect and take action.¹
The development of ever more new organophosphorus chemical weapons calls for accurate detection methods. 
Until now, modern armies used for instance colorimetric chemical detection papers such as M8 or PDF1 that are 
able	to	detect	sarin,	VX	or	sulphur	mustard.²	Selective	detection	of	A-type	agents,	commonly	called	novichoks,	
was	hitherto	insufficiently	documented.	Our	research	showed	that	such	detection	with	hydrazone-based	detec-
tion paper was easily available at low cost. The designed chemical detection paper allows swift, naked-eye and 
selective detection of novichoks. The paper portability and selectivity complete the currently available detection 
range	to	armies	and	might	be	an	efficient	tool	against	further	novichoks	exposures.

[1]. T Vassiliki Aroniadou-Anderjaska, James P. Apland, Taiza H. Figueiredo, Marcio De Araujo Furtado, Maria F. 
Braga, Neuropharmacology, 181 (2020) 108298
[2].	Eden	Joy	Pacsial-Ong,	Zoraida	P.	Aguilar,	Frontiers	in	Bioscience-Scholar,	5(2),	(2013),	516–543
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Tracking the mechanism of a covalent molecular glue

Carlo Verhoef* 1, Danielle Kay 2, Lars van Dijck 1, Richard Doveston 3, Luc Brunsveld 1, Aneika Leney 2, Peter Cossar 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands, 2 University of Birmingham, Birmingham, United Kingdom,  
3 Leicester Institute of Structural and Chemical Biology and School of Chemistry, Leicester, United Kingdom

Molecular glues are powerful tools for the biochemical control of protein behavior. However, mechanistic insights 
into	chemical-induced	protein	complex	assembly	are	limited.	Here,	for	the	first	time,	we	kinetically	investigate	
covalent	molecular	glue	stabilization	using	native	mass	spectrometry	 (MS).	Specifically,	 the	dynamic	covalent	
molecular glue A28 stabilization of the 14-3-3/peptidyl-prolyl cis-trans isomerase NIMA-interacting 1 (Pin1) pro-
tein-protein interaction (PPI) was investigated. Native MS studies coupled with traditional biophysical assays 
provided high-resolution insight into the stoichiometry of the 14-3-3/Pin1/A28 complex, the sequential order 
of	complex	assembly,	and	fine-grained	information	on	14-3-3	ligation.	This	study	shows	that	covalent	molecular	
glue A28 stabilization proceeds via rapid initial recognition of the composite 14-3-3/Pin1 binding interface via 
non-covalent contacts, followed by time-dependent 14-3-3 ligation. This mechanistic insight into protein com-
plex assembly provides important biochemical information for future covalent mo-lecular glue development.

Funding Sources:
The	research	described	was	funded	by	The	Netherlands	Organization	for	Scientific	Research	via	NWO	Veni	VI.Ve-
ni.212.277, OCENW.M20.200, and Gravity Program 024.001.035.The mass spectrometry research was sup-ported 
by the Biotechnology and Biological Sciences Re-search Council (BBSRC) and University of Birmingham funded 
Midlands	Integrative	Biosciences	Training	Part-nership	(MIBTP2)	(BB/M01116X/1).	The	Eclipse	mass	spectrome-
ter was funded by the BBSRC (BB/S019456/1).

Acknowledgement:
The	research	described	was	funded	by	The	Netherlands	Organization	for	Scientific	Research	via	NWO	Veni	VI.Ve-
ni.212.277, OCENW.M20.200, and Gravity Program 024.001.035.The mass spectrometry research was sup-ported 
by the Biotechnology and Biological Sciences Re-search Council (BBSRC) and University of Birmingham funded 
Midlands	Integrative	Biosciences	Training	Part-nership	(MIBTP2)	(BB/M01116X/1).	The	Eclipse	mass	spectrome-
ter was funded by the BBSRC (BB/S019456/1).
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Sustainable Synthesis of Acrylonitrile by Electrolysis

Justus Kümper* 1, Jérôme Meyers 1, Nils Kurig 1, Rebecca Sebers 1, Regina Palkovits 1

1 Institute of Technical and Macromolecular Chemistry, RWTH Aachen University, Aachen, Germany

Recently, the independency of fossil feedstocks has become more important than ever. However, products such 
as acrylonitrile are currently mainly produced from fossil feedstocks like propylene. The fact that acrylonitrile is 
an important product is shown by the annual production volume of 5.8 million tons.¹
Moreover, the sustainable production of chemical compounds is becoming increasingly important. The appli-
cation of electricity in combination with biogenic raw materials is one way to produce chemicals sustainably.² 
Therefore, we would like to present a new concept for the sustainable production of acrylonitrile from D,L-glu-
tamic acid, the most produced proteinogenic amino acid, by utilizing electrocatalysis.³
First, mediated electrocatalysis was applied to convert D,L-glutamic acid into potassium 3-cyanopropionate 
(3-CP).	The	electrooxidative	decarboxylation	of	D,L-glutamic	acid	reached	yields	of	more	than	97%.⁴	Applying	
this procedure to a glutamate-containing fermentation broth was successful and resulted in yields of more than 
62%.⁴
Second,	non-Kolbe	electrolysis	of	3-CP	was	performed	to	obtain	acrylonitrile.	The	effect	of	several	parameters	
such as current density, amount of electricity, or substrate concentration were investigated. Hereby, the substrate 
concentration had the strongest impact on acrylonitrile formation. Under optimized conditions, acrylonitrile was 
synthesized	in	yields	of	41%.⁴
We	gratefully	acknowledge	funding	by	the	Cluster	of	Excellence	Fuel	Science	Center	(EXC	2186,	ID:	390919832)	
funded by the Excellence Initiative by the German federal and state governments to promote science and re-
search at German universities.

1. J. F. Brazdil, in Ullmann’s Encyclopedia of Industrial Chemistry, 2012.
2. K. Scott, Sustainable and Green Electrochemical Science and Technology, John Wiley & Sons, Ltd, 1 edn., 2017.
3. S. Sanchez, R. Rodríguez-Sanoja, A. Ramos and A. L. Demain, J. Antibiot., 2018, 71, 26-36.
4. J. Kümper, J. Meyers, N. Kurig, R. Sebers and R. Palkovits, 2022 under preparation

Scheme 1: New concept for the production of acrylonitrile (3) via two steps from D,L-glutamic acid (1). Potassium 

3-cyanopropionate (2) is the intermediate.
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Lysine-targeted covalent inhibitors for development of antibiotics

Miriam van der Veer* 1

1 Universiteit Leiden, Delft, The Netherlands

The	increase	in	multi-resistant	bacteria	is	a	major	threat	to	public	health,	which	necessitates	the	identification	of	
antibiotics with novel modes-of-action.(1) Targeted covalent inhibitors (TCIs) are a powerful class of drugs that 
can	have	advantages	like	increased	affinity	and	selectivity	and,	therefore,	can	be	widely	applied	to	many	drug-
gable proteins.(2) Whereas recent drug approvals include several cysteine-targeted covalent inhibitors, the low 
occurrence of this amino acid near ligand binding sites negatively impacts the therapeutical scope.(3) In contrast 
to cysteine, lysine shows high abundance near ligand binding sites suggesting an interesting target for TCIs.(4)
Our	group	is	developing	chemical	proteomic	methods	to	globally	profile	the	binding	pockets	that	are	amenable	
to such a lysine-directed covalent liganding approach using the isoDTB-ABPP technology.(5,6) For lysine-targeted 
covalent inhibitor design, salicylaldehydes and 2-ethynylbenzaldehydes are promising starting points. Salicylal-
dehydes are versatile electrophiles that are able to react with the ɛ-amine of lysine, forming a reversibly covalent 
adduct that is stabilized by the ortho-positioned hydroxyl-group.(7) Additionally, 2-ethynylbenzaldehyde can 
form an irreversibly covalent adduct with lysine due to intramolecular cylisation.(8) In the presented project, 
libraries of these chemotypes will be synthesized and explored in chemical proteomics experiments in order 
to reveal binding pockets that can be exploited for the development of antibiotics with novel modes-of-action.

1. A. Coates et al., Nat. Rev. Drug Discov., 2002, 1, 895–910.
2. J. Singh, Nat. Rev. Drug Discov., 2011, 10, 307–317.
3. A. Cuesta, J. Taunton, Annu. Rev. Biochem., 2019, 88, 365–381.
4. R. Liu et al., J. Am. Chem. Soc., 2019, 141, 6553–6560.
5.	P.	R.	A.	Zanon	et	al.,	Angew.	Chem.	Int.	Ed.,	2020,	59,	2829–2836.
6. S. M. Hacker et al., Nat Chem., 2017, 9, 1181–1190
7. T. Yang et al., Nat. Chem. Biol., 2022, 18, 934–941.
8. J. R. Deng et al., Commun. Chem., 2020, 3, 1–9.
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Structure-agnostically predicting HOIP properties from limited 
experimental data

Temesgen Muruts Weldengus 1, Longhan  Zhang 1, Ruixuan  Song 2, Haowen Wang 3, Yiteng Zhai 4, Jing Jiang* 1
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Devices, Zhejiang Laboratory, Hangzhou, China , 3Intelligence Department of Merchants Operation, Alipay, AntGroup, Shanghai, 
China, 4Research Center for Fintech, Zhejiang Laboratory, Hangzhou, China

Mixed hybrid organic-inorganic perovskites (mHOIP) have demonstrated the potential to increase the perfor-
mance	of	perovskite	solar	cells.[1]	However,	finding	appropriate	compositions	of	candidate	atoms	and	molecules	
to produce perovskite with desirable properties is still a challenge due to the enormous search space. Conven-
tional	machine	learning	(ML)	techniques	cannot	generalize	well	from	insufficient	data	or	adequately	capture	the	
crucial interactions of the components in mHOIP.[2] Hence, these drawbacks limited ML’s potential application in 
material prediction and discovery. Motivated by the probabilistic nature of mixed perovskite’s crystal structure, 
we proposed a Structure-Agnostic-Graph-based Model for mHOIP (SAGM-HOIP) method for material property 
prediction. A weighted graph of atoms is built from each material’s composition, where the weights indicate the 
relative frequency at which two neighboring atoms would interact. For organic sites, molecule subgraphs were 
constructed to generate node features. By embedding mixture ratios and the hybrid element information, SAGM-
HOIP	preserved	important	mixture	information	and	learned	better	representation	required	for	a	specific	property	
prediction. We trained the model on 953 public experimental data, which have no discrepancies commonly exist 
between DFT calculations and actual values.  It achieved the best mean absolute error (MAE) of 0.052 eV when 
used for mHOIP bandgap prediction. To further validate the model, we experimentally characterized new per-
ovskites with bandgaps ranging from 1.2 to 2.2 eV, showing a good consistency with only 0.036 eV MAE between 
prediction and measurement. The broader impact of our work is to present a more generalizable representation 
learning technique designed for mixed and hybrid materials. Therefore,  SAGM-HOIP can achieve high property 
prediction accuracy by learning from a small dataset; and guiding experiments without extensive trial-and-error. 

1	.Kim,	J.Y.,	et	al.,	High-Efficiency	Perovskite	Solar	Cells.	Chem	Rev,	2020.	120(15).
2. Tao, Q., et al., Machine learning for perovskite materials design and discovery. npj Computational Materials, 
2021. 7(1).

(a) Structure of our model that embeds mixture ratios and hybrid element information. (b) SAGM-HOIP-generated bandgaps 

of perovskite (MAxFAyCs1-x-yPbaSn1-aBr3), assisting in designing perovskite for TSC. (c) MAE of different models. (d) 

Comparison between prediction and measurement of our fabricated perovskites.
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Photoresponsive supramolecular polymer driven by molecular motors

Jinghao Wang* 1, Livia Presutti 1, W. H. Roos 1, Ben. L. Feringa 1

1 University of Groningen, Groningen, The Netherlands

Nature transfers chiral information across various length scales through dynamic supramolecular interactions, 
enabling	various	functions	to	be	performed.	 Inspired	by	Nature’s	example,	 researchers	have	developed	artifi-
cial supramolecular systems which function as a result of transferring chirality across multiple length scales. 
However, achieving precise and non-invasive control of chirality in these systems remains a challenge. Light, as 
a non-invasive stimulus, can be used to control chirality with high spatial and temporal precision. Unlike conven-
tional molecular switches, a synthetic molecular motor can act as a unidirectional, multistate chiroptical switch, 
offering	great	potential	 for	 regulating	complex	functions.	 In	 this	study,	we	 introduce	a	 light-driven	molecular	
motor-based supramolecular polymer. The intrinsic chirality of the molecular motors is transferred to the nano-
fibers,	and	the	rotation	of	the	motors	governs	the	chirality	and	morphology	of	the	supramolecular	polymer.	By	
utilizing the HS-AFM technology, we have delved deeper into the underlying mechanism of how the motion of 
single molecular motors can impact and propagate through supramolecular polymers.
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Mass spectrometric investigation of reactive cobalt(III)peroxo complexes

Rob Bakker* 1, Jana Roithova 1, Hans Elemans 1

1 Radboud Universiteit, Nijmegen, The Netherlands

In recent years, cobalt(III)peroxo complexes have emerged as models for metal-dioxygen species present in na-
ture, owing to the fact that such complexes are electronically comparable and display similar reactivities to met-
al-dioxygen species in certain enzymes. Furthermore, because of their relatively high thermodynamic and kinetic 
stability, cobalt(III)peroxo complexes can be readily studied using conventional methods [1,2]. They have been 
reported to perform aldehyde deformylation [3,4], nitrile activation [5,6], nitric oxide activation [7] and aryl oxi-
dation reactions [8]. Despite this broad reactivity range, the mechanisms by which these species operate remain 
ambiguous, They have been reported to be involved in nucleophilic, electrophilic and cycloaddition pathways.
[3-9] So far, no clear reaction rules have been described, due to the elusiveness of the reactive intermediates 
present in the various mechanisms. In order to gain more insight into their reactivity and reaction mechanisms, 
we have investigated tris(2-pyridylmethyl)amine-based cobalt(III)peroxo complexes with the help of advanced 
mass spectrometric techniques, which allowed us to determine the structure and the reactivity of reaction in-
termediates.	In	addition,	we	have	characterized	the	binding	profile	of	the	peroxo	ligand	using	gas-phase	infra-
red spectroscopy in combination with 18O-labelling, and determined the energies required for various reaction 
pathways using energy-resolved collision-induced dissociation experiments. Finally, we were able to identify the 
reactivity of these complexes in aldehyde deformylation and nitrile activation, which allowed us to derive certain 
structure-reactivity rules. 

[1] Chem.–Eur. J. 2021, 27, 1311-1315 
[2] Coord. Chem. Rev. 2000, 198, 61-87 
[3] Inorg. Chem. 2017, 56, 773-782 
[4] J. Inorg. Bio. 2008, 102, 2155–215 
[5] Inorg. Chem. 2020, 59, 2051-2061 
[6] J. Am. Chem. Soc. 2021, 143, 11382-11392 
[7] Inorg. Chem. Front. 2020, 7, 4872-4882 
[8] Catal. Sci. Technol. 2020, 10, 2540-2548
[9] JACS Au 2021, 1, 1594-1600
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Photolithographic patterning of viologens containing styrene groups

Radosław Banasz* 1, Monika Wałęsa-Chorab 1

1 Faculty of Chemistry, Adam Mickiewicz University in Poznan, Uniwersytetu Poznanskiego 8,Poland

The electrochromic patterns exhibit great application possibilities in the design of smart displays [1]. One of the 
crucial stage in fabrication of functional device is the patterning of active materials. The photolithography is a 
good and simple method of patterning of compounds for electrochromic materials [2]. Various precursors which 
are	used	for	photopatterned	thin	films	are	known	but	a	formation	of	functional	patterns	using	styrene	derivatives	
via photopolymerization has never been presented before [3].
In our research the new linear viologens with benzothiadiazole and benzoselenadiazole core were synthesized 
and characterized by using spectroscopic, electrochemical and spectroelectrochemical methods. These com-
pounds due their redox properties can change colors due to the reduction of a dication form to a radical cation 
and then to neutral form [4]. The viologen derivatives which contain styrene groups were used in the formation 
of	patternable	electrochromic	thin	films.	Both	polymer	patterns	exibit	different	visible	color	changes	in	response	
to applied voltage. The fabrication process of patterned polyviologen layers was done via photopolymerization 
and it shows a way of using the styrene derivatives for preparation of patterns for large-area electrochromic 
segmented displays.

References
[1] J. Kim and J. Myoung, Adv. Funct. Mater., 2019, 29, 1808911
[2] T. Ito and S. Okazaki, Nature, 2000, 406, 1027–1031
[3] J. Kim, J. You, B. Kim, T. Park and E. Kim, Adv. Mater., 2011, 23, 4168–4173.
[4]	J.	Ding,	C.	Zheng,	L.	Wang,	C.	Lu,	B.	Zhang,	Y.	Chen,	M.	Li,	G.	Zhai	and	X.	Zhuang,	J.	Mater.	Chem.	A,	2019,	7,	
23337–23360.
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Figure 1. Electrochromic performance of patternable polyviologen coated onto ITO glass in different redox states: dication 

form (left), radical cation after applying the potential of -0.3 V (middle) and natural form after of -0.7 V.
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Techno-economic analysis of valorised alpha alumina catalyst.

Shanmuga Kittappa* 1,2

1 Cenviro Sdn Bhd, Kuala Lumpur, Malaysia, 2 Universiti Malaya, Kuala Lumpur, Malaysia

Aluminium dross waste produced from the aluminium smelting and recycling activities emitting toxic ammonia 
gas	is	rapidly	filling	up	the	landfill	spaces.	The	dross	primarily	contains	aluminium	oxides	and	other	metal	oxide	
impurities, which is likely to contaminate the ground water if not disposed of properly. A novel treatment and 
sustainable synthesis method was used for conversion of dross to alumina, a high valued product used as indus-
trial	raw	materials	or	catalyst.	The	optimization	of	experiment	was	based	on	the	mass	flowrate	of	the	aluminium	
dross input, chemicals used, temperature, and reaction time. The synthesis process produced high-quality alumi-
na	with	purity	above	99.5%.		The	present	study	findings	were	used	for	setting	the	condition	for	modelling	of	the	
upscaling process and economic analysis for a large-scale production. Techno-economic analysis was performed 
using Aspen plus with a maximum capacity of 100 kg of dross. The economic analysis revealed that the cost to 
produce one kilogram of alpha alumina was 50% lower than the market cost to produce smelter grade alumina 
from virgin material with a breakeven price of $ 225/kg. This study revealed that the synthesis process is com-
mercially viable, and it can be produced in bulk.

Graphical Abstract: Techno-economic analysis of valorised alpha alumina catalyst
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Investigating phase separation in oil paint by µFTIR-imaging

Evelina Gorjatšova* 1, Jorien Duivenvoorden 1,2, Katrien Keune 1,2, Joen Hermans 1,2,3

1 van ‘t Hoff Institute for Molecular Sciences, University of Amsterdam, The Netherlands, 2 Conservation and Science, 
Rijksmuseum, The Netherlands, 3 Conservation and Restoration Program, University of Amsterdam, The Netherlands

In oil paintings conservation, several degradation phenomena are hypothesized to be related to phase separation 
of	the	oil	binder,	such	as	efflorescence	of	fatty	acids,	paint	dripping	and	aggregations	of	crystalline	metal	soaps	
in the paint [1,2]. Aged oil paint consists of a partially oxidized cross-linked polymer network of triacylglycerides 
interspersed with pigment particles. Phase separation in oily substances is well-studied, for example in relation 
to fractionation of vegetable oils, fat bloom on chocolate and inside elastic polymer networks, such as hydrogels 
[3,4,5]. However, it is not clear how such processes translate to aged oil paint. We investigate the phase separation 
of fatty acids from linseed oil paint systems. By studying increasingly complex linseed oil paint model systems, 
we	aim	to	determine	the	factors	affecting	phase	separation	in	thin	oil	films,	such	as	degree	of	polymerization	
of the oil and the presence of organic solvents. Transmission μFourier-transform infrared imaging spectroscopy 
(μFTIR-imaging) allows us to detect and monitor heterogeneity at a micrometer scale. With this technique, we are 
able	to	follow	changes	in	chemical	composition	of	the	separating	phases	in	thin	films	over	time.	Identifying	the	
conditions that induce phase separation in oil paint is important for understanding deterioration mechanisms 
and developing safe conservation treatments. 

1. Bonaduce et al., Acc. Chem. Res. 2019, 52, 3397–3406. 
2. Romano et al., Stud. Conserv. 2020, 65, 14–27.
3. Lonchampt & Hartel, Eur. J. Lipid Sci. Technol. 2006, 108, 159–168. 
4. Smith et al., Eur. J. Lipid Sci. Technol. 2007, 109, 350–358. 
5.	Style	et	al.,	Phys.	Rev.	X,	2018,	8,	011028.

Figure: (a) ATR-FTIR spectrum for two phases of linseed oil mixture with water, ethanol and octanoic acid. (b) μFTIR map 

corresponding to maximum intensity in the region 1700-1750 cm-1 of the same mixture in thin film with two phases 

observed.
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Modeling protein-DNA Filaments for Transcription Regulation

Thor van Heesch* 1, Peter G. Bolhuis 1, Jocelyne  Vreede 1

1 Universiteit van Amsterdam, Amsterdam, The Netherlands

Understanding the mechanisms behind protein-DNA architectures is crucial for deciphering transcription reg-
ulation. In particular, architectural proteins like H-NS play a key role in organizing the nucleoid structure in 
Gram-negative enterobacteria. Despite the importance of these proteins, highly detailed structural information 
on the H-NS-DNA complex is still lacking. To address this gap, we propose a computational approach for the 
generation	of	H-NS	filaments	along	DNA.	We	use	atomic-level	detailed	Molecular	Dynamics	(MD)	simulations	to	
sample	the	conformational	flexibility	of	H-NS	dimers	and	obtain	a	library	of	different	structural	conformations.	
Discretising	these	structures	in	functional	domains	allows	us	to	flexibly	build	and	grow	filaments	consisting	of	
H-NS	dimers.Depending	on	the	conformational	state	of	the	H-NS	segments	chosen,	different	protein	architec-
tures	arise.	By	procedurally	generating	DNA	along	the	different	H-NS	filaments,	we	can	predict	the	accessibility	
of the DNA strand. These predictions provide insights into the secondary regulation mechanisms behind tran-
scription	regulation	in	bacterial	DNA.	Our	proposed	computational	approach	for	modeling	H-NS-DNA	filaments	
can contribute to a better understanding of the protein-DNA architectures involved in transcription regulation. 
The predicted accessibility of the DNA strand provides valuable insights into the regulatory mechanisms at play, 
which can be further explored in future studies.
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Studying Homodinuclear Eu(III) Complexes as Luminescent Thermometers

Gregorio Bottaro* 1, Luca Labella 2, Simona Samaritani 2, Lidia Armelao 3,4

1 ICMATE-CNR, Dept. Chemical Science, Padova University, Padova, Italy, 2 Department of Chemistry and Industrial Chemistry, Pisa 
University, Pisa, Italy, 3 Department of Chemical Sciences, Padova University, Padova, Italy, 4 Department of Chemical Sciences 
and Materials Technology, Roma, Italy

In the last years, lanthanide complexes have been increasingly employed as luminescent molecular thermome-
ters (LMT) due to lanthanide unique emission properties. In this regard, a great attention is posed on the study 
of	 the	 correlations	between	 the	 thermometric	 properties	 and	 the	different	building	blocks	 composing	 a	 giv-
en molecular architecture to improve the system performances. In particular, β-diketonato ligands (β-dike) have 
been extensively used in the development of innovative lanthanide-based LMT since their electronic and steric 
properties can be easily modulated changing the nature of their substituents. Here we report the synthesis of 
a series of europium β-diketonate	dinuclear	 complexes	with	 composition	 [Eu₂(β-dike)₆(L-MO)x]	using	 two	di-
vergent heterotopic N-oxide molecules (Figure 1; L-MO: 4,4’-bipyridine-N-oxide and pyrazine-N-oxide; β-dike: 
dibenzoylmethane,	 thenoyltrifluoroacetone,	 benzoyltrifluoroacetone,	 hexafluoroacetylacetone).	 The	 products	
were characterized by an intense red light also detectable to the naked eyes at room temperature and a strong 
temperature (T) dependence of europium emission intensity between 233 and 383 K. This remarkable varia-
tion was exploited to develop a series of luminescent thermometers using the integrated intensity of europium 
emitted	light	as	thermometric	parameter	(Δ).	The	effect	of	different	β-dike and N-oxide ligands on the shape of 
thermometer	calibration	(Δ	vs	T)	curve	was	also	investigated	and	correlated	to	the	presence	of	two	nonradiative	
deactivation channels, back energy transfer (BEnT) from europium to the ligand triplet levels and ligand to metal 
charge transfer (LMCT).
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Photodegradation of synthetic organic dyes using Cs3Bi2Br9

Siziwe Gqoba* 1, Tshegofatso Mabilane 1, Pierre  Mubiayi 1, Nosipho Moloto 1

1 University of the Witwatersrand, Johannesburg, South Africa

Photodegradation of synthetic organic dyes using Cs3Bi2Br9 
Siziwe Gqoba1, Tshegofatso Mabilane1*, Pierre Mubiayi1, Nosipho Moloto1
1University of the Witwatersrand, School of Chemistry, South Africa
Email: siziwe.gqoba@wits.ac.za, +27731849650

Synthetic organic dyes are used extensively in numerous industries, such as the plastic, food, cosmetics and 
most importantly, the textile industry. Up to 20% of synthetic dye pollution in wastewater is from the textile 
industry1. This has a negative impact on the environment and the health of humans as the dyes contain com-
pounds	that	are	toxic,	carcinogenic,	and	mutagenic2.	Synthetic	dyes	are	difficult	to	remove	completely	from	wa-
ter through conventional water treatment methods due to their complex molecular structures.  Photocatalysis is 
a promising solution for this purpose. Photocatalytic degradation is a reaction that requires a photocatalyst that 
can absorb UV-light and generate electron-hole pairs. These charges oxidize water and reduce oxygen which re-
sults in reactive oxygen species (ROS) that are responsible for the degradation of dyes. Cesium bismuth bromide 
(Cs3Bi2Br9) is a lead-free metal halide perovskite (MHP) that has very promising photocatalytic properties for 
the degradation of dyes in water. 
This work reports on the photodegradation of the dyes, Rhodamine B (RhB) and methyl red (MR) in water at am-
bient temperature. The MHP was synthesized using the hot injection synthesis. MHP was analysed using TEM, 
UV-vis	and	PXRD	among	other	characterization	techniques.	The	degradation	results	showed	that	the	MHP	signifi-
cantly degraded RhB and MR within 100 minutes and 120 min respectively.

References:
1.Kant, R. (2012). Textile dyeing industry an environmental hazard. Natural Science, 04(01), 22–26. https://doi.
org/10.4236/ns.2012.41004
2.Lellis,	B.,	Fávaro-Polonio,	C.	Z.,	Pamphile,	J.	A.,	&	Polonio,	J.	C.	(2019).	Effects	of	textile	dyes	on	health	and	the	
environment and bioremediation potential of living organisms. Biotechnology Research and Innovation, 3(2), 
275–290. https://doi.org/10.1016/j.biori.2019.09.001
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Photo-controllable Disassembly of Encapsulin Protein Nanocages

Brent  in ‘t Veld 1, Kesley Bouwmeister 1, Jeroen Cornelissen 1, Sandra Michel-souzy* 1

1 Department of Molecules and Materials, University of Twente, Enschede, Netherlands

Encapsulins are homo-multimeric protein nanocages that evolved in some bacteria and archaea by providing 
advantageous compartmentalization of certain processes. Currently, they are being studied for applications as 
drug	delivery	platform,	nanoreactor	and	 imaging	agent	for	 their	convenient	modification	and	production.	Our	
group	specifically	studies	the	encapsulin	found	in	the	bacteria	Thermotoga	maritima	(Tm)	and	aims	to	modify	it	
for targeted drug delivery. Tm encapsulin is composed of 60 monomers that self-assemble into a 24 nm particle 
according to the icosahedral T=1 symmetry. 
In this work, we explored a method for photo-controllable disassembly of Tm encapsulins which involves the in-
corporation	of	a	non-natural	amino	acid	with	a	photo-isomerizable	azobenzene	side-group	(AzoPhe)	at	different	
residue positions in Tm encapsulin sequence. Upon irradiation with UV light, the AzoPhe will switch from its trans 
to its cis conformational state and thereby potentially disturb crucial interactions within the encapsulin, causing 
it to disassemble. Preliminary data showed that after replacing residue Trp-191 with AzoPhe, the encapsulin 
proteins formed particles of ~30 nm. These particles disassembled to ~1 nm particles upon exposure to UV light, 
indicating the promise of the method.

Scheme of the disassembly of a modified encapsulin cage with an AzoPhe amino acid under UV exposure
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Enabling sustainable use of phosphorus via direct reduction

Filipp Kolomeichuk* 1

1 University of Amsterdam, Van ‘t Hoff Institute for Molecular Sciences, The Netherlands

Moving from a linear to a circular economy requires using our waste as resource. The current state of the art in 
phosphorus industry cannot continue for too long, because it is almost totally linear and relies on phosphate rock 
as phosphorus source. This mineral is unevenly distributed between countries, its processing into organic P(III) 
and	P(V)	 compounds	goes	 through	white	phosphorus	 (P₄),	which	 is	energy-demanding	and	produces	massive	
amounts	of	CO₂	and	chlorinated	waste,	while	the	impurities,	including	radioactive	ones,	contained	in	phosphate	
rock,	hinder	the	purification	process¹.	Moreover,	 the	 linear	approach	creates	a	problem	of	eutrophication,	 the	
excessive blooming of algae in surface water caused by constant spillage of phosphorus-containing chemicals 
into the environment.
To circumvent these hurdles, a circular approach should be implemented, e.g. for the most commonly used P(III) 
chemical,	triphenylphosphine	(Ph₃P),	used	in	Wittig	olefination	reaction	in	the	chemical	industry,	and	produces	
triphenylphosphine	oxide	(Ph₃PO)	as	by-product.	Ph₃P	is	currently	made	through	the	P₄	route	from	phosphate	
rock.	This	work	develops	an	alternative	route	of	Ph₃P	production,	namely	the	direct	reduction	of	Ph₃PO	deriva-
tives with one-electron reducing agents. Our comprehensive mechanistic study provides insight into the nature 
of the intermediates and the products of the reactions.

[1] Michael B. Geeson, Christopher C. Cummins. ACS Cent. Sci. 2020, 6, 6, 848–860

Production of the variety of P compounds
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Electrochemical CO2 reduction using Mg-Sn alloy based catalyst 

Neus Sunyer* 1, Katherine Villa, José Ramón Galán-Mascarós  

1 ICIQ, Tarragona, Spain

Nowadays, the CO2 electroreduction reaction (CO2RR) is considered an attractive way to convert CO2 into feed-
stocks and renewable energy vectors [1]. However, such a conversion is limited by two main factors: lack of se-
lectivity to carbon-based products and need of high overpotentials to activate the CO2 molecule. One possible 
way to overcome such limitations is to use catalysts that promote CO2 reduction but show a poor activity towards 
hydrogen evolution (main by-product) [2].
In this work, we have studied the CO2RR to formate on tin-based catalysts. We used thermal annealing to get 
the	Mg-Sn	alloy[3].	The	catalysts	were	characterized	by	X-Ray	diffraction,	SEM,	TEM	and	EDX	to	confirm	that	we	
obtained the expected product before and after the electrochemistry. The obtained alloys present an amorphous 
morphology with particle sizes between 2-200 μm.  We determined the best performance studying the linear 
sweep voltammetry (LSV) and cycling voltammetry (CV) to evaluate the current density and the catalytic activity. 
In	the	same	way,	in	order	to	have	an	idea	of	the	selectivity	and	efficiency	in	our	reaction,	we	performed	long-
term stability tests at -1.5 V during 2h and 24h. By analysing the aqueous phase with ion cormatography, we can 
confirm	the	presence	of	format.	The	catalysts	showed	a	high	activity	for	CO2RR	to	formate	at	low	overpotentials.

[1] Shinagawa, T.; Larrazábal, G. O.; Martín, A. J.; Krumeich, F.; Pérez-Ramírez, J. ACS Catalysis 2018, 8(2), 837–844.
[2]	Zhao,	S.;	Li,	S.;	Guo,	T.;	Zhang,	S.;	Wang,	J.;	Wu,	Y.;	Chen,	Y.	Nano-Micro	Lett.	2019,	11(1).
[3]	Xiao,	T.,	Tang,	Y.,	Jia,	Z.,	&	Feng,	S.	Electrochim.	Acta,	2009,	54(8),	2396–2401.	
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Role of Alkali-metal ions in Oxygen Reduction Reaction

Abhinav Bairagi* 1, Jana  Roithova 1

1 Radboud University, Nijmegen, The Netherlands

This	presentation	highlights	the	effects	of	alkali	metal	ions	on	homogeneous	electrochemical	oxygen	reduction	
reaction involving transition metal coordination complexes. The presence of alkali metal ions in solution results 
in distinct oxygen reduction reaction pathways as alkali metal ions can stabilize the reduced oxygen intermedi-
ates.	However,	this	stabilization	effect	and	overall	reaction	mechanisms	are	scarcely	studied.	For	this	purpose,	we	
combined the electrochemistry methods with electrospray ionization mass spectrometry (EC-ESI-MS), allowing 
us to trap and characterize the oxygen reduction reaction intermediates in the gas phase. Furthermore, using 
our home build ISORI (Ion Spectroscopy of Organic Reaction Intermediates) mass spectrometer we measured 
the infrared spectra of reaction intermediates in the gas phase. Together with DFT calculations, this allowed us 
to	compare	the	effects	of	Na+,	K+	and	Cs+	ions	on	the	stability	of	oxygen	bound	transition	metal	coordination	
complexes.

Study of alkali metal ions effect on the electrochemical oxygen reduction reaction using electrochemistry-mass spectrometry 

hyphenated technique.
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Interface effects in solid-state electrolytes for lithium-ion batteries

Jonas Hehn* 1, Petra de Jongh 1, Peter Ngene 1

1 Materials Chemistry and Catalysis, Utrecht University, The Netherlands

Researchers have been focusing on the development of novel Lithium-ion conductive solid electrolytes for de-
cades.	These	materials	are	intended	to	replace	the	flammable	and	therefore	unsafe	liquid	electrolytes	used	in	
conventional Li-ion batteries. Generally, there are two types of solid-state electrolytes (SSE): inorganic solid elec-
trolytes (such as Li0.348La0.55TiO3) that can have, for example, high Li-ion conductivity but poor interfacial 
compatibility with the electrodes, and on the other hand there are elastic polymer electrolytes (such as PEO 
based) which possess good interfacial compatibilities with the electrodes, but often poor ionic conductivity es-
pecially at room temperature.[1,2] 
In our work, we combine these two types of electrolytes to form composite or hybrid SSE with advantageous syn-
ergistic properties. For this purpose, new but also already known Li-ion conductors are combined with polymers 
and	inorganic	filler	materials.
In this presentation, I will show how the ionic conductivity of the composite/hybrid electrolytes can be greatly 
enhanced, compared to the pristine materials, by interfacial reactions/interaction at the interface between the 
constituent	materials.	I	will	discuss		our	effort	to	understand	and	tune	the	nature	of	the	interface	interactions,	
hence the ionic conductivity and other electrochemical properties of composite/hybrid electrolytes. 

References:
[1]	X.	Yu,	A.	Manthiram,	Energy	Storage	Mater.	2021,	34,	282.
[2]	Y.	Zhai,	G.	Yang,	Z.	Zeng,	S.	Song,	S.	Li,	N.	Hu,	W.	Tang,	Z.	Wen,	L.	Lu,	J.	Molenda,	ACS	Appl.	Energy	Mater.	2021,	
4, 7973.
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High performance supercapacitors from marula nutshell waste

Bokome Shaku 1,2, Thapelo Mofokeng 1,2, Neil Coville 1,2, Kenneth Ozoemena 1,2, Manoko Maubane-Nkadimeng* 1,2

1 University of The Witwatersrand, Johannesburg, South Africa, 2 DSI-NRF Centre of Excellence in Strong Materials, Johannesburg, 
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This study reports on the valorisation of marula nutshell waste into a valuable electrode material for supercapac-
itors. Marula nutshell waste, a brown hard residue from marula fruits was valorised into a nitrogen-doped activat-
ed carbon (N-ACs) by KOH treatment and using melamine as a nitrogen source. The microporous and mesoporous 
nature of N-ACs exhibited a high surface area of 1427 m² g-¹ and pore volume of 0.31 cm³ g-¹. Three electrode 
measurements	were	done	in	6	M	KOH	and	2.5	M	KNO₃	aqueous	electrolytes,	to	examine	the	materials	in	alkaline	
and	neutral	medium.	The	N-ACs	exhibited	a	capacitance	of	350	F	g-¹	in	6	M	KOH	and	248	F	g-¹	in	2.5	M	KNO₃	elec-
trolyte. Due to low toxicity and wider operating voltage (~1.8	V)	of	2.5	KNO₃,	the	material	was	further	analysed	
in a symmetric device. The high surface area, the defects, and the high content of nitrogen (5.1%) revealed that 
the material produced an outstanding energy density of 17.2 Wh kg-¹ and a power density of 448.7 W kg-¹ in 2.5 
M	KNO₃	electrolyte.	The	conversion	of	marula	nuts	waste	into	N-ACs	thus	provide	a	means	of	converting	biomass	
waste into a useful energy storage material for supercapacitors.
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Photochemistry, photochemistry and spectroscopy using quantum wave 
packets

David Picconi* 1

1 University of Groningen, Groningen, The Netherlands

Computational protocols are presented to construct realistic molecular Hamiltonian models for photophysical 
and photochemical processes, starting from electronic structure calculations. The processes are then simulated 
quantum	mechanically	using	the	hybrid	Gaussian/multi-configurational	time-dependent	Hartree	ansatz	[1].
The focus of the simulations is on the prediction and interpretation of spectroscopic observables obtained by 
ultrafast pump-probe experiments. Two examples will be presented.
The	first	one	is	the	excited	state	intramolecular	proton	transfer	of	10-hydroxybenzo[h]quinoline	(HBQ)	[2].	It	is	
shown that for long excitation wavelengths the reaction proceeds on the single Born-Oppenheimer surface of 
a	ππ*	state,	in	contrast	to	the	interpretation	of	the	most	recent	experiments,	where	a	nonadiabatic	mechanism	
was	proposed.	Such	a	mechanism	is	obtained	only	for	an	initial	excitation	to	a	higher	ππ*	state,	and	the	proton	
transfer	is	mediated	by	a	dark	nπ*	state.	The	quantum	beats	observed	in	the	transient	absorption	spectrum	of	
HBQ	are	reproduced	quantitatively	by	the	simulation	and	assigned	to	specific	vibrational	modes.
The second example is the photoinduced charge separation in a symmetric donor–acceptor–donor triad (DAD) [3]. 
The	transitions	from	a	locally	excited	DA*D	state	to	the	charge-transfer	states	D+A−D	and	DA−D+	are	described	
by	a	quadratic	vibronic	coupling	model,	accounting	for	the	polar	solvation	dynamics,	and	including	the	effect	of	
the	temperature	using	thermo-field	theory.	It	is	found	that	temperature	strongly	affects	the	rate	of	the	charge	
separation, that is mediated by low frequency modes, and the intramolecular mechanism of symmetry-breaking 
charge transfer. The molecular dynamics are connected to theoretical pump-probe spectra, approximately com-
puted on top of the wave packet simulation, which reproduce the spectroscopic bands and the quantum beats of 
the experimental ones.

[1] I. Burghardt et al. J. Chem. Phys. 11, 2927 (1999)
[2] D. Picconi, Photochem. Photobio. Sci. 20, 1455 (2021)
[3] D. Picconi, J. Chem. Phys. 156, 184105 (2022)

(a,) Potential energy surfaces for the DAD triad along a totally symmetric and non-totally symmetric vibrational mode; (c) 

simulated electronic population dynamics; (d) simulated transient absorption spectrum; (e) quantum beats extracted from 

the spectroscopic signal.
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Proteins in fluids manipulated by modulated electric field

Leonid Dorogin* 1

1 University of Twente, Enschede, The Netherlands

In	 food	technology	applications,	 it	could	be	beneficial	 if	proteins	can	be	separated	from	industrial	fluids	and	
reused.	Electric	field	applied	to	polymer	coating	is	one	of	the	promising	instruments	for	protein	separation,	that	
is currently under intensive research. Thus, in particular, it may be useful to know how molecular structure of 
certain	proteins	responds	to	applied	electric	field.
Many	environmental	factors	including	temperature,	pH,	ionic	strength	influence	molecular	structure	of	protein	
and how protein will function. In some types of environments, e.g. elevated temperatures, protein can undergo 
irreversible changes to its conformation, leading to protein dysfunction even after the environment is restored to 
“normal”. It is essential to understand how various proteins respond to changing environment. It is also important 
to explain how this response is conditioned by protein molecular structure.
Molecular dynamics (MD) simulation is a computational tool that allows to describe response of molecular struc-
ture accurately in many cases. We are studying how a single chosen protein (or peptide) molecule responses to 
applied	external	field	via	all-atom	MD	with	sample	protein	structures.	Molecule	can	be	placed	in	water	environ-
ment, and the other environmental conditions are kept constant: temperature, pH, ionic charge. Applied external 
electric	field	can	be	of	variable	intensity,	static	or	oscillatory.
This our consideration opens up a path to studying additional questions: can this molecule be “protected” against 
destruction	by	electric	field	by	keeping	it	at	lower	temperature,	varying	pH	or	ions	concentration.	Furthermore,	
will	artificially	produced	inhomogeneity	in	electric	field	move	the	protein	in	a	controllable	direction?	Answering	
those	questions	could	help	in	designing	new	circularity	technologies	for	industrial	protein-rich	fluids.

Acknowledgements
This work was supported in part by ReCoVR (Recovery and Circularity of Valuable Resources) project and NWO 
Perspectief programme.
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Liquid Organic Molecules for Sustainable Hydrogen Storage

Said Ortega-Rosales* 1

1 Van’t Hoff Institute for Molecular Sciences, Amsterdam, The Netherlands

The	world	around	us	has	been	shaped	by	the	development	of	technologies	that	allow	to	efficiently	access	the	
abundant energy that surrounds us. From storing energy through agriculture, to releasing it using the internal 
combustion engine, these innovations represent tipping points in human society. Now, another tipping point is 
needed. As our current system and its reckless exploitation of ecosystems and lives continue to sink us into an 
environmental	and	humanitarian	crisis;	it	is	increasingly	more	urgent	to	find	strategies	to	ameliorate	the	negative	
consequences of this way of life. Shifting from fossil fuels to more benign sources of energy is one key aspect 
to reduce the burden on our planet. For this endeavor, the sun and the wind emerge as vital allies, providing po-
tentially	sufficient	energy	for	the	human	needs,	and	with	only	minor	disruptions	to	the	ecosystem.	Nevertheless,	
these types of energy are intermittent in nature, and to ensure a steady and reliable supply it is necessary to 
harvest,	store,	and	distribute	them.	Hydrogen	offers	the	possibility	to	act	as	an	energy	carrier	for	transportation	
and	long-term	storage	of	renewable	energy.	But	there	is	a	catch;	its	effective,	safe,	user	friendly	and	economical	
storage is still an important challenge. A challenge for which circular liquid organic hydrogen carriers (LOHCs) 
offer	a	solution.	And	with	this	aim,	we	envision	the	synthesis	and	reversible	hydrogenation-dehydrogenation	of	
suitable aromatic heterocycles. These heterocycles act as “rechargeable” fuels, which chemically bond hydrogen 
and stabilize it until the moment to use it comes.

References:
[1] Aakko-Saksa, P. T., Cook, C., Kiviaho, Journal of Power Sources. 2018, 803–823
[2] Li, L., Yang, M., Dong, Y., Mei, P., & Cheng, H., Int. J. of Hydrogen Energy. 2016, 6–11. 4

Acknowledgements:
To Chris; Pim; Mirte; Sebastiaan; Mike; Kiki; Kirsten; the SOC group; and Voyex.

General scheme for the reversible catalytic hydrogenation and dehydrogenation of circular liquid organic hydrogen carriers 

(LOHCs).



POSTERS 2

737

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-A0630

Lightening up NETosis

Enebie Ramos Cáceres* 1, E.A.J. Reits 2, F.P.J.T. Rutjes 1, K.M. Bonger 1

1 Radboud University Nijmegen, The Netherlands, 2 Amsterdam UMC, The Netherlands

Neutrophils	form	the	first	line	of	defense	of	our	innate	immune	system	against	invading	pathogens	and	inflam-
mation. They kill their targets through a variety of mechanisms, including neutrophil extracellular traps (NETs). 
NETs are ‘’spiderweb-like’’ structures composed of decondensed chromatin decorated with antimicrobial agents. 
They	form	in	response	to	specific	stimuli	through	a	peculiar	form	of	cell	death	called	‘’NETosis’’.	During	NETosis,	
the nuclear envelop disintegrates and chromatin is decondensed. In the cytoplasm, decondensed chromatin mix-
es with the antimicrobial agents, eventually resulting in cell membrane rupture and NET ejection.(1)
Although a great deal of the molecular mechanisms of NETosis remain elusive, the antimicrobial functions of NETs 
are heavily dependent on the activity of myeloperoxidase (MPO). MPO is a heme-containing peroxidase whose 
main function is to catalyze the conversion of hydrogen peroxide into hypochlorous acid.(1)
In	an	effort	to	study	neutrophil	activity	and	the	process	of	NET	formation	in	vitro	and	in	vivo,	we	have	developed	
an	activity-based	probe	(ABP)	specifically	targeted	against	MPO.	This	ABP	is	based	on	a	mechanism-based	2-thi-
oxanthine	warhead	published	in	literature	and	is	equipped	with	the	environment-sensitive	fluorophore	4-N,N-di-
methylamino-1,8-napthalimide	(4-DMN).(2)	This	fluorophore	becomes	fluorescent	only	in	the	more	hydrophobic	
environments	of	the	enzymatic	surface	and	has	a	very	low	fluorescence	intensity	in	water.	These	characteristics	
confer the ABP a ‘’turn-on’’ character that greatly reduces background signal in applications such as live-cell 
microscopy (Fig. 1). This ABP will allow us to investigate MPO activity in living cells and visualize the process of 
NETosis in wash-free real time conditions.

(1) Metzler, K. D. et al. Myeloperoxidase-Containing Complex Regulates Neutrophil Elastase Release and Actin 
Dynamics during NETosis. Cell Reports 8, 883–896 (2014).
(2) Ward, J. et al. Mechanistic Characterization of a 2-Thioxanthine Myeloperoxidase Inhibitor and Selectivity 
Assessment	Utilizing	Click	Chemistry–Activity-Based	Protein	Profiling.	Biochemistry	52,	9187–9201	(2013).
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Tuning immune cell biology with macrocyclic glycopeptides

Ryoji Yoshisada* 1, Nadia van der Meijs 2, Sandra van Vliet 2, Seino Jongkees 1

1 Vrije Universiteit Amsterdam, Amsterdam, The Netherlands, 2 Vrije Universiteit Medical Center Amsterdam, Amsterdam, The 
Netherlands

Immune responses are shaped through glycan signals. On dendritic cells (DCs), which are a key regulator of the 
immune	system,	carbohydrate-specific	C-type	 lectins	decode	specific	sugar	patterns	of	pathogens	and	glyco-
proteins.	The	aim	of	the	project	is	to	find	glycopeptides	that	interact	with	the	receptors	to	either	stimulate	or	
inhibit the functionality. As model cases for this scheme, we take MGL (Macrophage galactose-type lectin) and 
DC-SIGN	(dendritic	cell-specific	intercellular	adhesion	molecule-3-grabbing	non-integrin),	known	to	recognise	
GalNAc	(N-acetylgalactosamine)	and	mannose	or	fucose,	respectively.	Our	approach	to	finding	glycopeptides	is	
by	mRNA	display	incorporating	chemical	modification	of	the	peptide	library	with	these	particular	carbohydrates.	
Here,	the	role	of	glycan	is	not	only	for	binding	but	for	guiding	the	glycopeptide	to	the	specific	binding	site.¹,²	
The glycosylation strategy is either 1) click glycosylation between alkyne handle installed at C6 position of the 
sugar and azidohomoalanine in the peptide or 2) a reaction between a thiol at the C1 position of a sugar and cys-
teine-derived dehydroalanine in the peptide library. Next to this, we implement peptide macrocyclization either 
by thioether formation or cyanobenzothiazole reaction with N-terminal cysteine.³ With such libraries we aim to 
find	new	sequences	that	can	bind	to	C-type	lectins	and	modulate	their	responses,	thereby	tuning	the	biology	of	
dendritic cells.

On the left, two glycosylation strategies are shown (click reaction and DBAA-thiol elimination thiol addition). On the right, 

general scheme of mRNA display is described with a circle at which the glycosylation is performed.
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Novel hexaazatrinaphthylene based supramolecular polymer for electronic 
applications

Magda Dekker* 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

The use of supramolecular materials holds great potential in the design of systems for energy applications. The 
employment	of	supramolecular	motifs	creates	the	opportunity	to	integrate	multiple	different	functionalities	into	
one	system.	As	a	result,	molecules	with	drastically	different	properties	can	be	combined,	charge	transport	can	
be maximized, and exciton recombination can be avoided [1]. The vast majority of self-assembly studies in the 
field	has	been	devoted	to	p-type	organic	molecules,	while	the	development	of	electron	transporting	materials	
has lagged behind. Therefore, we focused our research on utilizing hexaazatrinaphthylene (HATNA), an n-type 
organic molecule, as a building block to form supramolecular polymers. The HATNA motif consists of 3 fused ni-
trogen-rich	pyrazine	moieties,	which	make	it	a	relatively	rare	electron-deficient	aromatic	discotic	molecule	with	a	
high charge carrier mobility [2]. In order to make a supramolecular building block, the HATNA core was equipped 
with	amide	based	citronellol	tails	to	introduce	hydrogen-bonding	and	chirality.	Purification	yielded	two	consti-
tutional isomers, which could be isolated by utilizing preparative thin layer chromatography. Subsequently, the 
properties and self-assembly mechanism of the two isomers were investigated by means of ultraviolet-visible, 
circular	dichroism	and	fluorescence	spectroscopy,	atomic	force	microscopy,	and	cyclic	voltammetry.	Bulk	prop-
erties	were	investigated	by	polarized	light	microscopy,	differential	scanning	calorimetry,	and	small-angle	X-ray	
scattering. We found that supramolecular polymers are formed via a cooperative mechanism, which form sub-μm 
sized	branched	fibers	for	the	symmetric	isomer	and	µm	sized	coiled	fibers	for	the	asymmetric	isomer.

1) Dumele, O.; Chen, J.; Passarelli, J.V.; Stupp, S.I. Adv. Mater. 2020, 32, 1907247.
2) Segura, J.L.; Juárez, R.; Ramos, M.; Seoane, C. Chem. Soc, Rev. 2015, 44, 6850.



POSTERS 2

740

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-A0640

Surface-Hopping dynamics of Proton-Coupled Electron Transfer

Titus De Haas* 1, Tjeerd F. de Jong 1, Huub J.M. de Groot 1, Francesco  Buda  1

1 Leiden Institute of Chemistry, Leiden, The Netherlands

Proton-coupled electron transfer (PCET) reactions are pivotal for solar energy conversion in both natural and arti-
ficial	photosynthetic	systems.	With	the	goal	of	solar-to-fuel	production	in	mind,	much	effort	has	been	dedicated	
to gaining a deeper understanding of these processes. In a recent publication, we computationally investigate 
the ground and excited state potential energy surfaces of two important PCET reactions in dye-catalyst complex-
es for water oxidation.[1] We show that, after initial excitation of the dye, the subsequent PCET reaction can be 
understood in terms of population transfer from a reactant state where the electron-hole is located on the dye, 
to	a	product	state	where	the	hole	has	moved	to	the	catalyst.	Spin-flip	time-dependent	density	functional	theory	
(TDDFT) was employed to show that these states cross along the proton transfer reaction coordinate. In our latest 
research,	we	have	combined	the	spin-flip	TDDFT	method	in	the	ADF	software	package	with	the	SHARC	non-adi-
abatic molecular dynamics program to study the dynamical behavior of the previously studied supramolecular 
dye-catalyst complex in the excited state. The contributions of reactant and product states to the electronic 
wavefunction	are	computed	on-the-fly,	which	allows	for	a	detailed	analysis	of	electronic	coherences	in	the	sys-
tem. We show that populating the product state leads to ultra-fast, sub-100 fs relaxation of the molecule result-
ing in proton transfer to the water environment. Our calculations provide theoretical insights that are important 
for	optimizing	PCET	reactions	in	systems	for	artificial	photosynthesis.

[1]T. de Haas, H. van Overeem, H. J. M. de Groot, F. Buda, ChemPhotoChem 2022, e202200274

Supramolecular dye-catalyst complex. The red arrow indicates the direction of the proton transfer from the hydroxide ligand 

to a bulk water. The blue arrow points out the direction of the electron transfer from the catalyst to the dye.
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Binding of PAHs and graphene with molecular tweezers

Andy Jiao* 1, Dmitri Filippov, Grégory Schneider, Sylvestre Bonnet  

1 Leiden University, Rotterdam, Netherlands

Graphene has many interesting properties, including high tensile strength and conductivity with a thickness of 
one atom. Such properties are much desired in a wide variety of applications, for example in molecular sensors. 
However,	 applicability	of	graphene	 remains	 limited	due	 to	 the	difficulties	 in	 functionalizing	 the	graphene,	as	
many impurities and defects can be introduced during sculpting, electrografting and diazotization of graphene. 
The introduction of impurities and defects can be avoided by functionalizing the graphene edges using non-in-
vasive supramolecular forces. To this end, defect-free graphene functionalization is envisioned to be possible 
using molecular tweezers as graphene edge clamps. One such molecular tweezer has been synthesized, which is 
shown to bind polycyclic aromatic hydrocarbons (PAHs) such as pyrene and coronene with binding constants of 
up to 4 M-1. The next challenge is how to determine the exact binding mode of the molecular tweezer with larger 
PAHs and graphene.
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Design and development of lanthanoid-based luminescent solar 
concentrators

Irene Motta* 1, Maria Rando 1, Marzio Rancan 2, Gregorio Bottaro 2, Lidia Armelao 1,3

1 Dipartimento di Scienze Chimiche, Università di Padova, Italy, 2 CNR ICMATE and INSTM, Dipartimento di Scienze Chimiche, 
Università di Padova, Italy, 3 Dipartimento di Scienze Chimiche e Tecnologie dei Materiali (DSCTM), Consiglio Nazionale delle

With the search for alternative photovoltaic (PV) technologies, luminescent solar concentrators (LSCs) have been 
recently rediscovered and are now emerging as a versatile solution to capillary integrate PV devices into the built 
environment, with the aim to retrieve currently energy-passive architectural elements for the PV conversion of 
solar energy¹. LSCs are well suited to realize such “building-integrated photovoltaics” (BIPVs) as they can be 
installed over a wide variety of architectures without altering their original appearance and functions². LSCs are 
conventionally comprised of glassy or polymeric panels with embedded luminescent species. The light emission 
of such luminophores can be stimulated by the sunlight, and then waveguided to the edges of the panels where 
appositely placed PV cells convert it into electricity.
In this contribution, we report the synthesis of strongly emitting [Eu2L4]2- cages³ and their subsequent embed-
ding in highly transparent matrices, as polymethylmethacrylate (PMMA). Particular attention is paid to materials’ 
processing, in order to realize LSCs of high optical quality with good repeatability. The LSCs are prepared both as 
films,	supported	or	free-standing,	of	thickness	ranging	from	tens	to	a	few	hundreds	of	micrometres	and	surface	
area of 5 × 5 cm², and bulk-doped tiles with thickness of a few millimetres and variable surface area, up to 5 × 5 
cm². The photophysical properties of the luminophores are fully characterized before and after the embedding 
in the host medium. Functional characterizations of the LSCs under simulated solar illumination are also carried 
out, with the aim to correlate the molecular properties of the emitters to the energy harvesting properties of the 
final	material.

References:
1. Debije, M. G. et al., Adv. Energy Mater. 2, 12–35 (2012).
2. Meinardi, F. et al., Nat. Rev. Mater. 2, 1–9 (2017). 
3. Rancan, M. et al., Cell. Rep. Physical Science 3, 100692 (2022).
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Graphene-liposome interactions studied by QCM-D

Thomas Kock* 1, Christine Visser 1, Erik van Geest 1, Alexander Kros 1, Grégory F. Schneider 1

1 Leiden University, Leiden, The Netherlands

Graphene is an attractive material to study biological samples. Nevertheless, for many biological samples, like 
liposomes, it is still unknown how they interact with graphene. Since graphene consists almost exclusively of 
surface, a sensitive surface technique is most suited to study these interactions. Quartz Crystal Microbalance with 
Dissipation monitoring is a technique that measures surface interactions dynamically and with high sensitivity. 
Delamination of graphene from the sensor surface has prevented the use of QCM-D. In the work described here 
the adhesion of graphene to the sensor was ensured using an adhesion layer. Then, the interaction between 
graphene and liposomes was studied. 
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Biomimetic cytoskeleton in synthetic cells

Sebastian Novosedlik* 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Coacervates are microdroplets held together by electrostatic forces based on the attractive interactions between 
positively and negatively charged molecules. In our group we have developed a terpolymer, composed of a hy-
drophilic PEG domain, a hydrophobic poly(caprolactone-g-trimethylene carbonate) block and an oligo glutamate 
anchor, that can stabilize these coacervate droplets acting as a semipermeable membrane. The decoration with 
the polymer membrane makes these coacervates more stable towards external stimuli like the salt concentration 
and	pH,	which	play	an	important	role	in	biological	systems.	These	features	render	these	artificial	cells	an	inter-
esting platform to study cellular tasks and interactions. 
One of the most important entities in living cells is the cytoskeleton. It is responsible for controlling all the as-
pects of cell shape changes and motility from its physiological functions for survival to reproduction and death. 
The	cytoskeleton	offers	conserved	and	effective	control	over	the	mechanics	of	the	cell	components,	which	makes	
it an important target for in vitro reconstitution and bottom-up synthetic biology studies. Using synthetic skele-
tons	in	artificial	cells	could	give	valuable	fundamental	insights	into	this	complicated	behavior	in	a	controllable	
and rationally designed environment.
A	prominent	 class	of	fibrous	 structures	 that	 could	be	utilized	 as	 synthetic	 cytoskeletons	 are	polydiacetylene	
based	bolaamphiphiles	(PDA).	Herein	we	want	to	present	our	results	that	our	PDAs	form	fibers	in	the	nm	range	
(100-400	nm)	that	can	be	stabilized	by	UV	irradiation,	and	are	taken	up	into	coacervates	efficiently.	Furthermore,	
they can further aggregate to micron sized bundles mimicking a natural cytoskeleton in regards to mechanical 
stability, organization and control of physical properties of the cell.
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Direct mechanocatalysis using Resonant Acoustic Mixing (RAM)

Cameron Lennox* 1,2, Tristan Borchers 1,2, Lori Gonnet 1,2, Christopher  Barrett 1, Stefan Koenig 3, Karthik Nagapudi 3, 
Tomislav Friscic 2

1 McGill Univertsity, Montreal, Canada, 2 University of Birmingham, Birmingham, UK, 3 Genentech, Inc., South San Francisco, USA

Mechanochemistry is a versatile method for the synthesis of molecules and materials which, by avoiding the 
need for bulk solvent, represents an intrinsically environmentally-friendly approach to synthesis.[1,3] Whereas 
mechanosynthesis traditionally relies on impact and mixing resulting from the motion of balls or screws, we 
herein demonstrate direct mechanocatalysis by Resonant Acoustic Mixing (RAM), an emerging mechanochemical 
methodology that eliminates the need for bulk solvent and milling media.[4,5] By using a simple copper coil as a 
catalyst,	RAM	enables	an	effective	one-pot,	2-step	synthesis	of	triazoles	by	the	sequential	benzyl	azide	formation	
and copper-catalyzed alkyne-azide click-coupling (CuAAC), on a wide scope of reagents, providing excellent con-
trol	over	reaction	stoichiometry,	and	enabling	a	simple	synthesis	of	the	anticonvulsant	drug	Rufinamide,	while	
also providing a platform to monitor reaction progress in real-time by in situ Raman spectroscopy. By avoiding 
milling	media,	RAM	offers	an	opportunity	to	simplify	reaction	design,	avoid	product	contamination	arising	from	
chipping and abrasion, while also facilitating scale-up.

[1]	James	et	al.	Chem.	Soc.	Rev.	2012,	41,	413;	[2]	Do,	Friščić	ACS	Cent.	Sci.	2017,	3,	13;	[3]	Do,	Friščić	Synlett	
2017, 28, 2066; [4] Titi et al. Chem. Sci., 2020, 11, 7578-7584; [5] Gonnet et al. Angew. Chem. Int. Ed. 2022, 13, 
e202115030.
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1,3-Dipolar Cycloaddition: From Conception to Quantum Chemical Design

Steven Beutick* 1,2, Pascal  Vermeeren  1, Trevor  Hamlin 1

1 Vrij Universiteit Amsterdam, Amsterdam, The Netherlands, 2 Università Di Padova; Italy, Padova, Italy

The 1,3-dipolar cycloaddition (1,3-DCA) reaction, conceptualized by Rolf Huisgen in 1960, has proven immense-
ly useful in organic, material, and biological chemistry. Additionally, the 1,3-DCA has played a key role in the 
emergence of bioorthogonal chemistry, which refers to a category of reliable chemistry where the reactions can 
occur rapidly and circumvent unwanted by-products in the physiological environment.[1] Although the uncata-
lyzed, thermal transformation is generally sluggish and unselective, the reactivity can be enhanced by means of 
metal catalysis or by the introduction of either predistortion or by electronic tuning of the dipolarophile. These 
promoted reactions generally go with a much higher reactivity, selectivity, and yields, often at ambient tempera-
tures. The rapid orthogonal reactivity and compatibility with aqueous and physiological conditions position the 
1,3-DCA as an excellent bioorthogonal reaction. Quantum chemical calculations have been critical for providing 
an understanding of the physical factors that control the reactivity and selectivity of 1,3-DCAs. In silico derived 
design principles have proven invaluable for the design of new dipolarophiles with tailored reactivity. We will 
discuss everything from the conception of the 1,3-DCA all the way to the state-of-the-art methods and models 
used for the quantum chemical design of novel reagents and the applicability in the context of bioorthogonal 
chemistry.[2]

[1]E. M. Sletten, C. R. Bertozzi, Angew. Chem. Int. Ed. 2009, 48, 6974–6998.
[2]S. E. Beutick, P. Vermeeren, T. A. Hamlin, Chem. Asian J. 2022, 17, e202200553.
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Simulation of Penicillin Amidase Kinetics by Fluorogenic Probe

Ardeshir Roshanasan* 1, Jan van Esch 1

1 Delft University of Technology, Delft, The Netherlands

Fluorogenic	probes	are	utilized	for	detection	and	sensory	purposes,	where	their	 intrinsic	fluorescence	 is	only	
reinstated by reacting with the target molecule. They are extensively used for cell imaging and enzyme detection 
[1,2].
Scheper	et	al.(1986)	describe	two	fluorogenic	probes	based	on	amino-coumarin	dyes,	which	were	designed	for	
the detection of enzyme Penicillin-G-acylase or Penicillin Amidase (PGA)(EC 3.5.1.11) [3]. A covalently bonded 
quencher	molecule	causes	the	fluorescence	of	the	dye	to	vanish	thus	giving	rise	to	formation	of	the	probe.	The	
quencher	is	then	removed	by	the	enzyme-substrate	reaction,	leading	to	retrieval	of	the	fluorescent	signal.	Study-
ing the retrieved signal over time shines light on the enzyme’s characteristics and the reaction kinetics.
Inspired	by	that	work,	we	developed	a	fluorogenic	probe	to	study	PGA’s	kinetics.	A	methodology	has	been	devel-
oped to model the reaction over concentration progression data.

References :
[1] Lukinavicius, G. et al. Fluorogenic probes for live-cell imaging of the cytoskeleton. Nature Methods 2014, 11, 
731-733
[2]	Zhang,	J.;	Shibata,	A.;	Ito,	M.;	Shuto,	S.;	Ito,	Y.;	Mannervik,	B.;	Abe,	H.;	Morgenstern,	R.	Synthesis	and	Characteri-
zation of a Series of Highly Fluorogenic Substrates for Glutathione Transferases, a General Strategy. Journal of the 
American Chemical Society 2011, 133, 14109–14119.
[3]	Scheper,	T.;	Weiss,	M.;	Schugerl,	K.	Two	new	fluorogenic	substrates	for	the	detection	of	Penicillin-G-acylase	
activity. Analytica Chimica Acta 1986, 182, 203–206
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High proton conductive graphene by aryl radical coupling

Xiaofang Kang* 1

1 Leiden University, leiden, The Netherlands

Ion-selective permeation membranes are used in various applications such as fuel cells, wastewater, and seawa-
ter desalination. However, General ion exchange membranes have selective permeability for anions and cations 
only. With the development of separation technology, the requirements for the performance of ion exchange 
membranes have become increasingly demanding, gradually developing into the separation of ions of the same 
charge and valence state. Selectivity and conductivity are major principles for membrane development. A trade-
off	between	 Ion	 selectivity	 and	 conductivity,	 however,	 is	 one	 of	 the	 barriers	 to	 further	 promoting	 polymeric	
membranes due to minor-size channels. Nanopore in atomic thin 2D material provides new possibilities for the 
development of selective membranes based on delicate control of pore size and surface functionality. Innova-
tions with graphene manifested impressive potentials owing to mechanical strength, chemical resistance, and 
nanometer-scale	pore	fabrication.	 	Here,	we	report	that	modified	graphene	with	4-sulfonatebenzendiazonium	
(SBD) results in a high proton selectivity and conductivity to other cations.

Figure. (a) Illustration of the ionic current measurements setup using a patch clamp. (b) Areal conductance was measured in 

0.1M HCl and 0.1M KCl as a function of 4-SBD reaction times ranging from 0 to 96 h (n=4).
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Effortless and reproducible docking of organometallic compounds

Matthijs Hakkennes* 1, Sylvestre Bonnet 1, Francesco Buda 1

1 Leiden University, Amsterdam, The Netherlands

Despite the potential of organometallic compounds as therapeutics, the lack of computational tools available for 
high throughput screening has been a limiting factor. To address this challenge, we introduce MetalDock, an open 
software docking tool for docking organometallic compounds. Our tool combines the AutoDock docking engine 
with three quantum software packages and automates the docking procedure of these compounds. We used a 
Monte Carlo sampling scheme to obtain the missing Lennard Jones parameters for 12 metal atom types, and ex-
hibit that these parameters generalise exceptionally well. Our results show that the poses obtained by MetalDock 
are	highly	accurate	and	often	surpass	the	resolution	of	the	data.	Three	different	compelling	case	studies	are	also	
presented which demonstrate the versatility of MetalDock in successfully docking any organometallic compound 
to any biomolecule.

Schematic workflow of the Monte Carlo optimisation scheme for the Lennard Jones parameters that are required for docking 

organometallic compounds.
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Polyelectrolyte Multilayers on Graphene as Proton Exchange Membrane

Guangya Jiang* 1

1 Leiden University, Leiden, The Netherlands

Direct	methanol	fuel	cell	(DMFC)	is	promising	to	convert	biofuel	to	electricity.	The	wide-used	Nafion	membrane,	
however, hinders the fuel cell performance because of extensive methanol permeation. It is found that graphene 
can	block	methanol	 crossover	and	has	a	 surprising	proton	conductivity	 comparing	 to	 commercial	Nafion	117	
membrane at 60 °C. Nevertheless, large-area chemical vapor deposition (CVD) graphene may contain lots of 
defects, resulting in a large amount of methanol leakage for proton exchange of DMFC. Here we functionalize 
graphene using alternatively charged polyelectrolytes and demonstrated that the multilayers linked on graphene 
can lower methanol crossover level and improve fuel cell performance.
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Discovery of compounds inhibiting SARS-CoV-2 ADP-ribosyl hydrolysing 
macrodomain

Tomi Parviainen* 1

1 University of Oulu, Oulu, Finland

The outbreak of COVID-19 caused by the novel coronavirus SARS-CoV-2 has caused major challenges to all man-
kind. Vaccines for COVID-19 are currently widely accessible, but medicinal treatments for ongoing viral infection 
are scarcely available. One plausible strategy against SARS-CoV-2 is to develop chemical compounds that target 
and hinder the virus’ ability to counter the immune response (e.g. ADP-ribosylation) of the host organism. An 
example of such a drug target is a hydrolase enzyme macrodomain 1 (Mac1) located in the NSP3 protein of the 
SARS-CoV-2 virus.
Protein	ADP-ribosylation	 is	a	post-translational	modification,	 that	 is	mainly	catalyzed	by	Diphtheria	toxin-like	
PARP enzymes of the human ARTD family. (1) As an immunological response, some of the PARP enzymes are 
responsible for the ADP-ribosylation of proteins encoded by the virus. SARS-CoV-2 can counter this immune 
response by encoding ADP-ribosylhydrolase Mac1 as a part of a multidomain viral protein, which enzymatically 
reverses the ADP-ribosylation in order to suppress the host organism’s antiviral signaling cascades. Indeed, Mac1 
has been shown to be essential to the replication and virulence of SARS-CoV-2. (2)
Utilizing a FRET-based assay, a compound library of 30 000 chemical compounds was screened and a SARS-
CoV-2	Mac1	 inhibiting	compound	family	of	methyl	2-aminothiophene-3-carboxylate	scaffold	was	 recognized.	
With guidance from the hit compounds and with a structure-based optimization, a novel compound belonging 
to	methyl	2-aminothiophene-3-carboxylate	scaffold	with	IC50	of	1.9	µM	towards	the	SARS-CoV-2	Mac1	was	de-
veloped. Moreover, the compound was determined to be selective towards SARS-CoV-2 over both other virus 
macrodomains and against all human macrodomains.

(1) Lüscher, B. et al. FEBS J. 2021, 289, 7399.
(2) Grunewald, M. E. et al. 2019 PLoS Pathog, 15.

Schematic representation of immune response induced APD-ribosylation of protein with inhibited vs. non-inhibited SARS-

CoV-2 Mac1.
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Facile Synthesis of PEG-PLA Nanoparticles for Controlled Release

Yudong Li* 1, Jari F. Scheerstra 1, Yuechi Liu 1, Annelies C. Wauters 1, Jianhong Wang 1, Hanglong Wu 1,  
Antoni Llopis-Lorente 1, Jan C.M. van Hest 1, Loai K.E.A. Abdelmohsen 1

1 Bio-Organic Chemistry, Institute for Complex Molecular Systems, Eindhoven University of Technology, Eindhoven,  
The Netherlands

Poly(ethylene glycol)-poly(lactide) (PEG-PLA) nanoparticles (NPs) represent a valuable platform for various bio-
medical applications, due to their inherent biocompatibility and biodegradability. Current methods for preparing 
PEG-PLA	NPs	typically	require	two	different	steps	that	include	polymer	synthesis	and	NP	assembly,	with	the	nec-
essary	polymer	purification	and	the	use	of	a	variety	of	organic	solvents	in	the	process.	In	order	to	facilitate	the	
application of PEG-PLA NPs, for example, in clinical trials, it is of great interest to develop a method to formulate 
the	NPs	in	a	simplified	manner.	Here,	we	report	a	straightforward	method	to	construct	PEG-PLA	NPs	through	a	
sequential two-step process without intermediate work-up, which involves synthesizing the polymer in a wa-
ter-miscible organic solvent, i.e., N,N-dimethylformamide (DMF), followed by addition of water to the polymer 
solution. In this way, monodisperse large NPs (~600 nm) were prepared. We comprehensively characterized the 
NPs using turbidity studies, dynamic light scattering (DLS), scanning electron microscopy (SEM), and transmission 
electron microscopy (TEM) techniques. We further demonstrated the ability of the NPs to encapsulate drugs, ex-
emplified	in	the	immunotherapeutic	agent	rapamycin,	with	relatively	high	encapsulation	efficiency.	In	vitro	drug	
release	tests	showed	that	rapamycin-encapsulating	NPs	had	comparable	sustained-release	profiles	at	different	
pH conditions, highlighting the broad application window of our NP platform. This work contributes to our knowl-
edge to the scalable synthesis of polymeric NPs, whilst establishing a system with high potential for biomedical 
applications such as immunotherapy.
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Study into the novel π-arene/σ-phosphine coordinating Ru(0)-Binap 
complexes

Yifei Zhou* 1

1 Wageningen University and Research, Wagenignen, The Netherlands

Since	 the	first	 introduction	of	 the	Binap	 ligand	by	Noyori	 and	 co-workers	 in	1980	 [1],	 transition	metal	Binap	
complexes have found extensive applications in asymmetric catalysis [2]. Despite the well-developed chemistry 
of Ru(II)-Binap complexes, zero-valent ruthenium complexes containing a Binap ligand, to the best of our knowl-
edge,	have	never	been	reported.	Herein,	we	introduce	the	synthesis	and	characterization	of	Ru⁰(Binap)(PPh₃)	and	
discuss its reactivity towards unsaturated compounds and the ability of the Ru(0) center to perform C-H, N-H, O-H 
and	C-X	activation.	Ru⁰(Binap)(PPh₃)	and	its	derivatives	are	unusual	for	Ru(0)	ligand	environment	featuring	teth-
ered σ-phosphine/π-arene	coordination	of	Binap	ligand,	which	has	been	confirmed	by	X-Ray	crystallography.	We	
have	studied	the	chemical	properties	of	Ru⁰(Binap)(PPh₃)	and	its	derivatives	and	will	also	discuss	our	preliminary	
results in catalysis.

References:
[1]A. Miyashita, A. Yasuda, H. Takaya, K. Toriumi, T. Ito, T. Souchi, R. Noyori, J. Am. Chem. Soc., 1980, 102, 7932-
7934.
[2]a). J. Faller, J. Parr, Cur. Org. Chem. 2006, 10, 151-163. b). S. Akutagawa, Appl. Catal. A: Gen., 1995, 128, 171-
207.
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Climbing “Up” the near-infrared window of dye-sensitized upconversion

Kristin Becker* 1

1 University of Groningen, Groningen, The Netherlands

One of the most promising and talked about solutions to the current energy crisis and environmental pollution 
are solar cells. Classical solar cells have a fundamental limit of power conversion of 32% and are nowadays very 
close to it. This limit can be exceeded either by better adapting the solar cell to the solar spectrum or by changing 
the solar spectrum to one that a classical, cheap solar cell can use. Latter can be done by the process of photon 
upconversion, where two (or more) photons of higher wavelength are sequentially absorbed, followed by an 
emission of photons at shorter a wavelength.
This research aims to study the process of dye-sensitized upconversion in the (so far) unexplored near-infrared 
(NIR-II) window (λ = 1000-1700 nm) for use in hybrid silicon/organic photovoltaics. Sensitization in the proposed 
window is challenging but using energy transfer from a luminescent species on a surface layer to lanthanide ions 
in the core of nanoparticle (NP) provides opportunities that cannot be realized in bulk materials.[1]
To achieve upconversion in this range, we propose a system consisting of an organic dye serving as an “antenna” 
and a lanthanide-based NP that will act as an upconverter. A newly synthesized cyanine dye that absorbs and 
emits in the NIR-II (λmax = 1360 nm) will be attached (via a carboxylate linker group) to the NP, enhancing the 
upconverted luminescence. The excitation energy transfers to the upconverting NP consisting of erbium ions. 
The upconverted emission that follows is at 980 nm. This wavelength of the upconverted photons falls into the 
absorption window of silicon, opening avenues to modify existing silicon solar cells with new hybrid materials 
that could go beyond the Schokley-Queisser limit.

1.	Zou,	W.,	Visser,	C.,	Maduro,	J.,	Pchenitchnikov,	M.	S.,	Hummelen,	J.C.	Nature	Photon	2012,	6,	560–564.

Figure 1: Proposed system for NIR-II to NIR-I upconversion consisting of the “antenna” (cyanine dye) and the upconverter 

(lanthanide nanoparticle)
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Glycoengineering lipooligosaccharides on bacterial pathogens with Neu5Ac 
analogues

Erianna Isabela Alvarado Melendez* 1, Hanna de Jong 1, Marc  Wösten 2, Tom Wennekes 1

1 Department of Chemical Biology and Drug Discovery, Utrecht Institute for Pharmaceutical Sciences, Utrecht University, Utrecht, 
The Netherlands, 2 Department of Biomolecular Health Sciences, Division Infectious Diseases and Immunology, Faculty of 
Veterinary Medicine, Utrecht University, Utrecht, Netherlands

Bacterial glycans play an important role in the interaction with their host. Lipooligosaccharides (LOS) are the most 
abundant cell surface glycoconjugates on the outer membrane of most Gram-negative bacteria. They contribute 
to the rigidity and impermeability of the cell wall and can stimulate the host immune system. Some bacteria 
display LOS capped with sialic acid as terminal epitopes to mimic host glycans. This phenomenon, known as mo-
lecular mimicry, can help bacteria hijack host biological mechanisms to facilitate infection and evade the immune 
system. To further investigate the functional role of sialic acid-capped LOS at the molecular level, it is important 
to have tools readily accessible for the detection and manipulation of Neu5Ac on glycoconjugates of live bacteria. 
Here we report a novel strategy to incorporate Neu5Ac with a reporter group onto the lipooligosaccharides of a 
selection of Gram-negative bacteria. We show that the native sialyltransferases of several pathogens are able to 
accept extracellular unnatural sugar nucleotides, thereby introducing unnatural sialosides onto their LOS. This 
new	technique,	Labeling	via	Bacterial	Native	Sialyltransferases,	is	an	efficient	and	rapid	way	to	screen	for	bacteria	
that can decorate their glycoconjugates with exogenous sialic acid. This strategy complements other glycoengi-
neering techniques, such as Metabolic Oligosaccharide Engineering (MOE) and Selective Exo-Enzymatic Labelling 
(SEEL), and can help to dissect host-bacterial glycan interactions.
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Protein Depalmitoylation: Discovery of Novel S-Palmitoyl Thioesterase 
Substrates

Anneroos Nederstigt* 1, Marc Baggelaar 1

1 Utrecht University, Utrecht, The Netherlands

Of	the	human	proteome	about	15	%	is	modified	by	the	attachment	of	C14:0	to-C22:0	fatty	acids	(S-palmitoyla-
tion),	affecting	their	functionality	and	localization.	There	are	many	types	of	lipid	posttranslational	modifications	
and all are irreversible, except for S-palmitoylation, which is tightly regulated by a family of writers and a group 
of	erasers:	S-acyltransferases	(ZDHHC1-24)	and	acyl	protein	thioesterases	(APT1/2,	PPT1,	ABHD17a-c,	ABHD10,	
ABHD16B).
S-palmitoylation plays a fundamental role in human biology and dysregulation of S-palmitoylation has been as-
sociated with neurodegenerative diseases such as Huntington’s disease and Alzheimer’s disease. Modulation of 
the S-palmitoylation state of disease relevant proteins is thought to be a potential therapeutic strategy. However, 
currently little is known about the substrates of the enzymes that regulate removal of the lipids from proteins.
We aim to elucidate the largely unknown substrate scope of the key thioesterases APT1 and APT2 by employing a 
substrate trapping strategy coupled to mass-spectrometry proteomics. More than 70 interactors of FLAG-tagged 
wild-type	(WT)	or	catalytically	inactive	APT1	and	-2	have	been	identified	in	HEK293-T	cells.	Encouragingly,	both	
WT and mutant interactors showed strong enrichment for S-palmitoylated proteins compared to the human pro-
teome.	To	further	optimize	our	thioesterase	substrate	identification	strategy,	we	employed	a	photocrosslinkable	
palmitic acid probe. After metabolic incorporation of the probe in live cells, UV irradiation covalently links S-pal-
mitoylated substrates to FLAG-tagged constructs of the thioesterase APT2 to also allow capture of weak and 
transient APT2-substrate interactions.
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Chemoenzymatic Synthesis of 13C Enriched Sialic Acids

Jun Yang Ong* 1, Wouter van Bakel 2, Nathalie Juge 2, Tom Wennekes 1

1 Utrecht University, The Netherlands, 2 Quadram Institute Bioscience, United Kingdom

Sialic acid or N-acetylneuraminic acid (Neu5Ac) is a ubiquitous sugar residue found in the gut mucus layer. [1] It 
is commonly found at the terminal location of sugar chains, and its prior removal is necessary for gut microbiota 
to gain access to the rich underlying sugar residues. [1,2]
Metabolism of glycans by gut bacteria leading to the production of short chain fatty acids (SCFAs) is of great 
interest	because	of	their	known	health	benefits	to	human	hosts.	[3]	Through	Stable	Isotope	Probing	(SIP),	13C	
labelling of Neu5Ac can identify gut microbiota able to metabolise Neu5Ac and enable clear distinction of me-
tabolites generated in the Neu5Ac metabolism pathway in the presence of other sugars.
To obtain these 13C enriched sugars, we have developed a facile chemoenzymatic synthesis route from the 
cheap and commercially available [U-13C]glucose. Chemical synthesis yielded the key intermediate, peracetyl-
ated N-acetyl mannosamine ([13C6]Ac4ManNAc) on a gram scale at 21% yield. Subsequently, enzymatic con-
densation of [13C6]ManNAc with [2-13C]pyruvate gave asymmetrically labelled [13C7]Neu5Ac, which can be 
used to prepare 3’-SL and 6’-SL through a facile one-pot enzymatic reaction using CMP-sialic acid synthetase and 
sialyltransferase. Synthesis of other forms of sialic acids are also possible as demonstrated by the synthesis of 
2,7-anhydro Neu5Ac.

References:
[1] M.E.V. Johansson, J.M. Holmén Larsson, G.C. Hansson, Proc. Natl. Acad. Sci. U. S. A. 2011, 108 (Supplement 1), 
4659-4665.
[2] L.E. Tailford, E.H. Crost, D. Kavanaugh, N. Juge, Front. Genet. 2015, 6, 81.
[3] D.J. Morrison, T. Preston, Gut Microbes 2016, 7(3), 189-200.
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NMR study of solvation effects in polymer-coated catalysts

Ricardo Martinho* 1, Pengcheng Huang 1,2, Yu Yan 3, Leon Lefferts 1, Bing Wang 3, Jimmy Faria Albanese 1

1 University of Twente, Enschede, The Netherlands, 2 Changzhou University, Changzhou, China, 3 University of Oklahoma, Norman, 
USA

Water is a sustainable solvent for synthesis both on a small and industrial scales. Nevertheless, conducting cata-
lytic reactions in aqueous phases is often rather complicated, since the reactive nature of water hinders catalyst 
stability, selectivity, and activity. Metal-based catalysis and its reaction rates are often worse than in other sol-
vents. The engineering of micro-solvation environments that lead increased activities and sensitivities is then 
required. One approach is to develop heterogeneous catalysis systems, such as that of Palladium-coated silica 
nanoparticles, which are involved in hydrogenation of nitrite.1 In this work, we study a related system in which 
non-porous Pd-coated silica nanoparticles are coated with a thermoresponsive polymer brushes, based on of po-
ly-n-isopropylacrylamide (p-NIPAM). The polymer-coated catalyst showed a four-fold higher selectivity to NH4+ 
at the same conversion level when compared to the parent Pd/SiO2 catalyst. Furthermore, this catalyst shows two 
different	activation	barrier	regions,	when	the	polymer	brushes	are	swollen	and	collapsed.	
A systematic study in these particles dispersed in water was then conducted in water by multi-dimensional Nu-
clear	Magnetic	Resonance	 (NMR)	 techniques,	 approaching	diffusivity	 and	 spatial	 interactions.	 These	have	ev-
idenced	the	differences	in	the	dynamics	of	polymer	chains	in	the	two	aforementioned	stations,	as	well	as	the	
exposure	to	the	surrounding	medium.	The	solvation	effects	were	considered	significant,	with	the	motion	of	water	
being	explored	also	in	comparison	with	Molecular	Dynamics	(MD)	studies.	These	shown	a	slower	diffusivity	for	
water than for the known polymer coated catalyst and in general a non-monotonic behavior for the water mole-
cules,	which	is	likely	related	to	the	catalytic	efficiency.
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Artificial enzymes featuring an unnatural aniline residue

Claudia Da Settimo Passetti* 1, Gerard Roelfes  1

1 University of Groningen, Groningen, The Netherlands

Over millions of years enzymes have shown to be powerful tools for the catalysis of reactions that occur in nature 
and preserve life. Chemists have been inspired by the activity of these biological catalysts for the creation of arti-
ficial	enzymes	with	the	ability	of	accelerating	new-to-nature	reactions.	Therefore,	biocatalysis	is	now	considered	
fundamental for the drive to a more sustainable and ‘’greener’’ chemical synthesis [1].
The	choice	of	an	appropriate	protein	scaffold	is	the	first	step	in	artificial	enzyme	design	and	the	Roelfes	group	
selected	the	Lactococcal	multidrug	resistance	regulator	protein	(LmrR)	as	a	base	for	different	kinds	of	artificial	
enzymes.	What	makes	the	protein	a	suitable	scaffold	is	its	large	and	promiscuous	binding	pocket	that	can	interact	
with	various	compounds	through	hydrophobic	interactions	and	its	flexible	structure	that	can	adapt	easily	when	
hosting guest molecules [2]. It is possible to install abiotic and catalytic functionalities in LmrR pocket and make 
the protein capable of facilitating new-to-nature reactions. The introduction of the non-canonical amino acid 
para-amino-phenyl-alanine (pAF), through the stop codon suppression methodology, allows the creation of a new 
LmrR-based	artificial	enzyme	which	can	successfully	catalyse	hydrazone	and	oxime	formation	and	the	vinylogous	
Friedel-Crafts alkylation through iminium ion catalysis [3] [4].
This work shows the possibility of applying LmrR_V15 pAF for another kind of C-C forming reaction, which is 
the intramolecular Friedel-Crafts alkylation. After a promising and basal catalytic activity of the novel enzyme, 
directed evolution studies have been performed to obtain high conversion and enantioselectivity. 

References
[1] D., Hilvert; Annu. Rev. Biochem, 2013, 82, 447–470.
[2] G., Roelfes; Acc. Chem. Res., 2019, 52, 545-556.
[3] I., Drienovská; G., Roelfes; Nat. Catal., 2020, 3, 193-202.
[4]	R.	B.	Leveson-Gower;	I.	Drienovská;	Z.	Zhou;	G.	Roelfes;	ACS	Catal.,	2021,	11,	12,	6763-6770.
 



POSTERS 2

760

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-A0714

Green paper-like carbon-metal nanohybrids supporting metallic 
nanoparticles

Dinorah Ivette Rodriguez Otamendi* 1,2, Victor Meza Laguna 2, Edgar Álvarez Zauco 2, Dominic Gerlach 1, Petra 
Rudolf 1, Vladimir A. Basiuk 2, Elena V. Basiuk 2

1 University of Groningen, Groningen, The Netherlands, 2 National Autonomous University of Mexico, Mexico City, Mexico

To obtain easily manipulated nanocarbon-based structures for further development of advanced materials, the 
series	of	paper-like	nanohybrids	based	on	chemically-modified	graphene	oxide	and	multiwalled	carbon	nano-
tubes (buckypaper), decorated with palladium and silver nanoparticles, were successfully fabricated. The func-
tionalization of the supports was achieved by means of a gas-phase solvent-free treatment with aliphatic amines, 
and metallic nanoparticles were synthesized in situ by using silver nitrate and palladium chloride as precursors 
and citric acid as a non-toxic reducing agent. Non-functionalized graphene oxide paper and buckypaper were 
studied	for	comparison.	Dispersibility	 test	performed	 in	water	and	2-propanol,	gave	a	first	hint	of	 the	chang-
es in chemical nature of the carbon nanomaterials upon functionalization and further decoration with metal 
nanoparticles.	The	chemical	composition	of	nanohybrids	was	studied	by	Fourier-transform	infrared,	X	ray	photo-
electron	and	energy	dispersive	X-ray	spectroscopy,	X-ray	diffraction,	and	thermogravimetric/differential	thermal	
analysis.	All	spectroscopic	studies	confirmed	COOH	group	derivatization	due	to	amidation.	Thermogravimetric	
and	differential	 thermal	analysis	showed	significant	differences	 in	the	thermal	stability	of	the	nanohybrids	 in	
comparison to the pristine and non-functionalized substrates decorated with metallic particles. Characteristic 
crystallographic (111) and (200) planes of metallic Pd and Ag revealed that the metal particles in nanohybrids 
are crystalline. The morphology studies by scanning and transmission electron microscopy demonstrated the for-
mation	of	round/prismatic	nanometer-sized	crystalline	metallic	particles	with	different	grain	boundaries.	While	
considerable particle agglomeration was observed on non-functionalized both powder and paper-like hybrids, 
prior amine treatment gave rise to a more controlled formation of Pd and Ag nanoparticles in terms of size and 
distribution.

Financial support from the National Autonomous University of Mexico (UNAM, grant DGAPA-IN100821) and the 
University of Groningen (ITB Code: 190109974) is greatly appreciated. D.I.R.O. is indebted to the Doctorate De-
gree Program in Chemical Sciences at UNAM and CONACyT (Mexico), and the PhD Scholarship Programme at UG 
(Netherlands).
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Circular Plastics from Biobased Furan Diels-Alder Adducts

Björn Grabbet* 1, Abdullah Taiem 1, Razvan R.C. Ciocc 1, Pieter C.A. Bruijnincx 1, Arnaud A. Thevenon 1

1 Utrecht University, Utrecht, The Netherlands

Developing plastics that are safe and circular by design are essential to achieve a close polymer economy and 
mitigate negative impacts on the health of living species and natural environments. One strategy toward tackling 
that problem is to rationally design novel monomers derived from renewable resources or waste streams to gen-
erate plastics with controllable end-of life opportunities.
Herein, we report three tricyclic oxo-norbornene-lactone monomers easily constructed from biomass building 
blocks (Figure 1).[1] The three monomers vary by the position, or the absence, of the ketone group on the lactone 
ring. They are bifunctional so they can be polymerized either at the oxo-norbornene unit, or the lactone unit to 
generate a rich library of novel materials. These new polymers show a wide range of promising thermo-proper-
ties, comparable to common  petrochemically derived polymers. However, in comparison, they can selectively 
be depolymerized back to monomers, under mild conditions. In addition, their bifunctionality opens possibility 
to	postmodified	polymers	to	target	specific	applications	such	as	ionomers,	self-healing	cross	linked	materials,	
among others.
These results demonstrate the promising avenue of such biomass-derived polymers as circular alternative to 
traditional persistent fossil-based plastics.

[1] Angew. Chem. Int. Ed., 2020, 59, 23480

Bifunctionality of the tricyclic oxo-norbornene-lactone monomers toward sustainable plastics.
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Robust and interactive artificial cells as biocommunicative materials

Sander Huisman* 1,2, Jan Van Hest 1,2

1 Department of Chemical Engineering & Chemistry, Eindhoven University of Technology, Eindhoven, The Netherlands, 2 Institute 
for Complex Molecular Systems (ICMS), Eindhoven University of Technology, Eindhoven, The Netherlands

Interactions	between	living	matter	and	artificial	materials	could	be	a	doorway	to	many	new	and	exciting	possi-
bilities, such as the ability to direct biological systems towards functional recovery after an illness or even to im-
plement new functionalities. However, the complexity of biological systems is challenging to recreate bottom-up 
with synthetic molecules, requiring clever chemical building blocks to achieve such biocommunication.
Artificial	cells	have	been	developed	from	relatively	simple,	oppositely-charged	polymers.	These	artificial	cells,	
or coacervates, closely mimic the interior crowdedness of natural cells. However, so far, most coacervates are 
unstable or toxic, losing the ability to release cargo in a controlled way or inducing cell death rather than commu-
nication. Researchers in our group have developed a terpolymer that stabilises amylose-based coacervates(1). 
Meanwhile, other research groups have found numerous other polymer pairs forming coacervates with a high 
degree of biocompatibility(2).
Building on these lines of work, this research aims to create a new generation of coacervates by combining our 
experience in stabilising coacervates with other, more biocompatible polymer combinations to form coacervates 
that	interact	with	cells	and	enhance	their	function	in	a	controlled	fashion.	In	this	way,	artificial	cells	can	be	built	
bottom-up and display life-like behaviour in various synthetic-natural material systems.

(1) a) Mason, A. F.; Buddingh’, B. C.; Williams, D. S.; van Hest, J. C. M. Hierarchical Self-Assembly of a Copoly-
mer-Stabilized Coacervate Protocell. J. Am. Chem. Soc. 2017, 139 (48), 17309–17312. https://doi.org/10.1021/
jacs.7b10846.
b) van Stevendaal, M. H. M. E.; Vasiukas, L.; Yewdall, N. A.; Mason, A. F.; van Hest, J. C. M. Engineering of Bio-
compatible Coacervate-Based Synthetic Cells. ACS Appl. Mater. Interfaces 2021, 13 (7), 7879–7889. https://doi.
org/10.1021/acsami.0c19052.
(2) Chu, H.; Johnson, N. R.; Mason, N. S.; Wang, Y. A [Polycation:Heparin] Complex Releases Growth Factors with 
Enhanced Bioactivity. Journal of Controlled Release 2011, 150 (2), 157–163. https://doi.org/10.1016/j.jcon-
rel.2010.11.025.
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Fungal metabolites as antibacterial agents against resistant bacteria

Karol Carrillo Jaimes* 1, Fernanda Hernandez Sedano 1, Enrique  Aguilar Ramirez 1, Jose Alberto Rivera Chavez 1

1 National Autonomous University of Mexico, Mexico City, Mexico

Keywords: GNPS, resistance, fungus.
Main theme: CHEMISTRY RELATED TO HEALTH
Introduction:	Since	2016,	the	WHO	has	warned	the	scientific	community	about	the	importance	of	finding	novel	
antibiotics to combat antimicrobial resistance. One strategy to address such problem is the development of an-
tibiotics	with	novel	mechanisms	of	action,	for	example,	inhibition	of	FtsZ	protein,	a	key	enzyme	involved	in	bac-
terial division processes. Natural products from microorganisms have always been a good source of antibiotics, 
and nowadays the multi-omics strategies to discover such molecules has been revolutionized. These approaches 
include dereplication methodologies, which allow to fast the discovery pipeline of new bioactive molecules. 
This work focused on the discovery and/or repositioning of antibacterials with novel mechanism of action from 
mangrove associated fungi.
Results: A set of 250 extracts were evaluated towards A. baumannii in vitro and analyzed by LC-MS/MS-GNPS 
(Global Natural Products Social Molecular Networking) to prioritize the most promising extracts for the isolation 
of	molecules	with	possible	antibacterial	activity	targeting	a	recombinant	A.	baumannii	FtsZ	(AbFtsZ).	Currently,	
there	are	not	FtsZ	inhibitors	approved	by	the	FDA,	and	no	FtsZ	inhibitor	from	A.	baumannii	has	yet	been	reported	
in the literature. The molecules found in this work may open the opportunity to develop new antibiotics with new 
mechanisms of action to counteract antimicrobial resistance.

•WHO, International legal framework to address antimicrobial resistance. 2015.
•CLSI, M26-A: Methods for Determining Bactericidal Activity of Antimicrobial Agents. 1999.
•Aron A., et al., Reproducible molecular networking of untargeted mass spectrometry data using GNPS. 2020.

Molecular network generated by GNPS for a set of axenic fungal extract.
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PUSH-PULL CYCLOMETALATED PALLADIUM SELF-ASSEMBLY FOR 
PHOTODYNAMIC THERAPY

Lan Wang* 1, Sylvestre Bonnet 1

1 Leiden University, Leiden, The Netherlands

Photodynamic therapy (PDT) is a non-invasive and targeted treatment for cancers. When photosensitizers (PSs) 
accumulate in the tumor tissue, they can be excited by light to generate phototoxicity, while in the dark toxicity 
is negligible and they do not damage tissues. The ideal wavelength of light for PDT is red or NIR light because 
longer wavelengths penetrate deeper into biological tissues [1]. Many d8 or d10 metal complexes have been 
studied as PSs for PDT because they easily generate singlet oxygen (1O2) [2]. However, many of these complexes 
are lipophilic and lose their photodynamic properties upon aggregation in aqueous solution. 
In	this	research,	we	designed	new	cyclometalated	Palladium	(Pd)	PSs	based	on	the	push-pull	effect,	to	achieve	
red light absorption and aggregation altogether without losing photodynamic properties. Electron-withdrawing 
R2 groups were introduced to the known PdL complex to lower its LUMO energy, while cyclometalation serves 
as electron-donating groups[2]. R1 groups were introduced to improve the hydrophilicity. Besides, due to the 
metallophilic interaction, these monomers easily form PDT-active nanoaggregates that can be easily uptaken by 
cells and help to red shift due to the smaller HOMO-LUMO gap in aggregates. The PdLCF3 shows better maximum 
absorption (514 nm), and the aggregates was proved by the absorption spectrum and dynamic light scattering 
results.

References:
[1] L. K. McKenzie, H. E. Bryant, J. A. Weinstein, Coord. Chem. Rev. 2019, 379, 2–29.
[2]	X.-Q,	Zhou,	M.	Xiao,	V.	Ramu,	J.	Hilgendorf,	X.	Li,	P.	Papadopoulou,	M.	A.	Siegler,	A.	Kros,	W.Sun,	S.	Bonnet,	J.	Am.	
Chem. Soc. 2020, 142 (23), 10383–10399.

Acknowledgments: China Scholarship Council
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Coordination-driven switching from simple complexes to functional 
nanostructures

Gracjan Kurpik* 1,2, Anna Walczak 1,2, Grzegorz Markiewicz 1,2, Jack Harrowfield 3, Artur Stefankiewicz 1,2

1 Center for Advanced Technology, Adam Mickiewicz University, Poznań, Poland, 2 Faculty of Chemistry, Adam Mickiewicz 
University, Poznań, Poland, 3 Institut de Science et d’Ingénierie Supramoléculaires, Université de Strasbourg, France

Metal-ligand interactions are the primary driving force in the generation of simple coordination compounds, as 
well	of	metallosupramolecular	architectures	with	a	high	degree	of	complexity	and	a	precisely	defined	structure.
[1] Taking into account the character of a coordinate bond, i.e. its high strength but commonly dynamic nature, 
coordination-driven self-assembly processes are characterized by high controllability at the molecular level with 
respect to directionality, reversibility and post-synthetic switchability.[2] In the presented research, a bifunction-
al ligand 4,4-dimethyl-1-(pyridin-4-yl)pentane-1,3-dione (HL) able to provide two distinct coordination sites, i.e. 
anionic β-diketonate (after deprotonation) and neutral pyridine, has been used in the synthesis of Ag(I), Pd(II) 
and Pt(II) complexes that then have been applied as metalloligands for the construction of new heterometallic 
polymeric	materials.	The	ambidentate	nature	of	HL	enables	switching	between	different	modes	of	coordination	
within mononuclear complexes or their conversion into polymeric species in a fully controllable way. The coor-
dination-driven processes can be triggered by various stimuli, i.e. a metal salt addition or acid-base equilibria, 
and	presents	an	efficient	strategy	for	the	generation	of	metallosupramolecular	materials.	As	a	consequence	of	
self-assembly, new multimetallic coordination aggregates have been synthesized and characterized in depth in 
solution	as	well	as	in	the	solid	state.	Furthermore,	the	Pd-based	assemblies	have	been	found	to	be	efficient	cata-
lyst precursors in the Heck cross-coupling reaction, demonstrating a direct impact of compositional and morpho-
logical	differences	on	their	catalytic	activity.

Acknowledgements:	The	financial	support	was	provided	by	the	National	Science	Centre	(GK,	grant	PRELUDIUM	
2022/45/N/ST4/00518; ARS, grant SONATA BIS 2018/30/E/ST5/00032).  

References: 
[1] Constable, E. C.; Housecroft, C. E. Chem. Soc. Rev. 2013, 42, 1429-1439.
[2]	Wang,	W.;	Wang,	Y.-X.;	Yang,	H.-B.	Chem.	Soc.	Rev.	2016,	45,	2656-2693.

Supramolecular transformations within coordination-driven assemblies based on HL.
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The effect of e-liquids on human health

Philipp Kemkes 1, Evangelia Sakkoula 1, Joris Meurs* 1, Simona Cristescu 1

1 Life Science Trace Detection Laboratory, Radboud University, Nijmegen, Netherlands

Electronic cigarettes have emerged in the last years as a presumably safer alternative to smoking. Besides the 
base	fluid	 (including	propylene	glycol,	 glycerol,	water,	 and	optional	nicotine),	flavouring	agents	are	added	 to	
create synthetic aromas. These consist of a wide variety of chemical compounds from which the most are listed 
as	Generally	Recognized	As	Safe	(GRAS)	and	can	therefore	be	used	in	foodstuff	for	oral	uptake.	However,	little	
is	known	about	the	inhalation	toxicology	and	the	adverse	effects	on	human	health.	We	performed	a	pilot	study	
aiming	to	investigate	the	acute	effect	of	vaping	and	the	persistence	of	e-liquid	components	in	the	lungs	through	
exhaled	breath	analysis.	To	 this	extent,	e-liquid	flavours	 (base	 liquid,	apple,	cinnamon,	and	peppermint/men-
thol)	were	first	characterized	using	thermal	desorption	–	gas	chromatography	–	mass	spectrometry	(TD-GC-MS).	
E-cigarette users (N = 17) provided duplicate breath samples before and directly after vaping for analysis with 
proton	transfer	reaction	–	time-of-flight	–	mass	spectrometry	(PTR-ToF-MS).	Clear	differences	were	observed	be-
tween	before	and	after	vaping,	as	well	as	between	breath	profiles	after	vaping	different	flavours.	In	addition,	the	
washout	of	flavouring	agents	over	time	and	the	host	responses	in	exhaled	breath	was	investigated.	For	this,	the	
participants blew directly into the PTR-ToF-MS by means of an in-house designed breath sampler. For all e-liq-
uids, the components reached baseline concentration within 30 minutes after vaping. Interestingly, a number of 
volatiles	unrelated	to	the	flavour	aromas	were	found	to	increase	over	time,	indicating	a	potential	vaping-induced	
inflammatory	response.
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Green Alternatives for Synthesis of Metal Organic Frameworks

Aurelia Sorina Visa* 1, Bianca Maranescu 2, Lavinia Lupa 3

1 Romanian Academy, “Coriolan Dragulescu” Institute of Chemistry, Timisoara, Romania, 2 West University of Timisoara, 
Timisoara, Romania, 3 Politehnica University Timisoara, Timisoara, Romania

In the last decade, there has been an exponential growth of many new classes of coordination polymers, and 
metal	organic	frameworks	(MOFs)	have	gained	popularity	over	other	identified	systems	due	to	their	special	prop-
erties. The present study presents the green alternatives for the synthesis of MOFs based on phosphonate with 
divalent metal salts in various hydrothermal conditions such as microwave, ultrasound, and mechanochemistry, 
followed by green application as adsorbent materials [1,2]. The presence of organic pollutants (OPs) at levels 
higher than the maximum permitted levels can have an impact on human health and the environment. As a result, 
it	is	critical	to	remove	pollutants	from	wastewater	prior	to	discharge.	MOFs	modified	with	ammonium	and	imidaz-
olium ionic liquids were used to form (ILs@MOFs) composite materials, which hold the structural characteristics 
of MOFs, and add the rewards of ILs as adjustable physical and chemical properties. The research consists of 
batch-type	experiments,	investigating	the	effects	of	initial	concentration	of	OPs,	solution	pH,	and	contact	time	
on	the	adsorption	efficiency.	For	determining	the	maximum	adsorption	capacity	of	the	studied	materials,	several	
empirical isotherms were used, including Langmuir and Freundlich [3]. The characteristic parameters for each 
isotherm	and	the	correlation	coefficient	have	been	identified.	The	adsorption	capacities	of	the	investigated	ILs@
MOFs	were	increased	by	the	ILs	modification	of	MOFs.

Acknowledgements
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ara, Romania and by a grant of the Ministry of Research, Innovation and Digitization, CNCS - UEFISCDI, project 
number PN-III-P4-PCE-2021-0089, within PNCDI III.
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Novel cyclohexenone-maleimide-based reagents for protein-protein 
interaction crosslinking

Qi Wu* 1, Peter Cossar, Luc Brunsveld  

1 Eindhoven University of Technology, Eindhoven, The Netherlands

There is a vigorous pursuit for better covalent tool compounds to probe biomolecular interactions. Whilst chem-
ical crosslinkers have proven to be powerful tools to identify and investigate protein-protein interactions (PPIs) 
it	is	highly	laborious	to	assign	the	ligation	sites	and	resulting	structural	information.	A	simplified	approach	to	ad-
dress	the	challenge	is	to	couple	residue	specific	crosslinking	and	mass	cleavable	chemistries.	The	application	of	
residue	specific	reactive	groups	limits	the	scope	of	ligation	sites,	in	turn	providing	a	focused	search	space.	More-
over, tandem mass spectrometry combined with cleavable crosslinking facilitates the detection and sequencing 
of	the	crosslinked	peptides	after	protease	digestion.	Here,	we	developed	a	focused	library	of	residue	specific	
and mass cleavable cyclohexenone-maleimide-based crosslinkers that selectively target Cys-His and Cys-Cys 
pairs. The crosslinkers showed good crosslinking capacity up to 90% against a panel of 14-3-3 PPIs. Further, we 
disclosed	a	proximity	induced	crosslinking	reaction	mechanism	by	intact	mass	spectrometry	and	fluorescence	an-
isotropy	measurement.	Structure-activity	analysis	highlighted	the	significance	of	the	maleimide	part	of	the	cross-
linkers since replacement or absence of it led to no crosslinking of 14-3-3 PPIs. In addition, the crosslinking was 
found to be cleavable under low collision energy in tandem mass spectrometry through a retro-Michael reaction 
pathway. We applied the novel crosslinkers to probe the poorly understood full-length 14-3-3/Tau interaction, 
which is relevant to neurodegenerative disorders.
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Natural Polyelectrolyte Complex Membranes through Aqueous Phase 
Separation
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Membrane	technology	plays	an	important	role	in	many	fields,	including	agriculture,	industry,	and	medicine.	An	
aqueous phase separation (APS) approach has been successfully developed to prepare synthetic polyelectrolyte 
complex	membranes.	This	approach	uses	water	as	both	solvent	and	non-solvent,	which	effectively	eliminates	
the need for harmful organic solvents as required for the traditional nonsolvent induced phase separation (NIPS) 
method. 
In this work, the green APS approach was applied to natural polyelectrolytes,  polycationic chitosan (CS) and 
polyanionic sodium carboxymethyl cellulose (CMC), to prepare more eco-friendly and sustainable polyelectro-
lyte complex membranes. A desired homogenous casting solution was prepared at low pH where CMC was un-
charged.	Integral	and	stable	membranes	were	obtained	in	an	acetate	buffer	bath	of	higher	pH.	In	the	bath,	CMC	
became negatively charged, and thus formed complexes with the positively charged CS, leading to the formation 
of membranes. The structure and properties of the membranes could be tuned by changing the concentration and 
pH	of	the	acetate	buffer.	All	the	membranes	showed	an	asymmetric	structure	with	a	dense	top	layer	and	porous	
inner	structure.	The	membranes	showed	tunable	pure	water	permeability	(45-1067	L·m-2·h-1·bar-1)	and	high	
retention (90%-99%) to oil-in-water emulsion droplets, which could potentially be used in water treatment ap-
plications. This work demonstrates that APS is an alternative method to fabricate more sustainable natural poly-
electrolyte complex membranes. In the future, enzymes will be introduced to prepare biocatalytic membranes 
with interesting separation properties based on this water-based APS process.

References
[1] Willott Joshua, de Vos Wiebe, Stimuli-responsive membranes through sustainable aqueous phase separation 
(2019) ACS applied polymer materials, 2(2), 659-667.
[2] Baig Muhammad Irshad, de Vos Wiebe, Sustainable membrane production through polyelectrolyte complex-
ation induced aqueous phase separation (2020) Advanced functional materials, 30(5), 1907344.

Illustration of the CMC-CS membrane preparation through the sustainable water-based APS method.
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Use of organocatalysis for synthesis of phenyl-hydroxylated-butyric acids
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Organocatalytic reactions are becoming powerful tools in the construction of complex molecular skeletons. In 
2021, Benjamim List and David MacMillan were awarded the Nobel Prize in Chemistry for the development of 
asymmetric organocatalysis. In this work we used the organocatalysis reaction as key step to get the 4-(p-ni-
tro)-phenyl-hydroxylated-butyric acids. The acids 1 (2,3-anti-3,4-syn) and 2 (2,3-syn-3,4-syn) were synthesized 
from TBS-dihydroxyacetone (TBS-DHA) 3 and p-nitrobenzaldehyde 4 using an organocatalyzed aldol reaction 
as the key step. The stereoselectivity of the syn-aldol coupling was suggested as resulting from a transition 
state	including	a	low	energy	anti-Z	enamine,	derived	from	the	condensation	of	TBS-DHA	and	O-tBu-L-threonine.	
Selective anti- and syn-carbonyl reduction of the carbonyl adducts led to 2,3-anti-3,4-syn and 2,3-syn-3,4-syn 
hydroxy compounds, respectively, which underwent the same sequence of transformations (ketal synthesis, pri-
mary	TBS-deprotection,	oxidation	and	deprotection)	 to	afford	4-(p-nitro)-phenyl-hydroxylated-butyric	 acids	1	
and 2 in seven steps and 22% and 24% overall yield, respectively.
 
ACKNOWLEDGEMENTS(TO ADD)
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Scheme 1: Use of organocatalysis for the synthesis of phenyl-hydroxylated-butyric acids.
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CO2 hydrogenation on isolated bimetallic clusters
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The increasing atmospheric CO2 concentration leads to global warming and climate destabilization. One po-
tential way to mitigate CO2 emissions is by converting them into useful chemicals. In industry, for example, 
methanol	is	produced	by	direct	hydrogenation	of	CO2	over	a	Cu/ZnO/Al2O3	catalyst.	However,	this	process	oc-
curs at high temperatures and pressure and is thus energy-intensive. Because the catalyst has a relatively low 
conversion	efficiency,	new	catalysts	for	CO2	reduction	are	desirable.	For	a	rational	design	of	such	new	catalysts,	
a detailed understanding of the reaction mechanisms is required. 
Gas-phase metal clusters represent an idealized model system for the active sites of the complex catalysts. Be-
cause	pure	Cu	catalysts	are	not	sufficiently	active	in	CO2	reduction,	we	investigate	how	the	doping	of	Cu	clusters	
with	foreign	elements	affects	their	reactivity	on	a	molecular	level.	For	this,	we	study	the	interaction	of	transition	
metal-doped Cu clusters with CO2 and H2 using IR photo fragmentation spectroscopy complemented by DFT 
calculations. We will present our initial steps in forming 3d metal-doped Cu clusters obtained from a newly com-
missioned dual-laser, dual-target cluster source.  
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Spreading of volatile oils on oleophilic polymer brushes

Sander Reuvekamp* 1, Özlem Kap 1, Harmen Hoek 1, Sissi de Beer 1, Frieder Mugele 1

1 University of Twente, Enschede, The Netherlands

Polymer brushes swell fully in good solvents, and partially when subjected to a good vapor. The spreading of 
volatile	liquids	on	brush	layers	is	governed	by	subtle	combination	of	hydrodynamic	flow,	vapor	transport	and	
swelling kinetics. We studied the spreading of alkanes on oleophilic polymer brush layers of poly-lauryl-methac-
rylate (PLMA), synthesised via surface initiated activators regenerated by electron transfer atom transfer radical 
polymerization (SI-ARGET-ATRP). A rich phenomenology is observed including the formation of a wide halo with 
a gradient in degree of swelling of the brush layer ahead of the slowly advancing contact line. The evolution of 
this halo results from an interplay of solvent transport between the brush, droplet, and solvent. Local evaporation 
and	condensation	conspire	to	stabilize	the	inhomogeneous	nonequilibrium	stationary	swelling	profiles.	Time-de-
pendent	swelling	profiles	in	the	halo	region	are	extracted	from	interferometry	measurements.	The	influence	of	
flow	within	the	brush	and	from	the	vapor	phase	are	decoupled	using	a	split	substrate	in	a	closed	cell.	Numerical	
calculations using gradient dynamics are then matched to the experimental data to obtain the solvent transport 
coefficients.	These	coefficients	are	quantified	and	the	model	validated	by	employing	alkanes	of	varying	lengths.	
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Kinetics of anaerobic digestion in prototype laboratory biodigesters

Jairo Granados* 1, Diego Abril 1, Andrés Mogollón 1

1 University of Cundinamarca, Bogota, Colombia

Introduction: Anaerobic biodigestion is a natural biochemical process, through which complex organic materials 
are unfolded by some microbial communities to produce elemental biomolecules and biogas, in the absence of 
oxygen, the process is carried out in four stages: hydrolysis, acidogenesis, acetogenesis and methanogenesis; 
CH4 generation can be followed by analysis and kinetic models such as those of Gompertz and Monod (B. Deep-
anraj, et al, 2015). Objectives: to evaluate the kinetic behavior of biogases: CH4, CO2, H2S, produced by anaerobic 
biodigestion of pig excreta treated with microbial inoculum, using Gompertz and Monod kinetic models Methods: 
We	worked	with	data	collected	in	the	field	from	a	geomembrane	biodigester	installed	on	a	property	near	Fusa-
gasugá and with three prototypes of biodigesters located in the laboratory, whose tributaries were pig excreta 
and microbial inoculum (MI), the monitoring of biogas production was carried out using a digital thermohygrom-
eter	and	a	multiparameter	gas	meter	A-ALT5X-ALKB.	Results:	Using	DCA	statistic	model,	significant	differences	
(p<0.05) were found between the kinetic parameters evaluated, expressed through the kinetic models worked, 
this is attributable to the control of variables such as: Type and composition of the tributary, biodigestate tem-
perature, pH and Biochemical Oxygen Demand evolution Conclusion: The best kinetic behavior was observed in 
the	biodigester	that	operated	at	a	temperature	close	to	38ºC,	since	the	change	in	biogas	volume	and	the	concen-
trations of CH4, CO2, H2S and NH3 over time were adequately explained by Gompertz and Monod kinetic models.
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Elucidate the mechanism of protein-protein interaction (PPI) stabilization.

Marloes Pennings* 1, Bente  Somsen 1, Luc  Brunsveld 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Most proteins are part of a dynamic network of protein-protein interactions (PPIs) that regulates biological activ-
ities in the cell.(1) In recent years, modulation of these PPIs has been recognized as a promising drug-discovery 
approach for therapeutic intervention. While inhibition of PPIs by small molecules resulted in clinical success, the 
concept of PPI stabilization by molecular glues is still unexplored.(2,3) The uncompetitive binding of molecular 
glues to a PPI complex instead of single proteins likely causes an increased selectivity for the target proteins. 
To study PPI stabilization, we use the hub protein 14-3-3, which binds to several hundreds of disordered phos-
phorylated	proteins.	Thereby,	14-3-3	can	function	as	a	scaffold	protein,	regulate	protein	translocations,	or	block	
nuclear import of their client proteins.(4) In current research, the 14-3-3 client protein is frequently represented 
by the peptide sequence that binds into the 14-3-3 binding groove. This ignores the rest of the client protein, 
including	potential	folded	states	and	multivalency,	which	can	affect	the	affinity	and	kinetics	of	the	interaction.	
Therefore, the kinetics and thermodynamics of 14-3-3 binding to their client protein represented as peptides 
with	different	length	and	sequences,	and	the	full-length	protein	are	studied.	This	analysis	is	supported	by	struc-
tural	data	obtained	by	X-ray	crystallography.	In	addition,	the	increased	affinity	of	the	interaction	partners	in	the	
presence of a stabilizer, described as cooperativity, is examined and coupled to the thermodynamics and kinetics 
of the binary complexes. This data set will increase the mechanistic understanding of PPI stabilization and sup-
port drug discovery of molecular glues.  

(1) Thul, P. J. et al. Science 2017.
(2) Arkin, M. R. et al. Chem. Biol. 2014.
(3) Fischer, E. S. et al. Curr. Opin. Struct. Biol. 2016.
(4) Ballone, A.; et al. Mol. J. Synth. Chem. Nat. Prod. Chem. 2018.



POSTERS 2

775

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-A0788

Fabrication of bifunctional nanoprobe as a peroxidase-mimic platform

Yahya Alqahtani* 1, Ashraf Mahmoud 2, Mohamed El-Wekil 3

1 Department of Pharmaceutical Chemistry, College of Pharmacy, Najran University, Saudi Arabia, 2 Department of 
Pharmaceutical Chemistry, College of Pharmacy, Najran University, Saudi Arabia, 3 Department of Pharmaceutical Analytical 
Chemistry, Faculty of Pharmacy, Assiut University, Egypt

Hydrogen peroxide (H2O2) is a vital biomolecule in cellular signal transduction. However, excessive production 
of this small molecule is related to serious cell damage. Glucose is an essential energy source for living organ-
isms.	Abnormal	levels	of	glucose	in	human	urine,	blood,	tears,	and	other	body	fluids	result	in	the	development	of	
metabolism	related	diseases	[4].	Herein,	a	dual-channel	sensor	was	fabricated	for	colorimetric	and	fluorometric	
determination of H2O2 and glucose. The sensor consists of iron and nitrogen co-doped carbon dots (Fe/N@C-
dots).	 The	 as-synthesized	 Fe/N@C-dots	 exhibited	 unique	 properties	 such	 as	 high	 catalytic	 activity	 and	 fluo-
rescence quantum yield (33.8%). The peroxidase-like activity of Fe/N@C-dots was used to detect H2O2 in the 
presence of phenol and 4-aminoantipyrine (4-AMAP) to yield a pink colored product (quinoneimine chromogen), 
which was measured at λmax = 505 nm (colorimetric method). Moreover, the pink colored product quenched the 
fluorescence	of	Fe/N@C-dots	via	inner-filter	effect	and	static	quenching	(fluorometric	method).	The	enzyme	like	
activity of Fe/N@C-dots was cascaded with the enzymatic activity of glucose oxidase (GOx) to evaluate the prac-
tical	application	of	Fe/N@C-dots	to	develop	dual-channel	sensor	(fluorometric	and	colorimetric)	for	high	selec-
tive and sensitive detection of glucose. It was found that the absorption intensities were increased linearly with 
glucose	concentration	in	the	range	of	2.13–130	µM	with	LOD	(S/N	=	3)	of	0.58	µM,	while	fluorescence	intensities	
were decreased linearly after addition of glucose in the range of 1.33–140 μM with LOD (S/N = 3) of 0.36 μM. The 
Fe/N@C-dots/4-AMAP/phenol/GOx	system	along	with	the	fluorometric	method	were	applied	efficiently	to	de-
termine glucose in many samples including human serum, urine, and saliva with acceptable recoveries % in the 
range of 93.8–106.1% and RSD % not more than 3.7%, suggesting the reliability of the as fabricated biosensor.
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Degradation of Fenitrothion by electro-Fenton process using hierarchical-
carbon-felt/magnetite

Sandy Luz Calderon Zavaleta* 1, Ulises Quiroz Aguinaga 1, Golfer Muedas Taipe 1, Juan Manuel Peralta Hernández 2

1 Applied Electrochemistry Research Laboratory - National University of Engineering, Lima, Peru, 2 Chemistry Department, Natural 
and Exact Sciences Division, Guanajuato University, Guanajuato/Noria Alta/Guanajuato, México

Advanced	oxidation	processes	(AOPs)	based	on	electro-Fenton	(EF)	is	an	efficient	alternative	for	the	degradation	
of	pesticides	due	to	the	high	generation	of	oxidizing	species	∙OH [1]. The cathode is one the most important factor 
in	process	efficient.	This	work	presents	a	EF	system	for	the	degradation	of	Fenitrothion	present	in	aqueous	solu-
tions.	The	setup	consisted	of	a	0.25	L	glass	cell	with	two	electrodes	configuration.	A	boron	doped	diamond	(BDD)	
was the anode electrode. The cathode consisted of a 1 cm x 1 cm x 0.3 cm hierarchical carbon felt obtained by 
thermal treatment to increase the electrode surface porosity. Magnetite nanoparticles (Fe3O4NPs) were synthe-
sized	on	the	surface	of	the	carbon	felt	by	the	chemical	co-precipitation	method,	(see	figure	1)	[2].	The	modified	
electrodes	were	characterized	by	electrochemical	 impedance,	 scanning	electron	microscopy,	X-ray	diffraction	
and N2 absorption and desorption isotherms. The cathode exhibited a higher electroactivity and produced more 
largely	hydroxyl	radicals	confirmed	by	spin	trap	using	N,N-dimethyl-p-nitrosoaniline	(RNO).	Our	preliminary	re-
sults showed the system reached 98.5% degradation of 80 mg/L Fenitrothion with applied current density of 
60 mA/cm2, pH 3, 0.05M Na2SO4 in 40min of treatment determined by ion-exclusion high-performance liquid 
chromatography.

References:
[1] Rodríguez-Narváez, O. M., Picos, A. R., Bravo-Yumi, N., Pacheco-Alvarez, M., Martínez-Huitle, C. A., & Peral-
ta-Hernández, J. M. (2021). Electrochemical oxidation technology to treat textile wastewaters. Current Opinion in 
Electrochemistry, 29, 100806.
[2]	Khoh,	W.	H.,	&	Hong,	J.	D.	(2013).	Layer-by-layer	self-assembly	of	ultrathin	multilayer	films	composed	of	mag-
netite/reduced graphene oxide bilayers for supercapacitor application. Colloids and Surfaces A: Physicochemical 
and Engineering Aspects, 436, 104-112.

Acknowledgements:	The	authors	wish	to	thank	the	financial	support	of	the	project	FC-FI-10-2020	provided	by	
the	Vicerrectorado	de	Investigación	of	National	University	of	Engineering,	Lima–	Perú.	The	authors	grateafully	
acknowledge Chemistry Department, Natural and Exact Sciences Division, Guanajuato University, Guanajuato, 
Mexico.

Figure 1. Scheme of fabrication process of hierarchical carbon felt with magnetite.
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Light-induced protease-mediated protein release from coacervate-based 
artificial cells

Arjan Hazegh Nikroo* 1, Wiggert Altenburg 1, Thijs van Veldhuisen 1, Jan van Hest 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Living cells communicate by reciprocally interpreting cues and responding with appropriate outputs. Given the 
underlying	complexity,	the	bottom-up	engineering	of	artificial	cells	represents	a	key	strategy	to	unravel	the	work-
ing principles by reconstituting cellular functions in a controlled and modular context. Since regulated protein 
uptake and secretion are crucial for (inter)cellular signaling, their implementation is essential when engineering 
artificial	cell	systems.	To	this	end,	our	group	previously	developed	a	polymer-stabilized	coacervate	artificial	cell	
platform	that	enables	specific	protein	uptake	and	release	by	leveraging	the	Ni2+-NTA	His-tag	interaction	and	TEV	
protease-mediated cleavage, respectively. However, the inherent activity of the protease precludes control over 
protein release once added. 
To introduce control over protein release, this research demonstrates the engineering of a photo-activatable TEV 
protease (paTEV) that can be switched ‘ON’ upon irradiation with 365 nm light, rather than exhibiting activity 
by	default.	Following	recombinant	expression	of	TEV	protease,	its	active-site	cysteine	could	effectively	be	con-
jugated to a photolabile moiety, thereby blocking enzyme activity. A fused FRET pair with a TEV cleavage site in 
between	was	used	to	evaluate	the	blocking	and	activation	of	paTEV	over	time,	showing	the	effective	caging	and	
activation of the protease, as well as controllability over protease activation with adjusted irradiation power and 
duration.	Moreover,	we	show	the	(ongoing)	first	steps	in	implementing	paTEV	in	coacervate	context	to	explore	
spatiotemporal control over protein release. By also implementing biologically relevant protein cargo such as 
bio-active growth factors, communication with living cells can be studied. Ultimately, light-induced cargo release 
could be adopted to direct living cell behavior in a tissue engineering context, as well as provide tools to evaluate 
protein mediated (inter)cellular signaling.

paTEV-mediated protein release from coacervates. Ni-NTA-amylose is incorporated alongside positively charged quaternized 

amylose (Q-Am) and negatively charged carboxymethylated amylose (Cm-Am) for uptake of His-tagged protein. 365 nm light 

uncages the active-site cysteine, triggering protein release by cleaving off the His-tag.
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Solventless mass-production of essential pharmaceuticals using 
mechanochemistry

Florian Ort* 1, Daniel Blanco Ania 1, Floris Rutjes 1

1 Radboud University Nijmegen, Nijmegen, The Netherlands

Our	research	aims	to	find	whether	existing	routes	for	essential	active	pharmaceutical	ingredients	(APIs)	can	be	
transformed into a mechanochemical process, thereby eliminating the need for bulk solvents.[1]
Mass production of pharmaceuticals generates a tremendous amount of waste: An estimated average of 180 kilo-
grams for every kilogram of API.[2] Furthermore the pharmaceutical industry emits more CO2 than the polluting 
automotive industry.[3] 
Solvents account for 75% of energy consumption, 50% of greenhouse gasses, and 70% of ozone creation po-
tential	in	API	production.[4]	Elimination	of	bulk	solvents	offers	a	significant	reduction	in	energy	consumption,	
environmental footprint, solvent-based contaminations, and waste production.
The	(re)emergence	of	mechanochemistry	offers	a	method	to	induce	chemical	reactions	by	exposure	to	mechan-
ical forces. [5] From the classical pestle and mortar, mechanochemistry has evolved towards the use of com-
prehensive	milling	devices	which	offer	the	chemist	a	convenient	alternative	for	chemical	activation	and	mixing	
without the need for solvents.[6] 
Several APIs are investigated to transformed into a mechanochemical process. When promising mechanochemi-
cal	synthesis	routes	are	identified	and	optimized,	further	investigation	of	kinetics	and	reaction	mechanisms,	in-
dustrial scale-up potential, green metrics and life-cycle analysis is performed to determine mechanochemistry’s 
potential for industrial API manufacturing.[1] 

[1] Innovative Mechanochemical Processes to synthesize green ACTIVE pharmaceutical ingredients (IMPACTIVE), 
Grant agreement ID: 101057286, DOI: 10.3030/101057286  https://cordis.europa.eu/project/id/101057286
[2] F. Roschangar et al, ACS Sustainable Chemistry & Engineering 2022, 10, 5148-5162.
[3] L. Belkhir, A. Elmeligi, Journal of Cleaner Production 2019, 214, 185-194.
[4] C. Jiménez-González et al.,The International Journal of Life Cycle Assessment 2004, 9, 114-121.
[5] L. Takacs, Chemical Society Reviews 2013, 42, 7649-7659.
[6] F. Cuccu, L. De Luca, F. Delogu, E. Colacino, N. Solin, R. Mocci, A. Porcheddu, ChemSusChem 2022, 15, e202200362.
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Circular mechanochemistry: from plastic waste to metal-organic 
frameworks

Ana Mangas Roca* 1, Giacomo Marra 1, Santiago Llopis  1

1 Aimplas Plastics Technology Centre, Paterna, Spain

Plastics	recycling	will	be	one	of	the	major	players	in	the	coming	years.	Different	chemical	recycling	processes	
have been developed to expand the options for waste utilization and reduction of environmental impact, but 
these are based on high-temperature systems such as pyrolysis or on huge amounts of solvents such as sol-
volysis. Mechanochemistry is presented as a breakthrough technological solution not only without solvents and 
applicable	to	a	multitude	of	reactive	processes,	but	also	faster,	more	efficient	and	sustainable.	
This work focuses on the circularity of mechanochemistry and its contribution both in the recycling of plastics 
and in the synthesis of high-value compounds such as MOFs. Thus, the results obtained demonstrate not only a 
high purity of the terephthalic acid (TPA) product of mechanochemical depolymerization of PET, but also a MOF-5 
with high surface area, stability and high crystallinity comparable to commercial products of conventional syn-
thesis. In both cases, it has been demonstrated that both alkaline hydrolysis of PET and the synthesis of MOF-5 
are performed in solid-state with excellent yields and in times less than 10min, validating the possibility of a 
solvent-free continuous scale-up. This development contributes to the overall objective of a greener and more 
sustainable circular economy.



POSTERS 2

780

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-A0820

Graphene-polyaniline Nanoarray Field effect Biosensor

Jianwei Gao* 1

1 Leiden University, Leiden, The Netherlands

We	developed	a	polyaniline	nanoarray	graphene	field-effect	biosensor	 integrated	with	a	microfluidic	chip	for	
label-free detection of miRNA. Coupling graphene with a polyaniline nanoarray allowed to improve the detec-
tion	limit,	sensitivity	of	the	field	effect	sensor.	Highly	oriented	Gr-PANI	was	directly	generated	on	graphene	by	
electropolymerization. The device we made has good electrical profermance. With G-PANI device, we can achieve 
the	detection	miRNA	as	low	as	10aM.	At	the	same	time,	the	miRNA	signal	can	still	be	best	detected	in	10X	PBS	
solution, which means the new device has a certain degree of breakthrough for Debye screening. we plan to com-
bine wireless devices to create a new portable device, which will provide opportunity for disease diagnosis and 
human health monitoring applications.
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Recyclable polyurethane-based photoresin for 3D printing

Tao Zhang* 1, Chongnan Ye 1, Vincent S. D.  Voet 2, Rudy  Folkersma 2, Katja Loos 1

1 University of Groningen, Groningen, The Netherlands, 2 NHL Stenden University of Applied Sciences, The Netherlands

3D printing, an emerging   technology that brings together computer graphics, mechanical engineering, and ma-
terial forming techniques, enables tailoring of materials in a variety of complex shapes in a simple, quick, and 
economical manner, compared to conventional polymer manufacturing methods. Among the 3D printing tech-
niques,	digital	light	printing		has	higher	printing	accuracy	than	fuse	filament	fabrication	and	selective	laser	sin-
tering, which can be applied to the preparation of high-value polymeric materials.
Along with the steady growth of 3D printing resin consumption, the issues of polymer pollution and sustainabil-
ity are growing more evident. The recycling of 3D printing consumables is also a considerable part of developing 
a circular economy, and the molecular design and synthesis of recyclable photoresin-based 3D printing that can 
be	self-healing	and	reused	could	address	the	end-use	issue	of	polymer	resin	waste	.	Disulfide	and	imine,	dynamic	
covalent bonds, could rearrange the topological structure once triggered by heat, thus endowing photopolymer 
resins	with	self-healing	and	recyclable	properties.	Among	the	areas	of	dynamic	covalent	reactions,	disulfide	and	
imine	bonds	exchange	are	catalyst-free	and	mild	to	achieve.	In	our	research,	dynamic	imine	and	disulfide	bonds	
were incorporated in polyurethane-based photoresins for 3D printing and then to achieve recycle them.

References
[1] Cortés-Guzmán, K. P.; Parikh, A. R.; Sparacin, M. L.; Remy, A. K.; Adegoke, L.; Chitrakar, C.; Ecker, M.; Voit, W. E.; 
Smaldone, R. A. Recyclable, biobased photoresins for 3D printing through dynamic imine exchange. ACS Sustain-
able Chem. Eng. 2022, 10, 13091– 13099
[2] Bingrui Li, Peng-Fei Cao, Tomonori Saito, Alexei P. Sokolov. Intrinsically Self-Healing Polymers: From Mechanis-
tic Insight to Current Challenges. Chemical Reviews 2023, 123 (2), 701-735 
[3] Voet, V. S. D. Closed-Loop Additive Manufacturing: Dynamic Covalent Networks in Vat Photopolymerization. 
ACS Materials Au 2023, 3(1): 18-23.
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Dextrin-based Thermo-responsive Hydrogels

Xia Qiu* 1, Xiaohong  Lan 1, Vincent S.D. Voet 2, Katja Loos 1

1 University of Groningen, The Netherlands, 2 NHL Stenden University of Applied Sciences, The Netherlands

Hydrogels with outstanding thermo-responsiveness have grown in popularity over the last decade for appli-
cations, such as sensors, thermal gates, smart windows, actuators, and molecular devices. However, fabricating 
thermo-responsive bio-based hydrogels that can switch color rapidly when the ambient temperature changes 
remains	a	significant	challenge.	In	order	to	address	this	issue,	a	hydrogel	material	based	on	dextrin	and	tetra-
butylphosphonium styrenesulfonate ([P4,4,4,4][SS]), is developed. The addition of ([P4,4,4,4][SS]) endows the 
hydrogel with remarkable thermo-responsiveness, which is seen as variation in transparency. In addition, it re-
sults in a hydrogel that can be used as a thermochromic material over a broad temperature range of 20 to 50 °C. 
Dextrin-based thermo-responsive hydrogels can play a vital role in the fabrication of smart windows, which can 
provide a more comfortable and healthier indoor environment for humans.

Fig. 1. Preparation of the Dex-GMA-PSS hydrogel with LCST behavior
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Mixed ionic-electronic transport for PEDOT:PSS-based organic 
electrochemical transistors

Mariano Romero* 1, Dominique Mombrú 1, Fernando Pignanelli 1, Ricardo Faccio 1, Alvaro Mombrú 1

1 Universidad de la Republica / PEDECIBA-Quimica, Montevideo, Uruguay

Recent	efforts	are	being	 focused	on	 the	correlations	between	structural	 and	mixed	 ionic-electronic	 transport	
properties based on the characterization of organic mixed ionic-electronic conductors (OMIEC) under operation 
conditions in organic electrochemical transistors (OECTs) devices [1-7]. Here, we report the simultaneous access 
to microstructural, chemical and physical information using impedance spectroscopy and micro-Raman imaging 
techniques for PEDOT:PSS-based OMIECs working as OECT channel materials. We focused on the out-of-plane and 
in-plane mixed ionic-electronic transport mechanisms and complement our experimental studies with compu-
tational simulations using molecular dynamics (MD) and density of functional theory (DFT) methodologies. We 
revealed	that	the	out-of-plane	transport	is	based	on	ionic	injection	and	diffusion	which	are	mainly	associated	
with the formation of nanopores channels in PEDOT:PSS exhibiting sulfonic groups towards the aqueous media. 
We also evidenced that the in-plane transport in the OECT channel can be properly described as a mixed ion-
ic-electronic transport, where ionic transport due to sodium (Na+) but also hydronium (H3O+) species is through 
nanopores and PEDOT:PSS bulk regions, while electronic transport is mainly through the PEDOT:PSS bulk region. 
Although it is shown that the electronic transport monotonically declines with increasing ionic concentration, the 
Na+ diluted regime (1 mM) exhibits weak selectivity compared to H3O+ species and the Na+ concentrated regime 
(100 mM) induces extreme porosity in PEDOT:PSS yielding to the destruction of the device. These results intro-
duce some particular features for PEDOT:PSS-based OECT channel materials that need to be considered regarding 
ionic concentration and selectivity but also other related stability issues.

1. Chem. Rev. 2022, 122, 4493–4551.
2. ACS Appl. Mater. Interfaces 2018, 10, 9865–9872.
3.	Chem.	Mater.	2019,	31,	927−937.
4.	ACS	Mater.	Lett.	2020,	2,	254−260.
5.	ACS	Appl.	Mater.	Interfaces	2022,	14,	29052−29060.
6. Adv. Mater. 2020, 2003404.
7. J. Am. Chem. Soc. 2021, 143, 294–308.
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X-ray spectroscopies of MoO3 electrodes for Al-ion energy-storage

Jin-Ming Chen* 1, Feng Hao Hsu, Su-Ying Hsu, Yu Chun  Chuang, Jeng Lung Chen, Kueih-Tzu Lu  

1 National Synchrotron Radiation Research Center, Hsinchu, Taiwan

To characterize the correlation of crystal structure and Al3+ ion storage behavior, the various crystal structures 
of MoO3 (α-MoO3, β-MoO3 and h-MoO3) electrode materials are successfully prepared, then studied via in-si-
tu	X-ray	absorption	spectroscopy	 (XAS)	and	 in-situ	X-ray	diffraction	 (XRD)	 techniques.	The	α-MoO3 electrode 
material	possesses	a	high	specific	capacitance	of	575.4	F	g−1	and	gravimetric	capacity	of	207.8	mA	h	g−1	at	a	
current	density	of	1	A	g−1.	The	cycle	stability	of	h-MoO3	electrode	material	(72.4	%)	is	much	higher	than	that	of	
α-MoO3 (27.5 %) and β-MoO3	(45	%).	From	in-situ	XRD	results,	the	crystal	structure	α-MoO3 and β-MoO3 shows 
a	significant	distortion,	whereas	that	of	h-MoO3	is	minor	affected	during	the	insertion/extraction	process	of	Al3+	
ions.	Based	on	the	in-situ	XAS	results,	the	MoO6	octahedral	structure	and	Mo	ion	valence	of	α-MoO3 and β-MoO3 
also exhibit a strong variation, while those of h-MoO3 are nearly unchanged during the insertion/extraction of 
Al3+	ions.	Notably,	in-situ	XRD	and	in-situ	XAS	also	clearly	shows	a	phase	of	AlxMoO3	during	the	Al3+	insertion/
extraction cycles in the α-MoO3 and β-MoO3 electrode materials, which could play a crucial factor for the behav-
ior of residue of Al3+ ion and poor cycle stability. We provide clear evidence that the Al3+ ion energy storage 
performance of various MoO3 electrode materials is strongly associated with the corresponding tunnel space 
and its crystal structure stability which is greatly helpful for improvement and development of new electrode 
materials for Al3+ ion energy storage.

Ref:
1.F. H. Hsu, S. Y. Hsu, B. H. Chen, J. L. Chen, J. M. Chen*, and K. T. Lu*, “Correlation of the Crystal Structure and Ion 
Storage	Behavior	of	MoO3	Electrode	Materials	for	Aluminum-ion	Energy	Storage	Studied	Using	in	Situ	X-ray	Spec-
troscopy”, Nanoscale 14, 7502 (2022).
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How a methine bridge affects cyanine dye absorption

Natalia Paz Neme* 1, Remco W.A. Havenith, Thomas la Cour Jansen  

1 University of Groningen, Groningen, The Netherlands

The aim of this study is to investigate the photophysical properties of a cyanine dye analogue by performing 
first-principles	calculations	based	on	Density	Functional	Theory	(DFT)	and	Time	Dependent-DFT.	These	cationic	
systems are subject of several theoretical and experimental investigations due to their versatile applications in 
science,	technology,	medicine	and	engineering	[1].	One	reason	for	this	diversity	is	due	to	the	different	ways	to	
tune the photophysical properties of this group of dyes, such as by modifying their end groups and chain’s length 
[2]. The vinylene shift is experimentally known for these molecules, and it consists of a bathochromic (red) shift 
of approximately 100 nm of the 0-0 vibronic transition when a vinyl group is added to the polymethine chain. Our 
study shows that the saturated moiety of the cyclopentane ring added to the chain interacts with the conjugat-
ed pi-system of the cyanine, resulting in a smaller HOMO-LUMO gap. Besides being reported experimentally as 
responsible	for	the	stability	and	rigidity	of	the	molecule	[3],	the	chain’s	ring	affects	also	its	photophysical	prop-
erties.	We	demonstrate	the	origin	of	this	interaction	and	how	it	can	be	used	to	fine	tune	the	absorption	energy	
of this class of dyes.
      
[1] Shindy, H. A. Dyes and Pigments 145 (2017).
[2] Mustroph, H. Physical Sciences Reviews 5 (2020).
[3] Mohammad, I. et al. Dyes and Pigments 99 (2013).

Theoretical absorbance spectra for molecule 2(n) with n=1 to 8 in gas phase at TD-DFT/B3LYP/TZP level with 5 excited states. 

The inner graph shows the optical gap and the HOMO-LUMO gap
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Silicon/Hard Carbon compostie for Anodes of Lithium-Ion Batteries

Juhee Yoon 1, Sungmin Cho 1, Hyoung-Joon JIN* 1

1 Inha University, INCHEON, South Korea

Silicon (Si) has a theoretical capacity of 10 times or more compared to graphite and thus is attracting attention 
as an anode material for next generation lithium-ion batteries, but severe volume expansion occurring during 
charging and discharging causes low cycle performance and thus has been researched to improve it. The com-
plexation	of	 carbon	materials	 and	 silicon	 is	 an	 effective	method	of	 suppressing	 volume	expansion	of	 silicon	
and complementing low electrical conductivity of silicon, thereby improving cycle performance. This research 
manufactured silicon/hard carbon complexes through a heat treatment process using proteins rich in nitrogen as 
carbon precursors. It was observed that silicon particles were evenly distributed in the synthesized composite 
through a scanning electron microscope, and the weight ratio of hard carbon was 50 wt.% through a thermal 
weight analyzer. The hard carbon suppressed a surface defect of the silicon particles by greatly reducing a volume 
expansion	of	the	silicon	particles	after	the	lithiation,	and	it	was	confirmed	that	the	hard	carbon	has	reversible	
performance by recovering to a size of the existing silicon particles after the delithiation. It was observed that 
hard	carbon	containing	nitrogen	components	was	effective	in	improving	conductivity	by	reducing	charge	transfer	
resistance of Li ions through electrochemical impedance spectroscopy, and the composite anode has excellent 
capacity retention compared to a pure silicon anode, thereby improving cycle performance.
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Water-Soluble Pt Complexes: Workflow Predicting 195Pt Chemical Shifts

Evgeniia Ondar* 1, Mikhail Polynski 1,2, Valentine Ananikov 1

1 Zelinsky Institute of Organic Chemistry, Russian Federation, 2 Scientific Technological Center of Organic and Pharmaceutical 
Chemistry, Armenia

Water-soluble Pt complexes are vital components in medicinal chemistry and catalysis, including the well-known 
cisplatin family of anticancer drugs and industrial hydrosylilation catalysts. Understanding the activity mech-
anisms	of	these	complexes	is	crucial,	and	¹⁹⁵Pt	NMR	spectroscopy	is	a	valuable	tool	for	operando	monitoring.	
However,	 correlating	Pt	 complex	structure	with	 ¹⁹⁵Pt	 chemical	 shifts	 can	be	challenging,	 limiting	 their	use	 in	
everyday research practice.
We	present	 a	 new	workflow	 for	 predicting	 the	 lowest-energy	 configurational/conformational	 isomers	 of	wa-
ter-soluble	Pt(II)	and	Pt(IV)	anionic,	neutral,	and	cationic	complexes	with	halide,	NO2−,	(di)amino,	and	(di)carbox-
ylate	ligands.	The	workflow	uses	the	GFN2-xTB	semiempirical	method	to	determine	3D	structures	and	a	machine	
learning (ML) model tuned for Pt complexes to predict corresponding chemical shifts.
The	ML	model	offers	an	accuracy	of	0.98%	NRMSD	(normalized	root-mean-square	deviation).	This	workflow	can	
be	a	valuable	tool	for	researchers	in	the	field,	as	it	provides	a	reliable	approach	for	the	rapid	correlation	of	Pt	
complex	structure	with	¹⁹⁵Pt	chemical	shifts.

The research was supported by RSF (project No. 22-73-10109).
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Stimuli-Responsive Fluorescent Organogelating Materials

Shih-Sheng Sun* 1

1 Institue of Chemistry, Academia Sinica, Taipei, Taiwan

The fundamental and essential issue in materials chemistry is to understand the electronic interactions and 
self-assembly in the molecular solids which plays a crucial role in determining the ultimate optoelectronic prop-
erties. The design and synthesis of solid-state luminophoric materials have received tremendous attention in 
both	scientific	research	and	practical	aspects	owing	to	their	potential	applications	in	the	field	of	optical	and	op-
toelectronic devices. In this presentation, I will discuss a series of structurally simple organogelating molecules 
with	complicated	photophysical	and	physical	properties.	High-contrast	piezo-fluorochromic	behaviors	have	been	
identified	with	various	external	stimuli	such	as	grinding,	annealing,	and	solvent	fuming.	The	experimental	and	
theoretical investigations revealed that their twisted conjugated skeleton is the key factor for showcasing the 
responsive property because of the restricted face-to-face coplanar arrangement and strong intermolecular in-
teractions.	The	 responsive	behaviors	are	attributed	 to	 the	different	structural	packing	patterns	under	various	
external	stimuli.	The	present	findings	would	open	a	way	for	the	development	of	novel	organic	luminescent	solids	
that	can	be	switched	on	and	off	by	external	stimuli.
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HDAC8 PROTACs with Anti-tumor Activity

Chunlong Zhao* 1, Deng  Chen 1, Fengzhi Suo 1, Rita Setroikromo 1, Wim Quax 1, Frank Dekker 1

1 University of Groningen, Groningen, Netherlands

The technology around Proteolysis targeting chimera (PROTAC) is rapidly gaining momentum, because it enables 
targeting of previously undruggable functions of proteins. One of these targets is HDAC8, which is deeply as-
sociated with various diseases. Aberrations in HDAC8 function can be assigned to either structural functions or 
catalytic	functions	of	this	protein.	This	creates	a	potential	to	explore	a	potential	therapeutic	profile	for	HDAC8	
directed PROTACs. Here, we employed the PROTAC strategy to develop the HDAC8 degradation inducer CT-4 with 
single-digit	nanomolar	DC50	values	and	maximal	efficiency	of	95%	in	cancer	cell	lines.	Notably,	CT-4	effectively	
inhibited	migration	in	tiple	negative	breast	cancer	cells	and	potently	induced	apoptosis	in	Jurkat	cells.	Our	find-
ings	indicate	that	the	development	of	potent	HDAC8	degradation	inducers	is	feasible	and	that	their	effects	hold	
great potential for the treatment of HDAC8-related diseases.

CT-4 efficiently induces HDAC8 degradtion in both MDA-MB-231 cells and Jurkat cells
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Radiation-crosslinked collagen scaffold for alveolar ridge preservation

Hongwei Li* 1, Chen Yang 2, Jian Li 1,2, Ling Xu 1

1 Xiamen University, Xiamen, China, 2 Xiang’an Hospital of Xiamen University, Xiamen, China

Two common complications following tooth removal that result in poor healing and rehabilitation are post-ex-
traction	bleeding	and	alveolar	bone	resorption.	A	radiation-crosslinked	collagen	scaffold	with	better	hemostasis	
and	alveolar	ridge	preservation	after	tooth	extraction	was	validated	in	this	study.	A	collagen	scaffold	was	created	
by freeze-drying collagen hydrogel. Aqueous collagen solution was used to create the collagen hydrogel by radia-
tion-induced reduction and crosslinking at ambient temperature. Some active sites of collagen were cross-linked 
to form covalent bonds, and the backbone structure of collagen was maintained. This property gives the collagen 
scaffold	a	specific	compression	modulus	 (2700±475	kPa)	and	strong	tensile	strength	 (10±2.8	kPa)	 to	be	suit-
able	for	surgical	operation.	Radiation-crosslinked	collagen	scaffolds	demonstrated	high	hemostatic	properties	
due to activation of the intrinsic coagulation pathway in vitro hemostasis results. In addition, scanning electron 
microscope	results	showed	well-formed	clots	and	deformed	platelets	on	the	scaffolds.	This	can	be	attributed	
to no cytotoxicity (MTT > 90%), high liquid absorption (> 2300% its dry weight of water), and interconnected 
networks to host and trap blood cells (a porosity > 70%). A rabbit tooth extraction model also demonstrated that 
the	radiation-crosslinked	collagen	scaffold	promoted	alveolar	ridge	preservation	and	in	situ	bone	regeneration	
in	vivo.	Three-dimensional	reconstructions	of	micro-CT	revealed	that	the	radiation-crosslinked	collagen	scaffold	
effectively	prevented	alveolar	bone	resorption	at	the	extraction	sites.	It	can	be	attributed	to	promoting	cell	cycle	
from	G0/G1	to	S	phase,	enhancing	DNA	synthesis	and	cell	proliferation,	and	thus	enhancing	osteogenic	differen-
tiation.	Due	to	its	ability	to	preserve	alveolar	ridges	and	hemostasis,	radiation-crosslinked	collagen	scaffold	may	
be	an	effective	treatment	option.

Reference: 1. J BIOMED MATER RES A, 102, 2669-2679 (2014).

Acknowledgements:	Supported	by	Science	and	Technology	Planning	Project	of	Xiamen,	China	(3502Z20224028).

Effect of Radiation-crosslinked collagen scaffold after tooth extraction
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Secnidazole:Gallic-Acid Co-Crystal with Potential Application in Chagas 
Treatment

Karina Mondragón-vásquez* 1, Jorge Guillermo Domínguez Chávez 1, Carolina  Barrientos Salcedo 1,  
Oscar García Barradas 2

1 Facultad de Bioanálisis, Universidad Veracruzana, Veracruz, Mexico, 2 Instituto de Química Aplicada, Universidad Veracruzana, 
Xalapa, México

Secnidazole	(SNZ)	is	a	derivative	of	5-nitroimidazoles	widely	used	in	the	local	treatment	of	parasitosis.	This	is	a	
drug that is well tolerated by the body and after its administration it easily penetrates membranes to reach the 
bloodstream and its therapeutic target. Like other 5-nitroimidazoles, secnidazole has a potential anti-trypano-
somal	effect,	as	highlighted	by	in	vitro	studies	where	it	shows	a	significant	dose-dependent	effect.	However,	the	
relatively low solubility of this drug has limited its potential application as an anti-trypanozomal agent. In this 
sense, a strategy to improve the physicochemical properties of the APIs, is modifying the solid-state structure 
through	of	formation	of	co-crystals.	A	crystalline	solid	of	SNZ	with	Gallic	Acid	(Gal)	was	obtained	by	slurry	reac-
tion	and	mechanochemical	reaction	with	a	few	drops	of	water.	Monocrystal	X-ray	diffraction	showed	the	co-crys-
talline	structure	with	SNZ:Gal	1:1	stoichiometry.	Indicative	stability	study	showed	that	the	SNZ:Gal	1:1	cocrystal	
was	thermally	and	moisture	stable.	Solubility	studies	showed	a	considerable	increase	at	different	physiological	
pHs.	Anti-trypanozomic	studies	in	infected	VERO	ATCC	cells	showed	that	SNZ:Gal	had	an	anti-trypanozomic	effect	
slightly	greater	than	SNZ	and	slightly	less	than	the	reference	(nifurtimox)	used.	Interestingly,	cytotoxicity	studies	
on	the	same	cells	showed	that	SNZ:Gal	1:1	has	extremely	low	cytotoxicity	compared	to	SNZ	and	nifurtimox.	These	
results	show	that	the	SNZ:Gal	1:1	cocrystal	could	have	great	potential	as	a	treatment	for	Chagas	disease.	

References:
1. Löbmann K, Laitinena R, Grohganz H, Gordon K, Rades T. Coamorphous Drug Systems:
Enhanced Physical Stability and Dissolution Rate of Indomethacin and Naproxen. Mol. Pharmaceutics. 2011; 8(5): 
1919–1928.
2. Eke IG, Eze IO, Ezeudu TA, Eze UU, Anaga AO, Onyeyeli PA. Anti-trypanosomal activity of secnidazole in vitro and 
in vivo. Trop. J. Pharma Res. 2017; 16(3): 535-541.

Acknowledgements.
Laboratorios Senosiain SA de CV.

Figure 1. Crystal structure of SNZ:Gal 1:1 co-crystal (up left), Anti-trypanosomal activity studies (up right) and cytotoxicity 

cell studies (down).
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Asymmetric Synthesis of [1,2,4]Triazole Using Glucopyranoside Chiral 
scaffold

Anwaar Al Maqbali* 1

1 Sultan Qaboos University, Muscat, Oman

A novel series of enantiopure chiral 4,5-dihydro-1H-[1,2,4]-triazole appendaged with acetylated glucose was 
synthesized	by	coupling	reaction	of	hydrazonyl	chlorides	with	the	corresponding	carbohydrate	Schiff	via	1,3-di-
polar cycloaddition reaction. The synthesized compounds were fully characterized by various spectroscopic 
methods	and	the	sterio-chemistry	was	confirmed	by	X-ray	crystallography	analysis,	where	the	(	R	)	configuration	
was assigned for all the new compounds.  However, optical studies revealed that all the compounds reported 
here	exhibited	fluorescent	emission	of	blue	to	green-yellow	light	and	absorption	in	the	range	of	400-410	nm.	
The antimicrobial activity was promising for the investigated series while  and anti-tumor activity was examined 
for	the	products	by	National	Institute	of	Cancer	(NCI)	in	USA	and	shows	no	significant	growth	inhibition	of	the	
tumor cell-line.

General scheme of the Asymmetric synthesis and characterization methods
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Computational Studies of the Mechanochemistry of Methyllithium 
Homodimers

Esther Webber*, Brenda Rubenstein  

1 Brown University, US

Solvent-free	reactions	offer	an	attractive	alternative	to	traditional	synthetic	methods	which	are	often	expensive	
and require the use of hazardous solvents. Examples of solvent-free methods involve mechanical ball-milling 
or reactive extrusion techniques.1 Mechanical techniques for accelerating reactions have existed for centuries 
but have recently garnered renewed interest because they have been shown to not only increase the yields and 
speeds of industrially-relevant reactions, but also to render certain otherwise unfeasible reactions feasible.2 Yet, 
there remains great uncertainty as to how the reactions of such solid-state systems occur at the atomistic level.
In	this	work,	we	investigated	and	analyzed	what	leads	to	the	increased	efficiency	of	mechanochemical	reactions	
of	methyllithium	homodimers	from	first	principles.	We	probed	a	homodimeric	system	composed	of	two	methyl-
lithium moieties and computed electronic energies at the density functional theory (DFT) level using the B3LYP 
hybrid	functional.	We	found	key	vibrational	modes	that	cause	differences	in	the	potential	energy	surface	and	
thus	shed	light	on	how	external	force	influences	the	reaction	mechanism	for	solid	state	systems.

1. R. R. Bolt, J. A. Leitch, A. C. Jones, W. I. Nicholson and D. L. Browne, Chemical Society Reviews, 2022, 51, 4243–4260.
2. D. N. Rainer, C. M. Rice, S. J. Warrender, S. E. Ashbrook and R. E. Morris, Chemical Science, 2020, 11, 7060–7069
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One-Pot Syntheses of Biodegradable and Non-Ecotoxic Surfactants

Guillaume Noirbent* 1, Laura Durand 1, Tiphaine Wong 1, Sacha Perocheau-Arnaud 1, Louise Renault 1,  
Yunhui Wang 1, Thierry Benvegnu 1, Freddy Pessel 2, Cédric Boyere 2

1 Ecole nationale supérieure de chimie de Rennes, Rennes, France, 2 SurfactGreen, Rennes, France

During past decades, thanks to the use of renewable resources in chemical production, the focus has shifted to-
wards the development of fully bio-based surfactants. These surfactants have been widely studied due to their 
good biodegradability and low toxicity and ecotoxicity. The most common ones are the alkyl polyglucosides 
(APG) which are non-ionic compounds with a production about 85000 t/a.[1] However, the examples of anionic 
surfactants derived from renewable resources are scarce and the use of novel building blocks derived from sus-
tainable resources to obtain the targeted properties is a major challenge for the surfactant industry. Therefore, 
the ENSCR has led researches on the development of novel surfactants and green/blue chemical processes, using 
biomass from terrestrial or marine origin. These researches allowed the development of one-pot syntheses of 
anionic or non-ionic surfactants derived from algal polysaccharides (ulvans, alginates, agarose) and pectins.[1-5] 
Physicochemical studies of these original sugar-based molecules have been achieved and clearly highlight the 
potential of these original materials as surface-active agents and emulsifying products. In addition, the readily 
biodegradablity and the absence of aquatic ecotoxicty make these surfactants very promising for cosmetic or 
personal care applications.

Biobased Surfactants from alginates and pectins
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Anticancer Activity of PPAPs on Hepatocellular Carcinoma Cells

Ali Mohammed Mohammed Alsayed* 1

1 Southwest University, Chongqing, China

Hepatocellular carcinoma (HCC) is a common malignant tumor with high recurrence and mortality rates [1]. New 
and	effective	anti-cancer	drugs	are	urgently	needed.	In	this	study,	we	aimed	to	evaluate	the	anticancer	activity	
of ten compounds, polycyclic polyprenylated acylphloroglucinols (PPAPs), in vitro on HCC cells HepG2 and Huh-7 
and a normal cell line (L-02), followed by in vivo studies. PPAPs are bioactive compounds present in the genus 
Hypericum that have potential pharmacological properties, including anticancer activity [2-6]. The initial results 
show among the ten compounds, 3, 5, 7, and 8 exhibited strong cytotoxic activity by inhibiting cell viability while 
having	almost	low	cytotoxicity	on	normal	L02	cells.	We	will	further	investigate	the	effects	of	these	compounds	
on colony formation, cell cycle G2/M phase arrest, and cell apoptosis of HCC cells. We will also evaluate the an-
ticancer activity of these compounds in animal models. Mechanistically, we anticipate that one or more of these 
compounds will trigger intense DNA damage by suppressing the MAPK signaling pathway. The study will also 
evaluate	the	mechanisms	underlying	the	hepatoprotective	effects	of	these	compounds.	Furthermore,	we	expect	
a	combination	of	these	compounds	with	sorafenib	to	significantly	induce	synergistic	cytotoxicity	in	HCC	cells.	
Our objective is to identify a novel chemotherapeutic drug that can be administered either alone or in combina-
tion therapy for HCC treatment from among these ten compounds. Additionally, we will evaluate the PPAPs for 
their neuroprotective and hepatoprotective properties.
Overall, our study will provide valuable insights into the anti-cancer activity of PPAPs from the genus Hypericum 
and their potential use as a new therapeutic approach for the treatment of liver cancer. The results of this study 
will contribute to the development of new drugs to treat this devastating disease and improve the quality of life 
for	patients	suffering	from	liver	cancer.
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Fluorescent Nanodiamonds for tracking single polymer particles

Runrun Li* 1

1 University Medical Center Groningen, Groningen, The Netherlands

Polymer nanoparticles are widely used in drug delivery but are also a potential concern due to the increased 
burden of nano or microplastics in the environment. In order to use polymer nanoparticles safely and under-
stand their mechanism of action it is useful to know where within cells and tissues they end up. To this end we 
labeled	polymer	nanoparticles	with	nanodiamond	particles.	More	specifically,	we	have	embedded	nanodiamond	
particles	in	the	polymer	particles	and	characterized	the	composites.	Compared	to	conventional	fluorescent	dyes,	
these labels have the advantage that nanodiamonds do not bleach or blink and thus allow long-term imaging and 
tracking of polymer particles. We have demonstrated this principle both in cells as well as entire liver tissues. 
Polymer	nanoparticles	loaded	fluorescent	nanodiamonds	with	350	nm	of	particle	size	were	prepared	by	the	clas-
sical	emulsification	evaporation	method.	Particles	can	be	internalized	by	cells	and	liver	tissues	of	mice.	Further,	
we analyzed the number of particles per cell and the particle volume in cells quantitatively. The location of the 
particles inside the cells was also assessed by labeling endosomes and lysosomes using EEA1 and LAMP-1 anti-
bodies. We found that the colocalization percentage of either internalized polymer particles or nanodiamonds 
with	endosomes	did	not	change	significantly	with	incubation	time.	The	colocalization	of	polymer	particles	with	
lysosomes decreased over time and the colocalization of nanodiamonds increased. In addition, the trajectories of 
particles inside the cell were recorded by a home-made confocal microscope. It is interesting that both polymer 
particles	and	nanodiamonds	move	less	in	the	xy-plane	due	to	the	lower	diffusion	coefficient,	but	in	3D	the	diffu-
sion	coefficient	of	polymer	particles	seems	to	be	higher	for	nanodiamonds.
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Substitution Reactions of cis-Platinum(II) Complexes

Tshephiso Papo* 1, Deogratius Jaganyi, Allen Mambanda  

1 University of KwaZulu-Natal, Scottsville, Pietermaritzburg, South Africa

The	 alteration	 of	 the	 structure	 of	 the	 non-leaving	 ligand	 of	 the	 cis-PtL2	motif	 has	 a	 direct	 influence	 on	 the	
binding reactivity of the complexes with DNA as well as subsequent induction of cellular damage and down-
stream apoptotic processes. The introducing of aromatic planar non-leaving ligands with substituents of vari-
able σ-donor/π-acceptor	capacity	can	result	 in	favorable	non-covalent	interactions	of	the	complexes	with	the	
bases of DNA. Foremost is the fact that the rate at which that occurs can be tuned by attaching substituents 
of variable σ-donor/π-acceptability.	Substitution	reactions	of	[2-(pyridinecarboxamide)dichloride	Pt(II)]	[PtL1],	
[N-phenyl-(2-pyridinecarboxamide)dichloride Pt(II)] [PtL2], [N-(4-methylphenyl)-2-pyridinecarboxamide)di-
chloride	Pt(II)]	 [PtL3],	 [N-(4-methoxyphenyl)-(2-pyridine-carboxamide)dichloride	Pt(II)]	 [PtL4]	and	[N-(4-fluoro-
phenyl)-(2-pyridinecarboxamide) dichloride Pt(II)] [PtL5], with nucleophiles; thiourea, N,N’-dimethylthiourea and 
and	N,N,N’,N’-tetramethylthiourea	were	studied	under	pseudo	first-order	conditions.	The	rate	of	substitution	was	
investigated as a function of nucleophile concentration and temperature. Substitutions of the two coordinated 
chloride	ligands	of	the	Pt(II)	complexes	occur	consecutively,	with	the	first	substitution	occurring	opposite	the	
coordinated	pyridyl.	The	observed	pseudo	first-order	rate	constants	regressed	linearly	with	concentration	on	the	
incoming nucleophiles according to the equation: kobs = k2[Nu]. The highest substitution rates were measured 
for PtL1, which is attributed to the unsubstituted non-leaving carboxamide ligand. The Pt(II) center of this com-
plex	is	the	most	electrophilic	as	a	result	of	the	strong	withdrawal	of	electron	density	through	π-resonance	by	the	
carboxamide group. The introduction of a 4’-substituted phenyl group on the amido N of the carboxamide reduc-
es	the	reactivity	of	the	complexes	due	to	proportional	electronic	effects	from	the	ancillary	substituents	on	the	
phenyl ring as well as its conformational disposition with respect to the plane of the complex. The substitution 
reactions of the complexes is associatively activated as supported by the negative entropy of activation values.



POSTERS 2

798

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-A0876

A Descriptor for Predictions of Ultralong Room-Temperature 
Phosphorescence

Supphachok Chanmungkalakul* 1

1 Singapore University of Technology and Design, Singapore, Singapore

Although doping can induce room temperature phosphorescence (RTP) in heavy-atom free organic systems, it 
is	often	challenging	to	match	the	host	and	guest	components	to	achieve	efficient	intersystem	crossing	for	acti-
vating	RTP.	In	this	work,	we	developed	a	simple	descriptor	ΔE	to	predict	host	molecules	for	matching	the	guest	
RTP emitters, based on the intersystem crossing via higher excited states (ISCHES) mechanism. This descriptor 
successfully	predicted	five	commercially	available	host	components	to	pair	with	naphthalimide	(NA)	and	naph-
tho[2,3-c]furan-1,3-dione (2,3-NA) emitters with high accuracy of 83%. The yielded pairs exhibited bright yellow 
and	green	RTP	with	the	quantum	efficiency	up	to	0.4	and	lifetime	up	to	1.67	s,	respectively.	Using	these	RTP	pairs,	
we	successfully	achieved	multi-layer	message	encryption.	The	ΔE	descriptor	could	provide	an	efficient	way	for	
developing doping-induced RTP materials.

A descriptor ΔE was developed based on the intersystem crossing via higher excited states (ISCHES) mechanism, allowing the 

accurate predictions of metal-free organic host-guest systems.
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Ribosomal methyltransferases as markers of antibiotic resistance

Ruchi Anand* 1

1 Indian Institute of Technology Bombay, Mumbai, India

Antibiotic resistance has become a silent epidemic that will result in more than 300 million deaths by 2050, if 
no appropriate action is taken. Repurposing of existing antibiotics and devising strategies to curb resistance is 
an	uphill	task	and	has	become	increasingly	difficult.	Towards	addressing	this	grave	problem	here,	we	combat	the	
problem of origin of resistance itself and focus on understanding the mechanisms by which pathogens become 
resistant to existing drugs. One of the prevalent mechanism by which resistance is conferred is by post transla-
tionally modifying the protein synthesis machinery, the ribosome. Several antibiotics such as erythromycin bind 
to the ribosome and kill the pathogens by selectively stalling their protein synthesis. Ribosomal modifying en-
zymes such as methyltransferases (Mtases) do not allow certain antibiotics to bind the ribosome by methylating 
select ribosomal bases thereby, cause a steric clash at the antibiotic binding site, thus result in evading their ac-
tion leading to antibiotic resistance. Here, we decipher the mechanism of action and selective targeting of these 
resistant conferring Mtases. We have used two enzymes KsgA and Erm both enzymes methylating adenine bases 
at the N6 position of select bases on 50S and 30S respectively[1].
A	combination	of	Cryo-EM,	biochemical,	fluorescence	and	MD	approaches	on	both	the	Mtases	as	well	as	chimeric	
version	of	the	enzymes	revealed	that	apart	from	base	flipping	at
the	target	site,	that	is	crucial	for	methylation,	base	flipping	at	a	distal	allosteric	site,	within	the	Mtase[1,2].	is	key	
in selective recognition of the target RNA. These studies serve as stepping- stone towards development of exclu-
sive inhibitors that can aid in resisting resistance.

Literature:
[1] Bhujbalrao, R., Anand, R., J. Am. Chem. Soc. 2019, 141 (4), 1425-1429. [2] Singh J, Raina R, Kutti, V R, Anand R., 
ACS Chem.Biol. 2022, https://doi.org/10.1021/acschembio.1c00732

Cryo-EM complex of 30S ribosome with KsgA methyltransferase. Depicting specificity of interaction to maintain reaction 

fidelity.
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Helicene-hydrazide nanoencapsulation as fluorescence sensor for nonanal 
detection

Boosayarat Tomapatanaget* 1, Jinnawat Jongkhumkrong 1

1 Chulalongkorn University, Bangkok, Thailand

Lung	cancer	is	a	major	cause	of	cancer-related	deaths	worldwide,	and	there	is	a	need	for	convenient	and	effec-
tive diagnostic approaches to identify the severity of the disease. The long-chain aldehydes, such as hexanal, 
heptanal, octanal, and nonanal are the potential biomarkers of lung cancer. The helicene dye-encapsulated ethyl 
cellulose	(EC@dye)	nanosensors	were	used	for	the	sensitive	and	specific	detection	of	long-chain	aldehydes	in	
aqueous media. The EC@dye- contain the hydrazide group of dye-NH, which can react with aldehyde groups via 
imine	formation,	and	the	EC	backbone,	which	offers	hydrophobic	interactions	with	alkyl	long-chain	aldehydes.	
This	results	in	the	self-assembly	encapsulation	of	EC@dye	and	strong	fluorescence	responses.	The	quantitative	
analysis	of	EC@dye	 towards	 long-chain	aldehyde	offered	 in	micromolar	 level	without	 interference	 from	 lung	
fluid	matrices	and	short-chain	aldehydes.	The	sensing	platform	was	developed	for	quantification	of	long-chain	
aldehydes	in	lung	fluid	samples	with	98-101%	recoveries.	The	EC@dye	was	validated	the	number	of	nonanal	
contents	in	lung	fluid	samples	by	using	gas	chromatography-mass	spectrometry	(GC-MS).	The	EC@dye	demon-
strated	excellent	intracellular	uptake	and	strong	green	fluorescence	emission	upon	introducing	nonanal	into	lung	
cancer cells (A549).

Conceptual illustration of EC@dye for Nonanal detection
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P2-A0882

Potential Inhibitors for RNA-Dependent RNA Polymerase of Norovirus

Oluwakemi Omokorede Ebenezer* 1, Maryam A Jordaan 1, Nkululeko  Damoyi 1, Michael Shapi 1

1 Mangosuthu University of Technology, Durban, South Africa

The RNA-dependent RNA polymerase (RdRp) from noroviruses is one of the multipurpose enzymes of RNA viruses 
vital for replicating and transcribing the viral genome, making the virally encoded enzyme one of the critical tar-
gets for the development of novel anti-norovirus agents. In the quest for a new antiviral agent that could combat 
HuNov, high throughput virtual screening (HTVS), combined with e-pharmacophore screening, was applied to 
screen	compounds	from	the	PubChem	database.	CMX521	molecule	was	selected	as	a	prototype	for	a	similarity	
search	in	the	PubChem	online	database.	Molecular	dynamics	simulations	were	employed	to	 identify	different	
compounds that may inhibit HuNov. The results predicted that compound CID-57930781 and CID-44396095 
formed stable complexes with MNV-RdRp within 50 ns; hence, they may signify as promising human norovirus 
inhibitors.



POSTERS 2

802

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-A0886

Towards Synthesizing Molecular Motors from Indonesian Natural Products

Robby Roswanda* 1, Anthony Bongso 1, Yana Maolana Syah 1

1 Organic Chemistry Research Division, Faculty of Mathematics and Natural Sciences, Institut Teknologi Bandung, Indonesia, 
Bandung, Indonesia

Indonesia	is	rich	in	natural	products	due	to	its	tropical	climate	and	high	biodiversity.	One	of	the	examples	are	fla-
vanone natural products isolated from Tephrosia vogelii. This class of compounds has the potential to be utilized 
as	molecular	motors	precursors	due	to	its	carbonyl	moiety,	relatively	flat	structure,	and	chiral	centers.	Two	com-
pounds, isolonchocarpin and deguelin, has been coupled to create the preliminary molecular motors by McMurry 
reaction.	The	main	olefin	products	are	the	in	trans	configuration	that	can	be	photoisomerized	to	cis	configuration	
by light irradiation. The dimer products show promising characteristics to be optimized further and open other 
Indonesian natural products to be utilized in organic synthesis building blocks.
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Nanostructured Nickel Films for Drastic Electrocatalytic Oxygen Evolution

Muhammad Ali Ehsan* 1

1 King Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia

The oxygen evolution reaction (OER) is crucial for sustainable hydrogen production through competitive water 
electrocatalysis.	 In	 this	work,	nanostructured	nickel	 (Ni)	 thin	films	deposited	on	porous	nickel	 foam	(NF)	sub-
strate are investigated for improved OER catalysis in alkaline medium. The time-dependent fabrication of Ni thin 
films	is	achieved	via	aerosol-assisted	chemical	vapor	deposition	(AACVD),	which	has	shown	promising	impact	on	
the OER performance. Particularly, the nanoscale Ni@NF electrocatalyst after 60-minute of deposition showed 
outstanding OER properties including minimum overpotential of 285 and 423 mV to reach the current decade 
(10 mAcm-2) and even higher than 1000 mA/cm2, respectively. The electrode exhibits a small Tafel slope with a 
value of 70 mV dec-1, a higher TOF, a large electrochemically active surface area, better charge transport perfor-
mance,	and	long-term	stability	over	20	hours	of	continuous	operation	without	significant	loss.	This	OER	catalytic	
activity	for	pristine	Ni	electrocatalysts	is	a	significant	milestone	and	is	found	much	better	than	the	benchmark	
noble metal OER catalysts as well as many other well-known 3D transition metal catalysts. The impressive OER 
performance	is	attributed	to	the	synergic	effect	generated	between	nanostructured-Ni	and	porous	NF	substrate,	
which enhances the electrical conductivity of the designed catalysts. The low manufacturing cost, robustness, 
and durability make this catalyst viable in solar energy conversion and storage applications.

Time dependent deposition of nanostructured nickel on porous nickel foam substrate via aerosol assisted chemical vapor 

deposition for electrocatalytic water oxidation
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Development of Hypoglycemic Chemometric Models for DPP-IV Enzyme

Rakesh Kumar Paul* 1, Kaisar Raza 1

1 Central University of Rajasthan, Ajmer, India

According to the metabolic disorder, the global burden of diabetes worldwide is increasing, and as per Inter-
national Diabetes Federation 2035, there will be almost 592 million diabetic patients. Currently, several drug 
treatments are present, but the need for herbal medicine is required for the management of diabetes. In this 
study, we developed a hypoglycemic chemometric approach using natural compounds. The study was initiated 
by collecting the natural compounds as a DPP-IV inhibitor. The collected datasets with the endpoints were fur-
ther converted into negative logarithm (-log IC50) as response data for the QSAR model. Further, the datasets 
were	divided	into	training	(n=28)	and	test	sets	(n=9),	and	the	model	was	developed.	Two	different	models	were	
developed, i.e., based on the response and structure. While comparing both models, the structure-based model 
was	found	to	be	best	due	to	the	reliability	of	standard	metrics.	In	the	structure-based	model	correlation	coeffi-
cient	(R2)	of	0.7659,	adjusted	R2	of	0.7366,	Q_LOO^2	(0.6279),	Q_F2^2	(0.6922),	r_m^2	(0.6211)	and	CCC	of	
0.8407. Further, the models were also subjected to the applicability domain using the Williams plot, where no 
outliers	were	observed.	In	the	structure-based	model,	the	most	influential	descriptors	were	minHsOH	>mindssC	
>ETA_dBetaP. The generated equation was:
pIC50= 1.2615 + 4.6014minHsOH + 1.5222mindssC + 3.7052 ETA_dBetaP
Based	on	the	mechanistic	interpretation,	for	the	most	influential	descriptor	minHsOH,	caffeic	acid	was	found	to	
be the more while mindssC, the compound 2-[(3S)-5-methoxy-2-oxo-2,3-dihydro-1H-indol-3-yl]ethan-1-amini-
um possess the highest descriptor value. Hence, from the developed model, we can conclude that these three 
descriptors are essential for designing a new molecule as an inhibitor for the DPP-IV enzyme which could be 
useful in managing diabetes. 



POSTERS 2

805

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-A0896

Green Mesoporous Catalysts with Carbon-Based Radicals

Yi-hsin Liu* 1

1 National Taiwan Normal University, Taipei City, Taiwan, 2 National Chengchi University (National University of Governance), 
Taipei City, Taiwan

Radicals are short-lived and chemically labile. Compared to oxygen-based radicals, carbon-based ones are per-
sistent but normally initiated by organo-tin hydride complexes. In this study, carbon-based radicals can be fac-
ilely	induced	by	electro-static	fields	inside	zeolites,	followed	by	epitaxial	growth	upon	Si-C	interlayers.	Under	
this	CVD	process	(825-950	⁰C),	“curved	graphene	oxides”	(c-GOs)	were	formed	via	thermal	decompositions	of	
ethylene	(C₂H₄)	followed	by	sequential	catalytic	reac-tions	of	polycyclic	aromatic	hydrocarbons	(PAHs),	resulting	
in bottom-up GO growths into mesoporous templates of high surface area (>800 m²/g) and large pore size (5-6 
nm). Structural characterizations (HRTEM, BET, IR, Raman, EPR, SQUID, ssNMR) were investigated to reveal the Si-C 
growth mechanism as well as exotic physical properties due to radical spin be-haviors. Temperature modulated 
EPR (100-300K) studies rationally distinguish localized (sp³) and delocalized (sp²) signals that indicates origins 
of radical scavengers and reaction sponges to initiate Photon-Fenton reactions with UV light source (365 nm). 
Mesoporous GO-zeolite nanoparticles (MGNs) receive synergistic properties on the merits of the carbon-based 
radicals	on	mesoporous	supports	for	efficient	catalysts.	This	work	demonstrates	new	synthesis	strategy	to	create	
the radical solid catalysts for green catalysis without “metal”.

HRTEM images with found lattice fringes assigned to (a) SiC (220), (b) SiC-GO buffer layer, (c) GO (002), and (d) proposed 

interface of GO-growth in MGNs. (e)   MQMAS NMR spectra showing two Al species.
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Flexible Organic Phototransistors for Underwater Wireless Communications

Kang-jun Baeg* 1, Jeong-Min Lee 1

1 Pukyong National University, Busan, South Korea

Underwater wireless communication is a challenging issue for realizing the smart aqua-farm and various marine 
activities for exploring the ocean and environmental monitoring. In comparison to acoustic and radio frequency 
technologies, visible light communication is the most promising method to transmit data with higher speed in 
complex underwater environments. To send data at a speedier rate, high-performance photo-detectors are es-
sentially	required	to	receive	blue	and/or	cyan-blue	light	that	is	transmitted	from	the	light	sources	in	a	light-fidel-
ity (Li-Fi) system. Here we fabricated high-performance organic photo-transistors (OPTs) based on P-type donor 
polymer (PTO2) and N-type acceptor small molecule (IT-4F) blend semiconductors. Bulk-heterojunction (BHJ) 
PTO2:IT-4F photo-active layer has a broad absorption spectrum in the range of 450-550nm wave-length. Solu-
tion-processed OPTs showed high photo-responsivity >1000 mA/W, large photo-sensitivity >103, fast response 
time,	and	reproducible	light-On/Off	switching	characteristics	even	under	weak	incident	light.	BHJ	organic	semi-
conductors	ab-sorbed	photons	and	generated	excitons,	and	efficiently	dissociated	to	electron	and	hole	carriers	at	
the	donor-acceptor	interface.	Printed	and	flexible	OPTs	can	be	widely	used	as	Li-Fi	receivers	and	image	sensors	
for underwater communication and the underwater internet of things (UIoTs).
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Gold-based regenerated cellulose amide supercapacitor electrodes

James Ramontja* 1, Oluwaseyi Saliu 1, Messai Mamo 1, Patrick Ndungu 1

1 University of Johannesburg, Johannesburg, South Africa

High energy density was achieved through pH gradient creation in an amidic cellulose incorporated with gold 
nanoparticles.	Three	different	pH	gradients	 (6–8,	4–10,	and	2–12)	showed	respective	specific	capacitances	of	
218,	423	and	603	Fg−1	energy	densities	of	34,	67	and	96	WhKg	−1.	The	pH	gradient	overpotential	were	0.011,	
0.014 and 0.020 V for the three respective pH gradients, where the electrode having the highest overpotential 
had	the	highest	energy	density.	The	electrode	with	a	pH	gradient	of	2–12	had	the	lowest	diffusion-based	activa-
tion	energy	of	1.358	KJmol	−1,	and	the	highest	diffusion	current.	This	work	successfully	show	that	pH	gradient	
contributes	to	an	additional	diffusive	current	 in	supercapacitor	electrodes	and	the	diffusion	current	 improves	
the	overall	specific	capacitance.	The	work	also	show	that	pH	gradient	creates	an	overpotential	that	consequently	
improves the energy density of the electrodes. The retention capacities of 94%, 92% and 91% were obtained 
for	the	6–8,	4–10	and	2–12	respective	pH	gradients,	to	establish	that	pH	gradient	had	no	obvious	effect	on	the	
retention capacity of the electrodes.
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Sustainable electrocatalytic reductive animation of levulinic acid

Marie Grundmann* 1, Sonja  Mürtz 1, Nils  Kurig 1, Regina Palkovits  1

1 RWTH Aachen University, Aachen, Germany

In light of climate change, it has become clear that the industry’s dependence on fossil resources must be greatly 
reduced. Therefore, in the chemical industry, biomass-based reaction networks and the use of renewable energies 
are becoming increasingly important for the sustainable production of chemicals.[1] In this context, electrocata-
lytic	reductive	amination	offers	an	environmentally	friendly	route	to	N-containing	platforms	and	fine	chemicals	
by using water as a hydrogen source and mild reaction conditions. However, systematic studies on suitable reac-
tion conditions and application to biogenic substrates are rare. Most recent advances were made in our research 
group by Mürtz et al. in 2021.[2] This study represents a follow-up  of Smirnov’s and Tomilov’s work from 1992 
on	the	amination	of	conventional	ketones.	The	data	was	extended	by	systematically	investigating	the	influence	
of ketone and amine structure, electrode material, substrate concentration, current density, solvent, electrolyte, 
and pH. Based on this, we presented the synthesis of 78% 1,5-dimethyl-2-pyrrolidone via electrocatalytic re-
ductive amination of levulinic acid to 4-(methylamino)-pentanoic acid and subsequent thermal dehydration. In 
the	next	step,	we	studied	different	amines	for	electrocatalytic	amination	of	levulinic	acid	using	hydroxylamine,	
ethylamine and ethanolamine to access further pyrrolidone structures. 

We gratefully acknowledge funding of this project by the Federal Ministry of Food and Agriculture (project exe-
cuting	body:	Fachagentur	Nachwachsende	Rohstoffe,	PyrSElekt,	2220NR101X).

[1] K. Scott, Sustainable and Green Electrochemical Science and Technology, Wiley & Sons Ltd, 2017.
[2] S. D. Mürtz, N. Kurig, F. J. Holzhäuser, R. Palkovits, Green Chem. 2021, 23, 8428-8433.
[3]	Y.	D.	Smirnov,	A.	P.	Tomilov,	Zh.	Org.	Khim.	1992,	51-58.
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Computational Studies of Natural compounds against α-amylase enzyme

Surendra Kumar Gautam* 1, Rakesh Kumar Paul 1, Kaisar  Raza 1

1 Central University of Rajasthan, Ajmer, India

Type 2 Diabetes Mellitus (T2DM) is characterized by elevated blood glucose levels and can lead to various com-
plications such as neuropathy, nephropathy, and cardiovascular disease. According to International Diabetes Fed-
eration	(IDF)	reported	537	million	people	in	the	world	suffered	from	diabetes	in	2022	and	is	expected	to	rise	
to about 785 million by 2045[1]. Currently, several synthetic antidiabetic drugs are available in the market, but 
they	possess	effects	which	lead	to	increase	in	demand	for	natural	products	with	less	side	effects.	The	Traditional	
medicine B. aegyptiaca is one of the plants which is used in the management of diabetes. The plant B. aegyptiaca 
is	known	as	the	desert	date	and	belongs	to	Zygophyllaceae	family.	Which	is		used	for	its	various	pharmacological	
benefits[3].	In	this	study,	we	performed	computational	studies	of	B.	aegyptiaca	and	the	similar	compounds	B.	ae-
gyptiaca to screen out the least antidiabetic compounds. B. aegyptiaca based similar compounds were screened 
from Supernatural 3.0 (SN 3.0) library. The results indicated that the dock score of the best hits was -14.406 for 
compound 1 (Balanitesin) and -13.019 for SN0224203, and the dock score of Compound_1 was -14.406 kcal/mol 
and -13.019 kcal/mol for SN0224203. The binding energies for compound 1 -125.47 kcal/mol and SN0224203 
-128.41 kcal/mol, respectively. The studies provide a computational background for the bioactive present in the 
age-old traditional plant for antidiabetic potential, and further in-vitro and preclinical studies should be carried 
out to support the in-silico inferences using biological approaches. 
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Thermoluminescence dosimetry based on mixed metal oxide nanoparticles

Manar Mostafa* 1, Fathy  El-Shahat 2, Mohamed  El-Kinawy 2, Nabil  El-Faramawy 2, Ghada  Bassioni 1

1 Ain Shams University, Faculty of Engineering, Cairo, Egypt, 2 Ain Shams University, Faculty of Science, Cairo, Egypt

Thermoluminescence	 (TL)	 dosimetry	 is	 employed	 in	 different	 scientific	 fields	 such	 as	 radiotherapy,	 radiation	
shielding, and environmental research, applying diverse materials [1]. TL materials of metal oxides have po-
tentially increased due to their characteristics and their possible applications for radiation dosimetry [2]. It was 
found	that	the	doping	of	metal	oxide	by	cerium	can	affect	optoelectronic	properties	due	to	the	creation	of	impu-
rity energy levels within the band gap such as in the case of Ce-TiO2 [3].
In	our	study,	we	prepared	BaTi5O11	doped	with	Ce3+	by	the	sol-gel	process	in	different	concentrations.	X-ray	
diffraction	spectroscopy	(XRD)	is	used	to	identify	the	type	of	material	as	well	as	its	phase	and	crystalline	proper-
ties. scanning electron microscopy (SEM) and Transmission electron microscopy (TEM) give insight on shape and 
size of the particles. TL technique was used as a tool to identify the impurity levels and their kinetic parameters 
in the material under investigation as well as activation energy (E), frequency factor (s), and kinematic order (b).
Our	data	give	insight	on	the	efficiency	of	the	TL	dosimeter	by	using	Ce-doped	barium	titanate	nanoparticles.

Keywords
Thermoluminescence, dosimetry, metal oxide
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[3]M.	Pawar,	T.	Sendoğdular,	P.	Gouma,	A	Brief	Overview	of	TiO2	Photocatalyst	for	Organic	Dye	Remediation:	Case	
Study of Reaction Mechanisms Involved in Ce-TiO2 Photocatalysts System, Journal of Nanomaterials (2018).
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Atomically Dispersed Metal-free Electrocatalyst for Hydrazine 
Electrooxidation

Kanglei Pang* 1, Jiayin Yuan 1

1 Stockholm university, Stockholm, Sweden

Knowledge of the generation and evolution of active sites during chemical reactions to understand reaction 
mechanisms and changes in the electronic and atomic structure is crucial for designing catalysts. Herewith we 
report the preparation and assessment of a transition metal-free atomically dispersed catalyst for hydrazine oxi-
dation	reactions	(HzOR)	via	pyrolysis	of	Se-containing	cellulose	nanofibrils	(CNFs).	Our	tailor-made	catalyst	man-
ifests superior activity with an onset potential as low as -114 mV (vs. RHE) that is comparable to the commercial 
Pt/C system. This outstanding HzOR performance is attributed to the formation of a highly oxidized HO–Se–C4 
moiety. The dynamic active-site structure of single Se atom catalysts during electrocatalytic alkaline HzOR was 
identified	by	in	situ	absorption	near-edge	structure	(XANES)	and	extended	X-ray	fine	structure	(EXAFS),	which	
revealed distinguishable electronic and geometric structural changes occurring on the Se site. The exceptional 
HzOR	activity	was	identified	to	arise	from	the	formation	of	highly	oxidized	HO–Se–C4	followed	by	the	preferable	
dynamic N2H4 adsorption site.

Schematic diagram of a direct hydrazine fuel cell based on Se@C-1000 catalyst
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Non-natural activities of ene-reductases in biocatalysis

Michael Friess* 1, Kathrin  Heckenbichler 1, Rolf  Breinbauer 1

1 TU Graz, Graz, Austria

Small carbocycles like cyclopropanes are structural elements that are frequently occurring in valuable products 
like	active	pharmaceutical	ingredients.	Thus,	efficient	methods	for	their	preparation	are	in	high	demand,	espe-
cially when they manage to meet high standards of sustainability. Since biocatalysis is always at the forefront 
of methods when it comes to sustainability, it was our desire to develop an ene-reductase based method for the 
synthesis of small rings.
To utilize ene-reductases for the biosynthesis of small cycloalkanes, substrate as well as enzyme engineering is 
required. In terms of substrates, halogenated enals were used. The substrates should be converted by ene-re-
ductase variants, which lack protic residues in their active sites. Due to missing protic side chains, the enolate 
intermediate of the commonly accepted ene-reductase mechanism is not protonated as fast as it would hap-
pen in the wild-type enzyme. The higher persistence of the enolate intermediate within the active site of the 
ene-reductase variants, leads to the possibility of a nucleophilic attack at the terminal alkyl halide of the utilized 
substrate. Based on this intramolecular halide displacement the intended carbocycle is generated [1]. We will 
present	efforts	to	expand	this	method	to	four-	and	five-	membered	rings	and	other	non-natural	applications	of	
ene-reductases.

[1] Heckenbichler et. al., Angew. Chem. Int. Ed. 2018, 57, 7240-7244

Mechanism - reductive cyclization
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Structural, Defect, Elastic, and Solution Properties of Krotite

Kowthaman Pathmanathan* 1

1 University of Jaffna, Jaffna, Sri Lanka

The development of rechargeable batteries for electronic appliances requires the advancement of synthesizing 
new materials for anodes, cathodes, and electrolytes. Monocalcium aluminate (Krotite), CaAl2O4, is a promising 
ceramic material that has found applications in several areas, such as glass production. It’s a promising material 
for use in Calcium-ion batteries due to its Ca-ion conductivity. In this study, we investigate the defect and dopant 
properties of CaAl2O4 using advanced computer simulation techniques based on classical pair-wise potentials. 
Our simulations show that the most favorable defect process is the Al/Ca anti-site defect cluster, followed by the 
Al-Ca anti-site defect isolate. The Al-Ca anti-site defect isolate is higher in energy by 0.83 eV than the Al/Ca an-
ti-site defect. We also identify Cu as the most promising divalent dopant on the Ca site. Furthermore, we demon-
strate that Ca interstitial and oxygen vacancy formation can be achieved through doping of Ga3+ on the Al site. 
To identify the elastic properties of CaAl2O4, we developed ELATE(Elastic Tensor Analysis) Tools, a user-friendly 
code with a terminal-based graphical user interface (GUI). ELATE Tools allows for easy analysis of the second-or-
der	elastic	stiffness	tensors	of	2D	and	3D	crystal	systems,	and	it	calculates	and	presents	the	primary	mechanical	
characteristics of CaAl2O4, including the bulk modulus, Young’s modulus, and shear modulus. Our results provide 
valuable insights into the defect and dopant properties of CaAl2O4, which can aid in the design and development 
of advanced calcium-ion batteries.
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Photoactivated chemotherapy-a novel strategy for caging 
chemotherapeutics

Sina Katharina Goetzfried* 1, Anja Busemann 1, Sylvestre Bonnet 1

1 Leiden University, Delft, The Netherlands

Emerging	resistances	to	established	anticancer	drugs	and	the	severe	side-effects	of	non-specific	cytotoxic	com-
pounds, e.g. Cisplatin, challenge medicinal chemists worldwide notably for the development of novel anti-cancer 
drug	candidates.	Different	approaches	have	been	followed	to	increase	drug	selectivity,	one	of	them	is	to	photo-
cage drug molecules and re-activate them by local light irradiation of the tumor. In particular compounds based 
on ruthenium(II)1  can be easily caged by introducing (biological active) ligands. The resulting caged molecules 
are biologically inactive in the dark or active only at very high concentrations. Upon irradiation with visible light 
the	photocaging	group	is	cleaved	off,	thereby	recovering	the	biological	activity	of	the	toxic	metal	complex	(Fig-
ure	1).2	Potential	targets	for	photoactivated	chemotherapy	(PACT)	are	tumors	that	are	either	difficult	to	remove	
surgically	or	difficult	to	treat,	for	example	gliostoma	brain	tumors.	In	this	presentation,	I	will	describe	the	photo-
chemistry and biology of PACT compounds developed in the Bonnet group for the treatment of skin, lung, or brain 
(glioblastoma) cancer. Our results suggest that Ru-based PACT compounds are amenable to further pre-clinical 
studies	towards	the	development	of	new	and	efficient	chemotherapeutics	with	low	side	effects	for	the	cancer	
patients.

(1) Farrer, N. J.; Salassa, L.; Sadler, P. J. Dalton Trans. 2009, No. 48, 10690. https://doi.org/10.1039/b917753a.

Schematic action of PACT compounds. Upon light irradiation, the ligand (blue) is liberated from the ruthenium-based 

complex (orange) and both compound can excel their role as anti-cancer agents via the binding to the DNA or other cancer-

related proteins
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Citral@tannic acid-FeIII complex capsules decorated with gold 
nanoparticles

Jing Hu* 1

1 Shanghai Institute of Technology, Shanghai, China

Gold	nanoparticles	(AuNPs)	show	excellent	photothermal	effects	and	surface	enhanced	Raman	scattering	(SERS)	
performance due to its surface plasmon resonance properties. The deposition of AuNPs on polymer capsules not 
only	effectively	avoid	the	aggregation	of	AuNPs	but	also	endow	capsules	with	multifunction	and	stimuli-respon-
siveness which shows potential application in the controlled release of active substances. However, the existing 
preparation process of AuNPs/polymer hybrid capsules relies on solid particle template and thus need multiple 
washings with harsh solvents. Herein, citral-encapsulated tannic acid-FeIII complexe capsules decorated with 
AuNPs (citral@TA-FeIII/AuNPs) were prepared via emulsion template and in-situ reduction. First, tannic acid and 
FeIII is assembled on citral emulsion droplets stabilized with surfactants to form citral@TA-FeIII. Then, AuNPs are 
nucleated and grew on citral@TA-FeIII to form citral@TA-FeIII/AuNPs through the adhesion and reduction of TA. 
The results show that citral@TA-FeIII/AuNPs possess the strawberry-like core-shell structure with uniform distri-
bution of AuNPs (Figure 1). The average particle size of citral@TA-FeIII/AuNPs and AuNPs are 520 nm and 14 nm, 
respectively. Under the irradiation of 808 nm (3 W cm-2), the temperature of citral@TA-FeIII and citral@TA-FeIII/
AuNPs increased by 5.8 oC and 8.1 oC respectively after 10 min. The photothermal properties of citral@TA-FeIII/
AuNPs	are	concentration	dependent	and	exhibit	good	photothermal	stability	of	fifth	switch.	Compared	with	free	
R6G,	citral@TA-FeIII/AuNPs	show	significant	SERS	signals	at	1359	cm-1

`
  1510 cm-1 and 1650 cm-1 for 10-4 M R6G.

Figure 1. TEM (A) and SEM (B) images of citral@TA-FeIII/AuNPs



POSTERS 2

816

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-A0926

Signal enhancing nanomaterials for analysis of cytokines networks

Surin Hong* 1, Youbeen  Choi, Youngbo Choi  

1 Cha University, Pocheon, South Korea

The	surface	plasmon	resonance	(SPR)	biosensor	based	on	metal	films	is	noted	as	one	of	the	excellent	analytical	
methods	for	detecting	biomolecules.	However,	most	metal	films	in	the	SPR	biosensor	do	not	sufficiently	interact	
with biomolecules, leading to weak sensing signals. To improve the sensitivity of the SPR biosensor, a new type of 
silica	nanoparticles	was	successfully	prepared	by	modification	with	amino	groups	that	are	coupled	with	neutravi-
din proteins. These nanoparticles bind with biotin by forming bioconjugation through avidin-biotin interactions, 
resulting	in	signal	amplification	of	the	SPR	biosensor.	Biotinylated	cytokines	that	can	form	complex	cytokine	net-
works	were	used	as	the	target	substance	to	confirm	the	effect	of	signal	amplification,	and	detection	limits	were	
investigated. The sensing performance reveals that these nanoparticles have great potential as a useful signal 
amplifying	medium	for	the	quantification	of	proteins	in	the	SPR	biosensor.



POSTERS 2

817

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-A0952

Chemistry of clad breach in Lead-cooled Fast Reactors

Andries van Hattem* 1, Dennis Alders 1, Jean-Christophe Griveau 2, Eric Colineau 2, Gilles Wallez 3, Kathy Dardenne 4, 
Joerg Rothe 4, Rudy J.M. Konings 1,2, Anna L. Smith 1

1 Delft University of Technology, The Netherlands, Nunspeet, The Netherlands, 2 European Commission, Joint Research Centre, 
Karlsruhe, Germany, 3 Sorbonne University, UPMC University, Paris, France, 4 Karlsruhe Institute of Technology (KIT), Institute for 
Nuclear Waste Disposal (INE), Radionuclide Speciation Department, Karlsruhe, Germany

Lead-cooled Fast Reactors are one of the Generation IV nuclear reactor designs, that are to be cooled with either 
liquid	Pb	or	a	liquid	eutectic	mixture	of	Pb	and	Bi.	In	Europe,	mixed	oxide	fuel	(U,Pu)O₂	is	currently	the	reference	
for	such	type	of	reactors.	During	irradiation,	several	classes	of	fission	products	form,	making	the	fuel	a	multi-com-
ponent	system:	metallic	precipitates,	volatile	fission	products,	oxide	products	and	fission	products	that	dissolve	
in the fuel matrix [1].
In	case	of	clad	breach,	the	fuel	and	fission	products	can	come	into	contact	with	the	coolant,	giving	rise	to	a	poten-
tial	very	complex	chemistry.	The	interaction	chemistry	can	be	distinguished	in	among	others	coolant-volatile	fis-
sion products phase interaction (Pb,Bi)-(Cs,Mo,Te,I,O), coolant-fuel interaction (Pb,Bi)-(U,Pu,O) and the interaction 
between coolant and radionuclides with a potential long term radiological impact (Pb,Bi)-(Ba,Sr,U,Pu,O). Funda-
mental structural and thermodynamical studies into the relevant systems are a pre-requisite for evidence-based 
thermodynamic databases that are used in the nuclear community.
Recently,	 we	 have	 investigated	 the	 Cs₂MoO₄-PbMoO₄	 system	 using	 differential	 scanning	 calorimetry,	 X-ray	
diffraction	and	X-ray	absorption	spectroscopy.	Among	others,	 the	high-temperature	crystal	 structure	of	Cs₂P-
b(MoO₄)₂	has	been	elucidated	using	X-ray	and	Neutron	diffraction	[2].	Moreover,	the	ternary	system	CsI-PbI₂-BiI₃,	
that is also of interest for applications such as photovoltaics and scintillation, has been studied and a thermody-
namic	model	has	been	constructed	[3].	The	standard	entropy	of	CsPbI₃,	Cs₄PbI₆	and	Cs₃Bi₂I₉	are	experimentally	
determined. Studies in other relevant systems are ongoing.

[1] M. Pelletier and Y. Guérin, “Fuel Performance of Fast Spectrum Oxide Fuel.” (2020): 72-105. In: R.J.M. Konings 
and R. Stoller. Comprehensive nuclear materials. Elsevier, 2020.
[2] A. van Hattem, J. Vlieland, R. Dankelman, M. Thijs, G. Wallez, K. Dardenne, J. Rothe, R.J.M. Konings and A.L. 
Smith. (submitted and accepted)
[3] A. van Hattem, D. Alders, R.J.M. Konings and A.L. Smith. (in preparation)
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Colorimetric Chiral Sensing Using Riboflavin-based Supramolecular 
Organogels

Marina Oka* 1, Ryo Kozako 1, Hiroki Iida 1

1 Shimane University, Japan

Optically	 active	 compounds	may	exhibit	 different	pharmacological	 activities	 in	 their	 respective	enantiomers.	
Various methods have been developed for chiral discrimination, such as chiral high performance liquid chroma-
tography and gas chromatography, but the development of simpler and more convenient chiral sensing methods 
has long been desired. 
		Riboflavin	is	a	π-conjugated	organic	molecule	with	optical	activity	originating	from	the	ribityl	group.	It	exhibits	
various	functions	such	as	redox	activity,	organocatalysis,	and	photocatalysis.	Therefore,	riboflavin-based	supra-
molecular gels are expected to show attractive functions derived from the combination of the diverse character-
istics	of	riboflavin	and	the	chiral	supramolecular	structure.	However,	only	a	few	examples	of	supramolecular	gels	
containing	riboflavin	derivatives	have	been	reported,	and	there	are	no	examples	of	functional	gels	utilizing	the	
chirality	of	riboflavin.¹
	 	 In	 this	 study,	we	developed	chiral	organogels	by	supramolecular	assembly	of	 riboflavin	derivatives	 (Fl)	 and	
melamine derivatives (M) in organic solvents. Taking advantage of the photocatalysis and redox catalysis of the 
flavin,	we	applied	the	chiral	supramolecular	gel	for	enantioselective	detection	of	chiral	compounds.	As	a	result,	
the Fl-containing supramolecular gel functioned for the chiral sensory materials that showed the visible color 
change upon the addition of chiral alcohols acting as the substrate of the photooxidation.
1.	a)	S.	Manna,	A.	Saha,	A.	K.	Nandi,	Chem.	Commun.,	2006,	4285.	b)	S.	Kawamorita,	M.	Fujiki,	Z.	Li,	T.	Kitagawa,	Y.	
Imada, T. Naota, ChemCatChem, 2019, 11, 878. c) M. Cariello, B. Dietrich, L. Thomson, V. Gauci, A. Boyer, S. Sprou-
les, G. Cooke, A. Seddon, D. J. Adams, Chem. Eur. J., 2022, 28, e202201725.

The gelation caused by the supramolecular assembly of Fl and M
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Thermochemistry of the BaCl2-CeCl3 molten salt system

Dennis Alders* 1

1 Delft University of Technology, Bergschenhoek, The Netherlands

The	thermodynamic	and	thermo-physical	properties	of	the	molten	salt	binary	systems	BaCl₂-CeCl₃	and	SrCl₂-Ce-
Cl₃	have	been	investigated	using	an	experimental	and	modelling	approach.	These	molten	salt	systems	are	rel-
evant	for	the	investigation	of	fission	product	chemistry	in	molten	salt	reactors	(MSR),	a	type	of	nuclear	reactor	
selected in the Gen IV international forum as a potential candidate for the future of nuclear energy. The interest 
in	these	systems	specifically	is	because	CeCl₃	acts	as	a	stimulant	for	the	much	more	dangerous	PuCl₃,	which	is	
part	of	the	nuclear	fuel.	The	thermochemistry	of	these	systems	has	been	investigated	using	Differential	Scan-
ning Calorimetry (DSC). The investigated systems form intermediates between the end-members in the form of 
Ba₃Ce₂Cl₁₂	and	Sr₉Nd₅Cl₃₃	respectively.	These	systems	also	exhibit	solubility	of	CeCl₃	in	BaCl₂	and	SrCl₂,	as	well	
as	solubility	of	the	alkaline-earth	chlorides	in	CeCl₃,	at	high	temperatures	of	about	950	K.	The	investigation	of	
this	solid	solution	was	performed	using	quenching	experiments	and	subsequent	post-characterisation	by	X-ray	
diffraction	(XRD).	Using	the	aforementioned	information	on	phase	transitions,	intermediate	compound	formation	
and mutual solid solubility, a thermodynamic assessment of the system has been performed using the CALPHAD 
method. The model for the Gibbs energy of the liquid solution is the quasi-chemical formalism in the quadru-
plet approximation, while the model for the Gibbs energy of the solid solution is the two-sublattice polynomial 
model.
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Homodimerization Reaction of 3-Acetylcoumarin  Experimental and 
Theoretical Study

Rositca Nikolova*, Nevena Petkova-Yankova 1, Ana Koleva 1, Petko Petkov 1, Hristiyan Aleksandrov 1,  
Kristina Simeonova 1

1 Faculty of Chemistry and Pharmacy, University of Sofia, Sofia, Bulgaria

Study on the reaction conditions for homodimerization process of 3-substituted coumarins were achieved under 
sonication.	The	mechanism	of	the	reaction	was	investigated	on	the	basis	of	first	principal	calculations	and	exper-
imental results for 3-acetylcoumarin. Relative stability of the possible intermediates has been compared. Two 
reaction pathways were considered: ionic and radical. The comparison between the experimental data and the 
relative stability of the intermediates suggest that the most plausible reaction pathway proceeds via formation 
of radical species. The important role for the dimerization process of the implied metal and metal salts in the re-
action	mixture	was	emphasized.	Quantum-chemical	calculations	also	demonstrated	the	necessity	of	both	Zn	and	
Zn-salt	in	the	reaction	mixture	and	not	Cu/Cu-salt.	The	activation	role	of	the	solvent	on	the	reactivity	of	the	Zn-
salt	was	also	clarified.	The	coordination	of	the	solvent	molecules	to	the	Zn-atom	of	the	ZnCl2	reduces	the	energy	
barrier	for	the	Zn-Cl	bond	dissociation,	thus	facilitating	the	formation	of	I-B-Zn	to	the	final	biscoumarin	structure.
Acknowledgments: This work was supported by National Science Fund project - KP-06-N-39/15 from 17.12.2019.
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Bio-Based Surfactants Made from Agricultural Plant Waste

Matej Majstorovic* 1, Gennady V. Oshovsky 1, Christiaan H.L. Tempelman 1, Jochem Hagenaar 1, Urjan Jacobs 1

1 Rotterdam University of applied science, Rotterdam, The Netherlands

Surfactants made from plant-based agricultural wastes are a green sustainable alternative to surfactants cur-
rently widely produced from edible fats and oils or fossil chemicals. We present here a 5-hydroxymethylfurfural 
(HMF) 1 route to the bio-based sustainable surface-active compounds. HMF can be produced from sugars in various 
agricultural wastes using the heterogeneous catalytic technology developed by our team [1]. The source here is the 
inedible agricultural wastes, such as unconditional (partially rotten) apples, shells of onions, grass grown near the 
highway, etc. HMF is a main small molecule product in this catalytic process, accompanied by levulinic acid.
Catalytic functionalization of the alcohol moiety of HMF with hydrophobic groups provides the non-polar hy-
drophobic tail of the surfactants. The oxidation and/or functionalization of the aldehyde moiety of HMF leads to 
polar hydrophilic heads of the surfactants, such as carboxylic acid and carboxylates. We are currently studying 
different	catalysts	and	functional	groups	on	HMF	to	make	the	production	of	these	bio-based	sustainable	surfac-
tants	from	agricultural	waste	as	efficient	as	possible.

1. Tempelman C.H.L. et. al.  Appl. Catal. A. - Gen. 2019, 588, 117267; Catalysts 2021, 11 (7), 861; J. Ind. Eng. Chem. 
2021, 99, 443-448; Biomass. Bioenerg., 2023, 168, 106661.

Figure. A bio-based HMF route to sustainable surfactants.
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Detection of Ammonia with Bio-Based Colorimetric Sensors

Jochem Hagenaar* 1, Christiaan Tempelman 1, Urjan Jacobs 1, Gennady Oshovsky 1, Nico  van Ommen 1,  
Ruben Flinterman 1

1 Rotterdam University of Applied Science, The Netherlands

Ammonia is a crucial compound for the modern economy: it is a hydrogen carrier,  green fuel, and a valuable 
reagent for the chemical industry. But, at the same time, it is a substance of the utmost high environmental con-
cern: emissions of ammonia from livestock farming or transport highly increase the concentration of nitrogen 
compounds in the environment resulting in health problems and eutrophication. Due to this reason, simple, re-
liable, cheap, and robust sensors for ammonia are in great demand for agriculture, industry, transport, maritime 
and environmental monitoring.
Since	 the	 sensors	 are	 becoming	 frequently	 used,	 finding	 sustainable	 routes	 to	 their	 production	 is	 essential.	
Changing to a bio-based economy requires substituting fossil-based chemicals for substances obtained from 
natural sources. One of the promising bio-based sources of valuable chemicals is agricultural waste, such as 
the rest of apple cultivation. We use multistep processes to transform them into 5-hydroxymethylfurfural (HMF) 
and further into smart functional materials, such as colorimetric sensors for ammonia. These bio-based sensors 
change to multiple colors in the presence of ammonia in the air or water. The detection limit of ammonia and 
amines with papers impregnated with colorimetric sensors of type 1 is below 0.5 ppm. We have developed a set 
of compounds that react reversibly or irreversibly with ammonia in a speedy or slow way (from seconds to tens 
of minutes). Impregnation of these compounds on paper leads to easy-to-use sensor arrays. The color change can 
be	followed	by	the	naked	eye	and	quantified	with	a	device	we	developed	to	read	and	analyze	the	RGB	values	of	
the sensor response (Figure).
These bio-based colorimetric sensors have excellent application potential since they are reliable, cheap, and 
easy	to	use.	They	will	help	find	ammonia	leakages	and	monitor	ammonia	concentration	levels	in	agriculture	and	
industry.

A device for the quantification of the sensor’s colour change at work; schematic formula of the colorimetric sensors.
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Long-range Metal−CO Synergic Bonding

Yi-Chou Tsai* 1, Ding-Chuan Hu, Meng-Wei Lee, Li-Teng Sun  

1 National Tsing Hua University, Hsinchu, Taiwan

Bonding between the metal and CO of metal carbonyls involves transference of electrons form the HOMO of CO 
to	the	metal	center	and	the	transference	of	electrons	from	the	filled	metal	orbitals	to	π*	antibonding	orbitals	
of CO (Figure 1A). Herein we report on long-range synergistic bonding between a metal atom and CO, which are 
spatially	separated	by	the	Mo−Mo	quintuple	bond	in	two	isostructural	complexes	[L₃M(µ-κ¹:κ¹-CO)Mo{μ-κ²-HC(N-
2,6-iPr₂C₆H₃)₂}₂Mo(CO)]	(M	=	Fe,	L₃	=	(CO)₃;	M	=	Co,	L₃	=	cyclopentadienyl	(Cp)),	synthesized	via	direct	insertion	
of	the	Mo−Mo	quintuple	bond	of	Mo₂{µ-κ²-HC(N-2,6-iPr₂C₂H₂)₂}₂	 into	an	M−CO	bond	of	L₃M(CO)₂	at	ambient	
temperature. In these two compounds, the two Mo atoms display opposite electronic nature; one Mo atom acts 
as a metal and is coordinated by a CO group, and the other Mo atom behaves as a ligand and binds M, resulted 
from	the	facile	polarization	of	two	Mo−Mo	δ bonds. Long-range synergistic bonding between M and CO is me-
diated	by	the	Mo−Mo	quintuple	bond	and	is	confirmed	by	X-ray	crystallography,	infrared	spectroscopy	and	DFT	
calculations.

Figure 1. Orbital overlap in (A) metal−CO and (B) metal−Mo−Mo−CO bonding.
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Design and development of nitrification inhibitors

Fatemeh Golshahi Hosseini* 1, Uta Wille 1, Kristen Verburg 2

1 University of Melbourne, Melbourne , Australia, 2 CSIRO Agriculture and Food, Canberra, Australia

The use of commercial fertilizers, particularly those containing nitrogen (N), is crucial for maintaining and po-
tentially increasing crop productivity to ensure food security for a continuously growing population. Mitigating 
the adverse environmental impact and economic losses associated with N-based fertilizers is important. One 
practical	strategy	is	the	use	of	nitrification	inhibitors,	which	regulate	the	conversion	of	ammonium	to	nitrate	in	
soils, resulting in reduced nitrogen losses, decreased nitrate leaching, greenhouse gas emissions, and improved 
nitrogen	use	efficiency	(NUE)	and	crop	yields.
Despite	the	benefits	of	nitrification	inhibitors,	the	currently	existing	commercial	inhibitors	lack	sustained	effec-
tiveness	in	suppressing	ammonium	nitrification.	To	address	this	issue,	a	series	of	novel	nitrification	inhibitors	was	
synthesized and tested using pure cultures of the nitrifying bacterium Nitrosomonas europaea, using procedure 
previously developed by our group.1 The results demonstrated the potential of some synthesized compounds for 
further investigation in soil incubation experiments.
Additionally, a framework will be developed using APSIM (Agricultural Production Systems Simulator), a crop 
simulation	model,	to	describe	the	behavior	of	nitrification	inhibitors	in	soil.	The	experimental	data	obtained	from	
this study and previous studies2 will be analyzed to illustrate how the framework can assist in interpreting the 
results,	including	those	related	to	the	novel	nitrification	inhibitors	synthesized	in	this	study.	This	approach	will	
enable	controlled	experiments	in	various	conditions,	providing	a	more	cost-effective	alternative	to	field	experi-
ments.

Refrences
(1)	Yildirim,	S.	C.;	Walker,	R.	M.;	Roessner,	U.;	Wille,	U.	Rapid	and	Inexpensive	Assay	for	Testing	the	Efficiency	of	
Potential	New	Synthetic	Nitrification	Inhibitors.	ACS	Agricultural	Science	&	Technology	2023,	3	(3),	260-269.
(2)	Vilas,	M.;	Verburg,	K.;	Thorburn,	P.;	Probert,	M.;	Bonnett,	G.	A	framework	for	analysing	nitrification	inhibition:	A	
case study on 3, 4-dimethylpyrazole phosphate (DMPP). Science of the Total Environment 2019, 672, 846-854.
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Presence of organophosphate esters in wastewater treatment plants

Pei-Hsin Chou* 1, Pin-Chi Wu 1

1 National Cheng Kung University, Taiwan

Organophosphate	esters	(OPEs)	are	widely	used	in	our	daily	lives	as	plasticizers	and	flame	retardants.	Their	oc-
currence	in	the	environment	has	attracted	concern	owing	to	possible	toxic	effects.	To	thoroughly	evaluate	their	
environmental risks, it is important to collect more information concerning the discharge and detailed toxico-
logical data of OPEs. In this study, concentration variations of OPEs in Taiwanese wastewater treatment plants 
(WWTPs), including OP triesters and the degradation products OP diesters were investigated using liquid chro-
matography tandem mass spectrometry. The endocrine disrupting potentials of target OPEs and WWTP samples 
were examined by yeast-based reporter gene assays as well. Our results demonstrated that OP triesters and 
diesters	were	detected	in	WWTP	effluents,	suggesting	unsatisfactory	removal	efficiencies	of	OPEs	in	convention-
al WWTPs. Tri-n-butyl phosphate, tris(2-butoxyethyl) phosphate, and tris(chloroisopropyl) phosphate were the 
dominant	compounds	 in	 the	effluents,	while	diethyl	phosphate,	di-n-butyl	phosphate,	and	bis(2-butoxyethyl)	
phosphate were also found at lower concentrations. Moreover, OP triesters and WWTP samples exhibited sig-
nificant	endocrine	disrupting	activities,	whereas	target	OPEs	were	not	the	major	contributors	to	the	activities	
detected	in	effluents.	WWTP	effluents	were	found	to	be	potential	sources	of	OPEs	and	contaminants	showing	
anti-glucocorticoid/anti-mineralocorticoid activities to the receiving water bodies. It is necessary to pay more 
attention to these pseudo-persistent pollutants to better protect the aquatic environment.
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Paper microfluidic sensor for methanol contamination in liquor

Ziyang Wu* 1,3, Canan Aksoy 1,2, Gert Salentijn 1,2, Han Zuilhof 1,4

1 Wageningen University and Research, The Netherlands, 2 Wageningen Food Safety Research, The Netherlands, 3 Zhejiang 
University, China, 4 Tianjin University, China

Methanol poisoning is a widespread problem, and can occur from intentional or unintentional contamination 
of alcoholic beverages[1]. Quality control is thus important, but in rural areas such quality control might not be 
available.	In	recent	years,	the	use	of	paper	for	convenient	on-site	testing	devices,	known	as	paper	microfluidics,	
has resurfaced, due to its low cost, fast detection, easy-of-use and portability. In previous research, we have 
demonstrated	 that	 chemically	modified	hydrophobic	paper	can	be	used	 to	determine	 the	ethanol	 concentra-
tion	of	a	solution,	by	monitoring	 the	maximum	distance	such	a	solution	would	flow	on	 the	paper;	 the	higher	
the distance, the higher the concentration. In this research, a paper-based sensor was prepared for the detec-
tion	of	methanol	in	ethanolic	drinks,	by	combining	a	measurement	of	flow	distance	with	a	refractive	index	(RI)	
measurement. Use of a low-cost portable refractometer to estimate ethanol concentrations is easy, based on 
the	assumption	that	there	is	no	methanol	contamination,	which	would	affect	the	RI	as	well.	The	design	of	the	
current approach is to measure RI of a sample, and select a reference solution of ethanol corresponding to that 
RI value. Next, the sample and the reference solution are run on our distance-based paper-based device. If there 
is	a	difference	in	the	paper-based	sensor,	the	real	sample	is	defined	as	‘suspect’	and	the	next	step	of	detection	
is	carried	out.	Paper-based	sensors	were	prepared	by	modifying	cellulose	paper	with	different	acyl	chlorides	of	
different	carbon	chain	lengths	to	form	a	hydrophobic	surface.	The	modified	paper-based	sensors	were	used	to	
analyze	different	(methanol-contaminated)	ethanol	solutions,	as	well	as	real	(methanol-contaminated)	alcoholic	
samples. The detection limit of paper-based sensor has already reached 1% methanol, matching the EU standard.
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Orthogonal Photoswitching of Donor-Acceptor Stenhouse Adducts

Rachael Hannah* 1, Jane Kardula 1, Donato Ottomano 1, Tyl Wiglema 1, Ryan Chiechi 2

1 University of Groningen, Groningen, Netherlands, 2 North Carolina State University, Raleigh, United States of America

Molecular electronics, studying charge-transport across single molecules, has become an emerging frontier for 
next generation electronic devices. The development of molecular junctions capable of performing logic op-
erations is key to the construction of prospective computer primitives that narrow the increasing gap between 
Moore’s	Law	and	computing	efficiency.	Therefore,	 the	molecular	materials	used	in	 junctions	must	generate	at	
least	two	distinct	states	(e.g.	defined	by	different	electrical	conductances)	in	response	to	a	unique	combination	
of	inputs	(e.g.	light	of	differing	wavelengths).
Donor-acceptor Stenhouse adducts (DASAs) are a class of negative organic photochromes. Since their discovery 
in	2014,	their	absorption	wavelengths	and	photoswitching	properties	have	been	fine	tuned,	providing	a	range	
of compounds absorbing at varying wavelengths in the visible region.1 By tuning the structures of the switches, 
it is possible to synthesise two photoswitches that can be activated independently of each other to create an 
orthogonally switchable, dual function molecular system. These properties can be translated into the solid state, 
through the introduction of ethylene glycol anchoring groups which are interdigitated with similar moieties at-
tached to fullerene cages, their binding to gold having previously been studied.2 
Here, we have synthesised two DASAs with non-overlapping absorption spectra, and immobilised them into 
self-assembled bilayers (SABs) on gold surfaces. The current-voltage characteristics of the SAB are measured fol-
lowing	exposure	to	different	wavelengths	of	light,	giving	a	system	with	at	least	three	different	outputs	depending	
on the wavelength of light used. The orthogonality of the system was demonstrated using both solution UV-Vis 
spectroscopy and conductance measurements.

1 JACS 2016, 138(42), 13960.
2 Nature Materials 2020, 19, 330.

A monolayer of PTEG-1 on gold supporting a mixed monolayer of DASAs.
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Improving data storage with SuFEx-derived enantiopure surfaces

Bas Scheepmaker* 1, Francesco Simone Ruggeri 1, Fedor Miloserdov 1, Han Zuilhof 1,2,3

1 WUR, Wageningen, The Netherlands, 2 School of Pharmaceutical Sciences and Technology, Tianjin University, China, 3 
Department of Chemical and Materials Engineering, King Abdulaziz university, Saudi Arabia

Novel methods to improve molecular data storage are highly desirable given the limits of current recording tech-
niques like heat assisted magnetic recording (HAMR).[1] Contemporary challenges in molecular data storage in-
clude:	increasing	data	density	and	data	fidelity.[2]	To	face	these	challenges,	chiral	oligomers	synthesized	via	the	
sulfur	fluoride	exchange	(SuFEx)	reaction	are	promising,	as	the	quantitative	yields	of	the	SuFEx	reaction	could	
ensure	high	data	fidelity,	and	its	enantioselectivity	allows	storage	of	additional	information	on	surfaces.[3]	So	far	
however, chirality as an additional parameter to encode information on surfaces has remained unexplored, even 
though it could increase the data density of oligomers with e.g. 10 chiral centers by over 1000-fold. 
In	this	project,	the	challenge	is	to	first	create	SuFEx-based	oligomers	on	the	surface,	and	next	to	differentiate	the	
sequence	and	stereochemistry	on	a	nanoscale.	To	reach	these	goals,	we	will	first	establish	SuFEx	chemistry	on	
phenol-terminated	surfaces	with	>99%	yield,	using	X-ray	photoelectron	spectroscopy	(XPS)	as	an	analytical	tool.	
Specifically,	we	investigate	the	role	of	solvents,	bases,	temperature,	spacers,	etc.	To	facilitate	quantification,	we	
use	fluorine	tags	in	our	sulfonimidoyl	fluorides	to	which	XPS	is	sensitive.	In	addition,	we	focus	on	the	sequence	
and enantioselectivity of the surface-bound moieties using surface-sensitive infrared with polarized light. The 
synthesis	and	characterisation	of	these	SuFEx-based	oligomers	then	serves	as	a	first	step	to	unravel	possibilities	
and limitations of surface-bound chiral oligomers for data storage. 

References
[1] P. Khunkitti et al., Micromachines, 2021, 12(10), 1264
[2] S. K. Tabatabaei et al., Nano Lett., 2022, 22(5), 1905-1914
[3] DD. Liang et al.,  Angew. Chem. Int. Ed., 2020, 59(19), 7494-7500
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Artificial Metalloenzymes for Enantioselective Michael Addition to 
Nitroalkenes

Ru Jiang* 1, Fabrizio Casilli 1, Gerard Roelfes 1

1 University of Groningen, Groningen, The Netherlands

To	combine	the	attractive	features	of	transition	metal	catalysis	and	biocatalysis,	artificial	enzymes,	which	consist	
of	abiological	catalytic	moieties	incorporated	into	protein	scaffolds,	have	emerged	as	a	promising	strategy	to	re-
alize non-natural reactions in biocatalysis. LmrR, a small, homodimeric protein that contains a large hydrophobic 
pore	at	its	dimer	interface,	is	a	privileged	scaffold	for	artificial	metalloenzyme	(ArM)	design.	Here,	we	incorporat-
ed	the	metal	binding	unnatural	amino	acid	bipyridine	alanine	(BpyAla)	into	the	protein	scaffold	LmrR	through	in	
vivo	stop	codon	suppression	and	created	a	proficient	and	stereoselective	artificial	metalloenzyme	(LmrR_XBpy)	
for catalytic asymmetric Michael addition of 2-acetyl azaarenes to nitroalkenes (up to 89±0% yield, 96±1% ee) 
(Fig 1). In our design, 2-acetyl azaarene 1 is activated by the new created [Cu-Bpy] site to form the enolate, where-
as the aryl substituted nitroalkene 2 is the Michael acceptor, which is bound by the tryptophan residues (W96 and 
W96’)	via	π-stacking	interactions,	to	give	the	addition	product	3.	Furthermore,	derivatizing	the	nitro	compounds	
3 into potential natural products or drug targets renders this methodology attractive for the green synthesis.

Cu-catalyzed asymmetric Michael addition of 2-acetyl azaarenes to nitroalkenes in a novel artificial enzyme
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A Microfluidic Chip for Single Cell Proteomics

Gul  \Muneer 1, Sofani  Gebreyesus 1, Aiden  Chen 1, Hsiung-Lin Tu 1, Yu-Ju Chen* 1

1 Institute of Chemistry, Academia Sinica, Nankang, Taipei, Taiwan

Proteomics	profiling	has	become	a	key	tool	for	dissecting	cellular	and	molecular	network	of	biological	systems.	
Analyzing proteome and its functional forms, such as the phosphoproteome, from low-input cells down to a 
single-cell level is thus important to advance our understanding of regulatory mechanisms underlying cellular 
processes	especially	for	cell	type-specific	phenotype	and	heterogeneity.	Yet	such	molecular	profiling	strategy	
requires	ultrahigh	sensitivity	and	its	development	is	still	 limited.	Here,	we	report	highly	integrated	workflows	
combining	miniaturized	microfluidic	devices	and	data-independent	acquisition	mass	spectrometry	(DIA-MS)	for	
single-cell proteomics and its implementation for microscale phosphoproteomics down to 10 cells.
Custom	integrated	microfluidic		chips	are	designed	as	a	one-stop	station,	which	can	offer	advantageous	features	
including rapid cell capture and lysis, protein digestion and peptide cleanup.  By constructing sample size-com-
patible	spectra	library,	DIA-MS	is	used	to	offer	improved	proteomic	and	phosphopeptide	coverage	than	the	da-
ta-dependent	acquisition	mode.		Using	the	integrated	workflow,	we	showed	that	~1500	and	~450	protein	groups	
were	robustly	identified	from	a	single	lung	cancer	PC-9	and	leukemia	MEC-1	cell,	respectively.	Notably,	the	re-
sults	revealed	decent	proteome	coverage,	good	quantification	range,	high	reproducibility	and	low	missing	values.	
Meanwhile, our current results on phosphoproteomics analysis showed ~15, 400 and 3500 phosphopeptides 
could	be	 identified	from	10,	100	and	1000	cells	with	1%	FDR.	 Importantly,	using	such	chip-DIA	strategy,	 the	
results demonstrated good mapping coverage in clinically relevant lung cancer and B-cell receptor pathways, as 
well as good linearity on the quantitation of biomarkers and drug targets at the level of 1-100 cells, suggesting 
potential application of the developed strategy for both basic research and translational applications. 
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PM₂.₅, black carbon and PAHs distribution in Bulgaria

Stela Naydenova 1, Anife Veli 2, Zilia Mustafa 2, Elena Hristova 3, Lenia Gonsalvesh* 4

1 Department of Ecology and Environmental Protection, “Prof. Dr Asen Zlatarov” University, Burgas, Bulgaria, 2 Central Scientific 
Research Laboratory, “Prof. Dr Asen Zlatarov” University, Burgas, Bulgaria, 3 Department of Meteorology, National Institute of 
Meteorology and Hydrology, Sofia, Bulgaria, 4Chemistry Department, “Prof. Dr Asen Zlatarov” University, Burgas, Bulgaria

Both	PM₂.₅	 and	PM₁₀	have	become	 forefront	 focus	due	 to	 their	 adverse	effect	on	human	health	and	climate,	
which depends not only on their size, but also on their composition. Respectively, the parallel evaluation of PM 
concentration, their chemical composition, correlation with meteorological parameters and other pollutant gases 
has been recognized as key factor for identifying emission sources, assessing air quality, overcoming the gaps 
in	knowledge	about	air	quality	and	its	health	consequences,	and	creating	effective	pollution	control	programs.
The	aim	of	this	work	is	to	assess	the	concentrations	and	spatial-temporal	variations	of	PM₂.₅	and	their	ecological-
ly	significant	species,	i.e.	black	carbon	(BC)	and	polycyclic	aromatic	hydrocarbons	(PAHs),	to	establish	their	cor-
relations with the meteorological parameters and other pollutants, and to distinguish sources of pollution for the 
autumn	of	2022	in	Burgas	city,	Bulgaria	(42.3141N,	27.2647E,	at	30	m	a.s.l.).	The	PM₂.₅	sampling	and	BC	analysis	
were	done	by	Giano	BC	PMx	sampler	(DadoLab)	in	which	BC	concentrations	were	measured	based	on	reflectance	
of	the	laser	beam	instead	of	transmittance	and	calculation	of	Optical	Absorbance	Coefficients.		The	assessment	
of 16 US-EPA priority PAHs plus coronene, perylene and benzo[e]pyrene was performed by extraction and sub-
sequent	GC–MS/MS	analysis.	The	registered	concentrations	are	summarized	in	Fig.	1.	The	following	significant	
correlations	are	observed:	meteorological	parameters	–	PM₂.₅	with	atmospheric	pressure,	BC	with	wind	speed	
and	∑PAHs	with	atmospheric	temperature,	dew	point	and	wind	speed;	other	pollutants	-	PM₂.₅	and	BC	correlate	
with	PM₁₀,	O₃,	NO,	NO₂,	CO	and	benzene,	while	PAHs	correlates	with	O₃,	NO,	NO₂	and	CO.	Source	apportionment	
based on mentioned results and the PAHs diagnostic ratios was performed as well.

Acknowledgements
The research was funded by BNS Fund through contract № КП-06-Н 34/9 -19.12.2019.

Fig. 1 Box-whiskers plot of measured concentrations: green – PM₂.₅ in μg/m³; blue – BC in μg/m³ and as rel. % (part of PM₂.₅); 

orange - ∑PAHs in ng/m³ and as rel. %×100 (part of PM₂.₅)
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Transferring molecular chirality to and from supramolecular chirality

Karlijn  Meerman* 1, Marc Geerts 1, Kayleigh van Esterik 1, Armin  Kiani 1, Kirill Mikhailov 1, Sijbren Otto 1

1 University of Groningen, Groningen, The Netherlands

For centuries, scientists have been fascinated by the homochirality observed in nature, and 
despite ongoing research, its origin has not yet been unraveled. The transfer of chirality from one molecular 
system to another is an important topic in the emergence of chirality in primitive life. Our group serendipitously 
discovered	 self-replicating	 systems	 that	 show	 chiral	 symmetry	breaking	 and	 asymmetric	 amplification	 at	 the	
supramolecular level, but transferring the supramolecular chiral information into molecular chirality remains 
elusive. One approach would be to use the chiral supramolecular assembly as enantioselective catalyst (absolute 
asymmetric	catalysis).	As	a	first	step	toward	this	objective	we	used	chiral	fibers	emerging	from	chiral	building	
blocks and were able to successfully control the enantiomeric excess in the product of a Friedel-Craft alkyla-
tion/ Michael addition. Although the obtained enhancement is still relatively low and chiral building blocks were 
used,	this	work	presents	the	first	example	of	enantioselectivity	dictated	by	a	self-replicating	system.	We	also	ad-
dressed the transfer of molecular to supramolecular chirality. We found that (non-)covalent chiral additives and 
chiral	co-solvents	can	simultaneously	affect	the	configurational	as	well	as	conformational	outcome	during	the	
emergence of self-replicators, yielding behavior that is sensitive to subtle changes in composition. The further 
development and integration of these two discoveries would yield a system that creates and propagates chirality 
spontaneously, potentially informing on the emergence of natural homochirality. 
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APPLICATION OF NANOCOMPOSITES IN SOLID RESIDUES OF WASTEWATER

María Quintana, Karenina Macazana*  

1 National University of Engineering, Lima, Peru

The National University of Engineering has a baseline of research carried out regarding the design and evaluation 
of iron nanocomposites, the wastewater treatment process and the anaerobic digestion process in batch-type 
biodigesters.
There are works carried out in this area which indicate that magnetite nanoparticles also have nanotechnological 
applications in energy production. An example of what has been mentioned is the researcher Eudald Casals [1], 
who used a single substrate and added Fe3O4 nanoparticles with a concentration of 100 ppm in a bioreactor at 
mesophilic temperature (37 °C), for 60 days and the results showed a 180% increase in biogas production and 
234% increase in methane production.
Therefore, our three lines of work are the following:
1.	Systematic	production	of	magnetite	nanoparticles	to	study	their	effects	on	anaerobic	digestion,	in	batch	and	
continuous	flow	bioreactors.	The	main	measurement	that	will	be	carried	out	will	be	biogas	production	(ml)	vs	
time on the hydraulic retention scale for a suitable substrate.
2. Implementation of a “batch biodigester for laboratory tests”. Variable monitoring.
3.	 Feasibility	 study,	 limits,	 parameters	of	 the	application	of	NPs	 (Nanoparticles)	 in	 a	 continuous	flow	 reactor.	
Study of the toxicity of NPs in the wastewater treatment process. Exploration of ways to remove NPs during the 
wastewater treatment process.

REFERENCES:
[1] E. Casals et al., “Programmed iron oxide nanoparticles disintegration in anaerobic digesters boosts biogas 
production”, Small, vol. 10, no. 14, pp. 2801–2808, Jul. 2014.
[2] M. T. Varnero Moreno, “Biogas Handbook” MINENERGIA / PNUD / FAO / GEF, Chile, 2011.
[3]	J.	K.	Huertas	Parrales,	“Evaluation	of	the	removal	of	hydrogen	sulfide	in	biogas	through	the	aeration	method”,	
La Molina National Agrarian University, Peru, 2019.
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Figure1.Biogas production is shown for three experiments using NPs from Fe3O4 NP (black line, 7nm), using TMAOH at 10 mM 

(black line, open circles) and no NP (grey line, called control test). Note: This imagen belongs to the reference [1].
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Chiral symmetry breaking in self-synthesizing supramolecular polymers

Marc Geerts* 1, Stann van Baaren 1, Sofia Iosifidi 1, Karlijn Meerman 1, Adi Schoones 1, Meagan Beatty 1,  
Armin Kiani 1, Sijbren Otto 1

1 University of Groningen, Groningen, The Netherlands

How life can be created de-novo and how mixtures of achiral or racemic molecules can lead to homochiral living 
systems remain big, open questions in contemporary science. Self-replicators may have played a crucial role in 
this	process[1],	as	they	could	allow	for	propagating	chiral	information	and	asymmetric	amplification	under	far	
from equilibrium conditions.[2-5]
Recently,	we	identified	an	achiral	building	block	consisting	of	a	dithiol-headgroup	and	nucleobase	that	generates	
chiral	fibers	 through	chiral	 symmetry	breaking.	Upon	oxidation	 in	aqueous	buffer,	 the	 thiols	are	converted	 to	
disulfides	and	the	building	blocks	subsequently	form	macrocycles	of	varying	sizes	as	part	of	a	dynamic	combina-
torial	library.	Upon	stirring,	we	observed	the	selective	formation	of	chiral	3mer	fibers	as	measured	by	UPLC-MS,	
TEM, and circular dichroism spectroscopy. The symmetry breaking process is stochastic and yields a binary distri-
bution	of	positive	and	negative	CD	signals.	Chirality	could	be	transferred	from	a	set	of	preformed	fibers	to	newly	
forming	fibers	through	seeding	and	subsequent	stirring	and	air-oxidation.		
Current	work	aims	to	establish	if	these	fibers	are	self-replicating,	if	the	symmetry	breaking	process	occurs	through	
Viedma ripening (or another process), and if they can be employed in enantioselective catalysis. The latter would 
allow for the transfer of supramolecular chirality to chiral, molecular products.[6]

1.	Ribó,	J.	M.;		Crusats,	J.;		El-Hachemi,	Z.;		Moyano,	A.;	Hochberg,	D.,	Chemical	Science	2017,	8	(1),	763-769.
2. Blackmond, D. G., Chemical Reviews 2020, 120 (11), 4831-4847.
3. Bonner, W. A., Origins of life and evolution of the biosphere 1991, 21 (2), 59-111.
4. Sögütoglu, L.-C.;  Steendam, R. R. E.;  Meekes, H.;  Vlieg, E.; Rutjes, F. P. J. T., Chemical Society Reviews 2015, 44 
(19), 6723-6732.
5. Sang, Y.; Liu, M., Symmetry 2019, 11 (8), 950.
6. Crusats, J.; Moyano, A., Synlett 2021, 32 (20), 2013-2035

Schematic overview of the formation of chiral, non-racemic supramolecular polymers from a dynamic combinatorial library.
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Complex dynamics in pH-dependent enzymatic reaction networks

Nikita Ivanov* 1, Alexandar Slivkov 1, Souvik Ghosh 1, Luke Rijntjes 1, Wilhelm Huck 1

1 Radboud University Nijmegen, Nijmegen, The Netherlands

Enzymes are a great tool for engineering of reaction networks with controlled behaviour that are used in function-
al biocompatible materials[1-2] and have potential for molecular information processing[3-4]. Certain enzymes 
catalyze reactions with change of pH, such as urease (hydrolysis of urea to ammonia) and esterase (hydrolysis of 
esters	to	acids).	Such	reactions	are	of	particular	interest	because	in	weak	buffers	they	essentially	exhibit	non-Mi-
chaelis–Menten kinetics and they can be coupled to various secondary processes dependent on pH. For instance, 
compartmentalized networks of urease were demonstrated to undergo density dependent autoactivation[1], and 
Ur/Est network was applied to time program gel–sol transitions[2].
In the current work, we explore how compartmentalization expands the scope of complex dynamic behaviours 
exhibited by such systems. We use immobilization on polyacrylamide–polyacrylic acid beads[3] to spatially re-
solve	the	networks	in	microstructured	reactors,	and	to	maintain	the	networks	in	flow	reactors.	Further,	we	intro-
duce novel photoswitchable inhibitors of urease that allow for control over the networks by UV and blue irradia-
tion. We demonstrate how this toolbox gives rise to a range of new types of complex behaviours in urea–urease 
and related networks, and how we can use this to control activity of other enzymes.

1.	V.	Markovic,	T.	Bánsági,	D.	McKenzie,	A.	Mai,	J.	Pojman,	A.	Taylor.	Influence	of	reaction-induced	convection	on	
quorum sensing in enzyme-loaded agarose beads. Chaos. 2019. 29, 033130.
2. L. Heinen, T. Hauser, A. Steinschulte, A. Walther. Antagonistic Enzymes in a Biocatalytic pH Feedback System 
Program Autonomous DNA Hydrogel Life Cycles. Nano Lett. 2017. 17, 8, 4989–4995.
3. N. Ivanov, M. Baltussen, C. Fernández Regueiro, M. Derks, W. Huck. Computing Arithmetic Functions Using Im-
mobilised Enzymatic Reaction Networks. Angew. Chem.Int. Ed. 2023. 62, e202215754.
4. D. Kriukov, A. Koyuncu, A. Wong. History Dependence in a Chemical Reaction Network Enables Dynamic Switch-
ing. Small. 2022. 18, 2107523.
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Cobining pigments core to develop a pseudo-natural dye

Lucas Hess* 1, Erick Bastos 1

1 University of São Paulo, São Paulo, Brazil

Plant secondary metabolites serve specialized roles, such as antioxidants, pigments, and pheromones. For in-
stance,	 anthocyanins,	which	 are	derived	 from	L-phenylalanine,	 are	well-known	 for	 their	 effective	 antioxidant	
properties in living organisms1. However, their sensitivity to pH and other chemical agents limits their appli-
cation as colorants in food and cosmetics. While anthocyanins are widespread through out the plant kingdom, 
betalains replace them in some plant families belonging to the Caryophyllales order. Betalains have gained sig-
nificance	as	redox	mediators	and	safe	dyes.	Interestingly,	these	pigments	have	never	been	found	coexisting	with	
anthocyanins in the same living organism2. Utilizing natural products presents various obstacles, such as sea-
sonality, scalability, and safety. Pseudo-natural products, created through synthesis or semisynthesis, provide 
a solution by merging natural molecular structures with targeted chemical functions3. This method enables the 
development of new molecules with customized properties4. In this work, we introduce pseudo-natural products 
derived	from	combining	the	scaffolds	of	betalains	and	anthocyanins	which	finds	a	potential	application	as	safe	
dyes and antioxidants. This family of compounds, named WineBeets, is produced using environmentally friendly 
methods that use betalamic acid extracted from beetroot juice as the starting material. WineBeets demonstrate 
high	coloring	power	and	are	effective	radical	scavengers.	Initial	toxicity	studies	reveal	that	WineBeets	show	low	
cytotoxicity and do not act as photosensitizers, meaning they don’t produce singlet oxygen. This result contrasts 
with	previous	observations	with	other	anthocyanin	analogues,	specifically	pyranoflavylium	compounds.	Utilizing	
chemical methods, we developed a molecule that could never exist in living organisms. While total synthesis of 
these	pseudo-naturalproducts	would	be	challenging,	our	semisynthetic	approach	offers	a	clean	and	efficient	way	
to achieve such high molecular complexity. This innovation could pave the way for a new class of 
biocompatible compounds with potential technological applications.

References
1. doi.org/10.1590/0001-3765201820170492
2. doi.org/10.1038/s41557-019-0411-x
3. doi.org/10.3390/molecules24173078 
4. doi:10.1126/sciadv.aaz0421
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Disordered antiperovskite cathode materials for solid-state batteries

Xavier Kouoi* 1,2, Marine Reynaud 2, Marnix Wagemaker 1, Theodosios Famprikis 1

1 TU Delft, Delft, The Netherlands, 2 CIC EnergiGUNE, Vitoria-Gasteiz, Spain

Lithium-ion solid-state batteries (SSB) are promising alternatives to conventional batteries due to their potential 
safety, high energy density and better cyclability [1]. These batteries store electricity by extracting/inserting 
lithium ions into the cathode when charging/discharging the battery, respectively. These operations induce vol-
ume change, which is an important factor to control during the development of SSBs because it can cause loss of 
contact between components or cracking within the battery. So, a key requirement for next-generation cathode 
materials is to have a very low electrochemical volume change. 
Li2FeOS is a newly discovered cathode material for Li-ion batteries [2] and promising candidate for solid-state 
batteries. It is a disordered antiperovskite with oxygen and sulfur making up an immobile anionic framework, 
and the cations disordered in a single crystallographic site (occupied 67% by Li+ atoms and 33% by Fe2+ atoms, 
see Figure 1). The highly symmetric cubic structure addresses the issue of cathode expansion/contraction by 
dissipating	the	electrochemical	strain	isotropically.	Moreover,	Li2FeOS	is	reported	to	have	a	competitive	specific	
capacity of 280mAh/g [2][3]. 
Performance	aside,	cation	disorder	allows	for	chemical	flexibility	on	the	choice	of	transition	metals.	As	opposed	to	
current state-of-the-art materials that rely on cobalt (expensive, unethically sourced and scarce), disordered cath-
ode materials can make use of cheaper, more widely-available and more sustainable transition metals such as iron 
[4]. This anticipates future scalability concerns and provides a realistic solution for a clean energy transition.

This PhD project is carried out in collaboration by TU Delft and CIC EnergiGUNE. It is funded by NWO and ALIS-
TORE ERI.

[1] Famprikis et al. Nat. Mater. 2019 
[2] Lai et al. J. Am. Chem. Soc. 2017
[3] Mikhailova et al. Appl. Energy. Mater. 2018
[4] Clément et al. Energy Environ. Sci. 2020

Figure 1: silver diffraction (Kα=0.56 Å) pattern of Li2FeOS cathode material. A secondary phase LiFeO2, also found in ref [2], 

can be indexed. The insert illustrates the cubic crystal structure of Li2FeOS and the cation disorder.
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Elucidating Electron Transfer Events in Polypyridine Nickel Complexes

Craig Day* 1

1 Aarhus University, Aarhus, Denmark

Polypyridine ligated nickel complexes have found considerable echo as privileged catalysts in a wide variety of 
cross-coupling reactions.[1] The rapid adoption of these complexes is tentatively attributed to their ability to 
shuttle	between	different	oxidation	states	by	electron-transfer	scenarios.	While	disproportionation,	compropor-
tionation or reduction events play an important role of utmost relevance in the Ni-catalyzed cross-coupling arena, 
the factors responsible for enabling electron-transfer are poorly understood in mechanistic terms.[2] Indeed, 
progress	in	this	field	is	mainly	based	on	empirical	discoveries.	Herein,	we	disclose	an	unprecedented	look	into	
the reactivity of pseudohalide and halide ligated Ni(II) complexes supported by polypyridine ligands. We have 
found that the nature of the anionic ligand has a striking, non-negligible impact on the key electron-transfer 
events. From a broader perspective, this study provides rationalizations to previously overlooked and funda-
mental	 steps	within	 the	Ni-catalyzed	 cross-coupling	 arena,	 thus	offering	 a	 new	gateway	 for	 designing	 future	
Ni-catalyzed endeavors.

References:
[1] Diccianni, J. B.; Diao, T. Mechanisms of Nickel-Catalyzed Cross-Coupling Reactions. Trends in Chemistry 2019, 
1 (9), 830-844.
[2]	Kapat,	A.;	Sperger,	T.;	Guven,	S.;	Schoenebeck,	F.	Olefins	through	 intramolecular	 radical	 relocation.	Science	
2019, 363 (6425), 391-396.
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Membrane targeting lipopeptide as a potent antibiotic adjuvant

Apurva Panjla* 1,2, Grace  Kaul 2,3,4, Manjulika  Shukla 3, Abdul Akhir 3, Sarita  Tripathi 3, Ashish Arora 3,  
Sidharth Chopra 3,4, Sandeep  Verma 2,5

1 BLAVATNIK CENTER for Drug Discovery, Tel Aviv University, Tel Aviv, Israel, 2 Department of Chemistry, Indian Institute of 
Technology, Kanpur, Kanpur, India, 3 CSIR-Central Drug Research Institute, Lucknow, India, 4 Academy of Scientific and Innovative 
Research (AcSIR), Ghaziabad, India, 5Mehta Family Center for Engineering in Medicine, Center for Nanoscience, Indian Institute of 
Technology Kanpur, Kanpur, India

Globally, infections due to multi-drug resistant MDR Gram-negative bacterial (GNB) pathogens, are on the rise, 
negatively impacting morbidity and mortality, thus demanding urgent alternatives for their treatment. Herein, we 
report the ultrashort, cationic lipopeptide SVAP9I, which demonstrated potent, broad-spectrum antibiotic activity 
against critical MDR-GNB pathogens with fast, concentration-dependent bactericidal action and no detectable re-
sistance. SVAP9I damaged both the outer and inner membranes, reduced the amount of ATP inside the cell, which 
made	narrow-spectrum	antibiotics	more	effective	against	multiple	GNB	pathogens,	such	as	carbapenem-resistant	
A. baumannii (CRAB), which is a WHO critical priority pathogen. In murine in vivo model, SVAP9I and rifampicin 
synergized	to	express	excellent	antibacterial	efficacy	against	MDR-CRAB	while	outcompeting	polymyxin	B.	Taken	
together, SVAP9I’s novel mechanism, lack of resistance, and strong in vivo potency suggest its potential as a novel 
antibiotic adjuvant for the treatment of serious MDR-GNB infections.

References:
1. A. Panjla, G. Kaul, S. Chopra, A. Titz, and S. Verma, ACS Chem. Biol., 2021, 16, 2731–2745.
2. A. Panjla, G. Kaul, M. Shukla, S. Tripathi, N. N. Nair, S. Chopra, and S. Verma, Chem. Commun., 2019, 55, 8599–8602.
3. A. Panjla, G. Kaul, M. Shukla, S. Chopra, and S. Verma, IN Patent App. 202,111,021,540.

Schematic illustration of membrane disruption caused by our synthesized lipopeptide in polymyxin B resistant E. coli.  

Moreover, it  resulted in potentiation of Rifampicin towards multidrug resistant Gram-negative bacteria by facilitating its 

transport across the obstructive dual membrane.
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Metal Organic Cages: Confinement, Catalysis and Bio Application

Eduard Bobylev* 1,2, David Poole III 2, Ye Zeng 3, Renzo Knol 3, Simon Mathew 2, Alexander Kros 3, Bas de Bruin 2, 
Joost Reek 2

1 Massachusetts Institute of Technology, United States, 2 University of Amsterdam, The Netherlands, 3 Leiden University,  
The Netherlands

Inspired by the importance of self-assembly processes found in natural systems, metal-organic cages (MOC) with 
the	general	formula	MnL2n	have	been	reported.¹	The	well-defined	three	dimensional	shape	of	nanocages	dif-
ferentiate	them	from	classical	molecules	and	offers	an	opportunity	for	new	avenues	into	host–guest	chemistry,	
catalysis and sensing. Unfortunately, many MOC decompose when exposed to physiological or catalytical condi-
tions. To improve the application scope, novel robust assemblies are highly desirable.
I explored in detail the self-assembly process of robust MOC with strong metal-ligand bonds and provide guid-
ing principles for their selective formation.² The robust MOC allow exploration of novel guest-binding con-
cepts	by	utilization	of	the	MOC	specific	shapes.	I.e.,	this	non-classical	methodology	allows	MOCs	to	bind	multi-
ple	fullerenes,³	substrates	and	even	proteins⁴	and	RNA.⁵	The	latter	is	a	new	platform	for	gene	delivery	and	we	
demonstrate	that	MOCs	deliver	active	RNA	selectively	among	different	cell	types.⁵	MOCs	uniqueness	stems	from	
their	well-defined	shape	and	size.	My	poster	provides	all	required	tools	for	the	preparation	of	stable	MOC	and	the	
application	of	their	well-defined	structures.	I	hope	to	inspire	a	transition	to	robust	MOC	so	that	we	can	develop	
the next generation of supramolecular devices and medicine. 

[1] D. Fujita, Y. Ueda, S. Sato, H. Yokoyama, N. Mizuno, T. Kumasaka, M. Fujita, Chem 2016, 1, 91-101.
[2] E. Bobylev, D. Poole, B. de Bruin, J. Reek, Chem. Sci. 2021, 12, 7696–7705. 
[3] E. Bobylev, D. Poole, B. de Bruin, J. H. Reek, J. Am. Chem. Soc. 2022, 144, 34, 15633–15642
[4] E. Bobylev, R. Knol, S. Mathew, D. Poole, I. Kotsogianni, N. Martin, B. de Bruin, A. Kros, J. Reek, Chem. Sci. 2023, 
DOI 10.1039/d3sc01086d. 
[5]	E.	Bobylev,	Y.	Zeng,	K.	Weijgertse,	E.	Koelman,	E.	Meijer,	B.	de	Bruin,	A.	Kros,	J.	Reek,	Chem	2023,	9,	1578–1593.
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Atmospheric Water Harvesting with Metal–Organic Frameworks

Nikita Hanikel* 1, Mathieu S. Prévot 2, Daria Kurandina 2, Saumil Ccheda 3, Xiaokun Pei 2, Zhiling Zheng 2, Hao Lyu 2, 
Farhad Fathieh 2, Eugene Kapustin 2, WooSeok Jeong 3, Haoze Wang 2, Zichao Rong 2, Nicolas J. Diercks 2, S. Ephraim 
Neumann2, J. Ilja Siepmann3, T. Grant Glover4, Joachim Sauer5, Laura Gagliardi6, Omar M. Yaghi2

1 University of Washington, Seattle, United States, 2 University of California, Berkeley, United States, 3 University of Minnesota, 
Minneapolis, United States, 4 University of South Alabama, Mobile, United States, 5 Humboldt-Universität zu Berlin, Berlin, 
Germany, 6University of Chicago, Chicago, United States

Advancement	of	supplemental	methods	for	freshwater	generation	is	imperative	to	effectively	address	the	global	
water shortage crisis. In this regard, extraction of the ubiquitous atmospheric moisture is a powerful strategy 
allowing for decentralized access to potable water. The energy requirements as well as temporal and spatial re-
strictions of this approach can be substantially reduced if an appropriate sorbent is integrated in the atmospheric 
water generator. Accordingly, herein, we show the development, characterization, and practical utilization of met-
al–organic frameworks (MOFs) as sorbents for water capture from air. In particular, the molecule-by-molecule wa-
ter	uptake	mechanism	in	the	state-of-the-art	water-harvesting	MOF	is	discerned	by	utilizing	single-crystal	X-ray	
diffraction	analysis	(Fig.	1A).	Equipped	with	this	knowledge,	a	strategy	to	deliberately	shape	the	water-harvesting	
properties through the mixed-linker approach is developed. This allows for a reduction in desorption tempera-
ture and heat, as well as tuning of the operational humidity range without compromises to water uptake capacity 
and hydrothermal stability (Fig. 1B). To facilitate the industrial utilization of these materials, a novel, high-yield-
ing synthetic method is devised, which allows for kilogram-scale production of water-harvesting MOFs. Addition-
ally, a new strategy for enhancing the water uptake capacity of these materials is developed. Lastly, the water 
mobility in these materials is probed and compared to other commercially available sorbents. The insights from 
studying the water uptake kinetics are implemented in a new and highly productive atmospheric water harvester 
relying on fast uptake and release cycling (Fig. 1C). The prototype is successfully deployed in the Mojave Desert, 
thus establishing MOF-assisted water harvesting as a viable strategy to address water scarcity in arid climates.

Fig. 1 | Atmospheric Water Harvesting with MOFs: (A) Primary water adsorption sites of MOF-303. (B) Water sorption 

isotherms of the mixed-linker MOF series, composed of 1H-pyrazole-3,5-dicarboxylic acid and furan-2,4-dicarboxylic acid. (C) 

Schematic representation of a rapidly cycling water harvester.
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Metal-Organic Framework-Supported Cobalt Catalyst for N-Formylation of 
Amines

Rahul Kalita* 1, Kuntal Manna 1

1 IIT Delhi, New Delhi, India

Formamides are an important class of chemicals, widely used as solvents and raw materials for synthesizing 
pharmaceuticals,	agrochemicals,	dyes,	polymer	materials	and	fine	chemicals.	Catalytic	N-formylation	of	amines	
using	CO₂	 is	 considered	pivotal	 for	 the	 sustainable	 synthesis	of	 formamides.	Herein,	we	 report	 an	aluminum	
metal–organic framework node-supported single-site cobalt(II) hydride catalyst (DUT-5-CoH), which is an active 
heterogeneous catalyst for transforming both primary and secondary amines, as well as anilines, into the corre-
sponding	N-formamides	utilizing	CO₂	and	either	H₂	or	phenylsilane	as	a	reducing	agent.	DUT-5-CoH	is	tolerant	to	
a	range	of	amine	substrates	bearing	various	functional	groups	under	10	bar	CO₂.	Various	aromatic	and	aliphatic	
primary amines as well as secondary amines were readily converted to the corresponding N-formamides in excel-
lent yields and selectivity. The MOF could be recycled and reused up to 15 times without decreasing the catalytic 
activity in the N-formylation of p-methoxybenzylamine. The kinetic, spectroscopic and density functional theo-
ry	calculation	studies	suggest	that	the	reaction	of	DUT-5-CoH	and	CO₂	forms	cobalt-formate,	which	undergoes	
PhSiH₃	assisted	formamide	formation	with	benzylamine	in	the	turnover	limiting	step.	This	work	highlights	the	de-
velopment	of	robust	single-site	earth-abundant	metal	catalysts	based	on	metal–organic	frameworks	for	efficient	
and	chemoselective	N-formylation	of	amines	using	CO₂.	The	use	of	earth-abundant	metals	and	the	advantages	of	
recycling	and	reusing	the	MOF-Co	catalyst	make	the	N-formylation	process	cost-efficient.	This	research	is	funded	
by CSIR-HRDG [01(3040)/21/EMR-II]. Authors acknowledge the Central Research Facility, IIT Delhi, for instrument 
facilities.

Reference.
Newar,	R.;	Kalita,	R.;	Akhtar,	N.;	Antil,	N.;	Chauhan,	M.;	Manna,	K.	N	-Formylation	of	Amines	Utilizing	CO₂	by	a	Het-
erogeneous Metal–Organic Framework Supported Single-Site Cobalt Catalyst. Catal. Sci. Technol. 2022, 12 (22), 
6795–6804. 

Design of a heterogeneous metal-organic framework supported single-site cobalt catalyst for N-formylation of amines 

utilizing CO₂
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Homogeneous Electrocatalytic Hydrogenation of Alkynes

Sjoerd Verbeek* 1, Dennis Hetterscheid 1, Elisabeth Bouwman 1

1 Leiden University, Leiden, The Netherlands

Hydrogenation	 reactions	are	of	great	 importance	 in	 the	fine	chemical	 industry,	 in	most	cases	 these	 reactions	
are carried out over heterogeneous catalysts using hydrogen gas. This hydrogen gas is also commonly used by 
homogeneous	catalysts	to	reduce	unsaturated	substrates.	A	way	to	not	make	use	of	flammable	hydrogen	gas	is	
by perfoming electrochemical hydrogenation, this has mostly been explored using noble metal electrodes. In our 
approach	we	use	first-row	transition	metal	complexes	to	semi-hydrogenate	alkynes	to	alkenes	with	electrochem-
istry. Two common side reactions in this process are proton reduction to form dihydrogen, and overhydrogenation 
to the alkane product. We try to suppress these side reactions by carefully choosing our catalyst system. 
Our approach for the development of molecular electrocatalysts for the semi-hydrogenation of alkynes to alkenes 
is by using molecular cobalt or nickel catalysts which are easy to synthesize and are already known as homoge-
neous hydrogenation catalysts. Our results show that the cobalt and nickel catalysts are capable of semi-hydro-
genating	simple	alkynes	to	the	corresponding	alkene	with	some	control	over	the	E/Z	selectivity.	The	results	of	
this study are expected to contribute to further development of molecular catalysts capable of hydrogenating 
more complex organic molecules.

Schematic overview for the electrocatalytic hydrogenation with metal complexes
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In-silico design of tryptamine analogs for neurodegenerative diseases

Santiago Pirela* 1, Ana Romero 2, James Guevara 3

1 El Bosque University, Bogotá, Colombia, 2 El Bosque University, Bogotá, Colombia, 3 El Bosque University, Bogotá, Colombia

Millions of people have been diagnosed with neurodegenerative pathologies, which has started a public health 
problem that is increasing; Neurodegenerative diseases are responsible for conditions that progressively dam-
age brain cells, causing loss of synaptic interconnections, producing problems in vital functions such as mobility, 
memory	and	thought	[₁].	Current	treatments	involve	three	types	of	drugs,	benzodiazepine	derivatives,	dopami-
nergic precursors, and selective serotonin reuptake inhibitors (SSRIs). Such treatments reduce symptoms, but 
reportedly	produce	negative	effects	and	drug	dependence	in	the	patient	[₂].	Current	advances	in	neuroscience	
show promising results using tryptamines due to their variable agonist activity at 5-hydroxytryptamine (5-HT) 
receptors and their structural similarity to serotonin, which is responsible for various physiological processes and 
its	dysfunction	has	been	linked	to	onset	of	diseases	such	as	Parkinson’s	and	Alzheimer’s	[₃].		
Using various computational tools, ligand-based virtual screening (LBVS) and structure-based virtual screening 
(SBVS)	were	performed	to	obtain	two	final	molecules;	a	promising	candidate	against	Parkinson’s	(T420)	and	a	
potential	Alzheimer’s	drug	(56),	both	with	less	toxic	properties	regarding	existing	drugs,	specifically,	selective	
serotonin reuptake inhibitors (SSRIs). In the computer-aided drug-discovery process, more than 35 analogues of 
interest were designed using the INQA-ANN neural network, a predictive toxicity model based on IC50 values   of 
various	tryptamines	was	built	to	filter	between	the	analogues	and	obtain	a	rational	drug	design.	The	T420	can-
didate	was	synthesized	via	nucleophilic-acyl	substitution	(34.83%	total	yield),	and	its	obtention	was	confirmed	
using NMR at 400MHz. The 56 analogue will be explored in further investigations.

References: 
1. Ferrero H, Solas M, Francis PT, Ramirez MJ: 10.1007/s40263-016-0399-3
2. Cartwright C, Gibson K, Read J, Cowan O: 10.2147/PPA.S110632
3. Dallé E, Mabandla MV: 10.1186/s13041-018-0356-9
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Tritium selective porous electrode at highly alkaline condition

Youngho Sihn* 1, Chan Woo Park 1, In-ho Yoon 1, Hee-Man Yang 1, Hyung-Ju Kim 1, Ilgook Kim 1

1 Korea Atomic Energy Research Institute, Daejeon, South Korea

In 2011, the Fukushima disaster occurred following a magnitude 9.0 earthquake and a subsequent tsunami. The 
disaster, the meltdown of six reactors at the Fukushima Daiichi Nuclear Power Plant, has released the radioactive 
isotopes including Cs-137 (15,000 teraBq), Sr-90 (hundreds teraBq), and I-131 (1,500 teraBq) into the environ-
ment. Substantial amounts of isotopes have been released into the groundwater, therefore, the contaminated 
groundwater is pumped up and remediated by the sequential treatment process such as KURION and SARRY. 
However,	 the	conventional	process	cannot	effectively	separate	 tritium	from	groundwater	because	 tritium	has	
identical properties to protium except for molar mass. 
Several	efforts	have	been	made	to	develop	the	technology	that	effectively	separates	tritium	from	groundwater,	
e.g., water distillation, liquid phase catalytic exchange, electrolysis, and adsorption. Among the technologies, 
electrolysis	has	been	known	as	the	most	effective	technique	that	separates	tritium	from	light	water.	However,	it	
cannot be implemented in the treatment of high-volume and low-level tritiated water, i.e., Fukushima tritiated 
water, because the separating process would be operated through electrolysis of high-volume light water imply-
ing the demand for a huge amount of electrical energy.
We developed a porous electrode that selectively binds tritium in light water. In highly alkaline light water, the 
tritium binding performance of carbon-based materials has been evaluated. The developed electrode can sep-
arate	tritium	from	light	water	via	selective	adsorption	of	tritium	and	subsequent	gasification	of	the	adsorbed	
tritium through the electrolysis process.
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Tête-à-Tête: How can furanic polyesters form stereocomplexes?

Antonis Vasileiadis* 1, Styliani - Theodosia  Korfia 1, Myrto Sarigiannidou 1, Katja Loos 1

1 University of Groningen, Groningen, The Netherlands

Contemporary polymer chemistry research is focused on sustainable solutions to replace fossil-based plastics. 
Although biobased building blocks and biobased polymers have increased their visibility in recent years, they 
still lack the physical properties that will establish them as competitive counterparts to petrochemical polymers. 
A successful approach to improve the thermal resistance and mechanical performance of biobased polymers such 
as PLA, allowing access to higher-performance materials, is stereocomplexation.
In principle, semicrystalline furanic polyesters synthesized from chiral active monomers could also form ste-
reocomplexes. To understand this intriguing phenomenon, we revisit and model the type of addition (head-to-
head or head-to-tail) that takes place during the reaction between dimethyl furan dicarboxylate (DMFD), (s)-1,2 
propane diol and (r)-1,2-propane diol. The sequence order of 1,2-propane diol in the polyester structure should 
be strictly controlled to repeat the sequence of secondary OH (2C) in the primary OH (1C) direction to achieve 
crystallinity. Hence, furanic stereocomplexes can be attained when the addition of monomer units yields methyl 
groups on interminable carbons. Herein, we report a detailed investigation of the microstructure of these furanic 
polyester samples by 1H, 13C and multiplicity edited HSQC, DEPT-135, TOCSY, COSY and NOESY NMR experi-
ments	specifically	tracking	head-to-head	units.	In	this	way,	we	evaluate	the	potential	of	these	polyesters,	PLPF	
and PDPF namely, to form stereocomplexes (Figure 1), as they would favour the development of high-perfor-
mance	biobased	films,	bottles,	and	fibers.

Figure 1: Schematic representation of the stereocomplexed furan-based polyesters
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Graphene Oxide-Lanthanide Nanohybrids: Synthesis, Characterisation and 
Antibacterial Properties

Diego A. Acevedo-Guzmán* 1,2, Archontoula Giannakopoulou 3, Haralambos Stamatis 3, Petra Rudolf 1, Vladimir A 
Basiuk 4, Elena V Basiuk 2

1 Zernike Institute for Advanced Materials, University of Groningen, Groningen, The Netherlands, 2 Instituto de Ciencias Aplicadas 
y Tecnología, Universidad Nacional Autónoma de México, Mexico City, Mexico, 3 Department of Biological Applications and 
Technologies, University of Ioannina, Ioannina, Greece, 4Instituto de Ciencias Nucleares, Universidad Nacional Autónoma de 
México, Mexico City, Mexico

Metal decoration of graphene oxide (GO) has captured considerable attention in biomedical applications in re-
cent years because of its promising activity against a wide range of bacteria. Herein, we present a facile approach 
for the preparation of GO-nanohybrids with lanthanide (Ln) oxides and hydroxides (Ln = La, Eu, Gd, Tb) under 
relatively mild conditions via two solvothermal synthesis routes. The GO-Ln nanohybrids formation mechanism 
first	 involves	Ln3+	 ion	coordination	 to	 the	oxygen	 functional	groups	on	GO	surface	 followed	by	a	nucleation	
process	and	finally	the	growth	of	Ln2O3	and	Ln(OH)3	nanoparticles.	Scanning	(SEM)	and	Transmission	Electron	
Microscopy (TEM) images demonstrate that the Ln oxide/hydroxide nanoparticles size, shape and distribution on 
GO sheets vary broadly. The size can encompass from sub-nm dimensions (by TEM) in the case of Eu oxide to more 
than 10 μm (by SEM) for hydroxide nanoparticles. Moreover, the nanohybrids preserve the intrinsic planar hon-
eycomb-like	structures	of	graphene	with	the	typical	G	and	D	bands	in	Raman	spectra.	X-ray	Photoelectron	Spec-
troscopy and Fourier-Transform Infrared spectroscopy support the idea of an interaction between oxygen-con-
taining groups of GO and Ln ions. Antimicrobial activity studies of GO-Ln nanohybrids against Escherichia coli 
(Gram- bacteria) and Corynebacterium glutamicum (Gram+ bacteria) suggest that size, shape, distribution and 
physicochemical features of Ln oxide/hydroxide nanoparticles play a crucial role in their performance.
Acknowledgements.	 The	 authors	 acknowledge	financial	 support	 from	 the	National	Autonomous	University	 of	
Mexico (UNAM, grant DGAPA-IN100821. D.A. A.-G. is grateful to the Doctorate Degree Programme in Chemical 
Sciences of UNAM and CONACyT for the PhD scholarship. The authors thank LUCE-ICAT UNAM for the use of Ra-
man and FTIR equipment.
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Diols and Dicarboxylic Acids for Sustainable Functional Polymers

Rebecca Sebers* 1, Leon Klug 1, Kira Neubauer 2, Andrij Pich 1, Regina Palkovits 1

1 Institute of Technical and Macromolecular Chemistry, RWTH Aachen University, Aachen, Germany, 2 Henkel AG & Co. KGaA, , 
Henkelstraße 67, Düsseldorf, Germany

Functional polymers have become an indispensable part of modern life due to their diverse properties, as they 
can	achieve	great	effects	even	 in	very	 small	quantities.	 Therefore,	 they	 can	be	 found	 in	detergents,	 cleaning	
agents, paper and textile production, as well as in cosmetics and pharmaceuticals. Based on their application 
area,	functional	polymers	can	be	tailored	in	their	properties	to	achieve	dispersion,	flocculation,	agglomeration,	
adsorption and function as thickening agents. The lack of biodegradability of conventional polymers is a major 
drawback, which causes them to negatively impact the environment. To meet the increasing demand for func-
tional polymers in modern society, the sustainability aspect of such polymers must be addressed with innovative 
methods. This starts with the sustainable production and ends with the biodegradability of the polymers. 
For this reason, our research focus lies on the development of biomass-based and biodegradable functional poly-
esters that are thus as sustainable as possible and have the lowest possible impact on the environment. To obtain 
such polyesters, biomass-based functional monomers need to be synthesized. In this work, functional diols as 
well as dicarboxylic acids are chosen as biomass-based precursors for the formation of these polyesters. Polym-
erization	reactions	are	carried	out	with	these	precursors	to	obtain	the	desired	functional	polymers.	In	the	final	
step, the polyesters are evaluated regarding their properties and potential applications.

Acknowledgments: This work is funded by the German Federal Ministry of Education and Research (BMBF) within 
the	Bio4MatPro	project	(FKZ	031B1141B)

References:	[1]	A.	Göthlich,	S.	Koltzenburg,	G.	Schornick,	Chemie	in	unserer	Zeit	2005,	39,	262-273.
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Dehydrogenation/olefin metathesis catalyst for chemical recycling of 
polyolefins

Victor Drozhzhin* 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Polyolefins,	such	as	polyethylene	and	polypropylene,	represent	the	largest	segment	of	plastic	production,	ac-
counting for over half of the total plastic waste. Due to their high chemical stability, their recycling rates are the 
lowest	[1].	A	catalytic	process	based	on	tandem	dehydrogenation	–	olefin	cross	metathesis	system	is	a	recently	
developed	promising	strategy	for	the	efficient	recycling	of	polyolefin	waste	to	light	olefins	[2].
The combination of two catalytic functions leads to more parameters to optimize the catalytic performance. To 
understand	the	influence	of	each	catalyst	component	in	the	tandem	reaction,	we	first	studied		model	reactions.	
Propylene was used as a model compound for metathesis reaction, while n-decane was selected as a model com-
pound for dehydrogenation and dehydrogenation/self-metathesis reactions. We prepared a PtSn-Al2O3, with 
0.5 wt. % of metals (dehydrogenation catalyst) and WO3-SiO2 with 7 wt. % of metal (metathesis catalyst) by 
incipient	wetness	impregnation.	PtSn-Al2O3	demonstrated	high	selectivity	to	C10	olefins	(>	90%)	and	a	conver-
sion of n-decane of 10% at a reaction temperature of 425 °C. The metathesis catalyst (WO3-SiO2) could convert 
about 3% of propylene to ethylene and butylenes  at a temperature of 400 °C with reasonable stability during 
the reaction (6h). A wide range of hydrocarbons (C¬1–C18) was obtained by the combination of the two catalytic 
functions during the self n-decane metathesis reaction leading to a conversion of 10% in a temperature range  
400 – 500°C and pressure of 10 bar. The activity of the tandem system is mainly determined by dehydrogenation 
catalyst, while metathesis catalyst controls the carbon number of the formed products. 

References
[1] Britt P. F. et al. in Basic Energy Sciences Roundtable, 2019, pp. 1–56
[2] Ellis, L. D. et al. ACS Sustain. Chem. Eng., 2021, 9, 623–628
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Ultrafast CO Ad/Desorption on Catalytic Ruthenium Surfaces

Jintao Kong* 1, Begum Yilmaz 1, Han Mertens 1, Monique van der Veen 1

1 TU Delft, Delft, The Netherlands

Molecular insights into chemical reactions on temporal and spatial dimensions are of fundamental importance 
for catalysis.1 However, the state-of-the-art temporal resolution for observing catalytic reactions is limited to 
the microsecond scale, which means that only long-lived catalytic intermediates can be resolved.2 Aiming to 
achieve picosecond temporal resolution, we design a catalytic system comprising plasmonic gold-silica core-
shell	nanoparticles	and	small	catalytic	ruthenium	nanoparticles.	Due	to	the	photothermal	effect,	femtosecond	
pump laser pulses can increase the temperature of the plasmonic nanoparticles by hundreds of degrees within 
tens of picoseconds.3,4 The temperature jump will kick-start the catalytic reactions and thereafter the catalytic 
intermediates will be detected by the femtosecond probe laser pulses. This femtosecond pump-probe scheme 
can ensure the required temporal resolution and will be quite general. As proof of concept, we study CO adsorp-
tion and desorption on ruthenium nanoparticles, as these processes have already been proven to be ultrafast.5,6 
Our	findings	will	gain	deeper	insights	into	the	fundamental	surface	chemical	processes.	The	study	will	provide	
a proof-of-principle that heat-activated processes, like heterogeneous catalysis, can be probed on the subnano-
second time scale.

References
1. Meirer, F.; Weckhuysen, B. M. Spatial and temporal exploration of heterogeneous catalysts with synchrotron 
radiation. Nat. Rev. Mater. 2018, 3, 324-340.
2. Thibault-Starzyk, F. et al. Real-Time Infrared Detection of Cyanide Flip on Silver-Alumina NOx Removal Catalyst. 
Science 2009, 324, 1048-1051.
3.	Baffou,	G.;	 Rigneault,	H.	 Femtosecond-pulsed	optical	 heating	of	 gold	nanoparticles.	 Phys.	 Rev.	 B	2011,	 84,	
035415.
4.	Metwally,	K.;	Mensah,	S.;	Baffou,	G.	Fluence	Threshold	for	Photothermal	Bubble	Generation	Using	Plasmonic	
Nanoparticles. J. Phys. Chem. C 2015, 119, 28586-28596.
5. Bonn, M. et al. Phonon- versus electron-mediated desorption and oxidation of CO on Ru(0001). Science 1999, 
285, 1042-1045.
6.	Dell’Angela,	M.	et	al.	Real-Time	Observation	of	Surface	Bond	Breaking	with	an	X-ray	Laser.	Science	2013,	339,	
1302-1305.
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New families of 5-hydroxymethylfurfural derived biopolymers

Beatriz Chícharo* 1,2, Sami  Fadlallah 2, Florent  Allais 2, Fabio Aricò 1

1 Ca’foscari University, Venice, Italy, 2 URD ABI – AgroParisTech, Reims, France

Diminishing oil reserves, increasing demand, and the rising costs of petroleum-based raw materials associat-
ed with waste production has encouraged the plastic industry to seek substitute feedstocks from renewable 
sources [1]. As a result, the interest in polymers synthesized from natural resources - such as polysaccharides, 
lignin and furan-based derivatives - has been growing worldwide. One of these compounds, 5-(hydroxymethyl)
furfural (HMF), which can be produced easily and in high yield from a carbohydrate source (mainly fructose) [2], 
has quickly emerged as the prototypical bio-based platform chemical with a broad range of applications. Having 
both aldehyde and alcohol functional groups and an aromatic structure HMF is considered a versatile starting 
material for a variety of high value chemicals that can be used as monomers for the synthesis of a selection 
of bio-based polymers. One very promising example are polymers based on 2,5-furandicarboxylic acid (FDCA): 
poly(ethylene-2,5-furandicarboxylate) (PEF) and poly(butylene-2,5-furandicarboxylate) (PBF), which have the 
potential to replace their petroleum-derived counterparts: polyethylene terephthalate (PET) and polybutylene 
terephthalate (PBT) [3], due to their enhanced thermal an mechanical properties. Although  furan-based polymers 
have	received	particular	attention	from	the	scientific	community	in	recent	years,	the	industry	is	still	in	its	infancy.	
With this in mind,  this project  developed new furanic bio monomers starting from HMF, that can be used has 
building block to synthetize via addition polymerization and acyclic diene metathesis (ADMET) polymerization, 
several families of biopolymers. The structure and the properties of the novel furanic-based polymers were then 
studied to evaluate their potential industrial applications.

[1] R. Bielski et. al, Green Chem, vol. 23, no. 19, 7458–7487, 2021
[2] G. Trapasso et. al Org Process Res Dev, vol. 26, no. 10. J. Am. Chem. Soc, 2830–2838, 2022
[3] M. Jiang et. al J Polym Sci A Polym Chem, vol. 50, no. 5, 1026–1036, 2012

Graphical representation of the new furan-based polymers developed in this work
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Adsorption of Oxytetracycline by Biochar/Bentonite Composites

Pedro Ponce 1, Alejandro Arana 1, Juan Manuel Montes-de-Oca Avalos 1, Katherina Changanaqui 1, Alberto Corzo 1, 
Francisco Alejo 2, Hugo Alarcón 1, Raquel Lopez*  

1 Universidad Nacional de Ingeniería, Lima, Peru, 2 Universidad Nacional de San Agustín de Arequipa, Arequipa, Perú

The lack of using wastewater treatment processes in Peru let some drugs, such as oxytetracycline (OTC), increasing 
its concentration in water bodies year by year; for this reason, they are considered a risk associated with waste-
water discharges into the aquatic environment. (Nieto-Juárez et al., 2021). Therefore, some advanced treatments 
are	necessary	to	remove		that	contaminants.	Among	the	removal	methods,	adsorption	is	an	efficient	method	due	
to the feasible preparation of biochars from inexpensive materials, giving a large surface area materials (Fu et al., 
2020). The aim of this work is to adsorp OTC from water samples by a composite comprising 2 active materials: 
natural bentonite and biochars obtained from reed wood (Phragmites Australis). The preparation process was as 
follows: pretreated reed wood (cut up, blended and rinsed) and bentonite (rinsed and activated with 2.0 M HCl 
solution)	in	a	1:1	ratio	were	mixed	with	ZnCl2	solution	and	stirred	for	10h.	After	dried,	a	pyrolytic	process	was	car-
ried	out	at	400	°C	in	N2	atmosphere	for	4	h	at	10	°C	min-1.	Diffraction	patterns	revealed	the	presence	of	quartz,	
montmorillonite and feldspar structures, being the crystalline face (001) of montmorillonite the main peak. FTIR 
spectra showed the stretching of de C=C bond in the aromatic ring at 1587 cm-1 and 2 bands at 1022 and 794 
cm-1 corresponding to bentonite. BET isotherm gave a surface area of 515 m2.g-1. Kinetic studies showed that 
the composite was able to adsorb upon 87.4 % of OTC from 20 ppm solutions in 90 min with a dosage of 50 
mg/100	mL.	The	Temkin	isotherm	best	fit	the	results	in	equilibrium	state.	Results	suggested	that	the	material	
could	be	used	to	effectively	remove	OTC	from	aqueous	solutions.

Authors	want	to	thank	the	financial	support	given	by	CONCYTEC/PROCIENCIA	through	the	project	008-PROCIEN-
CIA-2021

SEM images obtained from activated bentonite and biochar. The kinetic results were best fit with a pseudo-second order 

equation. Temkin isotherm gave the best results explaining the adsorption in equilibrium state
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Defect-Engineering of UiO-66 Metal-Organic Framework for CO2 Fixation

Aasif Helal*  

1 Interdisciplinary Research Center for Hydrogen and Energy Storage, King Fahd University of Petroleum and Minerals, Dhahran, 
Saudi Arabia

It	is	becoming	increasingly	evident	that	the	economics	of	lowering	CO₂	emissions	from	the	atmosphere	are	not	
favorable	enough	to	adopt	 rapid	remedies	 to	 the	global	climate	change	 issue.¹	Thus,	efforts	have	focused	on	
using	CO₂	as	a	C1	building	block	to	make	fine	compounds	with	higher	economic	value.²	Since	CO₂	is	thermo-
dynamically	stable,	this	strategy	is	difficult,	but	there	are	key	types	of	compounds	that	could	employ	CO₂	as	a	
building component.³ Metal-organic frameworks (MOFs) are a large family of porous, crystalline materials whose 
backbone	architecture	may	be	precisely	regulated	on	the	atomic	level	for	gas	capture	and	catalytic	conversions.⁴	
Premediated introduction of defects into MOF backbones breaks the regular, periodic atom arrangements and 
improves	catalytic	capabilities	by	making	active	sites	more	accessible.⁵
A novel series of UiO-66 structures with linker-induced defects were synthesized and fully characterized. By 
using a linker functionalized with a free, dangling alkylamine that replaces the ordinary carboxylate coordinating 
group, up to 40% of the linkers incorporated within the UiO-66 framework were defect sites (Figure 1). The re-
sulting UiO-66 with linker-induced defects was then demonstrated to be a highly active and recyclable heteroge-
neous catalyst. When applied to three-component, solvent-free cycloadditions of epoxides with aromatic amines 
and	CO₂	at	ambient	pressure,	a	diverse	range	of	bioactive	oxazolidinone	compounds	were	isolated	in	significantly	
high yields (>90%) with quantitative conversions and regioselectivity.
 
Reference
1 C. Hepburn, E. Adlen, C. K. Williams, Nature, 2019, 575, 87-97.
2 I. Omae, Coord. Chem. Rev. 2012, 256, 1384-1405.
3 S. Dabral, T. Schaub, Adv. Synth. Catal. 2019, 361, 223-246.
4	C.	A.	Trickett,	A.	Helal,	Z.	H.	Yamani,	K.	E.	Cordova	and	O.	M.	Yaghi,	Nat.	Rev.	Mater.	2017,	2,	17045.
5 G. C. Shearer, S. Chavan, S. Bordiga, S. Svelle, U. Olsbye and K. P. Lillerud, Chem. Mater. 2016, 28, 3749-3761. 

Figure 1. Synthetic strategy for engineering linker-induced defects within the zirconium-based MOF, UiO-66. Atom colors: Zr: 

blue; C: grey; N: green; and O: red. H₂BDC- 1,4-benzene dicarboxylic acid; 4-AMBA- 4-(aminomethyl)benzoic acid; UiO-66-X, 

where X is the mol% ratio of 4-AMBA
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Ni-N-C on different supports for CO2 electrochemical reduction

Shilong Fu* 1, Boaz Izelaar 1, Ming Li 1, Qi An 1, Min Li 1, Wiebren de Jong 1, Ruud Kortlever 1

1 Delft University of Technology, Delft, The Netherlands

Nickel-Nitrogen-Carbon	(Ni-N-C)	catalysts	are	highly	efficient	electrocatalysts	for	the	direct	electrochemical	re-
duction	of	CO₂	to	CO.	The	performance	of	these	catalysts	can	be	improved	by	adjusting	the	coordination	structure	
of	the	metal	center	and	the	morphology	and	porosity	of	the	carbon	supports.	However,	the	effect	of	the	carbon	
support	on	CO₂RR	has	not	yet	been	fully	investigated.	
In this study, carbon black (CB), multi-wall carbon nanotubes (CNT), and N-doped biochar (ANBC) were selected 
as carbon supports to manufacture a series of Ni-N-C catalysts. The catalysts were tested in an H-cell using 0.1 
M	KHCO₃	electrolyte	and	all	exhibited	similar	faradaic	efficiency	(FE)	toward	CO	(~90%)	at	-0.8V	vs.	RHE.	Inter-
estingly, the Ni-N-CNT catalyst exhibited a lower onset potential than the other samples and maintained high 
FE-CO from -0.6 to -0.8 V vs. RHE, while Ni-N-ANBC showed an increasing trend of FE-CO and remained >90% 
from	-0.8	to	-1.1	V	vs.	RHE.	The	ICP	results	showed	that	the	three	catalysts	had	similar	Ni	loading,	but	the	XPS	
results	 showed	different	 surface	Ni	 atom	content,	with	Ni-N-CNT	 showing	a	higher	 surface	Ni	 content,	which	
could	explain	its	lower	onset	potential.	The	porosity	characterization	revealed	that	Ni-N-CNT	has	a	lower	specific	
surface area (~173 m²/g) but a larger average pore size (~19 nm) than the other two catalysts, which may improve 
the accessibility of active sites and contribute to its good catalytic activity from -0.5 to -0.8 V vs. RHE. Notably, 
the more negative potentials decreased the FE-CO of Ni-N-CNT but enhanced the FE-CO and j-CO of Ni-N-ANBC, 
which	can	be	attributed	to	the	larger	specific	surface	area	and	the	confinement	effect	of	the	abundant	micropo-
res	structure	of	Ni-N-ANBC.	These	findings	highlight	the	importance	of	the	carbon	support	in	optimizing	Ni-N-C	
catalysts	for	CO₂RR.

Electrochemical performances for CO₂RR of Ni-N-C catalysts with different carbon supports
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Structural elucidation of agrochemicals using infrared ion spectroscopy
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1 Raboud University, Nijmegen, The Netherlands, 2 Syngenta, Bracknell, United Kingdom

In plants, animals and the environment, agrochemicals undergo a variety of chemical and metabolic transfor-
mations, producing derivatives that need to be characterized to determine their toxic properties and their per-
sistence and outcome in the environment. Using a method called infrared ion spectroscopy [1], we are able to 
determine the structure of compounds that are present in complex mixtures at very low concentration. The meth-
od has the sensitivity and selectivity of mass spectrometry, while giving the structural information obtained 
from	infrared	spectroscopy.	In	an	automated	workflow,	we	combine	liquid	chromatography,	mass	spectrometry,	
infrared spectroscopy and quantum chemical calculations to structurally characterize the derivatives related to 
agrochemicals.

1 Vink, M. J. A.;  van Geenen, F. A. M. G.;  Berden, G.;  O’Riordan, T. J. C.;  Howe, P. W. A.;  Oomens, J.;  Perry, S. J.; 
Martens, J., Structural Elucidation of Agrochemicals and Related Derivatives Using Infrared Ion Spectroscopy. 
Environmental Science & Technology 2022, 56 (22), 15563-15572.
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Selective optical imaging for Gram negative bacteria
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Antibiotic resistance is one of the most worrisome dangers to modern medicine, as it dwindles the amount of 
effective	treatment	against	bacterial	pathogens	[1].	Gram-negative	bacteria	are	at	the	center	of	these	concerns,	
with their outer membrane (OM) forming an intrinsic barrier for antibiotic uptake. In addition, antibiotics are ac-
tively extruded across the OM [2]. To tackle this key element of drug resistance, extensive research is being con-
ducted to discover new targets that could interfere with OM biogenesis. Amongst these, the β-Barrel Assembly 
Machine (BAM) has drawn considerable attention, as it is responsible for the folding and insertion of proteins into 
the OM. Recently, several small inhibitors of the BAM complex have been reported [3–5]. Besides their potential 
as	antibiotic	potentiators,	these	molecules	offer	cheap,	accessible,	stable,	and	easily	modifiable	scaffolds	for	the	
selective	optical	imaging	of	Gram-negative	bacteria,	if	coupled	to	a	fluorescent	dye.	This	would	afford	the	first	
non-lipopolysaccharide-dependent	fluorescent	imaging	agent	for	detection	of	Gram-negative	bacteria,	with	the	
benefit	of	using	clinically	approved	dyes	[6]	for	image-guided	surgery,	endoscopy	or	rapid	detection	of	diseases.	
Here,	we	present	couplings	of	the	fluorescent	dye	BODIPY-FL	to	newly	reported	BAM	inhibitors	[3,4],	as	well	as	
first	investigations	on	potential	usage	of	the	conjugates	as	tracers	for	detection	of	Gram-negative	bacteria.

1.Brown, E. D. & Wright, G. D. Nature 529, 336–343 (2016).
2.Nikaido H. Microbiol. Mol. Biol. Rev. 67, 593–656 (2003).
3.Steenhuis, M. et al. Mol. Microbiol. 112, 81–98 (2019).
4.Steenhuis, M. et al. ACS Infect. Dis. 7, 2250–2263 (2021).
5.Steenhuis, M., van Ulsen, P., Martin, N. I. & Luirink, J. FEMS Microbiol. Lett. 368 (2021).
6.van Manen, L. et al. J. Surg. Oncol. 118, 283–300 (2018).
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Membrane-Anchored Nanoparticles to Facilitate Transmembrane 
Photoelectron Transfer

Imogen Robertson* 1, Huijie Zhang 1, Lars Jeuken 1

1 Universiteit Leiden, Leiden, The Netherlands

There is an urgent need for sustainable energy sources such as solar fuels to replace the reliance of humanity on 
fossil	fuels.	Biological	catalysts,	which	provide	unparalleled	catalytic	specificity	for	the	production	of	desirable	
chemicals, can be integrated with durable inorganic light-harvesting materials to create solar-powered biohybrid 
systems. It is possible to design these systems to have functions such as sustainable fuel production. In this work 
we investigate the direct attachment of light-harvesting nanoparticles, such as carbon dots (CDs), to the outer 
membrane	of	exoelectrogenic	bacteria.	We	hypothesise	that	this	will	establish	a	defined	pathway	of	photoelec-
tron transfer across the cell membrane of exoelectrogens, which naturally contain transmembrane molecular 
‘nanowires’ that function to exchange electrons between the intracellular and extracellular environment. CDs are 
fluorescent	semi-conducting	nanoparticles	which	absorb	broadly	in	the	UV-visible	range.	Carboxylic	acid	groups	
available	at	their	surface	allow	for	chemical	modification,	and	thus	conjugation	with	membrane	components.	The	
functionality	of	a	modified	nanoparticle	is	tested	firstly	through	ability	to	attach	to	lipid	membranes,	and	secondly	
through facilitation of photoelectron transfer across a ‘nanowire’-containing membrane. A membrane-anchored 
photosensitiser such as this could allow whole-cell (or liposome-based) fuel production systems to be driven by 
solar energy.
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Discovery of Thiosemicarbazone as a New Photoswitch

Bengi Şentürk* 1, Željko  Tomović 1, Fabian Eisenreich 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

The	photoisomerization	of	 light-responsive	molecules	can	have	significant	 impact	on	their	chemical	behavior	
and induce remarkable changes in the molecular system that they are part of. Well-established photoswitches, 
such as azobenzenes, diarylethenes, and spiropyrans, have been widely used in a large variety of applications. 
However, each class has some limitations, such as lengthy synthesis, solid-state photoswitching, toxicity, and 
solvatochromism. The search for novel types of photoswitches is thus highly desired and allows for creating 
next-generation molecular systems that can be modulated on demand with light. In this systematic study, we 
explored the photochromic properties of thiosemicarbazones as a novel class of photoswitches. Based on the 
high-yielding two-step synthesis, we prepared a large compound library (>30 members) and investigated their 
reversible light-induced trans-to-cis isomerization in solution. Our work revealed that the absorption maxima of 
thiosemicarbazones	can	be	tuned	over	a	wide	range	by	incorporating	different	substituents	to	the	main	structure.	
Depending on the substitution pattern,  photoisomerization can induce both hypsochromic and bathochromic 
spectral shifts. Moreover, the thermal stability of the energetically less favored cis isomers can be tailored to 
the	specific	application	areas,	ranging	from	photoswitches	featured	fast	thermal	relaxation	to	stable	cis	isomers.	
Overall,	thiosemicarbazones	offer	structural	diversity	and	tunable	photochromic	properties,	which	render	these	
molecules a promising photoswitch class for creating versatile stimuli-responsive systems.
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Complementation inhibitors for luminescent virus biosensors

Alexander Gräwe* 1, Maarten Merkx 1

1 TU Eindhoven, Laboratory of Protein Engineering, Department of Biomedical Engineering and Institute of Complex Molecular 
Systems, Eindhoven, The Netherlands

The global human and animal populations are constantly threatened by viruses, in particular new virus variants 
that spread faster or adapt to new hosts. A fast way to counter potential epidemics is testing at the point of 
care using homogeneous one-step assays that do not require specialized equipment. In this regard, new biolu-
minescent sensor platforms show great potential for homogeneous analyte detection. Sensor proteins based 
on intramolecular complementation of the powerful split luciferase NanoBiT are particularly attractive because 
their modular design allows systematic tuning of sensor properties. We recently developed single component, 
biomolecular switches with a strongly reduced background signal for the detection of three clinically relevant 
antibodies by introducing catalytically inactive variants of the small subunit (DarkBiTs) as intramolecular inhib-
itors¹. Here, we show that this design can be adapted for detection of virus surface proteins like hemagglutinin 
and neuraminidase. The platform has potential to detect intact, infectious virus particles and thus help to counter 
future epidemics and pandemics.  

¹ Gräwe & Merkx, Bioluminescence Goes Dark: Boosting the Performance of Bioluminescent Sensor Proteins 
Using Complementation Inhibitors, ACS Sensors 2022, 7, 12, 3800–3808.

In the OFF-state of the sensor, the luciferase is in-
activated by a high affinity complementation in-
hibitor (DarkBiT). In presence of target molecule 
(here: antibody), the inhibitor is released and the 
split system forms an active complex, producing 
bioluminescence.
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Attractive anodic process for electrochemical CO2 reduction

Tessa de Koning Gans* 1

1 University of Twente, Enschede, Netherlands

Creating chemical building blocks via electrochemistry is abundantly research to provide a sustainable produc-
tion process. Especially the electrochemical reduction of carbon dioxide is of interest. It converts one of the 
major contributors of climate change into chemical building blocks. Usually, it is paired with the oxygen evolu-
tion	reaction	(OER).	Oxygen	however	is	unattractive	from	a	financial	perspective	since	oxygen	is	not	a	valuable	
product [1]. Therefore, an alternative oxidation reaction producing high-value products is desired to pair with 
CO2 reduction. 
In this research we will focus on pairing the electrochemical reduction of CO2 with the epoxidation of alkenes. A 
silver pyridine will be used as a redox mediator. This is based on the work by van der Eijk et al. [2], where epoxi-
dation	of	propene	and	butene	took	place	with	high	current	efficiencies	and	very	high	yields,	i.e.,	between	85	and	
90% and around 95%, respectively. Despite the promising results, the (electrochemical) characterization of the 
system	could	be	further	expanded.	A	firmer	understanding	of	the	system	will	be	gained	by	using	(in	situ)	optical	
analysis	and	electrochemical	systems.	Furthermore,	this	system	will	be	applied	to	a	special	electrode	configura-
tion.	A	hollow	fibre	electrode	will	be	used,	as	this	configuration	is	suited	for	systems	which	include	gasses	with	
low solubilities in water. Which applies for alkenes. We will present the result of the characterization of a silver 
pyridine complex via such (in situ) optical analysis and electrochemical studies. In addition, we will discuss the 
implications of the results obtained and discuss future steps for the realization of a system capable of coupled 
electrolysis of CO2 reduction with concomitant alkene epoxidation.

[1] Á. Vass, B. Endrodi and C. Janáky, Current Opinion in Electrochemistry 2021, 25:100621
[2] J.M. van der Eijk et al., Catalysis Today, 259-266 (1988)
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Multivalent Binding of Hemagglutinin Constructs at Interfaces

Daniel Yosua Evert Laoh Tambuwun* 1, Maria Ríos Carrasco 2, Robert Paul de Vries 2, Jurriaan Huskens 1

1 Molecular Nanofabrication Group, Department of Molecules and Materials, MESA+ Institute of Nanotechnology, Faculty of 
Science and Technology, University of Twente, Enschede, The Netherlands, 2 Department of Chemical Biology and Drug Discovery, 
Utrecht Institute for Pharmaceutical Sciences, Utrecht University, Utrecht, The Netherlands

Infections	of	influenza	viruses	begin	with	the	attachment	of	the	virus	particles	on	cell	surfaces	decorated	with	
glycans, where the binding event is governed by multivalency. Hemagglutinin (HA)-glycan monovalent interac-
tions	are	weak.	Therefore,	presenting	multiple	HAs	together	in	structurally	defined	constructs	will	significantly	
increase the overall binding avidity and provide controlled structural parameters. How exactly the multivalent 
binding scales from monovalent molecular to multivalent particle-cell membrane interactions is, however, large-
ly unexplored. In this work, the binding of various multivalent HA constructs is analyzed quantitatively using 
glycan-containing supported lipid bilayers (SLBs) as cell membrane mimics. Fluorescence signals of the HA con-
structs on well plate platforms provide a high-throughput method in assessing the binding, which is validated by 
the already established surface analysis techniques (e.g. quartz crystal microbalance with dissipation, QCM-D). 
The	individual	affinity	and	the	overall	avidity	on	surface	of	multivalent	HAs	are	determined	by	titrations	at	dif-
ferent glycan densities and interpreted using multivalency theory. We aim to show the superselectivity of HA 
binding, by which the threshold glycan density can be determined. Also, a scaling relationship can be determined 
with	respect	to	different	valencies	of	HA.	

References:
1. Nemanichvili, N. et al. Fluorescent Trimeric Hemagglutinins Reveal Multivalent Receptor Binding Properties. J 
Mol Biol 431, 842–856 (2019).
2. Hamming, P. H. E. & Huskens, J. Streptavidin Coverage on Biotinylated Surfaces. ACS Appl Mater Interfaces 13, 
58114–58123 (2021).
3.	di	Iorio,	D.,	Verheijden,	M.	L.,	van	der	Vries,	E.,	Jonkheijm,	P.	&	Huskens,	J.	Weak	Multivalent	Binding	of	Influenza	
Hemagglutinin Nanoparticles at a Sialoglycan-Functionalized Supported Lipid Bilayer. ACS Nano 13, 3413–3423 
(2019).
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Phosphorus speciation and release from magnesium-rich biochars

Jesper T.N. Knijnenburg* 1, Pornnapa Kasemsiri 1, Wasu Jantapa 1, Kaewta Jetsrisuparb 1

1 Khon Kaen University, Khon Kaen, Thailand

The	decline	 in	available	natural	phosphorus	 (P)	 resources	and	poor	 fertilizer	use	efficiency	of	 traditional	wa-
ter-soluble fertilizers necessitates the development of more sustainable P sources for crops. The conversion of 
waste biomasses through pyrolysis can reduce the P leaching in water by binding the P to elements such as Ca 
or Mg. Such biochar-based fertilizers have shown to increase crop yield over conventional P sources [1]. A key 
process	parameter	that	affects	the	P	release	is	the	pyrolysis	temperature,	which	determines	the	P	species	formed	
in the biochar [2,3]. Previous studies have focused primarily on P transformations in Ca-rich biomasses, whereas 
Mg-rich biomasses have hardly been studied. We have recently demonstrated that Mg is a preferred additive cat-
ion over Ca by keeping the P in a more soluble and phytoavailable form [4]. The aim of this study was therefore to 
study	how	the	pyrolysis	temperature	affects	the	P	speciation	and	release	from	Mg-rich	biochar-based	fertilizers.	
A biomass with a low Ca content (spent green tea leaves) was treated with an Mg and P source and pyrolyzed at 
300-700 °C. Kinetic release study in water revealed that increasing the pyrolysis temperature greatly decreased 
the extractable P concentrations as well as the kinetic phosphate release in water. Characterization of the post-ki-
netics	biochars	(by	X-ray	diffraction	and	FTIR	spectroscopy)	supported	by	thermodynamic	solubility	calculations	
confirmed	the	rate-liming	phases	for	phosphate	release.	Insights	will	be	given	into	the	transformation	of	phos-
phate	species	during	pyrolysis	as	function	of	the	pyrolysis	temperature,	and	how	such	transformations	affect	the	
subsequent	phosphate	release	and	potential	fertilizer	effectiveness	of	Mg-rich	biochar-based	fertilizers.

[1] Joseph et al., GCB Bioenergy 2021;13:1731-64. [2] Liang et al., Environ. Sci. Pollut. Res. 2018;25:25780-
25788. [3] Liu et al., Waste Manage. 2019;87:71-77. [4] Jetsrisuparb et al., RSC Adv. 2022;12:30539-30548.
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Protein conjugation on supramolecular fibers and hydrogels

Fenna Craenmehr* 1, Alexander Gräwe 1, Anna Świetlikowska 1, Patricia Dankers 1, Maarten Merkx 1

1 Eindhoven University of Technology, The Netherlands

Biomaterials based on supramolecular building blocks are used as synthetic extracellular matrices (ECM) for ap-
plications in tissue engineering and regenerative medicine. The natural ECM is a complex, dynamic macromo-
lecular network. Synthetic materials that form mimetics of ECM often lack the highly complex structure of their 
natural counterparts. It is challenging to create an ECM mimic that demonstrates mechanical and dynamical prop-
erties,	with	additional	control	over	bioactive	cues.	Synthetic	supramolecular	assemblies	that	form	fibrous	struc-
tures are proposed to be eminently suitable in mimicking parts of the ECM. Synthetic supramolecular assemblies 
based on hydrogen bonding ureido-pyrimidinone (UPy) monomers have shown great promise as synthetic ECM 
materials. However, the control over the incorporation of bioactive proteins has not been achieved yet. Therefore, 
we	here	investigate	a	novel	approach	of	functionalizing	synthetic	UPy-fibers	with	complex	bioactive	proteins.	
Different	synthetic	routes	to	covalently	functionalize	supramolecular	monomers	are	investigated	and	compared;	
being on the one side the inverse electron-demand Diels-Alder cycloaddition to functionalize UPy-monomers 
with proteins containing a Fc-domain (e.g. antibodies), and on the other side Omniligase-1 (a peptiligase enzyme) 
and the SpyTag-SpyCatcher system to functionalize UPy-monomers with any protein of interest. Initial results 
show successful coupling of the mNeonGreen protein to UPy-monomers via the SpyTag-SpyCatcher system, as 
confirmed	by	both	SDS-PAGE	and	Q-TOF	analysis.	Furthermore,	(co-)assembly	studies	(such	as	static	light	scat-
tering, Nile-Red assays and cryo-TEM) are being performed to study the assembly behavior and create a funda-
mental understanding on the incorporation of peptides and proteins in supramolecular assemblies. We aim to 
create a synthetic ECM with control over bioactive cues to be used in hydrogel materials for tissue engineering 
and regenerative medicine.
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Molecular Simulation of CO2 reduction at Cu-water interface

Ashique Lal* 1, Peter Bolhuis, Evert Jan Meijer  
1 University of Amsterdam, Amsterdam, The Netherlands

The	considerable	increase	in	carbon	dioxide	(CO₂)	concentration	in	the	atmosphere	due	to	fossil	fuel	consump-
tion	could	lead	to	irreversible	climate	changes.	An	effective	way	to	reduce	atmospheric	CO₂	is	electrochemical	
conversion	of	CO₂	to	value-added	chemicals	and	low	carbon	fuel.	Copper	(Cu)	based	electrodes	are	one	of	the	
extensively	researched	heterogeneous	catalysts	for	this	reaction.	In	this	research,	CO₂	reduction	at	the	Metal-wa-
ter	interface	is	studied	by	first-principle	molecular	simulation	with	the	aim	to	elucidate	the	reactions	pathways	
and understand the role of solvent conditions and their interaction with the metal surface which has been shown 
to	have	an	effect	in	the	reaction	process.	We	employ	a	realistic	model	based	on	density	functional	theory,	that	
incorporates	explicit	water	molecules	and	accounts	for	thermal	fluctuations	by	molecular	dynamics.	This	may	
provide	guidelines	for	rational	design	for	optimal	Cu-based	electrochemical	devices	for	CO₂	conversion	which	
will provide basis for exploring other (e.g. Pt-Pd) systems.

1.	Ali	Seifitokaldani,	Christine	M.	Gabardo,	Thomas	Burdyny,	Cao-Thang	Dinh,	Jonathan	P.	Edwards,	Md	Golam	Kib-
ria, Oleksandr S. Bushuyev, Shana O. Kelley, David Sinton, Edward H. Sargent. (2018). J. Am. Chem. Soc., 11, 3833. 
DOI: 10.1021/JACS.7B13542
2.	Tao	Cheng,	Hai	Xiao,	William	A.	Goddard.	(2016).	J.	Am.	Chem.	Soc.,	42,	13802.	DOI:	10.1021/JACS.6B08534
3.	Chen	Xu	Zhao,	Yi	Fan	Bu,	Wang	Gao,	Qing	Jiang.	 (2017).	J.	Phys.	Chem.	C,	36,	19767.	DOI:	10.1021/ACS.JP-
CC.7B04375

CO₂ adsorbed on Cu surface with explicit water molecules
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Structural elucidation and covalent targeting of the NR2F6-LBD

Guido Oerlemans* 1, Maxime van den Oetelaar 1, Luc Brunsveld 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

The	orphan	nuclear	receptor	NR2F6	has	been	characterized	as	intracellular	immune	checkpoint	in	effector	T	cells,	
repressing the transcription of key cytokines. Modulation of NR2F6 activity might therefore be a novel strategy 
in cancer immunotherapy. Despite an increasing understanding of this nuclear receptor at the cellular level, the 
molecular understanding of NR2F6 activity is lacking and the druggability of this protein remains unknown. We 
have been able to elucidate the crystal structure of the NR2F6 ligand binding domain in complex with one of 
its coregulators, providing a clear picture of the coregulator binding behavior of this nuclear receptor. Through 
screening of a covalent library tailored towards nuclear receptors, we have been able to identify small molecules 
that selectively modulate the recruitment of coregulators to the NR2F6 ligand binding domain, providing clear 
evidence for the druggability of this orphan nuclear receptor.
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Reversible covalent-imine-tethering for the stabilization of 14-3-3/tau PPI

Maxime van den Oetelaar* 1, Francisco Maqueda Zelaya 1, Ansgar Oberheide 1, Yannick Leurs 1,  
Tom van de Wijngaart 1, Jakob Scheele 1, Peter Cossar 1, Luc Brunsveld 1

1 Technische Universiteit Eindhoven, Eindhoven, Netherlands

Tau is an intrinsically disordered protein (IDP), which plays an important role in the stabilization of microtubules. 
Under pathological conditions, tau is hyperphosphorylated, resulting in the release and accumulation of tau, 
forming	toxic	neurofibrillary	tangles	(NFTs).	This	can	result	in	neuronal	death	and	ultimately	the	development	of	
Alzheimer’s disease (AD).  Interestingly,  14-3-3 proteins have been shown to be present in the NFTs as well, sug-
gesting a role of 14-3-3 in AD. 14-3-3 is a chaperone protein that is highly expressed in the brain. The interaction 
of tau and 14-3-3 via the pS214 binding site and pS214 & pS324 binding site simultaneously has been shown 
to reduce tau aggregation, in which 14-3-3 might function as a safeguard system of AD development. Stabiliza-
tion of this interaction via small molecules could therefore be a new approach in AD therapeutics. In this study 
we demonstrate the stabilization of this protein-protein interaction via reversible covalent imine-tethering. Via 
structural elucidation of the complex, we could elucidate the binding mode of the compounds.
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Poly(allyl glycidyl ether) for Safe, Flexible Lithium Batteries

Yuxuan Zhang* 1, Giuseppe Portale 1

1 University of Groningen, Groningen, The Netherlands

Lithium batteries play a crucial role in powering new energy vehicles.[1] In recent years, solid-state electrolytes 
have	garnered	significant	attention	in	research	due	to	their	high	safety,	in	contrast	to	the	flammable	and	explo-
sive properties of organic liquid electrolytes.[2] Most of the current research on solid-state polymer electro-
lytes focuses on Polyethylene glycol (PEO). However, its low ionic conductivity at room temperature[3] and ionic 
transport number below 0.5 continue to result in the growth of lithium dendrites.[4] As such, we used anionic 
ring-opening polymerization to synthesize an electrolyte made from Poly(allyl glycidyl ether) (PAGE), which is 
amorphous and therefore better ionic conductivity at room temperature compared to PEO.[5] The double bond 
at the end of the side chain of PAGE also provides more possibilities for added functionality. Our plan is to syn-
thesize a PAGE-based block copolymer with single-ion conductivity by immobilizing the anion on the polymer 
backbone. This will result in increased ion mobility and good mechanical properties, thereby reducing the growth 
of lithium dendrites.

Reference:
1. Kawai, Hiroo, et al. “High-voltage lithium cathode materials.” Journal of power sources 81 (1999): 67-72.
2. Niu, Huizhe, et al. “Recent advances in application of ionic liquids in electrolyte of lithium ion batteries.” Journal 
of energy storage 40 (2021): 102659.
3. Wright, Peter V. “Developments in polymer electrolytes for lithium batteries.” Mrs Bulletin 27.8 (2002): 597-602.
4.	Zhang,	Qingqing,	et	al.	“Recent	advances	in	solid	polymer	electrolytes	for	lithium	batteries.”	Nano	Research	
10.12 (2017): 4139-4174.
5. Viviani, Marco, et al. “Lithium and magnesium polymeric electrolytes prepared using poly (glycidyl ether)-
based polymers with short grafted chains.” Polymer Chemistry 11.12 (2020): 2070-2079.
6. [11].Wu, Yixin, et al. “Advances and prospects of PVDF based polymer electrolytes.” Journal of Energy Chemistry 
64 (2022): 62-84.

a). The peculiarity of three typical electrolytes in lithium batteries.[6] b). Synthetic route towards poly(allyl glycidyl ether) 

(PAGE)
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Fundamental Understanding of Titania Coatings in Bijels

Meyer Thomas Alting* 1, Martin Frodo Haase 1

1 Utrecht University, The Netherlands

Bicontinuous interfacially jammed emulsion gels (bijels) are soft materials with potential applications in reac-
tive separations. Their unique architecture consists of two interwoven immiscible liquid channel networks stabi-
lized by a percolating layer of silica nanoparticles.[1-3] However, the catalytic properties of silica are limited in 
heterogeneous catalysis.[4] Fabrication of bijels with other nanoparticle materials remains challenging. Hence, 
post-processing methods are required to functionalize silica stabilized bijels with catalytical materials.
Here,	we	investigate	the	deposition	of	titania	(TiO₂)	coatings	on	the	silica	framework,	motivated	by	the	photocat-
alytic	activity	of	TiO₂.[5-6]	The	suitability	of	several	TiO₂-precursors	are	compared	by	growing	a	layer	of	TiO₂	via	
sol-gel	chemistry.	The	TiO₂	functionalization	is	characterized	by	means	of	three-phase	contact	angle,	zeta-po-
tential, titration and scanning electron microscopy measurements. Confocal laser scanning microscopy has been 
used to image the three-dimensional channel networks of bijels. We show that bare titania coatings make bijels 
too hydrophilic, resulting in disintegration of the bijel. Organotitanium-precursors, on the other hand, show po-
tential	to	maintain	equal	wettability	of	the	coated	particle	scaffold.	The	heterogenous	activity	has	been	tested	in	
the photocatalytic degradation of organic pollutants in waste water.[6] 
Our work provides fundamental knowledge about introducing titania in bijels to establish photocatalytic activity 
(Figure 1). Future work will make use of the bicontinuous architecture of the porous networks in a bijel to realize 
reactive separations, important for a sustainable chemical industry.[6]

References
[1]M.F. Haase, et al., Adv.Mater., 2015, 27, 7065
[2] K. Stratford, et al., Science, 2005, 309, 2198
[3] M.A. Khan, et al., Adv.Mater., 2022, 34, 2109547
[4]P.S. Shinde, et al., J. Comp.Sci, 2021, 5, 75-1
[5]M.A. Lazar, et al., Catalysts, 2012, 2, 572
[6]A. Sclafani, et al, J.Phys.Chem, 1996, 100, 13655

Figure 1. Schematic representation of A) sol-gel coating procedure on introducing titania on the silica particles in the bijel; 

and B) photocatalytic degradation of organics in water.
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NIR-triggered Photothermal Responsive Polymersome

Yingtong Luo* 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Functionalized polymersomes have been proven to be highly promising in biomedical application, due to their 
good biocompatibility, easy processability, and multi-function responsive capacities. However, photothermal re-
sponsive polymersomes triggered by near-infrared (NIR) light have not been widely reported until now. Herein, 
we proposed a new strategy for designing NIR light mediated photothermal polymersomes from molecular engi-
neering	to	nano-structural	formation.	By	using	D-D’-A-D’-D	configuration,	a	small	molecule	(PTM)	with	NIR-trig-
gered photothermal property was synthesized. Then the feasibility of the design strategy was demonstrated 
through density functional theory (DFT) calculation. As hydrophobic segment, PTM was polymerized with PEG to 
form the amphiphilic block copolymers (PEG44-PTM2) which were then used as building blocks for self-assembly 
of photothermal responsive polymer vesicles/polymersomes (PTM-Ps). The new class functionalized polymer-
somes inherited the high photothermal performance from PTM monomer, result in a good NIR-mediated pho-
tothermal performance. Meanwhile, the photostability of the as-prepared PTM-Ps were tested by cryo-TEM and 
thermometer. Besides their photothermal performance, the loading capacity of PTM-Ps was investigated as well. 
With the development of the new generation of functionalized polymersomes, the application areas of polymer-
somes	were	further	extended,	and	became	more	powerful	platforms	for	using	in	various	biomedical	fields.
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High Pressure Lithium-mediated Electrochemical N2 Reduction

Boaz Izelaar* 1, Nandalal Girichandran 1, Shilong Fu 1, FM Mulder 2, Ruud Kortlever 1

1 Process & Energy, 3mE, TU Delft, Delft, The Netherlands, 2 Chemical Engineering, AS, TU Delft, Delft, The Netherlands

Dinitrogen can be electrochemically reduced with lithium as a mediator (Li-NRR), where electro-plated Li forms 
a	 reactive	environment	on	 the	electrode	surface	and	 interacts	with	dissolved	N₂	 to	 form	Li₃N	spontaneously.	
Using	a	suitable	proton	donor,	such	as	ethanol,	Li₃N	can	be	further	protonated	into	NH₃.¹	This	reactive	surface	
environment is called the “solid electrolyte interface” (SEI) and is composed of organic and inorganic species. It 
has	been	claimed	that	the	selectivity	towards	the	formation	of	NH₃	is	related	to	the	unique	properties	of	the	SEI,	
but its exact function remains an open question. In order to study the Li-NRR, it is essential to operate at elevated 
N₂	pressures	to	overcome	the	low	N₂	solubility	in	organic	electrolytes.
This motivated us to develop a high pressure autoclave cell (Figure 1). The cell is designed to perform typical 
electrochemical measurements, such as cyclic voltammetry and chronoamperometry in a controlled environment 
up	to	30	bar.	Furthermore,	high	pressure	moisture	traps	in	combination	with	a	gas	filters	are	connected	upstream.	
An	acid	trap	is	installed	downstream	to	capture	produced	gaseous	NH₃	in	the	headspace	(not	shown).	
We	performed	two	chronoamperometry	measurements	at	-0.5	V	vs.	Li+/Li	in	0.1	M	ethanol/THF	with	1M	LiClO₄	
and	1M	LiTFSI,	respectively.	For	1M	LiClO₄,	we	were	able	to	produce	11	mM	of	NH₃	at	a	faradaic	efficiency	(FE)	up	
to 22% after 2 hours of measuring. The Li-NRR performance appeared to be higher when using 1M LiTFSI because 
the	FE	doubled	(50%)	and	the	NH₃	concentration	was	64	mM.	These	preliminary	results	demonstrate	that	our	
autoclave cell works and that anions play an important role in the Li-NRR as was also observed by Li et al.² 

[1] Lazouski, N. et al., Joule. 2019, 3, 1127-1139.
[2] Li, S. et al. Joule. 2022, 6, 2083-2101.

Figure 1. High pressure Li-NRR autoclave cell
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Biocomposites Based an a Biopolymer, Lignin and Cellulose

Walber Alves Freitas* 1,2, Dina Maniar 2, Rik  Brouwer 3, Vincent S.D. Voet 3, Rudy  Folkersma 3,  
José Milton Elias de Matos 1, Katja Loos 2

1 University Federal of Piauí, Brazil, 2 University of Groningen, The Netherlands, 3 NHL Stenden University of Applied Sciences,  
The Netherlands

There	is	a	vast	effort	in	the	scientific	community	to	reduce	the	use	of	materials	from	fossil	resources.	Lignin	and	
cellulose,	along	with	hemicellulose,	are	the	main	components	of	plants	and	offer	new	possibilities	as	renewable	
resources, for instance, for biocomposites. The use of lignin has advantages due to its high carbon content, low 
cost,	and	abundant	functional	groups.	While	cellulose	identified	as	the	most	abundant	biopolymer	and	is	being	
widely	used	in	different	applications.	The	present	work	aims	to	characterize	and	synthesize	a	biocomposite	using	
lignin, cellulose, and a (bio)polymer with potential use in civil construction. The use of a thermal press aims to 
achieve	physical	crosslinking[1],	where	the	union	of	lignin,	cellulose	fibers,	and	polymer	occurs	without	the	need	
for	chemical	modification,	however,	with	improved	mechanical	and	flammability	resistance.	Some	of	the	mechan-
ical tests that will be carried out include tensile, compression, bending, impact, and hardness tests. Flammability 
tests	include	flame,	fire,	heat,	and	gas	release	tests	will	also	be	carried	out.	These	tests	are	used	to	evaluate	the	
physical	and	safety	properties	of	a	polymer.	This	study	is	important	for	advancing	the	field	of	materials	science	
and promoting a more sustainable future.

Keywords: Lignin, Cellulose, Biopolymers

References
[1]S.	 Zhai,	Q.	 Liu,	 Y.	 Zhao,	H.	 Sun,	 B.	 Yang,	 and	Y.	Weng,	 “A	 review:	 Research	progress	 in	modification	of	 poly	
(lactic acid) by lignin and cellulose,” Polymers, vol. 13, no. 5. MDPI AG, pp. 1–15, Mar. 01, 2021. doi: 10.3390/
polym13050776.
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Design of Hg(II) bound trimeric coiled coil peptides

Prianka Luther* 1, Aimee Boyle, Patrick Voskamp, Steffen Brunle  

1 Leiden University, The Netherlands

One third of all structurally characterized proteins contain a metal, but the interplay between metal-binding 
and protein folding is poorly understood. Insights into this interplay can be investigated using de novo design, a 
process where peptides and proteins are created from scratch. To this end, we have designed and characterized 
two	coiled-coil	peptides	containing	the	metal-binding	motifs	C-X-X-X-C	(CX3C)	and	C-X-X-C	(CX2C)	to	evaluate	
and compare their metal binding properties. Using a combination of analytical techniques including circular di-
chroism	(CD),	UV-VIS	and	size-exclusion	chromatography	(SEC-MALS),	we	show	both	CX2C	and	CX3C	are	largely	
unfolded in the apo state as cysteine destabilizes the hydrophobic core. However, upon the addition of a range 
of heavy metals including Cd(II), As(III), Pb(II) and Hg(II), they both adopt a helical structure. In particular, we see 
interesting	differences	in	the	coordination	modes	of	Hg(II)	whereby	CX2C	forms	a	linear	complex	and	CX3C	a	
trigonal planar complex. 
These	findings	show	how	subtle	changes	can	have	a	significant	effect	on	metal-binding	properties.		Such	peptide	
scaffolds	could	be	further	used	to	elucidate	the	requirements	needed	for	selective	and	stable	structures	that	
could	find	applications	as	sensors	or	remediation	agents.	
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Hyperpolarized NMR detection of dilute biomarkers in biofluids
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NMR	is	a	widely	used	analytical	method	for	structural	analysis	of	compounds.	However,	it	suffers	from	low	sen-
sitivity when applied to dilute samples. Parahydrogen Induced hyperPolarization (PHIP) is a technique that can 
alleviate this issue, allowing for detection of species down to submicromolar concentrations in complex biomix-
tures (Sellies et al., 2021; Sellies et al., 2019) (Sellies et al., 2021; Sellies et al., 2019). Using an octahedral iridium 
complex where substrates and hydrogen can reversibly bind in the equatorial plane, we detect the hydrides at-
tached to the metal centre. For each substrate, association with the iridium catalyst is signaled by a set of hydride 
resonances	at	well-defined	chemical	shifts.	These	hydrides	can,	therefore,	act	as	probes	to	indirectly	reveal	the	
presence	of	specific	substrates	in	solution.	Since	hydrides	resonate	in	a	region	of	the	spectrum	that	is	generally	
empty, they do not overlap with the signals originating from the sample matrix and can, therefore, be detected 
without	any	prior	purification	or	fractionation	step.	Additionally,	by	using	parahydrogen,	the	hydrides	are	hyper-
polarized, resulting in NMR signals increased by orders of magnitude. 
	In	this	work	we	report	the	detection	of	five	biomarkers	for	Pyridoxine-Dependent	Epilepsy	(PDE)	in	patient	urine	
samples.	These	biomarkers	have	been	identified	in	previous	studies	(Engelke	et	al.,	2021;	van	Outersterp	et	al.,	
2021)	using	Infrared	Ion	Spectroscopy	(IRIS).	Our	technique	allows	for	their	direct	detection	and	quantification	in	
urine down to submicromolar concentrations, making it a viable time-saving option in diagnostics. 

Engelke, U. F. H. (2021). The Journal of Clinical Investigation, 131(15). https://doi.org/10.1172/JCI148272 
Sellies, L. (2021). Angewandte Chemie International Edition, 60(52), 26954-26959. https://doi.org/https://doi.
org/10.1002/anie.202109588 
Sellies, L. (2019). Chemical Communications, 55(50), 7235-7238. https://doi.org/10.1039/C9CC02186H 
van Outersterp, R. E. (2021). Analytical Chemistry, 93(46), 15340-15348. https://doi.org/10.1021/acs.anal-
chem.1c02896 

Summary of the obtained results. Indicated in the 2D NMR spectrum are the signals for the biomarkers. The additional signals 

are natural amino acids and other compounds present in raw urine. biomarker and catalyst structure are also indicated.
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Engineering protein-based coacervate stabilizers

Yannick Leurs* 1, Luc Brunsveld 1, Jan Van Hest 1

1 Technical University of Eindhoven, Eindhoven, Netherlands

Complex coacervation, the spontaneous assembly of polyelectrolytes into a polymer-enriched and a polymer-di-
lute	phase,	offers	a	way	to	mimic	the	(macro)molecularly	crowdedness	of	the	cellular	cytosol.	The	cell-like	be-
havior of coacervates provides a promising “synthetic cell” model system to study, for example, protein-protein 
interactions (PPIs) in crowded environments. However, the applications of coacervates are limited, as they are 
characterized by poor temporal stability.
In recent work by Mason et al. (2021), a polymer-based approach was presented to stabilize complex amy-
lose-based coacervates.1 Although polymer-based stabilizers have been shown to be useful tools to provide ro-
bust protocell systems, one major challenge remains the batch-to-batch variation as a result of the polydispersity 
of the triblock copolymer. 
In this study, we aimed to engineer protein-based coacervate stabilizers. A major advantage of proteins is the 
ability to express any protein with meticulous control over the amino-acid composition and length. Additionally, 
proteins are biocompatible and possess a wide range of molecular structures and properties that can be exploit-
ed. To this end, we carefully designed several amphipathic proteins consisting of a charged disordered protein 
domain, which is electrostatically attracted to the charged coacervate core, and a highly-soluble domain that 
provides electrostatic and steric resistance against internalization of the entire amphipathic protein. It is aspired 
that the protein forms a protein coating around the coacervates, a concept that could play a major role in the 
temporal stability of condensates in the cell.

1) Mason, A. F., Altenburg, W. J., Song, S., van Stevendaal, M., & van Hest, J. C. (2021). Terpolymer-stabilized com-
plex coacervates: A robust and versatile synthetic cell platform. Methods in Enzymology, 51–82. https://doi.
org/10.1016/bs.mie.2020.06.008-
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Fluorescent carbon quantum dots for Fe3+ detection

Ella Linganiso* 1, Lindokuhle Magagula 1
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Johannesburg, South Africa

The preparation of carbon materials from natural products has gained interest due to the advantage that natural 
products	offer	 such	as	 renewability,	 biocompatibility,	 abundance,	 and	 low	cost.	 In	 this	 study,	 nitrogen	doped	
carbon quantum dots (N-CQDs) were prepared from cellulose nanocrystals and urea using a one-step micro-
wave synthesis. These resulted in N-CQDs with an average size of 2.30± 0.55 nm and an excitation-dependent 
fluorescence	with	an	optimum	excitation	at	340	nm.	In	addition,	the	N-CQDs	exhibited	selective	and	sensitive	
fluorescence	quenching	behavior	towards	Fe3+,	with	a	limit	of	detection	(LOD)	of	75	nM.	Moreover,	the	N-CQDs	
also	showed	interesting	pH-dependent	fluorescence	behavior	and	can	be	utilized	in	fluorescence	pH-sensing.

Fig. 1: Synthesis of N-CQDs using microwave synthesis and their application in the detection of Fe3+ using photoluminescence 

spectroscopy.
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Optical imaging and pH-awakening therapy by upconversion 
nanophotosensitizers

Jun Yuan* 1, Kefan Wu 1, Hong Zhang 1

1 University van Amsterdam, Amsterdam, The Netherlands

Photodynamic	therapy	(PDT),	with	its	unique	non-invasiveness,	is	an	extremely	effective	means	of	clinical	treat-
ment of cancer. However, it is concerned with normal tissue phototoxicity during ambient light triggering, i.e., 
PDT in “always on” mode, limited tissue penetration depth due to UV/visible light excitation requirements, and 
poor tumor accumulation. Near-infrared (NIR) photoresponsive inorganic upconversion nanoparticles (UCNPs) 
capable of converting NIR photons to UV and/or visible photons are considered a very promising candidate as 
a	theranostic	nanoplatform	for	improved	cancer	imaging	in	deep	tissue	PDT	and	curative	effect.	Therefore,	we	
designed a new nanophotosensitizer, in which photosensitizer-loaded luminescent upconversion nanoparticles 
self-assemble	into	nanospheres	with	the	help	of	a	specific	pH-sensitive	polymer	layer	containing	superloaded	
photosensitizer	and	quencher	molecules.	This	design	enables	the	therapeutic	function	to	be	“off/on”,	 i.e.,	 im-
aging only during nanosphere cycling, due to near-infrared (NIR) photon upconversion of the nanosphere and 
pH-sensitive shell. Activation of PDT occurs once the nanospheres are taken up by cancer cells due to the acidic 
microenvironment.	This	design	effectively	prevents	the	photodamage	of	photosensitizers	during	tumor	enrich-
ment and targeting, and was validated in vitro and in vivo, thus allowing patients to perform image-guided PDT 
for deep-seated tumors in a more relaxed and comfortable manner.

The construction of the pH-sensitive nanoparticles starts with the synthesis of UCNPs followed by shielding polymer coating, 

which enables the nanoparticles to be imaged during cycling and PDT is activated upon uptake by cancer cells due to the 

acidic microenvironment.
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CuZn-based electrodes for electrochemical CO2 reduction to CO

Matt Peerlings* 1, Kai Han 1, Petra de Jongh 1, Peter Ngene 1
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Electrochemical	CO₂	reduction	(CO₂RR)	is	a	promising	approach	to	close	the	carbon	cycle	using	renewable	elec-
tricity.	However,	efficient	and	robust	electrocatalysts	are	required	to	make	large-scale	applications	feasible.	Be-
sides stability, selectivity is an important issue because of the competing hydrogen evolution reaction. Most 
studies	have	so	far	 focused	on	monometallic	catalysts,	such	as	Zn	which	favors	CO	production	and	Cu,	which	
uniquely	makes	C2+	products	 like	ethylene.	However,	 less	 is	known	about	bimetallic	Cu-Zn	electrodes,	which	
are interesting because a wide variety of alloy compositions, oxidation states and morphologies is possible. This 
provides a unique opportunity to improve the electrocatalyst selectivity and stability [1].  
In	this	work,	oxide-derived	Cu-Zn	bimetallic	electrodes	were	deposited	on	carbon	paper	via	a	hydrothermal	syn-
thesis route reported previously [2]. SEM analysis showed hexagonal and plate-like structures for the monometallic 
ZnO	and	bimetallic	Cu-Zn	catalysts,	respectively.	Interestingly,	only	ZnO	phases	were	detected	using	XRD,	although	
ICP	results	showed	a	tunable	Cu:Zn	atomic	ratio	and	EDX	mapping	showed	uniform	element	distributions.
Electrochemical	 tests	showed	that	 the	Cu₁Zn₁O	electrodes	were	mainly	selective	 towards	CO	formation,	with	
around	40%	Faradaic	Efficiency	at	-0.9	V	vs	RHE.	Surprisingly	little	C2+	products	were	detected,	which	is	atypical	
for	Cu-containing	electrodes.	Interestingly,	in-situ	XAS	results	indicate	that	CuO	was	already	reduced	to	metallic	
Cu	at	0.1	V	vs	RHE,	whereas	ZnO	remains	mostly	in	the	oxidic	form	(ZnOx),	even	at	-0.9	V	vs	RHE	for	several	hours.	
TEM	analysis	after	catalysis	(Fig.	1)	indicates	that	Cu	is	surrounded	by	ZnOx,	possibly	explaining	why	CO	produc-
tion was favored. 
These results demonstrate that the use of oxide-derived bimetallic electrodes is a promising approach to design-
ing	more	efficient	and	robust	CO₂RR	electrocatalysts.

References
1.Da Silva, A., et al. Journal of Electroanalytical Chemistry 880, 114750 (2021).                                   
2.Han, K., et al. ChemCatChem 13, 8 (2021).       

(a,b) TEM images of Cu₁Zn₁O catalyst after catalysis at different magnifications and corresponding (c) Cu and (d) Zn STEM-

EDX maps, showing that Cu is surrounded by partially reduced ZnOx after catalysis
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Magnetic effects of NixFeyOz compounds for alkaline OER
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Current electrocatalysts for the inherently slow oxygen evolution reaction (OER) are either based on expensive 
platinum-group	 rare	metals	 (PGM)	or	 lack	 the	ability	 to	significantly	 lower	 the	overpotential	 for	 the	 reaction.	
Previous research has shown that a small quantity of iron present in nickel oxides (possibly from the electrolyte) 
will	boost	their	activity,	with	an	optimum	around	10-20%	present.¹	In	recent	works,	spin	effects	are	explored	
for enhancing the catalytic activity, for example in computational chemistry or via magnetic properties of the 
electrocatalyst.²,³
Experimentally,	the	effect	has	been	demonstrated	by	using	the	electrocatalyst	for	OER	in	a	permanent	magnetic	
field.	For	example,	Garcés-Pineda	et	al.	showed	an	enhancement	of	the	current	density	of	10%	for	NiO	(1.5	mA/
cm2	geo),	18%	for	NiFe₂O₄	and	Ni₄FeO₄	(roughly	2	and	3	mA/cm2	geo	resp.)	with	a	field	of	350	mT.	⁴
In this study, we compared mixed nickel iron oxide catalysts with varying iron content in order to identify the 
optimum catalyst composition for OER in alkaline environment. The electrocatalytic activity was studied with and 
without	a	permanent	magnetic	field	of	0.31	T	(3068	Gauss).	The	catalysts	were	characterized	electrochemically	
and analytically before and after the measurements, giving insights into the relation between the physical and 
catalytic	properties.	These	experiments	allow	us	to	understand	the	influence	of	the	magnetic	properties	of	the	
nickel based catalysts on OER. 
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Epitaxial Halide Perovskites by Pulsed Laser Deposition: MAPbI3
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Monica  Morales-Masis  1

1 University of twente, Enschede, The Netherlands

Halide perovskites (HPs) have shown incredible optoelectronic properties. Though in their polycrystalline form, 
are limited by environmental, thermal and structural instabilities. Focusing on structural stability, we system-
atically explore the epitaxial growth of halide perovskite on lattice-(mis)matched single-crystalline substrates 
using pulsed laser deposition (PLD). Starting with the archetypal 3D perovskite MAPbI3, we study polymorph 
stabilisation	and	the	effect	of	strain	on	the	optoelectronic	properties	of	the	films	when	going	from	polycrystalline	
to	single-crystalline	films.
MAPbI3	films	with	different	 thicknesses	were	deposited	on	KCl	 (001)	 substrate	by	PLD	at	 room	 temperature.	
High-resolution	X-ray	diffraction	measurements	such	as	reciprocal	space	maps	were	conducted	to	validate	epi-
taxial growth and stabilisation cubic α-phase of MAPbI3. The latter contrasts with the commonly observed poly-
crystalline tetragonal β-phase growth of MAPbI3 on typical solar cell contact layers. Additionally, rocking curve 
(RC)	measurements	gave	insights	into	the	mosaicity	of	the	film	and	pole	figure	measurements	confirmed	the	film	
is	not	randomly	textured	for	all	 thicknesses.	Further,	 the	films	on	KCl	show	a	sharper	photoluminescence	(PL)	
peak and a band gap consistent with the cubic α-phase	of	MAPbI3	as	compared	to	polycrystalline	films.	Moreover,	
the	effect	of	compressive	strain	on	the	photoluminescence	of	MAPbI3	as	a	function	of	film	thickness	on	KCl	sub-
strate was also examined, showing a peak blue-shift with decreasing thickness.  
Overall,	we	demonstrate	the	successful	epitaxial	growth	of	homogeneous	and	dense	thin	films	of		MAPbI3	by	PLD.	
Detailed	structural	analysis	with	an	array	of	X-ray	diffraction	measurements	was	conducted	to	verify	epitaxial	
growth	and	to	understand	the	influence	of	mismatch	strain	on	the	stabilisation	of	different	polymorphs	and	op-
tical properties. This work paves the way to explore more halide perovskite compositions and structural motifs 
and	different	functional	substrates,	that	will	allow	further	fundamental	materials	property	studies	and	high-end	
optoelectronic	devices	based	on	single-crystalline	halide	perovskite	thin	films.

A: Halide perovskite thin films grown by pulsed laser deposition (PLD), B The different characterisation techniques used to 

validate epitaxial growth.
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Ahsen Sare Yalin* 1, Željko Tomović 1, Fabian Eisenreich 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Plastic pollution has become one of the largest environmental burden due to the exponentially grown plastic 
production	and	insufficient	recycling	of	plastic	waste.	As	reported	by	the	OECD,	the	current	plastic	waste	gen-
eration has reduplicated as compared to 20 years ago, while the global recycling rates remain low with 9%. The 
development	of	efficient	polymer	recycling	methods	is	thus	one	of	the	most	crucial	strategies	to	fight	plastic	
pollution. Because of the stable C-C bonds within the polymer backbones, chemical recycling and the accom-
panied recovery of the monomeric building blocks are challenging. Photocatalytic C-C bond cleavage has re-
cently attracted much attention as these protocols operate under mild conditions with exceptional selectivity 
and	efficiency.	In	this	work,	the	cleavage	of	stable	C-C	bonds	in	polymers	via	light	illumination	is	targeted.	First,	
suitable polymers that are designed to be recycled are prepared and characterized. Through photocatalysis and 
a sequence of radical processes, the polymers are selectively deconstructed and value-added organic molecules 
are obtained. These molecules are further transformed to monomers and immediately be reused to prepare fresh 
polymers. This light-driven closed-loop recycling method represents an environmentally benign strategy and 
contributes to a circular plastic economy.
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Miniaturization chemistry for the discovery of DUB inhibitors
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Deubiquitinating enzymes (DUBs) are key components of the ubiquitin-proteasome system as they remove ubiq-
uitin from substrates. DUBs contribute to the (de)activation, recycling, and localization of numerous regulatory 
proteins, and thus play major roles in diverse cellular processes. Their malfunctioning has been attributed to a 
multitude of pathologies1 and therefore DUBs represent an important class of candidates for target-directed 
drug	development.	To	identify	new	chemical	scaffolds	targeting	specific	DUBs	and	establish	a	broader	framework	
for future inhibitor development across the DUB family, we turned our interest to small-molecule  cyanimides.  
These compounds bind covalently to the active site cysteine residue of a DUB  forming an isothiourea and we 
recently developed a selective cyanimide inhibitor and probe for the DUB UCHL1.2 Large libraries of (crude) 
compounds suitable for High Throughput Screening (HTS) are needed in the search for new lead compounds 
selectively	targeting	a	specific	DUB.	Multicomponent	reaction	(MCR)	chemistry	is	well	known	for	its	easy	access	
to	a	very	large	and	diverse	chemical	space.3	Here,	we	developed	a	highly	efficient	MCR-based	oxadiazole	library	
at	a	picomole	scale	in	nanoliter	volumes	using	acoustic	droplet	ejection	technology.	The	high	reaction	efficiency	
allowed	direct	HTS	assaying	of	 these	compounds	without	purification.	The	generated	 libraries	were	screened	
against	USP30,	identifying	our	first	lead	compounds	inhibiting	this	DUB.	Our	synthesis	is	simple,	mild,	and	step	
economical to facilitate future possibilities for generating leads against any protein target.

References:	1	J.	A.	Harrigan,	X.	Jacq,	N.	M.	Martin,	S.	P.	Jackson,		Nat	Rev	Drug	Discov.	2020,	7,	57–78;2	R.	Kooij,	S.	
Liu,	A.	Sapmaz,	B.	T.	Xin,	G.	M.	C.	Janssen,	P.	A.	van	Veelen,	H.	Ovaa,	P.	ten	Dijke,	P.	P.	Geurink,	J.	Am.	Chem.	Soc.	2020,	
142,	16825	–	16841;3	L.	Gao,	S.	Shaabani,	A.	Romero,	R.	Xu,	M.	Ahmadianmoghaddama,	A.	Dömling,	Green	Chem.	
https://doi.org/10.1039/D2GC04312B.

Design and library synthesis of cyanimide inhibitors
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Dynamic self-organization in droplet networks

Pieter de Visser* 1
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To incorporate far-from-equilibrium chemistry in synthetic chemical systems it is essential to sustain (physico)
chemical gradients such as surface tension gradients. In our lab we work on synthetic, droplet-based chemical 
systems that sustain surface tension gradients to form mesoscale self-organizing systems. 
We show two examples of dynamic self-organization:
An active emulsion driven by a pH-sensitive surfactant which displays quorum sensing-like behaviour. Quorum 
sensing is the ability of a.o. bacteria to sense population density and consequently adapt their collective be-
haviour. Our active emulsion is prepared at low pH and consists of freely dispersed oil droplets at the interface of 
an aqueous solution. Upon addition of base the droplets cluster together. This clustering is reversible: upon ad-
dition of acid the droplets disperse again. Subsequent clustering and dispersion can be repeated multiple times.
A dissipative droplet-based source-sink system which displays orbiting behaviour. A low solubility surfactant acts 
as	a	source	by	forming	long	self-assembled	filaments	that	tether	to	an	hydrolyzing	sink	droplet.	As	the	hydrolysis	
products	solubilize	the	filaments,	small	perturbations	in	local	filament	density	can	kickstart	orbital	motion	of	the	
sink droplet around the source droplet. This orbital motion can be sustained for more than 2h.
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From perylene diamic acids to diimides and hydrogels

Wolter Jager* 1, Markus C. Kwakernaak, Marijn Koel, Peter J. L. van den Berg, Erik M. Kelder  

1 Delft University of Technology, Delft, The Netherlands

Perylene diimides [PDIs] are organic dyes that have benign optoelectronic properties, possess unprecedented 
stability and are chemically extremely versatile. PDIs are synthesised by reacting perylene dianhydride [PDA] 
with primary amines. These reactions proceed by a fast formation of perylene diamic acids [PDAAs] and a sub-
sequent slow imidization. We have recently found that, contrary to conventional ideas, this imidization reaction 
already occurs at room temperature.1 Another observation that we have recently made is that PDAAs are conve-
niently	isolated	and	that	upon	acidification	in	water	intensely	coloured	hydrogels	are	formed.2	This	gel	formation	
occurs in two subsequent steps; protonation of an amic acid salt to form insoluble amic acid that starts to aggre-
gate and a subsequent acid-catalysed decomposition to form PDA. 
These observations triggered our interest in amic acids and the structure-property relationships that determine 
their thermal stability under acidic conditions [hydrogel formation] and basic conditions [PDI formation].
With respect to the PDI formation we will elucidate the steric and electronic factors that determine the energy 
barrier	of	 the	 imidization	 reaction.	 These	findings	will	be	exploited	by	 synthesizing	novel	PDIs	derived	 from	
[thermally] sensitive amines under very mild conditions. With respect to the hydrogel formation, elucidating the 
relation between amic acid structure and properties of the resulting hydrogel is more complex. The solubility and 
aggregation behaviour of the protonated amic acid and the rate of acid-catalysed amic acid decomposition are 
not correlated but are both decisive in determining the properties of the resulting hydrogel. Amic acid decompo-
sition rates will be determined independently and correlated to hydrogel properties.

References
1. Kwakernaak, M. C.; Koel, M.; van den Berg, P. J. L.; Kelder, E. M.; Jager, W. F. Org.Chem. Frontiers, 2022, 9, 1481-1492.
2. Kwakernaak, M. C.; Koel, M.; van den Berg, P. J. L.; Kelder, E. M.; Jager, W. F. Manuscript Submitted.
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Investigating Li-ion batteries through operando X-ray spectroscopy

Luuk Kortekaas* 1, Yuqiang Yang 1, Moniek Tromp 1
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Lithium ion batteries are abundant in modern battery technology. However, the constant demand leads to an 
increasing scarcity of lithium, driving the raw material price up and decreasing ethical oversight over the mining 
process.¹		Combating	capacity	fading	is	a	key	challenge	in	making	Li-ion	batteries	more	energy	efficient,	extend-
ing their lifetime and thereby reducing the rate at which raw lithium has to be mined. In order to understand 
the processes that are responsible for the performance fading, e.g., dissolution of cathode transition metals and 
their subsequent deposition on the anode, congruent changes are best monitored during battery cycling. Here, 
Li-ion	batteries	are	characterized	in	operando	using	X-ray	absorption	spectroscopy²	(XAS)	and	X-ray	diffraction	
(XRD).	In	the	case	of	XAS,	the	operando	cell	allows	for	time/voltage	and	spatially	resolved	determination	of	metal	
concentration and oxidation state of transition metal deposits from the NMC cathode on the graphite electrode. 
Notably,	the	metal	dissolution	rate	of	NMC	is	found	to	be	particularly	high	at	cut-off	potentials	above	4.6	V	vs.	Li.	
Moreover, the oxidation state of the migration transition metals is found to always be +2 on both lithiated and 
delithiated graphite, while ex situ analysis only detects metallic manganese on the lithiated graphite. Lastly, the 
comparison between operando and ex situ characterization is also highlighted in recent work on NMC cathodes 
and	lithium	anodes,	focusing	on	XRD	as	a	tool	to	monitor	composition	and	crystallinity	changes	during	battery	
cycling.

1. P. Greim, A. A. Solomon and C. Breyer, Nat Commun, 2020, 11, 4570.
2. J. Wandt, A. Freiberg, R. Thomas, Y. Gorlin, A. Siebel, R. Jung, H. A. Gasteiger  and  M. Tromp, J. Mater. Chem. A, 
2016, 4, 18300.

Operando X-ray absorption spectroscopy of a Li-ion battery
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MAO inhibidors: Molecular Docking of Acylhydrazones

Brena Thays Amorim Menezes* 1, Milainy Viana 1, Manoel Trindade Rodrigues Junior 1, Wanda Pereira Almeida 1, 
Fernando Antônio Santos Coelho 1

1 State University of Campinas, Campinas, Brazil

The activities of Monoamine oxidase (MAO) subtype B have been previously associated with Alzheimer’s disease(AD) 
and	has	reported	the	therapeutic	effects	of	MAO-B	inhibitors	for	neurological	conditions	and	neuroprotective	effect.	
However this work was performed through molecular docking(MD)  target-based, by molecular screening scoring 
functions for testing acylhydrazones analogs synthesized by the research group to MAO-B (2v5z Protein Data Bank) 
inhibitors	such	as	potential	drug	candidates	for	treatment	of	AD.	Redocking	with	safinamide	was	designed	to	vali-
date the method.

References
WHO. Public health response to dementia. Geneva: World Health Organization (2021).
Scheltens, P. et al. Seminar Alzheimer ’ s disease. 397, (2021).
Binda, C. et al. Structures of Human Monoamine Oxidase B Complexes with Selective Noncovalent Inhibitors: 
Safinamide	and	Coumarin	Analogs	Claudia.	5848–5852	(2007).
Cuperlovic-Culf, M. et al. Metabolomics and computational analysis of the role of monoamine oxidase activity in 
delirium and SARS-COV-2 infection. Sci. Rep. 11, 1–14 (2021).
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Study of amino acid-ligand bonds through molecular docking
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Anti-Markovnikov Functionalization of Olefins

Alexandra Matei* 1,2, S.B. Beil 1,2, B.L. Feringa 1,2

1 University of Groningen, Groningen, The Netherlands, 2 Advanced Research Center for Chemical Building Blocks, ARC CBBC,  
The Netherlands

Oxidations	of	terminal	olefins	generally	follow	Markovnikov	selectivity,	producing	ketones.	However,	anti-Mar-
kovnikov oxidations of terminal alkenes are interesting for organic chemists, as they give direct access to alde-
hydes, which are versatile building blocks in organic synthesis. While several palladium-catalyzed methodolo-
gies for the regioselective oxidation of alkenes have been developed, the number of more sustainable direct 
oxidative protocols is limited. A combination of metal-redox catalysis, electrochemistry and photochemistry to 
achieve anti-Markovnikov oxidations of alkenes into aldehydes would present a highly desirable, sustainable 
alternative towards synthesizing this important class of chemical intermediates. This project focuses on the de-
velopment of new methodologies taking advantage of highly active catalysts to avoid the stoichiometric use of 
oxidants in order to achieve direct anti-Markovnikov oxidation of terminal alkenes. 

[1] Weiner, B.; Baeza, A.; Jerphagnon, T.; Feringa, B. L. J. Am. Chem. Soc. 2009, 131, 9473–9474. [2] Teo, P.; Wickens, 
Z.	K.;	Dong,	G.;	Grubbs,	R.	H.	Org.	Lett.	2012,	14,	3237–3239.	[3]	Wickens,	Z.	K.;	Morandi,	B.;	Grubbs,	R.	H.	Angew.	
Chem. Int. Ed. 2013, 52, 11257–11260. [4] Dong, J. J.; Harvey, E. C.; Fañanás-Mastral, M.; Browne, W. R.; Feringa, 
B. L. J. Am. Chem. Soc. 2014, 136, 17302–17307. [5] Kim, K. E.; Li, J.; Grubbs, R. H.; Stoltz, B. M. J. Am. Chem. Soc. 
2016, 138, 13179–13182.

This work is part of the Advanced Research Center for Chemical Building Blocks, ARC CBBC, which is co-founded 
and	co-financed	by	 the	Dutch	Research	Council	 (NWO)	and	 the	Netherlands	Ministry	of	Economic	Affairs	and	
Climate Policy.
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Polymersome nanocarriers with splenic avidity for cancer immunotherapy

Annelies C. Wauters 1, Mandy M.T. van Leent 2, Abraham J.P. Teunissen 2, Bram Priem 1, Jari Scheerstra* 3,  
Willem J.M. Mulder 1,3, Jan C.M. van Hest 3

1 Radboud University Medical Center, Nijmegen, The Netherlands, 2 Icahn School of Medicine, New York, USA, 3 Eindhoven 
University of Technology, Eindhoven, The Netherlands

Regulating innate immunity is a recently developed approach to improve cancer immunotherapy. Such regulation 
requires engaging myeloid cells by delivering immune regulatory compounds, such as β-glucans, to targeted he-
matopoietic organs, such as the spleen. Here we present a polymeric vesicle-based nanocarrier system optimized 
for	splenic	avidity.	From	a	small	library	of	chemically	identical	particles	that	only	differed	in	topological	features,	
we selected large spherical vesicles that showed exceptional splenic accumulation when i.v. injected in mice, as 
proven	by	in	vivo	PET	imaging	and	organ	flow	cytometry	protocols.	When	loaded	with	β-glucan, this approach 
produced	a	significant	therapeutic	effect	in	a	mouse	carcinoma	model,	both	as	a	monotherapy	and	combined	with		
checkpoint inhibition. Finally, we conducted a biodistribution study with non-human primates and demonstrated 
the translatability of the splenic avidity of our polymersome platform.

Schematic overview of the study design. i.v. = intravenously via lateral tail vein injection, s.c. = subcutaneously via footpad 

injection, DC = dendritic cells, MΦ = macrophages, Mo = monocytes.
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Antarctic photosynthesis: diatoms in light and dark

Shu En Lee* 1, Willem van de Poll 2, Volha Chukhutsina 1

1 Vrije Universiteit Amsterdam, Amsterdam, The Netherlands, 2 Rijksuniversiteit Groningen, The Netherlands

In the Southern Ocean, Antarctic diatoms are often the main primary producers in summer. Climate change has 
substantially decreased Antarctic diatom biomass, therefore understanding their photosynthetic processes is es-
pecially urgent.  Chaecetoros simplex (C. Simplex), a representative diatom, has evolved unique photoregulatory 
mechanisms	 to	handle	 rapid	 changes	 in	 light	quality	 at	different	photic	depths,	 and	 seasonal	 changes	of	ex-
cess	light	and	darkness	during	summer	and	winter	months	respectively.	In	this	study,	time-resolved	fluorescence	
spectroscopy	is	used	in	vivo	to	provide	insight	into	the	specifics	of	the	primary	steps	of	photosynthesis		taking	
place	on	the	picosecond	to	nanosecond	timescale.	Different	excitation	and	detection	wavelengths	will	be	used	
to discriminate photosystem I and photosystem II kinetics. The lifetime and amplitude of such processes will be 
used to propose a model for the organization of photosynthetic machinery and primary photosynthesis steps 
and (presence of) photoregulation and non-photochemical quenching in diatoms upon exposure to excess light.
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INSIDE INNOVATIVE MATERIALS FOR OSTEOSARCOMA THROUGH SOLID-STATE 
NMR

Silvia Borsacchi* 1, Lucia Calucci 1, Lina Altomare 2, Maria Grazia Raucci 3

1 CNR-ICCOM, Italy, 2 Politecnico di Milano, Italy, 3 CNR-IPCB, Italy

Bone cancer and bone metastases are usually associated with severe bone pain and osteolysis, the latter being 
also accompanied by increased bone fragility and susceptibility to fracture. Nowadays, chemotherapy and/or ra-
diotherapy represent the main treatments able to block the metastases progression. However, these treatments 
inhibit	 cell	division	without	distinction	between	healthy	and	cancer	 cells,	 thus	 inducing	many	side	effects	 in	
patients. Hence the need for developing innovative treatments able to inhibit metastases progression and, at 
the same time, to promote the formation of new tissue. In this contribution we present innovative organic-inor-
ganic hybrid injectable materials designed to have the dual function of inhibiting cancer cells proliferation and 
inducing new bone tissue formation/mineralization [1, 2]. In particular we will show the results of a multinuclear 
Solid State Nuclear Magnetic Resonance investigation [3, 4] that allowed the phase behaviour and the structural 
features of the hybrid materials, before and after mineralization, to be characterized in detail. 

This research was funded by the Italian Ministry of Universities and Research (MUR), grant PRIN ‘ACTION’ 
2017SZ5WZB.

References 
[1] Fasolino, I., Soriente, A., Ambrosio, L., Raucci, M.G. Nanomaterials 10, 1743, 1-15 (2020).
[2] Fiorati, A., Linciano, C., Galante, C., Raucci, M.G., Altomare, L. Materials 14, 4511 (2021).
[3] Gelli, R., Martini, F., Geppi, M., Borsacchi, S., Ridi, F., Baglioni, P. J. Colloid. Interf. Sci. 594, 802-811 (2021).
[4] Geppi, M., Borsacchi, S., Mollica, G., Veracini, C.A. Appl. Spectrosc. Rev. 44, 1-89 (2009).
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Covalent protein-lipid conjugates for cryo-electron tomography

Wouter Beugelink* 1

1 Utrecht University, The Netherlands

Cell-surface associated receptors and ligands control cell signaling processes. Their interactions, conformations, 
and higher-order organization on the cell surface controls whether a system is activated or inhibited and dys-
function of these processes is associated with diseases such as cancer and neurological disorders. We have de-
signed a model system that allows detailed visualization of membrane associated proteins with cryo-electron to-
mography, revealing their organization and conformations on membranes. In our approach we covalently couple 
ectodomains of receptors onto liposomes which provides control over proteoliposome composition and protein 
density. Using this approach, we show that the structure and organization of the neuronal receptor SorCS2, a 
220 kDa dimer, can be resolved on a membrane surface. The results indicate that this approach may be useful 
for studying membrane protein conformations and interactions in a more physiological context, bridging the gap 
between detailed studies of ectodomains in isolation, and in their native cellular environment.
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Drastic Solvent Effects – Hetero-Bimetallics and Base-Free Nitrile-Activation

Stanislav Melnikov* 1, Martin Lutz 1, Daniel Broere 1

1 Utrecht University, Utrecht, The Netherlands

In the last decades, pincer complexes have attracted tremendous attention due to striking results in catalysis and 
activation of small molecules.
Hetero-binuclear	complexes	are	able	to	facilitate	the	activation	of	molecules	even	better	due	to	different	natures	
of the active sites (e.g. hard and soft metals). Yet, such compounds are scarce in literature. The majority of the re-
ported complexes to date are based on complicated unsymmetric ligands that have specially designed so-called 
“hard” and “soft” pockets.
Di-Ruthenium complexes with naphthyridine-based ligands are particularly rare. The Cambridge Structural Da-
tabase contains only 7 characterized compounds, 3 of them has carbonyls as auxiliary ligands. CO groups are 
notorious	for	their	high	affinity	to	Ru	centers	which	makes	the	corresponding	compounds	much	less	reactive	to	
be used for catalytic purposes.
The reaction between RuCl2(DMSO)4 and PNNP ligand was found to be drastically solvent-dependent. In THF, 
mononuclear	Ru	complex	forms	which	was	used	as	a	platform	to	synthesize	the	first	hetero-binuclear	Ru-Co	com-
plex with naphthyridine-based ligand. In acetonitrile, the unprecedented double base-free activation of MeCN 
was observed. Investigations of the possible catalytic properties are being investigated.
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Macrocycles as Molecular Glues for 14-3-3 Protein-Protein-Interactions

Ansgar Oberheide* 1, Jakob Scheele 1, Maxime Van den Oetelaar 1, Peter Cossar 1, Luc Brunsveld 1
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Proteins are fundamentally involved in all cellular processes and directly engaged in diseases and their emer-
gence. Thereby, the interaction between proteins is of particular importance. The modulation of protein–protein 
interactions (PPI) represents a great opportunity for novel approaches and strategies in drug development. Espe-
cially the stabilization of PPIs with small molecules acting as “molecular glues” is of emerging interest to target 
hard-to-drug proteins. Nevertheless, the rational development of such selective PPI stabilizers is challenging due 
to the complexity of the interdependent, underlying biophysical processes.
A recently discovered peptidomimetic macrocycle[1] that stabilizes PPIs between the hub protein 14-3-3 and 
certain disease-relevant client proteins is utilized as a molecular tool to rationalize the biophysical principles 
that	drive	selectivity	and	affinity	of	PPI	stabilization.
By stacking on top of the 14-3-3 protein and the client protein’s segment N-terminal from the phosphoserine, the 
recently	identified	macrocycle	molecular	glue	features	a	unique	binding	modus	and	pocket.	
The macrocyclic structure allows for rapid library generation and exploration of the chemical features crucial 
for interactions with the interfaces of various PPIs. The organic synthesis of a focused macrocycle library will be 
presented	whose	14-3-3	PPI	stabilization	efficacy	is	profiled	in	biophysical	investigations.
Beyond this macrocyclic chemotype, progress in transforming (non-)natural, linear peptide ligands[2] of 14-3-3 
into	macrocyclic,	rigidified	molecular	glues	will	be	presented.

[1] L. M. Stevers, M. Wolter, G. W. Carlile, D. Macdonald, L. Richard, F. Gielkens, J. W. Hanrahan, D. Y. Thomas, S. K. 
Chakka, M. L. Peterson, H. Thomas, L. Brunsveld, C. Ottmann, Nat. Commun. 2022, 3586.
[2] B. A. Somsen, F. W. B. Craenmehr, W.-H. W. Liu, A. A. Koops, M. A. M. Pennings, E. J. Visser, C. Ottmann, P. J. Cossar, 
L. Brunsveld, Chem. Sci. 2022, 13, 13122.
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Dual-functional memory behavior in EGaIn-PEDOTPSS-Au devices

Saurabh Soni* 1, Fuad Alami 1, Christian A. Nijhuis 1
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Alternative organic electronic memory devices, functioning as neuromorphic and/or one diode-one resistor (1D-
1R)	systems	can	help	overcome	the	limitations	faced	by	conventional	semiconductor	technology.¹	Thin	films	of	
PEDOT:PSS have been well explored in thermoelectric, LEDs, solar cells, and recently in neuromorphic devices.² 
Here, we demonstrate the working of PEDOT:PSS devices spin-coated on template-stripped Au substrates and 
contacted with a conical tip of eutectic Gallium-Indium alloy (EGaIn) as a top electrode, as shown in Fig. 1a. We 
show PEDOT:PSS devices functioning as excellent 1D-1R diodes with abnormal electrical hysteresis, wherein the 
corresponding	rectification	and	conductance	ratio	of	the	ON	and	the	OFF	states	were	found	to	be	as	high	as	~10⁷	
and	~10⁵,	respectively	(Fig.	1b).	Furthermore,	we	investigated	the	durability	and	memory	retention	of	these	de-
vices by performing large numbers of WRER cycles. Finally, we aim to fabricate crossbar devices to kill sneak-path 
currents and show enhanced device functioning.

1.Han, Y., et al. Nat. Mater. 19, 843–848 (2020)
2.van de Burgt, Y., et al. Nat Electron 1, 386–397 (2018)

Figure 1. a) Schematic of a device comprising thin films of PEDOT:PSS. b) Semilog plot of current density vs. voltage 

(Log|J|-V) showing high rectification and hysteresis, where black squares represent the mean of Log|J|, with the raw data in 

background.



POSTERS 2

894

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-B0685

Incorporation of Tn Antigen Mimetics into the MUC1

Carmen Breton* 1, Jesús Manuel  Peregrina 1, Francisco Corzana 1, Paula Oroz 1, Ismael Compañon 1

1 Universidad De La Rioja, Logroño, Spain

One of the most recent approaches to treating cancer is immunotherapy, which is based on the patient’s immune 
system’s	ability	to	recognize	and	effectively	eradicate	malignant	cells.	The	development	of	immunotherapy	re-
quires the study of new biomarkers, as in the case of the glycoprotein MUC1 mucin. In cancer cells, unlike in 
healthy	cells,	alterations	occur	in	its	glycosylation,	exposing	different	antigens	that	can	trigger	an	immune	re-
sponse, such as the Tn antigen (GalNAc-α-O-Ser/Thr). Thus, the Tn antigen has been incorporated into peptides 
and used to generate therapeutic vaccines against cancer. However, the therapeutic use of O-glycopeptides is 
sometimes	limited	since	they	are	easily	hydrolyzed	in	biological	systems.	Therefore,	different	mimetics	of	the	Tn	
antigen are being developed, including those that involve changes in the O-glycosidic bond[1].
In this work, the oxygen atom of this bond has been replaced by a sulfur or selenium atom. These Tn antigen 
mimetics have been incorporated into MUC1 tandem repeat peptide sequence using SPPS (Solid-Phase Peptide 
Synthesis)	methodology[2].	Affinities	(KD)	of	all	glycopeptides	incorporating	unnatural	Tn	mimetics	to	different	
anti-MUC1 antibodies were determined experimentally. The results obtained were explained in base of the con-
formational preferences deduced from NMR experiments combined to MD simulations. The best surrogates in 
terms	of	affinity	will	be	the	selected	candidates	to	develop	cancer	therapy	approaches	in	the	future.
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Logical Machine made by rate-controlled Chemical Reaction Network

Dmitrii Kriukov* 1, Albert S. Y. Wong 1,2

1 University of Twente, Enschede, The Netherlands, 2 MESA+ Institute for Nanotechnology, BRAINS (Center for Brain-inspired Nano 
Systems), Enschede, The Netherlands

Adaptational and computational properties of living matter arise from the dynamics of chemical reaction net-
works	(CRN)	[1].	Using	cost-effective	chemicals,	a	3D	printer,	and	low-pressure	fluidic	pumps,	we	keep	simple	
enzyme-based CRN out of equilibrium to sketch the basic design principles of autonomous chemical intelligence. 
The CRN we use for our studies consists of three main processes: complexation of trypsinogen and trypsin, au-
tocatalysis	of	trypsinogen,	autolysis	of	trypsin,	and	a	control	parameter	(three-valent	lanthanide	ion)	that	influ-
ences	rates	of	these	processes.	We	use	three-valent	lanthanide	ion	as	input	signal	for	the	CRN	in	flow	reactor	and	
receive	universal	Boolean	response	of	trypsin	outflow.	We	demonstrate	AND,	OR,	XOR,	NOR,	and	NAND	response	
of	trypsin	outflow	on	binary	input.	We	provide	different	types	of	switching	between	these	logic	gates:	by	flowrate	
or by initial concentration of components. By introducing additional control parameters to the CRN, such as other 
ions, we change the strength of connections in the network, changing its Boolean behavior space. We also show 
hysteresis	in	the	trypsin	outflow	due	to	a	fast	change	of	three-valent	lanthanide	ion	concentration,	that	enables	
history-dependent events such as memorizing previous input and adaptive transitions between CRN’s states [2]. 
We foresee this system as a suitable unit for spatially separated networks designed for neuromorphic chemical 
computation.

1. Wong, A. S. Y. & Huck, W. T. S. Grip on complexity in chemical reaction networks. Beilstein J Org Chem 13, 
1486–1497 (2017).
2. Kriukov, D. V., Koyuncu, A. H. & Wong, A. S. Y. History Dependence in a Chemical Reaction Network Enables Dy-
namic Switching. Small 2107523 (2022).
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Circularity of CO2-based chemicals via electrochemical conversions

Chenyue Zhang* 1, Bart van Den Bbosch 2, Knut Stahl 3, Peter Moser 3, Li Shen 1

1 Copernicus Institute of Sustainable Development, Utrecht University, Utrecht, The Netherlands, 2 Avantium, The Netherlands,  
3 RWE, Germany

Beginning with the industrial revolution, increasing combustion of fossil fuels has led to an escalation in atmo-
spheric CO2 concentrations. These CO2 emissions trap solar energy within the Earth’s atmosphere and contribute 
to	climate	change.	[1,2]	To	limit	sequentially	global	warming,	society	needs	to	find	means	to	reduce	the	rate	of	
global CO2 emissions. It is critical to steer the early-phase decisions toward sustainable and responsible inno-
vation. The electrochemical reduction of CO2 is a promising route to convert intermittent renewable energy to 
storable fuels and valuable chemical feedstocks.[3,4] 
To scale this technology for industrial implementation, a deepened understanding of how the CO2 electrochem-
ical reaction proceeds will help converge on optimal operating parameters. The eCO2circle project integrates 
process design and circularity assessment of the novel CO2-based electrochemical value chains. The aim is to 
assess	the	potential	climate	benefits	and	carbon	circularity	of	complex	CO2-based	electrochemical	conversions.	
A model case study from CO2 to oxalic acid, which is the key platform chemical leading to poly(glycolic acid), is 
investigated. In this work, we explore the CO2 capture from sewage sludge and electrochemical conversion by 
optimizing	synthetic	routes	(e.g.	catalyst,	electrode,	solvent,	etc.).	As	key	result,	with	95%	CO2	capture	efficiency,	
heating from steam is the most greenhouse gas (GHG) emission resource (65%) contributing 0.47 kg CO2 equiv./t 
captured	CO2	should	find	greener	alternatives	such	as	offshore	wind.
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[3] Thonemann, N., & Schulte, A. (2019). Environmental Science & Technology, 53(21), 12320–12329. 
[4] Philips, M. F., Gruter, G.‐J. M., Koper, M. T. M., & Schouten, K. J. P. (2020). ACS Sustainable Chemistry & Engineering, 
8(41), 15430–15444.

Schematic illustration of eCO2Circle process: CO2 capture from sewage sludge combustion and electrochemical reduction to 

chemical building blocks exemplified by formic acid and oxalic acid synthesis.
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Effect of gaseous contaminants on electrochemical CO2 reduction

Asvin Sajeev Kumar* 1, Shilong Fu 1, Mahinder Ramdin 1, Wiebren De Jong 1, Ruud Van Ommen 1, Ruud Kortlever 1

1 Delft University of Technology, The Netherlands

Electrochemical	CO₂	reduction	(ECR)	into	valuable	fuels	and	chemicals	has	gained	attention	owing	to	the	mild	
conditions applied and the possibility to integrate renewable energy sources to power the process. One of the 
major	drawbacks	of	CO₂	point	sources	such	as	the	chemical	industry	or	power	plants	is	the	presence	of	contami-
nants	such	as	SO₂,	H₂S,	COS	and	NOx	which	could	be	detrimental	to	the	copper	catalysts	that	drive	the	conversion	
of	CO₂	to	C₂+	products.	The	industrial	feedstock	cleaning	procedures	are	typically	energy	and	capital	intensive,	
making	it	desirable	to	study	the	effect	of	various	contaminants	on	the	ECR	and	to	determine	the	limits	of	each	
contaminant in order to derive an optimal feedstock cleaning procedure.
In	this	work,	we	study	the	influence	of	various	concentrations	of	sulfur-based	gaseous	contaminants	such	as	SO₂,	
H₂S	and	COS	in	the	CO₂	feed,	on	the	selectivity,	product	distribution	and	catalyst	stability	during	the	ECR.	Pres-
ence	of	SO₂	above	100	ppm	significantly	suppresses	the	C₂+	products	and	CO	at	-1.0	V	vs	RHE,	however,	at	-1.2	V	
vs RHE, this is not observed until above 1000 ppm. The main products observed under the suppressed conditions 
are	hydrogen	and	formate.	With	H₂S,	a	similar	effect	is	observed	even	at	10	ppm	at	-1.0	V	vs	RHE,	while	at	-1.2	V	
vs RHE, this is not observed until above 100 ppm. COS proved to be the most detrimental to copper, suppressing 
the	C₂+	products	even	at	10	ppm	at	-1.0	V	and	-1.2	V	vs	RHE.	Recovery	experiments	show	that	it	takes	1-4	hours	of	
purging	with	pure	CO₂	and	a	constant	voltage	supply	to	(partially)	regenerate	the	copper	catalyst	after	exposure	
to	1	h	of	10000	ppm	of	SO₂/H₂S/COS,	making	the	continuous	operation	of	ECR	plant	difficult	in	the	presence	of	
these contaminants.

Effect of sulphur-based contaminants present in the industry-supplied CO₂ feedstock on the selectivity of electrochemical CO₂ 

reduction reaction on copper catalysts.
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Photomodulating proton transport in polymeric soft materials

Gianni Pacella* 1

1 University of Groningen, Groningen, The Netherlands

Nature has always been a never-ending inspiration for manmade technology. A huge quantity of researchers are 
in nowadays focusing on the replication, or at least on the mimicking, of features that natural systems are able 
to	do	with	minimum	effort.	Moreover,	biological	systems	not	only	perform	task,	but	also	understand	when	a	task	
is	needed	to	be	performed,	and	to	turn	it	off	when	its	purpose	is	fulfilled.	This	on	demand	triggering	and	sponta-
neously shutting down a process, is called out-of-equilibrium behavior. Interestingly, it is common to see the use 
of protons, ions, and small charged molecules as triggers, for example, in synapses. 
On demand activation and deactivation allows natural systems to perform work, process information, self-assem-
ble and, most importantly, to dissipate energy, key point that allows the spontaneous relaxation of the system.[1] 
Being able to incorporate this property in soft materials, will allow the design of life-inspired functional devices.
Recently, it was shown that ion conductivity can be modulated in hard materials, such as metal-organic frame-
works, using photo responsive molecules.[2,3] However, metal-organic frameworks do not possess mechanical 
flexibility	typical	of	natural	systems.	In	our	study,	we	aim	thus	to	create	a	soft	material	that	shows	photo	modula-
tion of proton transport using light. To this aim, we have designed, synthesized and polymerized a merocyanine 
photoacid based monomer, that allows us to incorporate out-of-equilibrium behavior in soft materials. To unwrap 
the complex functioning mechanisms of this material, we used a combination of spectroscopic, electrochemical, 
and	computation	techniques,	supported	by	structural	data	obtained	via	X-ray	scattering.	The	results	obtained	
allowed us to link the photoinduced isomerization with nano structural changes in the material, responsible for 
the change in the proton conductivity. 

[1] Chem. Soc. Rev. 2017, 46, 5588–5619.
[2] Chem. Sci. 2020, 11, 1404–1410.
[3] J. Mater. Chem. A 2020, 8, 11399–11405.

Figure 1: a) Pictorial representation of merocyanine isomerization of top of interdigitated gold electrodes b) Resistance 

change over time after light irradiation
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Rhodium-catalyzed reactions using water-soluble nanoparticles in complex 
environments

Tessa Loman* 1, Anja  Palmans 1
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Transition metals have emerged as a promising catalytic tool to selectively synthesize biologically active mol-
ecules inside living cells allowing in-situ drug synthesis. However, the application of transition metal catalysts 
(TMC) in living biological environments is often challenged by the hydrophobicity of the reactants, their low 
concentration and the risk of deactivation of TMCs as a result of the complex environment. In this project, we 
non-covalently	encapsulated	different	hydrophobic	 rhodium	catalysts	 in	amphiphilic	polymeric	nanoparticles	
to	perform	NH-insertions	in	complex	media.	A	simple	heterograft	polymer	was	synthesized	containing	Jeffamine	
M1000 side grafts to ensure water solubility whereas n-dodecylamine groups induce polymer collapse and form 
a water deprived hydrophobic pocket. Along with solubilizing and shielding of the rhodium catalysts, the pocket 
also ensures the accumulation of the hydrophobic reactants, locally increasing the concentration and thus reac-
tion rates. 
This catalytic system successfully performed NH-insertions to form biologically relevant benzoquinoxalines in 
aqueous media, obtaining high product yields using only 10 mol% of catalyst as monitored by HPLC-UV. Remark-
ably,	straining	reaction	media	like	Dulbecco’s	Modified	Eagle	Medium	(DMEM)	supplemented	with	10	vol%	fetal	
bovine	serum	did	not	reduce	catalytic	efficiencies	in	the	least.	These	are	outstanding	results	as	it	is	very	rare	for	
TMCs	to	retain	catalytic	efficiency	upon	transferring	from	water	to	DMEM	at	low	catalyst	loadings.	The	highly	cat-
alytic performances of the system were subsequently maintained in the presence of living mammalian cells as an 
increased	fluorescent	signal	originating	from	product	formation	after	only	1.5	hours	with	real	catalytic	loading	of	
10	mol%	was	obtained.	Furthermore,	a	biological	effect	was	demonstrated	by	inducing	cell	death	upon	catalytic	
formation of a cytotoxic benzoquinoxaline.
This work demonstrates the development of a highly active catalytic system operative in straining conditions, 
expanding the scope as well as the reaction toolkit of TMCs for in vitro applications. 

Schematic representation of the supramolecular catalytic system comprising a rhodium encapsulated amphiphilic polymeric 

nanoparticle for the synthesis of fluorescent benzoquinoxalines in the presence of living mammalian cells.
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ELP-nanoparticle platform for the treatment of Rheumatoid Arthritis

Daan Hamstra* 1, Floris. P.J.T. Rutjes, Kimberly M. Bonger  

1 Radboud University, Doetinchem, The Netherlands

Rheumatoid Arthritis (RA) is mostly treated by administering small molecule disease-modifying anti-rheumatic 
drugs.	Unfortunately,	off-target	interactions	often	lead	to	severe	side	effects	and	low	efficacy	[1].	My	research	
project aims to overcome these challenges by developing an elastin-like polypeptide (ELP) nanoparticle platform 
utilizes stealth behavior to treat RA. ELPs are stimulus-responsive biomaterials which are inspired by the repet-
itive hydrophobic domains of human tropoelastin [2]. They are composed of repetitive pentapeptide sequence 
VPGXP	where	X	is	a	guest	residue	amino	acid	with	an	exception	for	proline.	The	unique	property	of	ELPs,	is	their	
lower critical solution temperature behavior. Upon reaching the transition temperature (Tt), which depends on 
the	guest	residue,	the	ELP	forms	coacervates	in	water	[2].	By	designing	a	diblock	ELP,	both	with	a	different	Tt,	it	is	
possible to generate ELP-micelles at body-temperature. Generally, nanoparticle stability relies on hydrophobic 
interactions. However, after administrating, nanoparticles are confronted with obstacles, such as the immune 
system, shear stress, and renal clearance [3]. By introducing crosslinking moieties, we obtained stable core-cross-
linked ELP-micelles that were visualized by transmission electron microscopy. Additionally, to formulate a treat-
ment for RA we also synthesized a concept pro-drug that is selectively cleaved by cathepsin G, a serine protease 
present in neutrophiles. By combining the ELP-micelles and pro-drug we want to pave the way for the next gen-
eration of RA treatments.

1. Ferrari, M.; Onuoha, S. C.; Pitzalis, C., Trojan horses and guided missiles: targeted therapies in the  war on arthritis. 
Nat. Rev. Rheumatol. 2015, 11, 328‐337. 
2.	Chilkoti,	A.,	Elastin-Like	Polypeptides:	Bio-Inspired	Smart	Polymers	for	Protein	Purification,	Drug	Delivery	and	
Tissue Engineering. Biomaterials from Nature for Advanced Devices and Therapies, 2016: p. 106.
3. alelli, M., et al., Core-crosslinked polymeric micelles: Principles, preparation, biomedical applications and clinical 
translation. Nano Today, 2015. 10(1): p. 93-117
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Acrolein Production from Sustainable Isopropanol

Sandra Segondy* 1, Lishil Silvester 1, Georgeta Postole 1, Aline Auroux 1, Jean-Luc Dubois 2

1 Univ Lyon, Université Claude Bernard Lyon 1, Villeurbanne, France, 2 Arkema France, Colombes, France

For	the	past	two	decades,	finding	more	sustainable	sources	to	olefins	is	of	great	interest	for	the	chemical	industry.	
That is why the reuse of carbon streams as raw material for producing chemicals is the main aim of the PYROCO2 
European project. Our contribution in this project is dedicated to the isopropanol (IPA) to acrolein transforma-
tion, with propylene as the intermediate compound (Fig. 1). Instead of obtaining propylene as a by-product of 
the ethylene production process, it can be formed through IPA dehydration. Ultimately, the acrolein synthesized 
from	this	sustainable	propylene	can	be	used	to	produce	multiple	fine	chemicals	and	pharmaceutical	compounds,	
such as acrylic acid and methionine. The process consists of two steps performed with corresponding catalysts 
(reactions	1a	and	1b)	[1,2].	The	first	step	being	the	IPA	dehydration	to	propylene	(acid	catalyst	such	as	alumina)	
then followed by the propylene oxidation to acrolein (redox catalyst such as BiMoOx).
CH₃CH(OH)CH₃	->	CH₂=CH–CH₃	+	H₂O(1a)
CH₂=CH–CH₃	+	O₂	->	CH₂=CH–CHO	+	H₂O(1b)
The	catalyst	acid-base	properties	were	determined	by	NH₃	or	SO₂	adsorption	calorimetry.	Afterwards,
catalytic tests were performed in two successive steps: dehydration followed by oxidation. Results were analyzed 
and correlated to the acid-base or redox properties of respective catalysts. In the IPA dehydration case, correla-
tions were drawn between the acidic/basic site ratio and the propylene/acetone formation ratio.

Acknowledgments. 
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[2] P. Sprenger, W. Kleist, J.-D. Grunwaldt, ACS Catal. 7 (2017) 5628–5642, https://doi.org.10.1021/acscatal.7b01149.

Fig. 1: Acrolein synthesis from isopropanol
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Photocatalytic degradation of pollutants in water

Yindi Zhu* 1, Eleni  Thomou, Dominic  Gerlach, Loredana  Protesescu, Petra  Rudolf  

1 University of Groningen, Groningen, The Netherlands

With the population growth and rapid industrialization, water pollution has become a critical issue in recent 
years. Activated carbon or zeolite have often been used to adsorb water-soluble pollutants due to their large 
specific	surface	area	and	high	adsorption	rate.	However,	these	nanomaterials	display	the	following	shortcomings	
that seriously hinder their application in environmental remediation: their adsorption capacity is low and they 
become saturated extremely easily, which implies that the materials have to be replaced frequently and they can 
easily cause secondary pollution after adsorption saturation. 
In this project, we selected Chloridazon, a herbicide abundantly used in sugar beet cultivation and therefore 
present	in	Groningen’s	water	resources,	as	our	test	molecule.	To	decompose	this	pollutant	efficiently,	we	propose	
to combine adsorption with photocatalysis in one nanocomposite material. Hierarchical porous carbon (HPC) 
decorated with TiO2 nanoparticles has been prepared as adsorbent and photocatalyst for Chloridazon removal. 
We	explored	two	different	hybrid	nanocomposites:	one	in	which	HPC	was	mechanically	mixed	with	commercial	
TiO2 P25, and one where a one-step solvothermal method was used to synthesize TiO2@HPC composites. The 
adsorption and photodegradation of Chloridazon was monitored by UV–vis spectroscopy and the recyclability of 
the materials was studied.
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The development of covalent inhibitors for multidrug-resistant bacteria
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Infections with multidrug-resistant bacteria, like methicillin-resistant Staphylococcus aureus (MRSA), are emerg-
ing as major threats to human health.1 This is caused by the fact that present antibacterial therapies are be-
coming	less	and	less	effective	against	these	pathogens.	This	rapid	bacterial	resistance	development	urges	the	
development of both novel antibiotics as well as innovative methods to discover novel druggable targets for 
antibiotics.2
The use of covalent inhibitors is a promising approach to antibacterial drug discovery. In our group, we develop 
covalent inhibitors and chemoproteomic technologies in order to map which binding sites in bacteria are espe-
cially suitable for covalent inhibitor design.3,4 In this project, we have evaluated a commercial library of revers-
ibly covalent cyanoacrylamide fragments for antibacterial activity in MRSA and synthesized a focused library to 
explore the structure-activity relationships of the hits.4,5 For cyanoacrylamides with minimal inhibitory concen-
trations	against	MRSA	of	less	than	50	µM,	a	profile	of	potential	toxicity	was	obtained	and	their	general	thiol	activ-
ity	will	be	evaluated	to	filter	out	toxic	and	extremely	reactive	compounds.	The	most	promising	compounds	will	
form the basis for identifying druggable cysteines in the bacterial proteome of MRSA. Target elucidation of the 
fragments	will	be	performed	using	our	competitive	residue-specific	proteomics	isoDTB-ABPP	method.4,5	Using	
this approach, cysteines in essential proteins of MRSA that are especially suitable for covalent ligand binding will 
be	identified	fostering	the	development	of	antibiotics	with	novel	modes-of-action.

1. Antimicrobial Resistance Collaborators, The Lancet, 2022, 399, 629-655.
2. M. Lakemeyer et al., Angew. Chem. Int. Ed., 2018, 57, 14440-14475.
3.	P.	R.	A.	Zanon	et	al.,	Angew.	Chem.	Int.	Ed.,	2020,	59,	2829-2836.
4. K. M. Lee et al., Chem. Commun., 2020, 56, 2929-2932.
5.	I.	M.	Serafimova	et	al.,	Nat.	Chem.	Biol.,	2013,	8,	471-476.
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Antibacterial compounds from fungi associated with ant nests

Angel Sahid Aguilar Colorado* 1, José Alberto Rivera Chávez 1
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Drug-resistant	bacteria	are	one	of	 the	world’s	greatest	health	 threats,	capable	of	generating	difficult-to-treat,	
sometimes lethal infections. In response, the fungal diversity of underexplored environments and their chemical 
space	such	as	the	ant-associated	(1)	can	be	exploited	to	find	new	antibiotics.	In	this	research,	extracts	obtained	
by	fermentation	in	oat	cereal	from	a	collection	of	microscopic	filamentous	fungi	isolated	from	ants	and	nests	of	
the Atta and Solenopsis genera harvested in a cloud forest in Veracruz, Mexico, were screened for their ability to 
inhibit in vitro the growth of the Gram-negative multidrug-resistant bacteria Acinetobacter baumannii and Kleb-
siella pneumoniae. The collection performed best against A. baumannii, with the Solenopsis sp. nests-associated 
morphotypes showing the best bacterial inhibition percentages. Untargeted spectrometric metabolomics analy-
sis (HPLC-HRMS/MS-QTOF) of the extracts allowed the visualization of the chemical space under study in molec-
ular networks constructed with web ecosystem GNPS, displaying that the nests-morphotypes represent a smaller 
chemical space but rich in structural derivatives in all ant species. In this project the chemical information and 
bioactivity	data	were	unified	by	molecular	networks	and	multivariate	analysis,	with	NP	Analyst	and	MetaboAna-
lyst	web	plataforms,	to	allow	the	identification	of	compounds	that	contribute	the	most	to	the	desired	bioactivity.	
Finally, the isolation and chemical-structural characterization of the bioactive compounds support the proposal 
that the chemical composition of multicellular fungi from ants and their nests are a source of antibacterial com-
pounds, which also revalues the soil mycobiota.

1.	Duff,	L.	B.	et	al.	Diversity	of	Fungi	from	the	Mound	Nests	of	Formica	Ulkei	and	Adjacent	Non-Nest	Soils.	Can	J	
Microbiol 2016, 62 (7), 562–571.

Thanks	are	due	to	Dr.	Jorge	Ernesto	Valenzuela-González	for	the	identification	of	ants.	Also,	to	CONACYT	for	fund-
ing grant 885837 and for project CF-2019-263977, as well as to UNAM for funding project IA207422.

The diversity of filamentous fungi isolated from ants of the genera Atta and Solenopsis can be exploited for the search and 

isolation of antibacterial compounds by applying non-targeted metabolomic analysis in conjunction with biological activity 

information.
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Saturation-controlled growth of alkali metal halides using Deep Eutectic 
Solvents

Shilpa Ramesh* 1, Laura.J.B.M Kollau 1, Giuditta Perversi 1

1 Maastricht University, Zaandam, The Netherlands

Crystallization is a key process for several industries, particularly the pharmaceutical one, that require their de-
sired	product	to	be	in	a	specific	solid	form.[	]	When	the	system	is	in	non-equilibrium	process,	supersaturation	is	
the driving force for crystallization. Therefore, the strategy for designing supersaturation is important for high 
quality of crystals, forming with high purity, precise size distribution and potentially a preferential crystal mor-
phology that would aid further manufacturing. 
In this work, we present the use of Deep eutectic solvents (DESs) as a medium for crystallization in extremely high 
supersaturation level. The inherent high ionic content of the DES and extreme water tolerance allows to tailor the 
supersaturation more precisely than in conventional solvents.[ ]
We present the case study of the crystallization of alkali metal halides with controlled the nucleation and growth 
of	the	particles	by	altering	the	water	content	in	DESs.	The	effect	of	is	explored	as	a	function	of	the	precursor	
(e.g. KNO3 vs K2CO3) and its concentration, and as a function of the DES components involved (e.g. bromides 
vs chlorides, character of Hydrogen Bond Donor, character of Hydrogen Bond Acceptor). The alkali metal halides 
represent an excellent example for supersaturation controlled processes, as we could reproducibly achieve their 
deviation from a standard cubic morphology into the hollow/star shaped cubes that notoriously highlight the 
presence of Hopper growth.[ ] 

With the full parametrization associated with it, the investigation on supersaturation of alkali metal halides will 
provide valuable insights into solvation properties and novel applications of DESs.

¹ B.Yu Shekunov et al., J.Crystal Growth.(2000),136.
² D.Abranches et al., Annurev.Chembioeng.(2023),14. 
³	Z.Yang	et	al.,	Adv.	Funct.	Mater.	(2019),	1908108.

Scanning Electron Microscope images of KCl microcrystals, extracted from DES matrices with increasing concentration of 

precursor K2CO3 solution. All images are scaled around object of around 5 μm size.
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SHINING NEW LIGHT ON PHOTO-ASSISTED CATALYTIC CO2 HYDROGENATION

Nicolette Maaskant* 1, Tim Prins 1, Bert Weckhuysen 1, Matteo Monai 1

1 Utrecht University, Utrecht, The Netherlands

Efficient	valorisation	of	CO₂	is	needed	to	create	a	sustainable	society.	Typical	base	metal	catalysts	for	CO₂	hydro-
genation	suffer	from	low	activity.¹	A	way	of	improving	catalysis	for	CO₂	hydrogenation	and	potentially	tuning	the	
reaction mechanism is by photo-assisted catalysis.² ³ 
Exploiting photo-assisted catalysis requires a thorough understanding of the interaction between photons, elec-
trons	and	the	reaction	mechanism.	Accordingly,	we	synthesized	Co/TiO₂	catalysts	(Figure	1A),	which	are	known	
to	be	active	as	CO₂	hydrogenation	catalyst⁴	and	as	photocatalyst.⁵	To	 study	 the	 reaction	mechanism,	we	use	
operando	Diffuse	Reflectance	Infrared	Fourier	Transform	Spectroscopy	(DRIFTS)	combined	with	a	fiber-coupled	
light	source	to	trigger	photo-assisted	catalysis	(Figure	1B).	In	this	way,	we	followed	the	reaction	of	CO₂	over	Co/
TiO₂	catalysts	under	light	and	dark	conditions.	Under	the	influence	of	light,	we	found	higher	methane	conversions	
at	different	temperatures	and	our	DRIFTS	results	suggest	a	different	reaction	pathway	was	at	play	(Figures	1C	
and D).The carbonyl (Co-CO) maximum shifted to lower wavenumbers, and peaks associated with formate and 
carbonyl species changed in intensity upon irradiation. The desorption of CO may be explained by desorption 
induced	by	electronic	transition,	previously	observed	in	plasmonic	catalysts.⁶	The	decrease	in	signal	intensity	
of formate species indicates that light can induce the reaction of such species, similarly to what is reported for 
Ni/La₂O₃@TiO₂	catalysts.²	This	work	shows	the	potential	of	using	operando	DRIFTS	to	understand	how	light	can	
tune the reaction mechanism of catalytic reactions.
 
1. Vogt, C. et al. Nat. Catal. 2 (2019) 188.
2. Tan, T. H. et al. Nat. Catal. 3 (2020) 1034.
3. Kim, C. et al. Nat. Commun. 9 (2018) 3027.
4. ten Have, I. C. et al. Nat. Commun. 13 (2022) 324.
5. Dhakshinamoorthy, A. et al. Energy Environ. Sci. 5 (2012) 9217.
6. Frischkorn, C. et al. Chem.  Rev. 106 (2006) 4207.

Figure 1A. Diffuse Reflectance UV-Vis-NIR spectra of TiO₂ and Co/TiO₂. B. Picture of the operando DRIFTS set-up. C. DRIFT 

spectra and D. methane conversion of the CO₂ hydrogenation over Co/TiO₂ under dark and light conditions at 250 and 300 °C

.
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Ultrafast Light-activated Biodegradable Nanomotor for Intracellular 
Transport

Jianhong Wang* 1, Hanglong  Wu 1, Jingxin Shao 1, Jan C.M. van Hest 1

1 TU/e, Eindhoven, The Netherlands

Inspired by fascinating biological nanomachines, synthetic nanomotors have shown great promise for biomedical 
applications, especially in intracellular transport. Two prerequisites for designing the nanomotors need to be 
considered for their development in nanomedicine, namely biodegradable building block and non-toxic driving 
force. Herein, we present a light driven nanomotor by decorating the surface of biodegradable stomatocytes 
with gold nanoparticles (Au NPs). Bowl-shaped stomatocytes endowed the asymmetric arrangement of Au NPs, 
resulting in the non-homogenous distribution of plasmonic heating upon laser irradiation, which allows the sto-
matocytes to experience thermophoresis-induced autonomous directional motion. Biodegradable stomatocytes 
based nanomotors with controllable motion and ultrafast speed was achieved. The maximum velocity was higher 
to 117 ± 6.6 μm s-1. Given their good performance in motion, the as-prepared nanomotors as active delivery sys-
tems were utilized in cargo transportation then. Two external cargos, propidium iodide (PI) and cy5-siRNA were 
delivered through the disruption of cellular membrane via nanomotors, respectively. Meanwhile, enhanced cell 
uptake	via	light	propelled	nanomotors	guarantee	the	transport	efficiency	of	external	cargos.	Overall,	these	spa-
tially controllable nanomotors exhibit a novel prospect for addressing the issues induced by non-biocompatible 
delivery systems and provide a new approach for designing the gold involved nanomotors, meanwhile, facilitat-
ing their biomedical applications in a bio-friendly way.
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Splicing-dependent protein complex formation at the neuronal synapse

Christos Gogou* 1, Cátia Pereira Frias 1, Dimphna Meijer 1

1 Delft University of Technology, Delft, The Netherlands

Neurons can form intricate intercellular networks by recognizing compatible expression ‘barcodes’ of synaptic 
cell adhesion molecules (synCAMs) on the cell surface of their neighbors. For the Teneurin family of synCAMs, 
alternative	splicing	of	only	a	few	amino	acids	in	two	specific	regions	is	known	to	encode	changes	in	synaptic	
binding	partner,	thereby	providing	an	additional	mode	of	barcode	variability	and	specificity	other	than	protein	
expression.	Here	we	present	the	~3.4-Å	cryo	electron	microscopy	(cryo-EM)	structure	of	the	Teneurin3	compact	
homo-dimeric conformation in the presence of both splice inserts. Small-angle x-ray scattering data corroborates 
the	compactness	in	solution.	We	confirm	previous	work	in	which	cells	form	clusters	upon	expression	of	this	com-
pact	isoform.	This	protein	family	exemplifies	how	large	reorganizations	in	binding	partner	specificity	can	result	
from	minor	modifications	in	their	amino	acid	sequence.
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Brittle bones on a chip

Judith Schaart* 1, Dorothee  Wasserberg 2, Wouter  Nijhuis 3, Harrie Weinans 3, Pascal Jonkheijm 2, Andries van der 
Meer 2, Anat Akiva 1, Nico Sommerdijk 1

1 Radboud university medical center, The Netherlands, 2 University of Twente, The Netherlands, 3 University Medical Center Utrecht 
- Wilhelmina Children’s Hospital, The Netherlands

Bone is a hierarchically organized, dynamic tissue, which consists of bone cells growing in a mineralized matrix. 
The bone forming cells (osteoblasts) deposit an organized collagen network, supplemented with non-collage-
nous proteins: the osteoid. Subsequently, the matrix is mineralized with calcium phosphate. Although the com-
plexity of bone dynamics, structure and composition have been extensively studied, the pathways underlying 
matrix formation and mineralization remain elusive. These pathways could be important to understand bone dis-
eases, such as osteoporosis or osteogenesis imperfecta, for which the currently available treatments are mainly  
based on symptom suppression.
In this project, we aim to study the processes of osteoid formation and mineralization in health and disease by 
developing a bone-on-a-chip that can be used for advanced correlative microscopy. In our bone-on-a-chip, an 
aligned	3D	collagen	matrix	is	deposited	and	mineralized	by	human	mesenchymal	stem	cells	that	are	differen-
tiated	 along	 the	osteogenic	 lineage.	During	differentiation,	 collagen	matrix	 formation	 and	mineralization	 are	
monitored	using	live	fluorescence	microscopy,	providing	us	a	platform	to	analyze	bone	formation.	
Using this platform, the osteogenic development of mesenchymal stem cells from an osteogenesis imperfecta 
patient	was	compared	to	the	development	of	healthy	cells.	Initial	fluorescence	imaging	data	showed	that	early	
collagen matrix formation occurred in patient cells, nevertheless, part of the cultures showed an aberrant pheno-
type.	By	further	evaluating	these	cell	cultures	using	fluorescence	microscopy	and	(cryo-)preserving	the	cultures	
for analysis with correlative 3D focused ion beam scanning electron microscopy (FIB-SEM), we expect to elucidate 
the pathways involved in osteogenesis imperfecta.
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Synthesis of Cyclobutanes for Fragment-Based Drug Discovery

Mathilde, A. C. H. Janssen* 1, Floris, P. J. T. Rutjes 1, Daniel Blanco-Ania 1

1 Radboud University Nijmegen, Nijmegen, The Netherlands

Cyclobutanes	offer	unique	opportunities	in	medicinal	chemistry,	because	of	their	distinctive	puckered	structure	
1. Fragment-based drug discovery (FBDD) has become a well-established approach in medicinal chemistry to 
generate lead compounds. In current libraries, 3D small-ring fragments, such as cyclobutanes, are underrepre-
sented because of the limited number of ways to synthesize them2. Therefore, we set out to synthesize novel 
FBDD-libraries containing cyclobutane fragments. Previously, various synthesis routes towards substituted cy-
clobutanes	using	[2+2]	cycloadditions	have	been	described	3.	However,	in	most	cases	alkenes	with	bulky	and	flat	
aromatic groups are required for the successful synthesis. As a result, molecules are generated that are not ap-
propriate for FBDD, because of their size (>300 Da) and non-versatile substituents for further library preparation. 
Non-standard	methods,	like	high	pressure	(10–15	kbar)	and	photoflow	chemistry	provide	a	unique	opportunity	
to	synthesize	novel	cyclobutane	scaffolds	using	[2+2]	cycloadditions.	We	used	various	alkenes	and	allenes	with	
a	variety	of	functional	handles	to	afford	1,2-	and	1,3-substituted	cyclobutanes.	For	example,	ethenesulfonyl	fluo-
ride	(ESF)	was	used	to	form	cyclobutanesulfonyl	fluorides,	which	can	be	further	modified	using	SUFFEX	chemistry	
4.	Subsequently,	the	synthesized	scaffolds	will	be	transformed	into	focused	fragment	libraries	and	screened	for	
target binding.

References
1. van der Kolk, M. R.; et all., Cyclobutanes in Small-Molecule Drug Candidates. ChemMedChem 2022, 17 (9), 
e202200020.
2. Li, J.;  et all., Recent advances in the total synthesis of cyclobutane-containing natural products. Organic Chem-
istry Frontiers 2020, 7 (1), 136-154.
3.	Poplata,	S.;		et	all.,	Recent	Advances	in	the	Synthesis	of	Cyclobutanes	by	Olefin	[2	+	2]	Photocycloaddition	Re-
actions. Chemical Reviews 2016, 116 (17), 9748-9815.
4.	Lou,	T.	S.-B.;	et	all.,	Sulfonyl	fluorides	as	targets	and	substrates	in	the	development	of	new	synthetic	methods.	
Nature Reviews Chemistry 2022, 6 (2), 146-162.

[2+2] cycloaddition under hyberbaric conditions to form cyclobutane building blocks and their transformation into 

fragments for a fragment-based drug discovery library.
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Chiroptical clathroprobes – probes for protein sensing

Anna Rola* 1, Viktor Ya. Chernii 2,3, Igor O. Fritsky 3,4, Elżbieta Gumienna-Kontecka 1

1 Faculty of Chemistry, University of Wrocław, Wroclaw, Poland, 2 Vernadskii Institute of General and Inorganic Chemistry, Kyiv, 
Ukraine, 3 Princeton Biomolecular Research Labs, Kyiv, Ukraine, 4 Department of Chemistry, Taras Shevchenko National University 
of Kyiv, Kyiv, Ukraine

Clathrochelates/cage compounds – are the particular type of complexes with metal ion in the center of a three-di-
mensional ligand cavity [1,2]. The encapsulation of coordinatively saturated metal in macropolycyclic cage pre-
vents	it	from	the	variety	of	external	effects,	such	as	solvent	or	exo-coordination	[1].	This	phenomenon	allows	
to exclude the appearance of redox reactions by ligand substitution or by inner-sphere mechanisms. It is also a 
reason for the unusual properties of clathrochelates: enormous chemical and electrochemical stability and a po-
tential	usefulness	as	biological	effectors	–	the	three-dimensional	body	of	clathrochelates	could	be	used	as	rigid	
scaffold	for	macromolecular	binding.
To fully exploit the potential of clathrochelates, their structure must be carefully designed and examined. For a 
special attention deserve the results of circular dichroism spectroscopy: with the use of this method, one can con-
clude the arrangement of the binding sites of hosting proteins [3]. This is due to the fact that protein molecules 
exhibiting inherent chirality are able to induce asymmetry of achiral organic and coordination compounds. This 
phenomenon	causes	an	appearance	of	a	signal	in	their	CD	spectra.	Induced	ICD	bands	may	reflect	the	proteins	
conformation and also the structural alterations and the proteins conformation. DFT calculations helped to visu-
alize the possible conformations of the macrobicyclic molecules.[1]

Acknowledgements: The project leading to these results has received funding from the European Union’s Horizon 
2020	Research	and	Innovation	Programme	under	the	Marie	Skłodowska-Curie	grant	agreement	no.	778245.	

[1]	V.	Kovalska,	S.V.	Vakarov,	M.V.	Kuperman,	M.Y.	Losytskyy,	E.	Gumienna-Kontecka,	Y.Z.	Voloshin,		O.	A.	Varzatskii,	
Dalton Trans., 47, 1036 (2018). 
[2]	Zsila,	F.,	Bikádi,	Z.,	Fitos,	 I.	Simonyi,	M.,	Probing	protein	binding	sites	by	circular	dichroism	spectroscopy,	1,	
133-153, 2004.
[3] V. Kovalska, M. Kuperman, M. Losytskyy, S. Vakarov, S. Potocki, S. Yarmoluk, Y. Voloshin, O. Varzatskii, E. Gumien-
na-Kontecka, Metallomics 11 (2019) 338

Fig. 1 Mechanism of chiroptical activity of clathroprobes.
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Dual-functional porous poly(ionic liquid)s for direct CO2 capture

Man Qi* 1, Jiayin Yuan 1

1 Stockholm University, Stockholm, Sweden

CO2 capture, storage and utilization is judged critical to mitigate the rapid rise in atmospheric CO2 concentra-
tion.	A	key	problem	is	the	gigantic	mass	of	CO2	emitted,	which	asks	for	robust,	efficient	and	economically	viable	
approaches that are currently missing and limited by the lack of suitable materials. To break through this barrier, 
we aim to develop metal-free dual-function porous poly(ionic liquid)s (DPPs) to capture and convert CO2 under 
ambient	conditions	into	cyclic	carbonates	with	high	efficiency,	and	to	apply	them	in	model	reactors	for	cost-ef-
fective processing of CO2. 
Poly(ionic liquid)s (PILs) are innovative ionic materials, in which ionic liquids (ILs) are covalently joined by a 
macromolecular backbone. ILs are known CO2-philes, and IL-derived PILs are naturally in favour of CO2 sorption, 
while their ions can be tailor-made for catalytic CO2 transformation. Such dual-function as sorbent and catalyst 
is the intrinsic merit of PILs to address the CO2 challenge, but unfortunately has been long impeded by the mis-
matched chemical structures in each function. Our preliminary work proved that the newly emerging 1,2,4-tri-
azolium PILs were catalytic active and drastically more CO2-philic than common polyimidazoliums, and are be-
lieved as the game-changer materials. We envision that by structuring chemically tailor-made 1,2,4-triazolium 
PILs into highly porous materials, they will be able to capture and convert CO2 under ambient conditions. This 
ground-breaking	materials	concept	will	circumvent	the	complicated,	harsh	conditions	for	CO2	fixation,	and	cut	
the	cost	to	an	affordably	low	level.	
This	research	will	radically	advance	scientific	knowledge	and	technology	to	fixate	and	convert	CO2	at	scale	into	
value-added chemicals that further reduces the consumption of fossil resources. Our outcome will expedite the 
research in PIL and dual-function materials to revolutionize the CCU routes and equip us with powerful materials 
tools to mitigate the global CO2 rise.

Simultaneous CO2 capture and conversion into cyclic carbonates under ambient conditions by dual-function porous 

poly(ionic liquid)s.
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Photo-dynamic Double Network Hydrogels

Ana Agustina Aldana* 1, Paula Marks 1, Vanessa LaPointe 1, Lorenzo Moroni 1, Matthew Baker 1

1 Maastricht University, Maastricht, The Netherlands

Hydrogels based on non-covalent and/or dynamic covalent cross-links have shown that dynamicity plays an im-
portant role to recreate the extracellular matrix (ECM) functionality and structure [1,2]. However, the uncontrolla-
ble	network	properties	across	timescales	make	these	dynamic	hydrogels	insufficient	for	fully	recapitulating	the	
native ECM. 
In order to overcome this issue, double network (DN) hydrogels have gained attention as an approach to mimic 
the multicomponent ECM. Furthermore, DN has enhanced mechanical properties [3,4]. 
Here, we aimed to design biomaterials with spatiotemporal-controlled mechanical properties. The combination 
of two networks was investigated: one dynamic covalent cross-linked, and the other one photo-responsive net-
work. The second network based on light-responsive linkages could enable reversible control of cross-linking 
degrees over space and time. 
We	investigated	the	combination	of	oxidized	alginate	cross-linked	by	Schiff-base	reactions	(dynamic	network)	
and	 photo-cross-linkable	 coumarin-derivate	 polymers	 (photo-responsive	 network).	 The	 stiffness	 (ranging	 be-
tween 0.4 and 5.2 kPa) and photo-responsiveness (ranging between 3 and 15 minutes) of the hydrogels were 
modulated by polymer composition. The dimerization of coumarin-derivate (second network) raised the storage 
module by 2 folds compared to only dynamically cross-linked hydrogel. Photo-switchable behavior was corrobo-
rated	by	rheology,	showing	stiffening	and	softening	depending	on	coumarin	dimerization	and	cleavage,	respec-
tively. 
We	are	currently	investigating	the	effect	of	hydrogel	stiffening	on	induced	pluripotent	stem	cells.	We	envision	
that these biomaterials could bring more biomimetic biologic processes, such as tumor growth in which the me-
chanical properties change over time. 

References
1. Diba M., et al., Adv. Mater., e2008111, 2021.
2. Morgan F.L.C., et al. Adv. Healthc. Mater., e1901798, 2020.
3. Aldana A.A., et al.,  J. Polym. Sci., 59(22), 2832 2021.
4. Aldana A.A., et al., ACS. Biomater. Sci. Eng., 7, 4077, 2021.
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Descriptors for hydrodeoxygenation reaction over Mo2C catalyst

Han Zuilhof 2, Harry Bitter 1, Guanna Li*, Raghavendra Meena 1,2

1 Biobased Chemistry and Technology, Department of Agrotechnology and Food Sciences, Wageningen University and Research, 
Wageningen, Netherlands, 2 Laboratory of Organic Chemistry, Department of Agrotechnology and Food Sciences, Wageningen 
University

Platinum group metals (PGMs) are known for catalysing a wide range of chemical reactions involved in biomass 
conversion with high activity and selectivity. However, PGMs are scarce, expensive, and susceptible to deactiva-
tion	by	the	impurities	present	in	the	reaction	systems	[1].	Therefore,	the	focus	has	been	shifted	to	finding	viable	
alternatives such as Mo2C and W2C transition metal carbides (TMC) [2]. While the catalytic activity of TMC is to 
some degree known, it is still not clear what the structure-activity relationships are. In this work, we used an ef-
ficient	descriptor-based	approach	[3]	to	gain	insights	into	structure-activity	relationships	for	Mo2C	catalyst,	and	
then further tuned the activity of Mo2C by heteroatom doping.
First, the full (hydrodeoxygenation) HDO reaction pathway over β-Mo2C	 (101)	 surface	was	 identified	by	DFT	
mechanistic study, Fig.1 (A). Subsequently, microscopic parameters (elementary steps and activation barriers) 
obtained using DFT were plugged into an MKM model to derive experimentally measurable macroscopic param-
eters	such	as	surface	coverages	and	degree	of	rate	control	(DRC)	coefficients.	DRC	analysis	(Fig.1	(B))	shows	that	
butanol dissociation is the rate-determining step. To facilitate this reaction step, we doped the metal active site 
with a range of transition metals (M), as in Fig.1 (C). Upon electronic structure analysis, Fig.1 (D), we discovered 
that	M	(d-band	filling)	and	M	(radius)	are	decent	descriptors	correlating	the	activity	of	β-Mo2C (101) surface and 
doping	active	metal	site	with	Zr	and	Nb	can	remarkably	improve	butanol	dissociation	and	thereof	enhance	the	
overall activity. These fundamental understandings provide a practical strategy for tailor-made TMCs develop-
ment towards HDO reactions.

References:
[1] Yu-Chuan Lin and George W. Huber. Energy Environ. Sci. 2009, 2, 68–80.
[2] M. Führer, T. van Haasterecht, and J. H. Bitter. Catal. Sci. Technol. 2020, 10, 6089–6097.
[3] C. Jiang et. al. Angew. Chem. Int. Ed. 2022, 61, 06758.

Descriptor screening based on mechanism and scaling relationships for HDO of butyric acid on Mo2C catalyst.
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Dynamic Hydrogels as Biomaterials for Cartilage Tissue Engineering
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1 Hasselt University, Belgium, 2 Maastricht University, The Netherlands

Supramolecular	hydrogels	are	a	class	of	hydrogels	formed	by	non-covalent	interactions	between	different	mo-
lecular	species.	They	have	shown	great	potential	in	the	field	of	tissue	engineering	as	they	are	able	to	mimic	the	
extracellular matrix’ biomechanical properties (1). Nevertheless, there is a critical demand for a modular synthet-
ic system capable of dictating cellular fate in order to translate hydrogels toward therapeutic applications. This 
project	aims	to	investigate	the	influence	of	dynamic	supramolecular	networks	on	cellular	response,	leading	to	
the	development	of	an	injectable	but	tough	material	functioning	as	cell	scaffold	for	cartilage	regeneration.	To	
achieve	this,	the	first	objective	is	to	establish	a	platform	based	on	telechelic	PEG-BTA	(poly(ethylene)	glycol,	ben-
zene-1,3,5-tricarboxamide)	and	alginate	to	create	mechanically	robust	scaffolds	(2).	We	hypothesize	that	PEG-
BTA can be synthesized with variable PEG molecular weights, yielding mechanically stronger hydrogels when 
using 1) lower PEG molecular weights such as 2.000 g/mol and 6.000 g/mol, and 2) introducing 1.5 wt% alginate 
into	 the	 system.	To	confirm	 this	hypothesis,	 these	materials	will	be	characterized	using	 rheology	and	 tensile	
testing. Using higher molecular weight PEG (>10.000 g/mol) leads to a decrease in tensile strength, but improves 
viscosity of the sample which is favorable for 3D printing. 3D printing of these materials will be explored in fu-
ture steps. Finally, the cellular response of chondrogenic cell lines in the hydrogel will be investigated in vitro. 

References
1. Webber MJ, Appel EA, Meijer EW, Langer R. Supramolecular biomaterials. Nat Mater. 2016;15(1):13-26.
2.	 Hafeez	 S,	 Passanha	 FR,	 Feliciano	 AJ,	 Ruiter	 FAA,	 Malheiro	 A,	 Lafleur	 RPM,	 et	 al.	 Modular	 mixing	 of	 ben-
zene-1,3,5-tricarboxamide supramolecular hydrogelators allows tunable biomimetic hydrogels for control of cell 
aggregation in 3D. Biomater Sci. 2022;10(17):4740-55.
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Tailoring Lignin’s Material Properties and Rapid Chemometric Analysis
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Lignin is the most abundant source of aromatic biogenic carbon on the planet, yet is still an underutilised waste 
material from cellulose-based industries. Given its highly functionalised and aromatic framework, it nevertheless 
holds huge potential in a range of materials applications as a renewable alternative component. However, its 
highly	heterogeneous	and	polydisperse	nature	leaves	it	structurally	complex	and	with	ill-defined	properties,	pre-
venting its widespread implementation. In particular, lignin’s chemical structure and physicochemical properties 
vary	with	botanical	origin,	delignification	method	and	can	even	change	batch-to-batch.	To	better	fine-tune	the	
properties,	a	fraction-modification	approach	has	been	detailed,	in	which	great	control	over	the	Glass	Transition	
Temperature (Tg), an essential material performance parameter, was demonstrated. In this exercise however, the 
quantity and thus analytical burden for full characterisation of samples was enormous, much like in quality con-
trol	of	lignin	streams	in	biorefineries	in	general.	Such	time-consuming	characterisation	techniques	are	essential	
to determine structural properties and thus gauge each lignin’s application potential. Previous work has shown 
that construction of Partial Least Squares (PLS) Regression models in combination with rapidly acquired infrared 
spectroscopy data allows for accurate prediction of structural[1] and chemical features,[2] circumventing the 
need	for	the	full	suite	of	characterisation	methods	typically	required.	We	were	able	to,	for	the	first	time,	deliver	
accurate predictions of the Tg of an unseen (by the model) set of lignins. Separately, we manage to extract highly 
accurate	predictions	for	Tg	for	our	modified	lignin	sample	set.	Finally,	we	tested	the	impact	of	measuring	spectra	
on	different	instruments,	revealing	that	there	is	a	machine-dependence	on	spectra	providing	a	bias	and	offset	in	
predicted values. This can be accounted for and corrected to yield accurate and reproducible predicted values of 
both structural and material characteristics, alleviating the bottleneck on lignin characterisation.

[1]	C.S.Lancefield,et.al.,ChemSusChem,2019,12,1139–1146.
[2] R.J.A.Gosselink, et.al.,Holzforschung,2010,64,193–200.

Side-stepping the analytical burden of lignin characterisation for both mixed feeds and modified lignins using Partial Least 

Squares Regession models with rapidly acquired Fourier Transform Infrared Spectroscopy Data
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SOLAR CELLS SENSITIZED WITH NANOPARTICLES OF GRAPHENE OXIDE

María Quintana* 1, Harry Rivera 1, Katherine Miranda 1

1 Universidad Nacional De Ingeniería, Lima, Peru

Among	next	–	generation	photovoltaic	systems	requiring	 low	cost,	eco-friendly	and	high	efficiency,	Graphene	
Oxide Nanoparticles (Quantum-dot) sensitized solar cells are a  promising alternative because of the unique 
characteristics of these nanoparticles, making them better candidates compared to the existing photovoltaics 
technologies	such	as	crystalline	silicon	and	dye	sensitized	thin	films.	 In	Graphene	Oxide	quantum	dots	sensi-
tized solar cells (GOQDSSCs), the dots are distributed on a conductive substrate (FTO) by manually spin coating 
so when a photon by light travelling into the cell hits the nanoparticle it increases the energy of some electrons 
in the particle, generating an electron-hole pair, these excited electrons will be injected in the titanium dioxide 
(TiO2) making them travel through the FTO, while these electrons are travelling, they leave some holes in the 
quantum	dots	which	will	be	filled	by	other	electrons	coming	from	the	electrolyte	(I-/I3-)	whereas	the	electrolyte	
will take electrons from the counter electrode, as a result this will create a voltage across the cell and induce a 
current. We work with the Graphene Oxide quantum dot letting us vary the size of this particle by an autoclave 
thermal process, and obtaining bandgaps that can be adjustable and proportional to the frequency of sunlight in 
the visible and infrared spectrum. Through the thermal process adjusting temperature and time variables, we ob-
tained	three	different	sizes	of	quantum	dots	with	a	yellow,	orange	and	green	fluorescence	where	the	absorbance	
values, obtained by a UV VIS spectroscopy, were in the range of 228.9 nm, 265.7 nm and 232.4 nm, showing that 
we	can	obtain	different	values	of	bandgaps.	This	led	us	to	work	on	a	dye	sensitized	solar	cell	with	an	artificial	and	
stable	metal	organic	Ruthenium	complex	for	comparing	the	efficiency	and	external	Quantum	efficiency	with	the	
Graphene Oxide quantum dots solar cell.
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High-throughput generation of controllable single spheroids cultures

Peilin Tian* 1,2, Eric Du 1,2, Bram Soliman 1,2, Maria Kavallaris 2,3, Richard Tilley 1,2, Justin  Gooding 1,2

1 School of Chemistry, The University of New South Wales, Australia, 2 Australian Centre for NanoMedicine, The University of New 
South Wales, Australia, 3 Children’s Cancer Institute, Lowy Cancer Research Centre, The University of New South Wales, Australia

Introduction
While tissue biopsies are the current standard for cancer diagnosis and treatment, liquid biopsies based on blood 
or	plasma	biomarkers	offer	a	low-risk	alternative	[1].	However,	in	vitro	cancer	models	that	accurately	replicate	
cancer heterogeneity are necessary for understanding the relationship between the change of biomarkers, cancer 
progression, and drug resistance [2]. A high-throughput 3D bioprinting system was utilised to create single can-
cer spheroids with controlled size for drug screening.
Materials and Methods
Spheroid-in-cup	models	were	printed	on	a	drop-on-demand	3D	bioprinter	(Inventia	Life	Sciences,	ILS).	The	effect	
of printing parameters (nozzle pressure and valve opening time) on the drop volume was investigated through 
real-time imaging (ILS). Cups were prepared by sequential dispensing of alginate and calcium chloride (CaCl2) 
(both 2% w/v, ILS, Figure 1). After air drying, cell suspensions (MCF-7/MCF-10A/MDA-MB-231, 250 million cells/
mL in 14% Ficoll) were automatically dispensed into the lumen. Spheroids were cultivated for 7 days.
Results and Discussion 
Valve	opening	time	was	kept	minimal	(450ms	for	alginate,	432ms	for	CaCl2)	for	optimal	droplet	fidelity,	as	pro-
longation caused unwanted droplet satellites. The pressure was adjusted (30-45 kPa) to fabricate cups with re-
producibly varied lumen sizes (300 μm ± 30 μm, 600 μm ± 40 μm, and 800 μm ± 50 μm). 96 cups were fabricated 
within	1.5	hours,	 and	 spheroids	 formed	within	48-72	hours.	 The	 control	over	 lumen	opening	 size	 afforded	a	
method to generate spheroids with controllable size.
Conclusion
Our method utilizing a 3D bioprinting system enables high-throughput and rapid formation of single cancer 
spheroids	with	controllable	size.	The	generated	spheroids	accurately	reflect	in	vivo	heterogeneity	and	facilitate	
the detection of biomarkers release.

1. Alix-Panabieres, C., Perspective: The future of liquid biopsy. Nature, 2020. 579(7800): p. S9-S9.
2. Franklin, M.R., et al., Immuno-oncology trends: preclinical models, biomarkers, and clinical development. J Im-
munother Cancer, 2022. 10(1).

Figure 1: A schematic of the bioprinting process involves bioprinting hydrogel matrix to form a cup, depositing cells onto it, 

and embedding the top half of cup. The structure is incubated at 37°C and 5% CO2 until spheroid is formed.
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A generic antibody binder for biosensing and immunotargeting

Alexander Stephany* 1, Lieuwe Biewenga  1, Maarten Merkx 1

1 Eindhoven University of Technology, Eindhoven, The Netherlands

Antibody-based molecular detection is an important tool in life sciences and has a wide range of applications 
including diagnostics, molecular imaging, drug delivery and therapy.
In	this	context,	Protein	M	is	a	generic	antibody-binder¹	which	exhibits	a	high	affinity	with	the	constant	region	of	
antigen binding domains of IgG’s, IgA’s and IgM’s. It also has the unique feature of permanently blocking antigen 
binding upon attachment. Because of these characteristics it has the potential to be used as a selective antibody 
blocker for therapeutic targeting or in a competition-based immunosensor. 
We	engineered	a	protein	M	mutant	with	a	pH	switchable	affinity	towards	IgG’s,	providing	a	new	method	for	puri-
fying antibodies, fab fragments, single chain variable fragments and antibody conjugates. Additionally the block-
ing capacity of this protein M mutant allows for a pH dependent targeting of antigens on cell surfaces thereby 
providing a new approach for tumor cell targeting in the acidic tumor microenvironment.
To use it as the building-block for a competition based immunoassay, protein M needs to be engineered to have 
reversible binding by increasing its dissociation rate from antibodies To this end, we have computationally de-
signed several mutants in order to better understand its structure to function relations. Recent results have pro-
vided us with insights into the stability of protein M, culminating in an increase of mutant thermostability. Our 
current objective is to generate mutants that exhibit faster dissociation kinetics, which would allow for reversible 
binding to antibodies.

1.	Grover	RK,	Zhu	X,	Nieusma	T,	et	al.	A	Structurally	Distinct	Human	Mycoplasma	Protein	that	Generically	Blocks	
Antigen-Antibody Union. Science. 2014;343(6171):656-661. doi:10.1126/science.1246135
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Kinetics of pectinmethylesterase inactivation in blackberry (Rubus glaucus) 
fruits

Dolffi Rodriguez Campos* 1, Jairo Granados 2

1 National Open and Distance University, Bogota, Colombia, 2 University of Cundinamarca, Fusagasugá, Colombia

Introduction: Blackberry (Rubus glaucus) is a soft fruit, which is considered highly perishable and not very hard-
ness (Candan, 2014), as a result of intense pectinmethylesterase (PME) activity and polygalacturonase in the cell 
wal,  this enzymatic activity implies large postharvest losses. The investigation have demonstrated that PMEs 
are involved, directly and indirectly, in diverse physiological processes associated with both vegetative and re-
productive plant development (Pelloux, J, et al, 2018) Objective: This work sought to characterize Rubus glaucus 
fruits physicochemically, of two maturity indices, as well as the kinetics of inactivation Pectinmethylesterase in 
addition,	the	effectiveness	of	2	inhibitors	was	evaluated,	such	as:	Ascorbic	acid	and	Calcium	Chloride.	at	1%,	2%	
and 4%, respectively. Methodology: Methodology: PME was extracted according to the procedure proposed by 
Carabalí, et al, (2009), enzymatic activity was determined using the spectrophotometric technique of Hagerman 
and	Austin,	(1986).	Results:	The	statistical	differences	of	the	means	were	evaluated	by	means	of	one-way	analysis	
of variance, Duncan’s test and correlation analysis between the variables studied, using the SAS program (2018); 
The results showed that PME exhibited a kinetic behavior according to the Michaellis-Menten; Km increased, be-
cause	the	affinity	of	the	enzyme	for	the	substrate	decreased	and	the	value	of	Vmax	decreases.	this	reduces	the	
catalytic activity of the enzyme. However, the treatment that presented a greater Km was CaCl2 at 4%, which was 
reflected	in	the	increase	in	the	hardness	of	the	fruits.
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Role of succinate on MgFe-LDH for arsenic sequestration

Yusuf Olalekan Zubair* 1, Mauricio  Córdova-Udaeta 2, Shigeshi  Fuchida 3, Keishi Keishi Oyama 4,  
Chiharu Tokoro 4,5

1 Graduate school of Creative Science and Engineering, Waseda University, Okubo 3-4-1, Shinjuku, Tokyo, Japan, 169-8555,  
2 Waseda Research Institute for Science and Engineering, Waseda University, Okubo 3-4-1, Shinjuku, Tokyo, Japan, 169-8555,  
3 Department of Marine Resources and Environment, Tokyo University of Marine Science and Technology, 4Faculty of Science 
and Engineering, Waseda University, Okubo 3-4-1, Shinjuku, Tokyo, Japan, 169-8555,  5Graduate School of Engineering, The 
University of Tokyo, Hongo 7-3-1, Bunkyo, Tokyo, Japan 113-8656

Arsenic contamination in water bodies is a serious environmental problem global because of its high toxicity, car-
cinogenic	nature	and	difficulty	to	be	removed	from	contaminated	water.	The	use	of	claylike	minerals	such	as	lay-
ered double hydroxides (LDHs) for remediation of metals contaminated water has attracted considerable interest 
due	to	their	high	anion	exchange	ability.	Considering	the	significant	role	that	several	carboxylate	complexes	play	
in	water	bodies,	it	is	necessary	to	understand	how	their	interactions	with	LDHs	could	affect	arsenic	sequestration.	
The aims of this study were (1) to synthesize MgFe-LDH coprecipitated with a low molecular carboxylate such as 
succinate (succ) (2) to evaluate the role of succinate on arsenic removal mechanism and stabilization by compar-
ing the characteristics of samples obtained from arsenic adsorbed on succ-coprecipitated MgFe-LDH and pristine 
MgFe-LDH. The sorption kinetic experiment was conducted under batch condition with an initial arsenic con-
centration of 1.5 mg/L at pH 5 and 6.5 for As(III) and As(V), respectively. Kinetic experiment results showed that 
As(III) and As(V) sorption rates on succ-coprecipitated MgFe-LDH were almost three and two times that of pristine 
MgFe-LDH, respectively. Similarly, the sorption density of As(III) and As(V) were almost 70% and 25% greater 
than that of pristine MgFe-LDH. The faster kinetics and larger sorption density of succ-coprecipitated MgFe-LDH 
was due to its distorted structure and additional sorption sites created by succinate complexes as evidenced 
by	scanning	electron	microscope,	surface	area	analyzer	and	X-ray	photon	spectroscopy.	The	main	mechanism	
of arsenic uptake can be attributed to surface complexation and ion-exchange. Compared with As(III) and As(V) 
samples obtained on pristine MgFe-LDH, the stability of As(III) and As(V) adsorbed increased by 60%-60 % and  
80% - 87% on succ-coprecipitated MgFe-LDH, respectively. This research demonstrates that succ-coprecipitated 
MgFe-LDH has high potential for arsenic immobilization and stabilization.
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Improving Hydrogen Production through ZnO-based Graphene Composites

Claudia Cajicá* 1, Rafael Cabanzo Hernánde Cabanzo Hernández 1, Enrique  Mejia Ospino 1

1 Universidad Industrial De Santander, Bucaramanga, Colombia

The search for new materials to facilitate energy transition has led to the development of photocatalysis as a 
promising	alternative.	Metal	oxides	such	as	TiO2,	ZnO,	and	WO3	are	widely	reported	for	their	ability	to	generate	
photocatalytic H2. However, the low mobility of electrons generated by these metal oxides leads to easy recom-
bination	of	electron/hole	pairs,	which	affects	their	photocatalytic	activity.	To	counteract	this	effect,	researchers	
have	incorporated	materials	with	high	electron	mobility,	such	as	modified	graphene	oxide	(GO).
In	this	study,	ZnO@RGO	(Reduced	Graphene	Oxide)	and	Zn@EGO	(Edge	Graphene	Oxide)	composites	were	syn-
thesized to evaluate their ability to generate photocatalytic hydrogen. Characterization of the composites using 
FT-IR, Raman, and SEM techniques showed that the selective oxidation of GO (EGO) resulted in a higher photo-
catalytic activity compared to RGO, possibly due to the low-defective structure of EGO. This structure allows for 
facile	electronic	transport	through	the	EGO	sheets,	thereby	enhancing	the	photocatalytic	activity	of	the	ZnO@
RGO	and	Zn@EGO	composites.	Overall,	these	findings	provide	insights	into	the	development	of	more	efficient	
photocatalysts for energy generation.



POSTERS 2

923

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-B0821

Highly Stereoselective Chemoenzymatic Multicomponent Synthesis of 
Nirmatrelvir

Hans Daniel Preschel* 1, Ruben T Otte 1, Ying Zhuo 2, Rebecca E Ruscoe 2, Ashleigh J Burke 2, Rachel  Cowan 2, 
Brendan  Horst 1, Sven Hennig 1, Elwin  Janssen 1, Anthony Green 2, Nicholas J Turner 2, Eelco  Ruijter 1

1 Vrije Universiteit Amsterdam (vu), Amsterdam, Netherlands, 2 University of Manchester, Manchester, United Kingdom

The Covid-19 pandemic has impacted global health, society, and economies in a way that is unprecedented in 
modern history. Although large-scale vaccination against SARS-CoV-2 has brought the pandemic under control, 
serious concerns over the rise of new virus variants potentially evading an immune response remain. Conse-
quently,	rapid	synthetic	access	towards	efficacious	small	molecule	drugs	like	Nirmatrelvir,	the	active	ingredient	
in	Pfizer’s	orally	available	Paxlovid™	which	passed	clinical	trials	for	emergency	treatment	last	year,	is	urgently	
required.
Herein we present a modular and operationally straight forward multicomponent strategy towards nanomolar 
mechanism-based protease inhibitors like Nirmatrelvir. The key feature is the combination of a highly enantiose-
lective bioenzymatic desymmetrization towards the required bicyclic imine, and a fully diastereoselective Ugi 3 
component	reaction	with	a	densely	functionalized	isocyanide.	Our	methodology	directly	affords	this	valuable	API	
in	a	atom-efficient	one-pot	process	absent	of	any	intermediate	purification	steps.	We	anticipate	this	approach	
provides	a	valuable	tool	 in	diversity	orientated	drug	discovery	efforts	e.g	the	synthesis	and	screening	of	new	
active drug candidates.

references:
[1] Cannalire, R.; Cerchia, C.; Beccari, , A. R.; Saverio Di Leva, F.; Summa, V. Targeting SARS-CoV-2 Proteases and 
Polymerase for COVID-19 Treatment: State of the Art and Future Opportunities. J. Med. Chem. 2022, 65, 2716–
2746
[2] Owen, D. R. et al., An oral SARS-CoV-2 Mpro inhibitor clinical candidate for the treatment of COVID-19. Science 
2021, 374, 1586–1593. 
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Targeting TRIM66 by combining virtual and high-throughput screening

Francesca D’Amico* 1, Rishov Mukhopadhyay 1, Colin T. Bournez 2, Gerard J.P. van Westen 2, Monique P.C. Mulder 1

1 Leiden University Medical Center, Leiden, The Netherlands, 2 Leiden University, Leiden, The Netherlands

Tripartite motif (TRIM) proteins form a subfamily of RING-type E3 ligases that have genetically been related to 
cancer, autophagy and immunity[1]. Here we present our work on TRIM66 which recently emerged as chromatin 
reader and plays a crucial role in DNA damage repair. TRIM66 has been positively linked to cell proliferation and 
prostate cancer; however, the molecular details of its biological functions remain unclear. As a member of TRIM 
class VI, TRIM66 owns a tandem Plant-Homeodomain and Bromodomain (PHD-BRD) module at the C-terminus 
which	enables	specific	recognition	of	Post	Translational	Modifications	(PTMs)	on	the	N-terminal	tail	of	histone	
H3[2].
We are interested in the discovery of small-molecule inhibitors targeting the PHD and BRD of TRIM66 to gain a 
deeper understanding of the physiological and pathological roles of this poorly characterized protein. 
Current available crystal structures of TRIM66 PHD-BRD are used to predict the docking sites responsible for the 
recognition	of	Ac/Me	Lys/Arg	residues;	modified	binding	peptides	based	on	the	sequence	of	histone	H3	are	de-
signed and synthesized for assay development; structure-based virtual screening of compounds selected based 
on	literature	is	performed	for	hits	identification.	The	activity	of	potential	inhibitors	is	evaluated	by	Fluorescence	
Polarization-based binding assays and Alphascreen. The discovery of selective compounds inhibiting TRIM66 
PHD-BRD may ultimately provide tools towards a better understanding of its biological function.

[1] D’Amico F., Mukhopadhyay R., Ovaa H., Mulder MPC., Targeting TRIM Proteins: A Quest towards Drugging an 
Emerging Protein Class. Chembiochem. 2021 Jun 15;22(12):2011-2031
[2]	Chen	J.,	Wang	Z.,	Guo	X.,	Li	F.,	Wei	Q.,	Chen	X.,	Gong	D.,	Xu	Y.,	Chen	W.,	Liu	Y.,	Kang	J.,	Shi	Y.	TRIM66	reads	
unmodified	 H3R2K4	 and	 H3K56ac	 to	 respond	 to	 DNA	 damage	 in	 embryonic	 stem	 cells.	 Nat	 Commun.	 2019	
Sep19;10(1):4273
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Inverted SInglet and Triplet Organic Emitters

Youngnam Lee* 1, Jiyun Kim 1, Soohyeon Lee 2, Eunji Sim 2, Jong-In Hong 1

1 Seoul National University, South Korea, 2 Yonsei University, South Korea

According to Hund’s rule, the triplet state has more stable energy than the singlet state due to the exchange ener-
gy. However, recently, organic emitters having an unstable triplet state, so-called inverted singlet and triplet (IST) 
excited states, are being developed. Here, we developed the IST emitters using distorted electron donor-acceptor 
structures.	We	experimentally	and	theoretically	confirmed	the	IST	excited	state	using	photoluminescence	(PL),	
time-correlated single photon counting (TCSPC), and excited state density functional theory (eDFT) calculations. 
By controlling the number of electron donors and comparing undistorted electron donor-acceptor structures, the 
reason	for	the	IST	excited	states	was	also	confirmed.	Furthermore,	high	external	quantum	efficiencies	(EQEs)	of	
up to 30% were achieved by applying the IST emitters to the emitting layer (EML) of the organic light-emitting 
diode (OLED).
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Effect of lignin stabilization on pyrolysis process

Zihao Liu* 1

1 Huazhong University of Science and Technology, WUHAN, China, 2 University of Groningen, Groningen, Netherlands

Lignin condensation and resulting high C-C bond content lead to its high thermal stability which limits its utiliza-
tion	through	pyrolysis.	In	this	work,	we	conducted	lignin	modification	using	aldehydes	and	glycols	with	different	
carbon numbers during organic solvent pretreatment and recovered the stabilized lignin. Then applied the lignin 
into fast pyrolysis. The results showed that the addition can improve the lignin removal rate (from 74.3wt.% to 
77.9wt.%-85.8wt.%)	and	achieve	lignin	modification	simultaneously.	The	modified	lignin	had	a	lower	molecu-
lar weight 4766-8588Da (compared to the control group 13958Da). Those can be ascribed to the formation of 
acetals	confirmed	by	FTIR	and	2D-HSQC	because	acetals	in	lignin	can	limit	the	lignin	condensation	during	pre-
treatment.	Those	modifications	can	also	reduce	the	decomposition	activation	energy	of	lignin	from	118	kJ/mol	to	
the range of 78 kJ/mol -111 kJ/mol when the conversion rate is lower than 0.4. The lower activation energy was 
consistent with the lower solid residue during thermogravimetric analysis which decreased from 41wt.% to the 
range	of	25wt.%-38wt.%.	Those	results	showed	that	lignin	modification	during	pretreatment	can	decrease	the	
thermal	decomposition	resistance.	Besides,	Lignin	modification	can	also	improve	the	selectivity	of	certain	chemi-
cals (formaldehyde for isovanillin; acetaldehyde for eugenol) during the fast pyrolysis conducted on an Analytical 
Pyro-probe reactor, and this provides a feasible way to regulate product distribution. The pyrolysis experiments 
in	the	fix-bed	reactor	were	also	carried	out	to	discuss	the	influence	of	lignin	modification	on	pyrolysis	properties	
and	biochar	structure.	With	the	modifiers’	carbon	number	increased,	the	bio-oil	yield	increased	from	40.5wt.%	
to	a	maximum	of	63.4wt.%	(for	propionaldehyde).	The	inter-layer	spacing	of	biochar	also	decreased	from	3.94Å	
to	3.77	Å	(for	butylene	glycol)	after	adding	the	modifiers.	Those	results	provide	us	with	a	feasible	way	to	control	
the lignin pyrolysis process by regular lignin structure during pretreatment.

Aldehydes/ glycols can modify lignin structure during organic solvent pretreatment and form some acetal structure.  This 

modification can reduce the activation energy and improve the selectivity of certain chemicals (formaldehyde for isovanillin, 

acetaldehyde for eugenol) during pyrolysis process.
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Automated BOD Analysis

Siti Mastura Mohamed 1, Sheikh Mohamad Shahir Ali 1, Naziffuad  Noran 1, Malarvili Ramalingam* 1,  
Nazarudin Mohamed@Ibrahim 1

1 Department of Chemistry Malaysia, Petaling Jaya, Malaysia

The Biochemical Oxygen Demand (BOD) analysis is one of the most common applications for water laboratories. 
A highly output and automated BOD analysis method was developed, as an alternative to conventional methods; 
wrinkler titration and membrane electrode method used before. The analysis was performed using a SP2000 
robotic	analyzer	that	completely	automates	the	standard	BOD	method	including	steps	such	as	filling,	capping/
de-capping, dilution, pH adjusting, sample homogenization, addition of reagents, measurement of dissolved oxy-
gen	(DO)	and	data	recording.	Measurements	of	DO	were	carried	out	from	February	to	August	2022	at	three	differ-
ent	concentration	levels	(20	mg/L,	50	mg/L	and	198	mg/L).	The	recovery	obtained	from	the	verification	study	was	
110%,	102%	and	101%,	respectively.	Meanwhile,	the	expanded	uncertainty	for	BOD	at	95%	confidence	level	
was	comparable	to	both	conventional	methods.		The	experiment	verifies	that	this	method	has	a	higher	production	
rate	and	increased	productivity,	more	efficient	use	of	materials,	and	improved	safety.	Moreover,	the	automation	
of the labor-intensive BOD application can save up to 80% of operator time and provides the required consis-
tency for the application.
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Light-controlled spatiotemporal desialylation with a photoactivatable 
sialyltransferase inhibitor

Sam  Moons 2, Daniël Hornikx* 1, Mikkel Andersen 3, Johan Pijnenborg 2, Yoshiki Narimatsu 3, Henrik Clausen 3,  
Hans Wandel 3, Thomas Boltje 2, Christian Büll 1,3

1 Department of Biomolecular Chemistry, Institute for Molecules and Materials, Radboud University, Nijmegen, The Netherlands,  
2 Cluster of Molecular Chemistry, Institute for Molecules and Materials, Radboud University, Nijmegen, The Netherlands,  
3 Copenhagen Center for Glycomics, Department of Cellular and Molecular Medicine, Faculty of Health Sciences, University of 
Copenhagen, Copenhagen, Denmark

Fluorinated	sialic	acids	are	potent	metabolic	inhibitors	of	the	sialyltransferases	and	effectively	block	sialic	acid	
capping of glycans in mammalian cells and bacteria. These sialyltransferase inhibitors are highly useful tools to 
probe the contribution of sialic acids in cellular processes and glycan interactions at the molecular level. More-
over, sialyltransferase inhibitors have been reported to reduce metastasis and to increase immunogenicity of 
tumors in mouse models and can potentially be applied to reduce viral and bacterial infection that relies on 
sialoglycans. These studies strongly advocate that inhibition of sialylation with chemically pure small molecule 
inhibitors	of	sialyltransferases	can	have	therapeutic	effects	in	cancer	and	infection.	The	major	challenge	for	the	
therapeutic application of sialyltransferase inhibitors is to achieve local activity in target tissues such as tumors 
or	infected	areas,	because	systemic	deletion	of	sialic	acids	can	result	in	adverse	effects	due	to	their	physiological	
importance. To enable selective and local activity of a known potent sialic acid-based sialyltransferase inhibitor 
(SiaFEToc), we have installed a photolabile 2-nitrobenzyl ether protecting group at the anomeric center of the si-
alic acid inhibitor yielding photo-SiaFEToc. The photolabile group rendered SiaFEToc inactive and no activity was 
found in human cell lines treated with photo-SiaFEToc. Irradiation with 365 nm UV-light cleaved the protecting 
group and produced the compound that is metabolized to the active inhibitor. Targeted and short irradiation with 
365	nm	UV-light	of	a	cell	monolayer	pulsed	with	photo-SiaFEToc	resulted	in	effective	and	local	desialylation.	We	
will present our strategy for development of this photoactivatable sialyltransferase inhibitor and demonstrate 
its use for controlled local desialylation in mammalian cell cultures. Potentially, this approach can be applied 
for	local	inhibition	of	sialoglycan	biosynthesis	in	superficial	tumors	penetrable	by	UV	light	and	omit	the	adverse	
effects	of	systemic	inhibition	of	sialylation.

Activation of the caged sialyltransferase inhibitor with 365 nm causes deactivation of the photoliable protection group, 

results in local activation of the inhibitor.
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Development of a reference material for non-volatile PAHs

Julia Linke* 1, Dietmar Breuer 1

1 Institute of Occupational Safety and Health of the German Social Accident Insurance, Sankt Augustin, Germany

The analysis of polycyclic aromatic hydrocarbons (PAHs) has been a topic in environmental and occupational 
health	for	decades	as	they	occur	in	our	everyday	life	e.g.	in	foodstuffs,	cigarette	smoke	and	car	exhaust	as	well	as	
at	different	workplaces	like	coking	plants	and	tar	distilleries.	Especially	the	analysis	of	the	16	priority	PAHs	se-
lected by the U.S. Environmental Protection Agency (EPA) has become standard procedure in many environmental 
laboratories. Their carcinogenic and mutagenic properties are well known; however, the question arises whether 
an extension of the EPA list with high-molecular weight (HMW) PAHs is due since these compounds exhibit a 
higher carcinogenic potential.
While single laboratories are already analysing HMW PAHs routinely, a common ground in the form of a refer-
ence material (RM) needs to be established. With this need in mind, our lab aimed towards the development and 
validation of a RM for non-volatile PAHs for use in round-robin tests. First, a selection of HMW PAHs was made 
based on their carcinogenicity. The chosen compounds comprise mainly six- and seven-ring systems as well as 
one representative for alkylated PAHs and benzo[a]pyrene as the leading substance for PAH analysis. The presen-
tation of this project also summarises the comparison between an HPLC and a GC method for the analysis of the 
chosen PAHs.
To	produce	the	RM,	quartz	fibre	filters	are	lined	with	a	dosing	solution	containing	the	HMW	PAHs.	The	high	repro-
ducibility	of	the	production	process	was	verified	by	thorough	internal	testing;	the	accuracy	and	comparability	of	
the RM is ensured by the cooperation with several independent national and international laboratories. The pre-
sentation focuses on the results from two preliminary test series and one trial round-robin test. It is also shown 
how this approach towards the establishment of a RM can be applied to other compounds.
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HR but not NHEJ is a ferroptosis suppressor

Deng Chen* 1

1 Groningen University, Groningen, The Netherlands

Ferroptosis is a form of regulated cell death driven by ferrous-mediated Fenton reaction marked by excessive 
lipid	peroxidation.	To	date,	three	major	ferroptosis	defense	systems	have	been	identified,	namely	glutathione	
peroxidase	4	(GPX4),	ferroptosis	suppressor	protein	1	(FSP1),	and	dihydroorotate	dehydrogenase	(DHODH).	All	
of them are located in the cytoplasm. Although iron(II) is responsible for both unrestrained lipid peroxidation 
and genome damage, the connection between DNA repair and ferroptosis remains unknown. Here we show that 
homologous recombination (HR), but not non-homologous end joining (NHEJ) or base excision repair (BRE), is 
a pathway protecting cells from ferroptosis. Inhibition of HR via small molecular inhibitors or knocking out es-
sential	 proteins	of	HR,	 such	 as	BRCA1,	dramatically	 sensitize	 cells	 to	 ferroptosis	 inducers.	HR	deficit	 induces	
P53	translocating	to	mitochondria,	subsequently	stimulating	ROS	production.	Upon	treatment	of	RSL3,	HR-deficit	
cells’ overall lipid peroxidation level is several-fold higher than that of intact cells. Additionally, we identify mac-
rophage migration inhibitory factor (MIF) participates in HR. Down-regulation of MIF decreases CRISPR/Cas9-me-
diated	homology-directed	repair	efficiency.	Also,	the	proteolysis	targeting	chimera	(PROTAC)	or	the	newly	devel-
oped nuclease inhibitor of MIF increases cells’ vulnerability toward ferroptosis, similar to other HR inhibitors. In 
conclusion, the MIF-BRCA1-RAD51 axis is a ferroptosis repressor in nuclei, inhibiting ROS production.
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Barcode paper-based diagnostic devices fabricated with gold nanoparticles

Phumlane Mdluli* 1

1 Mintek, Johannesburg, South Africa

The recent emergence of diagnostic devices fabricated with barcodes and gold nanoparticles is steadily reaching 
some milestone as analytical devices that makes our lives comfortable and stress-free in terms of healthcare di-
agnostics assessment and data transfer.  These devices are proving to ease the workload of technicians, especial-
ly	during	the	transfer	of	data	from	a	point-of-care	setting	to	the	established	laboratory.	The	significant	need	to	
advance point-of-care (POC) diagnostic tools has led to the alteration of smartphones barcodes apps to tackle the 
shortcoming of sophisticated instrumentation and centralized laboratory facilities. Smartphone barcode apps 
have the computer-like ability to capture and process data using mobile apps as scanners to generate results of 
the diagnostic test. In this work, a more in-depth preview of our research on the integration of barcodes on smart-
phone-based sensing and gold nanoparticle diagnosis applications is given measure focus and demonstrated.
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Co-amorphous of Glibenclamide: Arginine. Improving Solubility at Different 
pHs

Jorge Domínguez-Chávez* 1, Karina Mondragón-Vásquez 1, Francisco Cen-Pacheco 1, Maria Remedios Mendoza López 2

1 Facultad de Bioanálisis Veracruz, Universidad Veracruzana, Veracruz, Mexico, 2 Instituto de Química Aplicada, Universidad 
Veracruzana, Xalapa, México

Most of the drugs available on the market display low solubility in aqueous systems, which generally leads to 
decreased	bioavailability,	and	 limit	 therapeutic	efficacy.	A	promising	approach	to	overcome	these	 issues	 is	 to	
create physically stable amorphous systems with an increased solubility, such as the development of co-amor-
phous drugs using amino acids as coformers. In this study, three co-amorphous solids of Glibenclamide (GBC) 
and Arginine (Arg) were obtained by Fast Solvent Evaporation (FSE) under 2:1, 1:1 and 1:2 stoichiometries. All 
co-amorphous	systems	were	characterized	by	means	of	X-Ray	Powder	Diffraction	(XRPD),	Fourier	Transform	In-
frared	(FTIR),	Raman	and	Solid	State	Nuclear	Magnetic	Spectroscopy	(SS-NMR)	as	well	as	Differential	Scanning	
Calorimetry (DSC) and Thermo Gravimetric Analysis (TGA). The results show that there is no proton transference 
indicative of co-amorphous solids. Indicative stability studies showed that all the co-amorphous solids are unsta-
ble under humid conditions and only GBC:L-Arg 1:2 was stable in all physiological media tested. Finally, solubility 
studies	at	different	pH	values	showed	that	the	co-amorphous	GBC:L-Arg	1:1	and	1:2	systems,	show	increasing	
solubility values even at pH<7 in which free GBC is not soluble. Thus, the obtaining of co-amorphous solids of 
GBC	using	amino	acids,	is	an	interesting	strategy	to	increase	and	extend	the	drug´s	solubility	at	a	more	acidic	pH	
values.

References:
1. Babu NJ, Nangia A. Solubility Advantage of Amorphous Drugs and Pharmaceutical Cocrystals. Cryst Growth Des 
2011; 11(7): 2662-2679.
2. Löbmann K et al. Amino Acids as Co-amorphous Stabilizers for Poorly Water Soluble Drugs – Part 1: Preparation, 
stability and Dissolution Enhancement. Eur J Pharm Biopharm 2013; 85(3): 873-881.
3. Hirano A et al. Arginine Increases the Solubility of Coumarin: Comparison with Salting-in and Salting-out Addi-
tives. J Biochem 2008; 144(3): 363-369.

Acknowledgements:
Laboratorios Senosian S.A. de C.V. for indicative stability studies.

Figure 1. Solubility of crystalline GBC, amorphous GBC and the co-amorphous phases at different times and physiological 

media.
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Unravelling the site-density effect of Zn single-atom catalysts

Xiang Yu* 1, Xinwei Ye 1, Nina Genz 1, Matteo Monai 1, Bert Weckhuysen 1

1 Utrecht University, Utrecht, The Netherlands

The catalytic hydrogenation of CO2 to methanol and dimethyl ether (DME) is emerging as an attractive path con-
verting the greenhouse gas into value-added chemicals and mitigating the pressure on climate warming and the 
depletion	of	fossil	fuels.	Industry’s	quest	for	the	ultimate	in	catalyst	cost	and	efficiency	has	led	to	the	creation	
of single-atom catalysts (SACs), which only provide isolated mononuclear metal active sites with no crosstalk 
between two neighboring metal atoms but strong chemical bonding interaction to the support. We revealed that 
the	non-precious	single-atom	Zn,	anchored	on	the	defective	Al2O3-x	support,	could	catalyze	the	hydrogenation	
of CO2, producing methanol, DME and CO. Kinetic studies imply the correlation between the intrinsic activity of 
Zn	with	the	site-density	of	Zn	single	atoms.	A	combination	of	time-resolved	operando	Fourier	transform	infrared	
(FT-IR)	spectroscopy	and	operando	X-ray	absorption	spectroscopy	(XAS),	together	with	ab-initio	DFT	calculations,	
is	employed	to	reveal	site-density	effects	in	single-atom	catalysts.
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Hydrogenation of Furfural  by MOF-Derived  FeCo Bimetallic Catalysts

M. Nasiruzzaman Shaikh* 1

1 IRC-HES,  King Fahd University of Petroleum and Minerals (KFUPM), Daharan, Saudi Arabia

A catalytic system for the selective transformation of furfural into biofuel is highly desirable. However, selective 
hydrogenation of the C═O group over the furan ring of furfural to produce ether in one step is challenging. Here, 
we report the preparation of a series of magnetically recoverable FeCo@GC nano-alloys (37-40 nm). Fe3O4 (3-5 
nm) and MOF-71 (Co), used as the Co and C source, were mixed together in a range of Fe/Co ratios and then 
encapsulated in a graphitic carbon (GC) shell to prepare such alloys. STEM-HAADF shows the darker core made 
of FeCo and the shell of graphitic carbon. Furfural is hydrogenated to produce >99% isopropyl furfuryl ether 
in	isopropanol	with	>99%	conversion	at	170	ºC	under	40	bars	of	H2,	whereas	n-chain	alcohol,	such	as	ethanol,	
produces	corresponding	ethyl	levulinate	in	93%.	The	synergistic	effect	due	to	the	charge	transfer	from	Fe	to	Co	
leads to the higher reactivity of FeCo@GC. The catalyst, which can be separated from the reaction medium using 
a	simple	magnet	without	significant	damage	to	the	surface	or	composition,	retained	its	reactivity	and	selectivity	
for up to four consecutive cycles.

Scheme 1. Synthesis protocol of FeCo@GC
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AI driven predictive retrosynthesis development: tipping point reached?

Marnix van der Kolk* 1, Florian Zielke 2, Mark Waller 3, Paloma Engel Garcia 4, Jürgen Swienty-Busch 4, Abhinav  
Kumar 4, Daniel Blanco Ania 2, Floris Rutjes 2

1 University of Antwerp, Antwerpen, Belgium, 2 Radboud University, Nijmegen, Netherlands, 3 Pending AI Pt Ltd. , Sydney, Australia, 
4 Elsevier Information Systems GmbH, Frankfurt, Germany

Waller and Segler et al. (Nature volume 555, pages 604–610 (2018) in collaboration with Reaxys© team have 
developed a deep learning-based search algorithm that predicts synthetic routes composed from sequences of 
reactions	needed	to	create	small	organic	molecules,	such	as	drug-like	compounds.	This	 led	to	an	artificial-in-
telligence tool trained on > 15 million unique single step organic reactions from Reaxys© which generates a 
retrosynthesis tree back to commercially available starting materials for a given target molecule. 
A collaboration between organic chemistry researchers and Reaxys© was set up to obtain valuable feedback 
about the Reaxys – Pending AI predictive retrosynthesis tool. The researchers found the Retrosynthesis tool to 
be impressively user-friendly, and to have an aesthetically well designed user interface. The tool was used ex-
tensively to predict syntheses of drug-like molecules that were both lab-tested as well as theoretically designed 
by	experts.	It	allows	for	customization	of	parameters	to	fine-tune	the	predictive	synthetic	output	(such	as	pre-
cursor	 availability	 and	 route	 complexity)	 to	 the	 lab’s	 specific	 needs	 as	well	 as	 adapt	 resulting	 routes	 if	 they	
were deemed to be not satisfactory. A fair number of examples were found in which predictive retrosynthesis 
proposed feasible synthetic routes that have high similarity to the lab-tested routes and resulted in unique ap-
proaches to the syntheses of the drug-like molecules. However, with increasing molecular complexity, the tool 
occasionally outputs synthetic steps of the total route that would not be feasible. Despite these erroneous steps, 
in some cases chemists could utilize their expertise to interactively adapt the route to make it work. In conclu-
sion, this collaboration has demonstrated that the Reaxys – Pending AI predictive retrosynthesis tool can save 
chemist’s time in synthesis planning.  The tool can provide a wide range of options and good starting points, and 
suggest reactions or disconnections that can inspire retrosynthetic thinking. 
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Therapeutic environmental factors in the climatic spa Kynžvart

Patricie Hlouskova* 1

1 Institute of Spa and Balneology, Karlovy Vary, Czech Republic

Pinenes are among the important representatives of the monoterpenes, occurring mainly in plants where they 
are part of the resins of conifers. These plant essential oils are lipid-derived substances that are volatile, have 
a characteristic smell, and are used e.g. in growth regulation, defence mechanisms, and as important signalling 
molecules. Chemically, they are ten-carbon compounds formed by joining two isoprene units and are referred 
to	as	bioactive	molecules	due	to	their	therapeutic	effect.	At	the	same	time	also	the	concentration	of	negative	air	
ions is an important indicator of air quality.
Our measurements aimed to determine the concentration of pinenes and air ions at ten selected sites in the sur-
roundings	of	spa	Lázně	Kynžvart,	which	uses	the	climate	as	a	natural	healing	resource.	
Outdoor air samples were collected with PTFE probes using automated pumps from a height of 1.5 m, which cor-
responds to the breathing zone of an adult human. The analysis was performed after extraction of CS2 sorbate 
followed by GC-FID. Ion density–the number of ions/cm3 was measured by the Air Ion Counter Model AIC2.
The results of this work showed enhanced levels of pinenes and negative ions concentrations in the same sam-
pling sites of this area. 
The	use	of	natural	inhalation	of	these	agens	in	controlled	and	medically	monitored	field	treatments	of	patients	
could	potentiate	the	therapeutic	effect	of	the	spa.	However,	a	direct	relationship	between	elevated	concentra-
tions	of	pinenes	and	negative	air	ion	and	the	spa-therapeutic-rehabilitation	effect	on	human	health	needs	to	be	
demonstrated in a clinical study. 
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ORR for nitrogen-doped CNTs initiated by boron addition

Winny Maboya* 1, Manoko Nkadimeng 2, Abongile Jijana 3, Herry Mmako 4

1 Vaal University of Technology, Vanderbijlpark, South Africa, 2 University of the Witwatersrand, Johannesburg, South Africa, 3 
National Innovation Centre, Randburg, South Africa, 4 Vaal University of Technology, Vanderbijlpark, South Africa

The use of carbon nanostructures doped with heteroatoms as electrocatalysts for oxygen reduction reaction 
(ORR) has attracted intense research in recent years because they are highly conductive, have good durability, 
and are highly electro-active. One of the strategies to modify the characteristics of carbon nanomaterials (CNMs) 
to	 render	 them	suitable	 for	certain	applications	 is	 to	dope	 them	with	boron(B)	and	nitrogen(N).	The	effect	of	
doping CNMs with boron has been a subject of little study, and hence, it is not well understood, as compared to 
nitrogen doping studies. In this study, nitrogen was unintentionally doped into carbon nanotubes (CNTs) by chlo-
rination and decomposition of triphenylborane in a catalytic vapor deposition (CVD) reactor. N-doping resulted 
from the use of nitrogen as a carrier gas. Microscopic and spectroscopic techniques revealed that N bonding of 
carbon nanostructures together with the presence of defects played pivotal roles in determining the extent of 
ORR performance of produced CNMs. The introduction of N in the carbon matrix during B molecule decomposi-
tion resulted in the reduction in the amount of B doped into the matrix, due to competitive incorporation of N 
which inhibited B introduction.
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From Lab Eco-Conception to Industrial Scale Production: Cosmegreen 
ES1822+

Laura Durand* 1, Guillaume Noirbent 1, Tiphaine Wong 1, Sacha Pérocheau Arnaud 1, Freddy  Pessel 2, Francis Galle 
2, Xavier Roussel 2, Thierry Benvegnu 1

1 Ecole National Supérieure De Chimie De Rennes, Rennes, France, 2 SurfactGreen, Rennes, France

Among cosmetic products, cationic surfactants are major molecules especially used for hair care such as 2-in-1 
shampoos	and	conditioners	[1].	Indeed,	their	cationic	nature	facilita	tes	the	interaction	with	keratin	fibres,	and	
provides the hair silky and shining aspects, gives it volume and makes the combing easier. In our socio-eco-
nomic context, where consumers and industries try to improve their environmental impact and where the place 
of regulatory aspects tend to have an impact on R&D projects, SurfactGreen develops brand new molecules in 
replacement of petroleum-based ones, currently found in the market. Moreover, those last molecules, and those 
especially	used	in	hair	care,	usually	present	a	poor	environment	and	health	friendly	profiles	regarding	their	low	
biodegradability and their irritative aspect. In order to provide an alternative for consumers and cosmetics in-
dustries, SurfactGreen has developed a new cationic surfactant, 100% biobased, non toxic and biodegradable 
[2,3]. The process used to produce this surfactant also respect the principles and metrics of green chemistry [4] 
and	the	final	molecule	presents	an	efficiency	at	least	similar	to	these	currently	found	on	the	market	[5].	This	new	
innovative	product,	called	CosmeGreen	ES1822+,	with	its	environmentally	friend	ly	profile	and	its	high	perfor-
mance was thus approved by COSMOS [6] and NATRUE labelled [7]. The procedure from the lab eco-conception to 
the industrial scale production of CosmeGreen ES1822+ will be presented as an example of adaptation of R&D 
researches to our socio-economic context.

References :
1. Expr. cosmétique 2021, 323–327.
2. Green Chem. 2008, 10, 310–32, doi:10.1039/b713429k.
3. 2019, FR3099058.
4. ACS Sustain. Chem. Eng. 2018, 6, 32–48
5. 2005, WO2005/121291.
6.	Cosmebio;	Ecocert;	BDIH;	Icea;	Soil-Association	Référentiel	COSMOS	-	Référentiel	définissant	les	cosmétiques	
biologiques et naturels. 2020
7. Association, N.T.I.N. and O.C. Critères du Label NATRUE : exigences à remplir par les cosmétiques naturels et 
biologiques. 2021.
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Plant-based bionanocomposites as modifiers for TiO2

Kgomotso Mtshatsheni* 1

1 Vaal University of Technology, Vanderbijlpark, South Africa

The developments of photocatalysts technology is generally hindered by the extremely high temperatures used 
during catalyst preparation which translates to high costs in terms of energy requirements. The high temperatures 
stem out of the need to form crystalline semiconductors. This is despite the demonstration in several literature 
that	amorphous	semiconductors	are	also	capable	of	driving	efficient	photocatalytic	decontamination	processes	
(Shao et al., 2015; Moshoeu et al., 2020). Amorphous chalcogenides can be prepared at low temperatures and, 
therefore,	are	energy	efficient	as	photocatalysts.	We	hereby	investigate	the	influence	of	plant-based	bionano-
composites	as	modifiers	for	titania	(TiO2)	composites	on	the	physicochemical	properties	and	the	photocatalytic	
properties.  
Amorphous titania-based photocatalytic bionanocomposites were fabricated from plant based adsorptive bion-
anocomposites. Based on the composition of the bionanocomposites, two types of photocatalytic bionancom-
posutes were produced; one type was based on adsorptive pine-magnetite bionanocomposite (PMC) and the 
other on acrylic acid grafted pine magnetite composite (GAA). Since the preparation procedure for amorphous 
TiO2 eliminates post-synthesis calcination, the photocatalytic bionanocmoposites were inherently doped with 
carbon	and	therefore	named	PMC–a-C,TiO2	and	GAA–a-C,TiO2.	The	effect	of	co-doping	the	bionanocomposites	
was explored by addition of N as a dopant to form PMC–a-C, N,TO2 and GAA–a-C, NTO2. The Photocatalytic per-
formance was evaluated under UV light for the degradation of a dye cocktail consisting of Reactive red 120 (RR 
120) and Rhodamine B (RhB), of the same concentration (25 ppm). The dye cocktail was spiked up to pH 8 using 
NaOH to simulate the pH conditions typical in real textile wastewater. The N doped photocatalysts and bionano-
composites (C, NTiO2, PMC–a-C, N,TO2 and GAA–a-C, NTO2) all followed the zero order kinetics while the other 
bionanocomposites followed 1st order kinetics with the GAA based bionanocomposites and C,TiO2 having the 
highest overall dye removal. 
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ChemicalSynthesis of Glycopeptides containing L-Arabinosylated 
Hydroxyproline, Sulfated Tyrosine

Jasper van de Sande* 1, Bauke Albada 1

1 Laboratory of Organic Chemistry, Wageningen University & Research, The Netherlands

Post-translationally	modified	peptides	 are	 important	 regulating	molecules	 for	 living	organisms.	Here	we	dis-
play the stereoselective total synthesis of β-1,2-linked L-arabinosylated Fmoc-protected hydroxyproline building 
blocks and their incorporation, together with sulfated tyrosine and hydroxyproline, into the plant peptide hor-
mone PSY1. Clean glycopeptides were obtained by performing acetyl removal from the L-arabinose groups prior 
to deprotection of the neopentyl-protected sulfated tyrosine.
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CoxFeAl LDHs for enchaning H2 generation from NaBH4

Lili Zhang* 1, Yuxin Li 1, Jingzhou Yin 1, Guolang Zhou 1

1 Huaiyin Normal University, Huai’an, China

The production of hydrogen from sodium borohydride (NaBH4) with suitable catalyst is a promising route for the 
hydrogen industry. The exploration of the energy-saving catalysts with visible light response and photothermal 
effect	 is	necessary	for	utilizing	solar	energy	in	hydrogen	utilization	from	hydrolysis	of	NaBH4.	 In	this	study,	a	
series of photo-thermal catalysts of CoxFeAl layered double hydroxides (CoxFeAl-LDHs x = 4, 6, 8) with abundant 
oxygen vacancy (Vo) are successfully synthesized for photo-thermal synergic catalytic H2 generation from hy-
drolysis	of	NaBH4.	CoxFeAl-LDHs	differ	in	bandgap,	Vo	concentration	and	photo-thermal	performance,	with	Co-
6FeAl-LDH	show	the	highest	concentration	of	Vo	and	most	efficient	photo-thermal	performance	under	400-700	
nm	irradiation.	Co6FeAl-LDH	can	significantly	lower	the	activation	energy	of	the	hydrolysis	of	NaBH4	(Ea	=	35.46	
kJ mol-1) and demonstrates excellent photo-thermal synergic performance with H2 generation rate of 3.38 mol 
g-1	h-1	without	additional	heat	source.	The	mechanism	study	shows	that	the	functional	groups	of	h+,	∙OH	and	Vo	
in CoxFeAl-LDHs also play important roles in the hydrolysis of NaBH4. This work develops a hydrotalcite-based 
photo-thermal synergistic catalyst, which provides a new idea for the design of sodium borohydride hydrolysis 
catalysts for hydrogen production.

Reference
1.	F.O.	Baydaroglu,	E.	Özdemir,	A.G.	Gürek,	Polypyrrole	supported	Co–W–B	nanoparticles	as	an	efficient	catalyst	
for improved hydrogen generation from hydrolysis of sodium borohydride, International Journal of Hydrogen 
Energy, 47 (2022) 9643-9652
2.	H.	Zhang,	L.	Zhang,	I.A.	Rodriguez-Perez,	W.	Miao,	K.	Chen,	W.	Wang,	Y.	Li,	S.	Han,	Carbon	nanospheres	supported	
bimetallic	Pt-Co	as	an	efficient	catalyst	for	NaBH4	hydrolysis,	Appl.	Surf.	Sci.,	540	(2021)	148296
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Sustainable solvent extraction of rare earth elements

Maria Atanassova Petrova* 1

1 University of Chemical Technology and Metallurgy, Sofia, Bulgaria

The	 investigation	aims	at	a	 rational	 search	 for	 innovative	and	eco-efficient	processes	 to	extract	and	separate	
4f- and several 5f-ions (18) via sustainable extraction. The global objective is to propose so far unexplored and 
versatile new strategies: the optimization of the aqueous-biphasic systems composed of water (or not) and or-
ganic	phase	incorporating	“green”	extracting	moiety(s)	dissolved	in	different	adopted	media	An	optimization	by	
exploring new concept through development of new methodology for sophisticated compounds that accommo-
date	the	acidic	and	neutral	type	of	extracting	agents	to	achieve	an	impressive,	intramolecular	synergistic	effect	
accompanied	with	better	selectivity	is	another	innovative	step.	The	effect	of	chemical	nature	of	ligands	and	two	
immiscible	liquid	phases	to	a	degree	of	new	scientific	benefit	on	the	extraction	mechanism	of	metal	entities	will	
be	investigated	along	with	synergism	as	a	phenomenon	for	4f-ions:	since	ancient	twists	to	cutting-edge	scientific	
chefs-d’œuvre. The cross-panel nature of the study is due to the cross-disciplinary research goals considered 
implicating inorganic and coordination chemistry, analytical, organic and physical chemistry. Solvent extraction 
is	an	efficient	 technology	 for	 the	separation	of	metals	 from	 leaches	or	 industrial	waste	solutions.	The	design	
of modern molecules has a long history in analytical and solvent extraction chemistry of metal ions, with syn-
thesized	multicentre	ligands,	possessing	high	extraction	efficiency	and	having	a	unique	chemical	structure.	The	
effect	of	chemical	nature	of	ligands	and	two	immiscible	liquid	phases	to	a	degree	of	new	scientific	benefit	on	the	
extraction mechanism will be presented in detail along with synergism as a phenomenon for 4f-ions. 

Acknowledgement
The research leading to those results received funding from the Bulgarian National Science Fund: Grant Agree-
ment № KП-06-Н69/5(2022), “Green twist to synergistic solvent extraction and separation of rare earth metals”.

Synthetic scheme and general formulas of ligands.
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Noble metal-free photosensitizers for liposomal water splitting

Luuk Stringer* 1, Vasiliki Tsina 1, Sylvestre Bonnet 1

1 Leiden University, The Netherlands

Artificial	photosynthesis	 is	a	promising	way	to	produce	sustainable	 fuels	using	only	sunlight,	water,	and	CO₂.	
Supramolecular assemblies have been proposed to mimic the natural photosynthetic system by enhancing the 
spatial organisation of the light-harvesting and catalytic components. In particular, liposomes bearing light-har-
vesting and catalytic components in their lipid bilayers mimic the structure of chloroplasts, where the enzymes 
involved in photosynthesis are embedded into the lipid bilayer membrane of thylakoids. While biomimetic li-
posomes	have	shown	encouraging	results	 for	photocatalytic	water	oxidation,¹	proton	reduction,²	and	CO₂	re-
duction,³,⁴	the	systems	developed	so	far	all	use	photosensitizers	based	on	ruthenium.	In	this	work,	we	aimed	at	
replacing noble metal-based photosensitizers for water oxidation and water reduction with copper-based alter-
natives to make the photocatalytic system more sustainable. We prepared a series of Cu(I)-based diimine-diphos-
phine photosensitizers for water oxidation and water reduction on liposomes and studied their photocatalytic 
properties in presence of a cobalt-based or ruthenium-based catalyst for water reduction and water oxidation, 
respectively.

(1) Limburg, B.; Wermink, J.; van Nielen, S. S.; Kortlever, R.; Koper, M. T. M.; Bouwman, E.; Bonnet, S. ACS Catal. 2016, 
6 (9), 5968–5977.
(2) Klein, D. M.; Passerini, L.; Huber, M.; Bonnet, S. ChemCatChem 2022, 14 (20), e202200484. 
(3) Klein, D. M.; Rodríguez-Jiménez, S.; Hoefnagel, M. E.; Pannwitz, A.; Prabhakaran, A.; Siegler, M. A.; Keyes, T. E.; 
Reisner, E.; Brouwer, A. M.; Bonnet, S. Chemistry – A European Journal 2021, 27 (68), 17203–17212. 
(4) Rodríguez-Jiménez, S.; Song, H.; Lam, E.; Wright, D.; Pannwitz, A.; Bonke, S. A.; Baumberg, J. J.; Bonnet, S.; Ham-
marström, L.; Reisner, E. J. Am. Chem. Soc. 2022, 144 (21), 9399–9412.

Scheme of water oxidation and water reduction at liposomes.
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Activity-induced clustering of colloids with continuously tunable shape

Solenn Riedel* 1, Ludwig A. Hoffmann 1, Daniela J. Kraft 1

1 Leiden University, Leiden, The Netherlands

Self-organization at low particle densities is a phenomenon observed only in out of equilibrium systems of e.g. 
biological	or	synthetic	self-propelled	colloidal	particles.	Biological	microswimmers	often	differ	from	their	syn-
thetic counterparts in that they have non-spherical shapes [1]. While simulations [2,3] have predicted the import-
ant role of shape in cluster formation, an experimental investigation on the phase behavior of active particles 
with anisotropic shapes is currently missing. 
To	 investigate	how	particle	shape	affects	the	 interactions	and	collective	behavior	of	active	agents,	we	design	
microswimmers with a tunable shape that interpolates between a sphere and a rod: bent rods with controllable 
opening angles α, see Figure 1. Combining experiments and simulations, we demonstrate that the concave shape 
of	our	bent	rods	strongly	influences	the	clustering	efficiency	as	it	affects	the	interplay	between	entanglement	
and	stability.	 In	fact,	significant	clustering	already	appears	at	extremely	low	particle	densities	of	<	0.05%.	As	
such	our	results	represent	the	first	quantitative	experimental	study	on	the	clustering	behavior	of	active	particles	
tuned along a single anisotropy dimension.

References
[1] K.D. Young, Microbiol. Mol. Biol. Rev., 70, 660 (2006).
[2] S.E. Moran, I.R. Bruss, P.W.A. Schönhöfer, S.C. Glotzer, Soft Matter, 18, 1044 (2021).
[3] H.H. Wensink, V. Kantsler, R.E. Goldstein, J. Dunkel, Phys. Rev E., 89, 010302 (2014).

Figure 1: (a) Bent rods with tunable shape. (b) Active crescent with trajectory. (c) Example of clusters observed.
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Surface and Interface Study of 3d-Printed Biopharmaceutical Products

Tien Thuy Quach* 1,2, Joseph Lamb 1, Gustavo Ferraz Trindade 2,3, Peng Zhao 2, Yinfeng He 2, Richard Hague 2,  
Clive Roberts 4

1 School of Pharmacy, Faculty of Science, University of Nottingham, Nottingham, United Kingdom, 2 Centre for Additive 
Manufacturing, Faculty of Engineering, University of Nottingham, Nottingham, United Kingdom, 3National Physical Laboratory, 
Teddington, United Kingdom, 4School of Life Sciences, Faculty of Medicine & Health Sciences, University of Nottingham, 
Nottingham, United Kingdom

Recently,	several	lab-based	synthesized	chemicals	have	proven	novel	properties	such	as	bacteria-biofilm	resis-
tance,	which	included	a	suitable	combination	of	specific	monomers	and	photoinitiators	to	be	ready	for	additive	
manufacturing.	It	is	challenging	to	co-print	and	control	the	biopharmaceutical	products	as	different	functional	
formulations	may	interact	differently	at	the	interfacial	areas,	especially	in	the	context	of	dissimilar	deposition	
and curing strategies. The project aims to develop robust methodologies to investigate the interface/interphase 
of	functional	formulations	in	the	biopharmaceutical	field.	We	constructed	the	interface	study	based	on	ink-jet	
printing of two inks: i) Water-soluble ink (WI) which was one of the popularly marketed inks from the Compa-
ny and assisted the complex-morphology function; and ii) Structured ink (SI) which was one of the successful 
lab-based	inks	and	had	the	function	of	bacterial	biofilm	resistance.	My	procedure	for	interface-surface	study	of	
functional	3D-printed	multi-materials	 in	biopharmaceutical	fields	 included	five	main	steps:	1)	Check	relevant	
background from existing data about materials, methods; 2) Test ink formulations from selected compounds and 
substrates for potential wettability, printability,  elemental contents); 3) Create appropriate design patterns to 
match	targeted	purposes	with	Bitmap	or	Computer-Aided	Design	(CAD)	files;	4)	Evaluate	the	set-up	features	of	
the system and 3D-print the samples with desirable physiochemical properties; and 5) Optimise the process 
parameters to enhance the robust printing process with reliable analytical techniques (Figure 1). We could show 
how enhanced analyses such as in-situ morphology and interferometry with auto-stitching function could help 
to	optimise	the	ink-jetting	and	study	the	ink’s	behaviour	on	different	substrates.	Further	analyses	such	as	Fouri-
er-Transform Infrared Spectroscopy (FT-IR) and Time of Flight Secondary Ion Mass Spectrometry (ToF-SIMS) with 
hybrid	OrbiTrap	(OrbiSIMS)	were	done	to	confirm	the	chemical	composition.	Hence,	an	effective	framework	was	
successfully built and developed to help to understand and monitor the interface-surface of 3D-printed biophar-
maceutical products.

Figure 1. Procedure for interface-surface study of 3D-printed multi-functional multi-materials in biopharmaceutical fields
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Nanostructured electro-catalysts for alcohols electro-oxidation in alkaline 
medium

Nobanathi Maxakato* 1, Memory Zikhali  

1 University of Johannesburg, Johannesburg, South Africa

Fuel cells are promising power generation technologies that convert chemical energy into electrical energy. Plat-
inum (Pt) and Pt-based nanoparticles have been extensively explored as the main electro-catalysts for alcohol 
electro-oxidation in fuel cells. The primary barrier hindering the commercialization of Pt-based electro-catalysts 
is their limited supply, high price, and susceptibility to intermediate poisoning. Palladium (Pd) is the best metal 
catalyst for alcohol electro-oxidation in alkaline medium. The addition of a second metal to Pd promotes the 
electro-oxidation of poisonous intermediate on its surface. Herein we synthesized Pd, and niobium (Nb) bimetal-
lic electro-catalysts supported on carbon nanotubes (CNTs) to improve fuel cell performance. Fourier transform 
infrared	(FTIR)	spectroscopy	was	used	to	confirm	the	presence	of	oxygen	functionalities	on	the	surface	of	the	
CNTs. The crystallinity and composition of the synthesized CNTs, Pd/CNTs, and Pd-Nb/CNTs were analyzed using 
x-ray	diffraction	(XRD).	Brunauer–Emmett–Teller	(BET)	was	used	to	analyze	the	difference	in	textural	properties	
of the synthesized materials. The thermal dependence characteristics were determined by subjecting the pre-
pared CNTs, Pd/CNTs, and Pd-Nb/CNTs to thermal treatment up to 900 °C using the thermogravimetric analysis 
(TGA). High resolution transmission electron microscopy (HRTEM) was used to analyze the shape and morphology 
of the synthesized materials. The morphology and elemental composition of the synthesized CNTs and CNTs 
electro-catalysts were determined using the Field emission scanning electron microscopy (FESEM) analysis. The 
electrochemical behavior of the bimetallic electro-catalysts was evaluated using cyclic voltammetry, chrono-
amperometry, and electrochemical impedance measurements.
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Automated preparation and characterization of photonic crystal 
microspheres

Hongwei Li 1, Changxu Lin* 1

1 Xiamen University, Xiamen, China

Hydrogel microspheres with photonic crystal have a variety of applications in medicine and sensing. Many tech-
nical steps are currently required to create photonic crystal microspheres in laboratories.  Most of the steps in 
practice require a lot of experience and are quite delicate. It is likely that the results of photonic crystal material 
preparation	will	vary	due	to	personal	error,	which	significantly	impacts	the	development	of	photonic	crystals	in	
the sensor industry. With the combined application of programming control, signal acquisition, robot arm, image 
recognition algorithm, and other technologies, an automated platform for the preparation and characterization 
of photonic crystal microspheres has been basically completed. 
The	working	principles	of	the	platform	were	as	follows:	robot	arms	and	custom	fixtures	were	used	to	complete	
the manipulation and mass transfer of submillimeter solid particles, syringe pumps and electronically controlled 
routing	valves	were	used	to	realize	the	use	of	different	liquids;	syringe	pumps	and	electronically	controlled	rout-
ing	valves	were	used	to	achieve	the	use	of	different	liquids;	the	image	recognition	algorithm	was	used	to	realize	
the comprehensive analysis and correction of the microsphere signal. The above techniques were fully utilized 
to characterize photonic crystal hydrogel microspheres, including inversion opal structure and monodisperse 
particle suspension.
Compared to traditional laboratory methods, the use of automated preparation technology greatly reduces ex-
perimental errors and enhances reproducibility of experimental results while relieving researchers of laborious 
experimental	tasks.	It	not	only	provides	scientific	researchers	with	more	experimental	information,	but	also	pro-
vides powerful tools for future exploration.

Automated preparation and characterization of photonic crystal spheres
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Conductive Metal-Organic Framework for boosting polysulfide conversion

Yongsheng Fu* 1, Tong Guo 1

1 Nanjing University of Science & Technology, Nanjing, China

The catalysis of metal-organic frameworks (MOFs) in lithium–sulfur (Li–S) batteries is largely hampered by low 
electrical	conductivity	and	unsuitable	pore	structures[1,	2].	Herein,	a	high	crystallinity	π–d	conjugated	two-di-
mensional	dsp2-hybridized	conductive	MOF	(Ni-HAB)	with	the	smallest	π-conjugated	hexaaminobenzene	(HAB)	
as ligand is in situ assembled onto the surface of carbon nanotube (denoted as Ni-HAB@CNT) as separator modi-
fied	layer	in	Li-S	batteries.	As-obtained	high-quality	π-d	conjugated	Ni-HAB	nanostructures	features	ordered	mi-
cropores	with	suitable	pore	size	(~	8	Å)	induced	by	smallest	π-conjugated	ligands,	which	have	innate	advantages	
for	suppressing	the	shuttle	effect.	Meanwhile,	the	conversion	kinetics	of	sulfur-related	species	is	significantly	
accelerated due to the strong adsorption and high catalytic activity endowed by inherent dense dsp2-hybridized 
Ni-N4	 sites	of	Ni-HAB	and	excellent	 conductivity.	 Consequently,	 the	 Li-S	battery	with	Ni-HAB@CNT	modified	
separator shows superior cycling and rate performance. 

References
[1]	Q.	Pang,	C.	Y.	Kwok,	D.	Kundu,	X.	Liang,	L.	F.	Nazar,	Joule	2019,	3,	136.
[2]	Z.	Shen,	X.	Jin,	J.	Tian,	M.	Li,	Y.	Yuan,	S.	Zhang,	S.	Fang,	X.	Fan,	W.	Xu,	H.	Lu,	J.	Lu,	H.	Zhang,	Nature	Catalysis	2022,	
5, 555.
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High crystallinity π–d conjugated Ni-HAB two-dimensional conductive MOF is in situ assemble onto the surface of carbon 

nanotube as separator modified layer in lithium sulfur batteries, which can effectively inhibit the shuttle effect of polysulfides 

and accelerate their reaction kinetics.
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Boosting Bifunctional Oxygen Electrocatalysis for Flexible Zinc-Air Batteries

Xin Wang* 1, Youning Wang 1

1 Nanjing University of Science and Technology, Nanjing, China

The	rechargeable	Zinc-air	batteries	(ZABs)	hold	enormous	promise	as	a	new-generation	energy	conversion	and	
storage system. However, it is still an urgent but challenging task to rational design and controllable synthesis of 
effective	cathode	catalysts	in	the	ZABs.	Taking	advantage	of	the	Co/ZIF-8@F127	precursor	together	with	coordi-
nate strategy combining the ‘post-absorption’ and ‘second-pyrolysis’, the resulting Fe/CoNx-C possesses a hier-
archical	porous	structure	with	an	ultrahigh	specific	area	to	accommodate	accessible	active	sites	of	isolate	FeNx	
and CoNx moieties. As a result, the Fe/CoNx-C catalyst presents excellent bifunctional electrocatalytic activities 
toward the reversible oxygen reactions (OER and ORR) with a small potential gap of 0.71 V. Furthermore, the Fe/
CoNx-C-based	air	anode	delivers	a	peak	power	density	of	134.97	mW	cm-2	for	aqueous	ZABs	and	considerable	
flexibility	and	durability	for	quasi-solid-state	ZABs.	DFT	calculation	results	elucidate	that	the	engagement	of	Fe	
atoms in the electron transfer process of the FeN4@CoN4 system reduces the energy barrier of the rate-deter-
mining-step in ORR and OER, and thus can manifest outstanding reversible oxygen electrocatalytic activities. 

References
[1]	L.	Huang,	Y.Q.	Su,	R.	Qi,	D.	Dang,	Y.	Qin,	S.	Xi,	S.	Zaman,	B.	You,	S.	Ding,	B.Y.	Xia,	Boosting	oxygen	reduction	via	
integrated construction and synergistic catalysis of porous platinum alloy and defective graphitic carbon, Angew. 
Chem. Int. Ed. 60 (2021) 25530-25537. 
[2]	H.	Adabi,	A.	Shakouri,	N.	Ul	Hassan,	J.R.	Varcoe,	B.	Zulevi,	A.	Serov,	J.R.	Regalbuto,	W.E.	Mustain,	High-performing	
commercial Fe–N–C cathode electrocatalyst for anion-exchange membrane fuel cells, Nat Energy. 6 (2021) 834-843. 

Acknowledgements
This work was supported by the National Natural Science Foundation of China (Grant Nos. 52173255, 51872144).

The Fe/Co dual-atomic sites anchored on nitrogen-doped carbon material (Fe/CoNx-C) was successfully constructed, which 

exhibited excellent bifunctional electrocatalytic activity for OER and ORR. Therefore, it is expected to apply to reversible 

electrochemical systems.
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Reinforcing oxygen electrocatalytic activity for rechargeable Zn–Air 
batteries

Chao Cheng 1, Juan Yang* 1
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Dual-phase heterostructure electrocatalysts (DPHE) constructed by oxygen reduction reaction (ORR)- and oxygen 
evolution reaction (OER)-active elements exhibit excellent bifunctional activity and long-term durability due to 
the	 abundant	 interface	exposure	 and	 synergistic	 catalytic	 effect.	Herein,	 low-dimensional	N-doped	graphene	
nanoribbons (N-GNRs) coupling with ultrathin CoO nanocomposites (N-GNRs/CoO) were controllably fabricated 
through a facile two-step approach using synthesized Co(OH)2 nanosheet as CoO precursor. Density function-
al theory (DFT) calculations and experimental characterizations prove that the formation of interface between 
N-GNRs and CoO can induce local charge redistribution, contributing to the improvement of catalytic activity and 
stability. The optimal N-GNRs/CoO DPHE possesses hierarchically porous architectures and presents outstanding 
bifunctional activities with a small potential gap of 0.729 V between the potential at 10 mA/cm2 for OER and the 
half-wave potential for ORR, which outperforms Pt/C+IrO2 and the majority of noble-metal-free bifunctional cat-
alysts.	Liquid	and	solid-state	rechargeable	Zn-air	batteries	assembled	with	N-GNRs/CoO	as	the	cathode	display	
high	energy	density,	remarkable	specific	capacity,	and	fantastic	cycle	stability,	superior	to	that	of	benchmark	Pt/
C+IrO2	catalyst.	It	is	anticipated	to	offer	significant	benefits	toward	high	activity,	stability	and	mechanical	flexi-
bility	bifunctional	oxygen	electrocatalysts	for	rechargeable	Zn-air	batteries.	
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The dual-phase heterostructure of N-GNRs and CoO facilitates the catalytic activity in ORR and OER. The as-assembled liquid/

flexible Zn-air batteries also exhibit high peak energy density and fantastic cycle stability.
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Biologically active ZnO-alginate composites via a dual-template synthesis

Cristian Dumitru Ene* 1, Paula Cucos 1, Adelina Ianculescu 2, Daniela C. Culita 1, Elena Maria Anghel 1, Andrei Cucos 3, 
Irina Atkinson 1, Mariana Carmen Chifiriuc 4, José Maria  Calderón-Moreno 1, Oana Carp 1

1 “Ilie Murgulescu” Institute of Physical Chemistry, Romanian Academy, Bucharest, Romania, 2 Faculty of Applied Chemistry and 
Materials Science, “Politehnica” University of Bucharest, Bucharest, Romania, 3 National Institute for Research and Development 
in Electrical Engineering, ICPE-CA, Romania, 4Faculty of Biology, University of Bucharest, Bucharest, Romania

Self-assembled	ZnO-alginate	hierarchical	spherical	morphologies	have	been	built	up	through	a	total	green	hy-
drothermal	procedure	using	alginate	(SA)	and	triethanolamine	(TEA)	as	templates.	A	simple	modification	in	the	
addition order of the raw materials allows the optimization of the properties displayed by the resulting com-
posites through the exploitation of two peculiarities of the additives: (i) the ability of triethanolamine to form 
Zn(II)-TEA	coordination	systems	with	distinct	dimensionalities	and	topologies,	as	Zn(TEA)(Ac)₂	and	Zn₄(TEA)₄(Ac)₂	
(where Ac denotes acetate anion), and (ii) the particular ionogelation of alginate. The compounds based on the 
{Zn(TEA)}	core	slow	down	the	gelation	rate	of	alginate	and	thus	induce	a	more	homogenous	incorporation	of	the	
metal	cations,	the	confinement	of	the	formed	biogel	controlling	the	ZnO	nucleation	and	limiting	crystallites	size	
growth. The other reaction parameters like raw materials molar ratio, reaction temperature, and time play notable 
roles	in	managing	the	ZnO	characteristics	such	as	specific	surface	and	associated	porosity,	the	size	of	crystal-
lites, and optical properties. The in vitro biotoxicity assays towards several randomly chosen Gram-positive and 
Gram-negative bacteria and fungal strains demonstrate the capability of these materials to act as biocides. [1].
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Quenching distances for hydrogen-blended alkanes-air mixtures
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The ignition by high-voltage electric sparks of stoichiometric alkanes-air mixtures in the presence of various 
amounts of hydrogen was investigated, at ambient initial temperature and various total initial pressures from 30 
to 100 kPa. Quenching distances were measured using high voltage inductive-capacitive sparks by employing 
the	flanged	electrode	technique.	It	was	found	that	the	quenching	distances	were	dependent	on	the	total	initial	
pressure and on the concentration of added hydrogen. At constant composition, the quenching distances de-
crease	with	increasing	the	pressure	according	to	a	power	law	which	provides	us	the	baric	coefficient	of	quenching	
distances.	Using	a	simplified	thermal	theory,	the	overall	kinetic	parameters	of	the	complex	fuel	oxidation	were	
calculated, assuming a simple one-step mechanism. The overall reaction order n is obtained from the baric co-
efficient	of	quenching	distances	and	the	overall	activation	energy	from	the	variation	of	quenching	distances	vs.	
the	reciprocal	value	of	the	average	temperature	of	the	flame	front.	Minimum	ignition	energies	for	high	voltage	
sparks were calculated from the quenching distances according to a validated correlation model developed by 
Oancea et al. [1, 2]. The minimum ignition energies are proportional with the cubic power of quenching distances 
and with the initial pressure of the mixture. Thus, the present indirect method assessed for the determination of 
minimum ignition energies at ignition using high voltage sparks could be a convenient alternative to the recom-
mended method based on the use of capacitive sparks. 

References:
1. D. Oancea, D. Popescu, N.I. Ionescu, Rev. Roumaine Chim., 32, 1211-18 (1987).
2. D. Oancea, D. Razus, V. Munteanu, I. Cojocea, J. Loss Prev. Process Ind., 16, 353-61 (2003).
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Lanthanides Release and Fate in Municipal Wastewater Effluents
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1 Environment Canada, Montreal, Canada, 2 Environment Canada, Burlington, Canada

The use of lanthanides is increasing in our society, whether in communication technologies, transportation, elec-
tronics or medical imaging. Their attractive utilization for emerging technology and green energy can raise po-
tential hazards of released anthropogenic forms of lanthanides to aquatic ecosystems. Some lanthanides after 
various	uses	enter	urban	wastewater	and	flow	through	municipal	wastewater	treatment	plants	(WWTPs).	How-
ever,	little	is	known	about	the	effectiveness	of	treatment	processes	to	remove	these	elements	and	the	concen-
trations	released	in	effluents	to	receiving	waters.	The	main	objective	of	this	study	was	to	investigate	the	fate	
and partitioning of lanthanides in various wastewater treatment processes. A secondary objective was to better 
understand	the	fate	of	medical	gadolinium	(Gd)	complexes;	anthropogenic	inputs	were	differentiated	from	geo-
logical sources using an approach based on concentration normalization with respect to chondrite Post-Archean 
Australian Shale (PAAS). The hypothesis was that most lanthanides, especially of geological origin, are associated 
with	the	particulate	phase	and	could	be	efficiently	removed	by	WWTPs.	To	monitor	these	elements	in	different	
WWTPs,	various	urban	influents	and	effluents	from	simple	aerated	lagoons	to	advanced	treatments	were	sam-
pled in Canada. The results showed that the rates of lanthanide removal by treatment processes decrease with 
their atomic number; from 95% for cerium (Ce) to 70% for lutetium (Lu), except for Gd, which was minimally 
removed. The normalization approach permitted the determination of the origin of Gd in these wastewaters, 
i.e., medical application versus the geological background. By distinguishing the geogenic Gd fraction from the 
anthropogenic	one,	the	removal	efficiency	was	evaluated	according	to	the	origin	of	the	Gd;	nearly	90%	for	geo-
genic Gd and a rate varying from 15% to 50% in the case of anthropogenic Gd. The processes using alum as the 
flocculating	agent	had	the	highest	removal	efficiency	from	wastewater.
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Characterisation and Development of Fatty Acid-activated Mitochondrial 
Uncouplers

Edward York* 1, Tristan Rawling 1
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Cancer cell mitochondria have emerged as a promising anticancer drug target because they are structurally 
and	functionally	different	from	mitochondria	in	noncancerous	cells	and	because	of	their	central	role	in	cellular	
metabolism and apoptosis. The experimental anticancer agent N,N’-bis(3,5-dichlorophenyl)urea (SR4) induces 
apoptotic cell death in several cancer cell lines by uncoupling mitochondrial oxidative phosphorylation using 
a protein-free mechanism.¹ However, the precise mechanism of SR4-mediated uncoupling has not been fully 
characterised because SR4 lacks an acidic functional group typically required for protonophoric mitochondrial 
uncoupling. 
In 2016 Wu and Gale showed that structurally related thioureas can mediate proton transport across lipid bilay-
ers via a fatty acid-activated mechanism,² in which fatty acids provide the site for protonation/deprotonation 
and the thiourea acts as an anion transporter that shuttles deprotonated fatty acids back across the membrane to 
establish a complete cycle of proton transport (Figure 1).
In this work we provide experimental evidence that SR4 uncouples mitochondria via the fatty acid-activated 
mechanism	first	described	by	Gale	et	al.	We	also	show	that	substitution	of	the	aryl-rings	with	lipophilic	and	elec-
tron withdrawing substituents enhances proton transport by promoting carboxylate-urea binding and membrane 
permeability of the resulting complex.  Based on this insight a range of substituted bisaryl anion transporters 
were synthesised bearing amide, squaramide, diurea and benzothiazolyl urea binding motifs. Mechanistic stud-
ies found that lipophilic electron-withdrawing groups enhanced bisaryl urea proton transport activity, and all 
transport motifs bearing these substituents were shown to depolarise mitochondria and reduce cell viability in 
human MDA-MB-231 breast cancer cells. Urea and benzothiazolyl urea-based analogues demonstrated the great-
est promise with both libraries identifying compounds that reduced cell viability with superior activity to SR4.

1. J.L.Figarola,J.Singhal,J.D.Tompkins,G.W.Rogers, C.Warden,D.Horne, A.D. Riggs, S.Awasthi and S.S.Singhal, J. Biol. 
Chem., 2015, 290, 30321-30341.
2.	X.Wu	and	P.A.Gale,	Journal	of	the	American	Chemical	Society,	2016,	138,	16508-16514.

Figure 1. Fatty acid-activated proton transport mechanism. After deprotonation of the fatty acid in the mitochondrial matrix, 

urea anion transporter binds carboxylate and masks the charge to facilitate fatty acid flip-flop and proton transport across 

the MIM.
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Biobased Shape-Memory Photopolymers with Vanillin Fragments

Vilte Sereikaite 1, Evelina Saunoryte 1, Aukse Navaruckiene 1, Danguole  Bridziuviene 2, Vita Raudoniene 2,  
Jolita Ostrauskaite* 1

1 Kaunas University of Technology, Kaunas, Lithuania, 2 Nature Research Center, Vilnius, Linthuania

Given the recent challenges related to climate change and the state of the environment, as well as the increasing 
advances in sustainable technologies, the development of new sustainable materials for use in such technolo-
gies is of particular importance. Biobased photopolymers are well suited for this purpose as they can be used in 
environmentally	friendly	light-based	film,	coating,	and	additive	manufacturing	technologies.	Vanillin,	produced	
by chemically modifying lignin, is considered a natural vanillin and is 250 times cheaper than synthetic vanillin. 
Due to its aromatic structure, it could replace the widely used petroleum-based aromatic monomers.
In the present study, a series of cross-linked photopolymers were synthesized by UV-curing of biobased resins 
containing various vanillin derivatives. The photocuring kinetics of the vanillin-based resins was investigated by 
real-time photorheometry. The rheological, mechanical, thermal, shape-memory, and antimicrobial properties of 
the synthesized biobased photopolymers were investigated. All synthesized vanillin-based polymers were able 
to adopt a new shape when heated above the glass transition temperature, to maintain it when cooled below the 
glass transition temperature and to return to the original shape when heated above their glass transition tem-
perature	again.	This	behaviour	has	defined	these	photopolymers	as	thermoresponsive	shape-memory	polymers.	
In	addition,	all	the	photopolymers	synthesized	showed	significant	antibacterial	activity	against	Escherichia	coli	
and Staphylococcus aureus and antifungal activity against Aspergillus niger and Aspergillus terreus.

Acknowledgments. This research was funded by the Research Council of Lithuania (project No. S-MIP-23-52).
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Cannabinoids analysis based on Ag(I) complexation

Si Huang* 1,2, Teris A. van Beek 1, Bo Chen 2, Han Zuilhof 1, Gert IJ. Salentijn 1

1 Laboratory of Organic Chemistry, Wageningen University, Wageningen, The Netherlands, 2 Key Laboratory of Phytochemical 
R&D of Hunan Province and Key Laboratory of Chemical Biology & Traditional Chinese Medicine Research of Ministry of 
Education, Hunan Normal University, Changsha, China

The expansion of the cannabis market urgently requires rapid, high-throughput, low-cost methods to assess the 
amount	of	psychoactive	cannabinoids.	However,	the	main	psychoactive	cannabinoids	Δ9-tetrahydrocannabinol	
(THC), tetrahydrocannabinolic acid (THCA), and cannabinol (CBN) (THC analogs, a single alkene C=C bond) usually 
coexist	with	cannabidiol	(CBD)	and	its	analogs	(two	olefinic	C=C	bonds),	e.g.,	cannabidiolic	acid	(CBDA)	and	can-
nabigerol (CBG)), and thus quite challenging for the distinction.
We have found that Ag(I) can complex with double bonds.[1] Further quantum chemical simulations and argen-
tation	HPLC	experiments[2]	confirmed	CBD	analogs	with	two	double	bonds	(1,5-dienes)		complex	more	strongly	
to	Ag(I)	than	THC	analogs.	Based	on	the	this,	we	developed	two	different	rapid	and	easy	methods	to	analyze	THC	
(analogs) and CBD (analogs). 
We	first	developed	Ag(I)-impregnated	paper	spray	mass	spectrometric	method	for	the	distinction	between	THC	
and	CBD.	Due	to	the	different	binding	affinity	to	Ag(I)	ions,	quasi-molecular	Ag(I)	adducts	[THC	+	Ag]+	and	[CBD	+	
Ag]+	at	m/z	421	and	423	give	different	fragmentation	patterns.	The	product	ions	at	m/z	313	for	THC	and	m/z	353	
and 355 for CBD were used to distinguish the two in a few minutes. We found 6 out of 10 CBD oils contain more 
THC than the Dutch legal limit of 0.05%.
Also, we designed a silica gel TLC plate with an Ag(I) retention zone and a non-coated detection zone for on-
site analysis of cannabis plant materials. “Digital” chromatographic separation was achieved within minutes, 
with CBD analogs kept in the Ag(I) retention zone and THC analogs moved up to the detection zone. Smart-
phone-based	color	analysis	enabled	semi-quantification	of	the	total	percentage	of	THC	analogs	and	thus	can	be	
applied	for	cannabis	classification.	

(1) T. A. van Beek et al., Phytochem. Anal. 1995, 6, 1– 19. 
(2) S. Huang et al., Anal. Chem. 2021, 93, 3794-3802.

Rapid and Easy Methods for THC & CBD Analysis
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Eliminating redox-mediated reaction mechanisms on molecular CO2-
electroreduction catalysts

Thomas Burdyny* 1

1 Delft University of Technology, Delft, The Netherlands

The	field	of	heterogenous	molecular	electrocatalysis	has	to	date	almost	exclusively	 limited	the	deposition	of	
molecular catalysts onto carbon-based supports. In principle, the avoidance of metal electrodes as supporting 
electrodes is very logical, as metal-based electrodes are electrochemically active themselves. Unwanted side 
reactions and competing products would then be formed, countering the reduction reactions occurring on the 
molecular catalysts. However, strong electronic-coupling of organometallic complexes to metal electrodes can 
provide strong electronic interactions, fundamentally altering the electrochemical functionality of the organo-
metallic compounds. Here we show that by coupling organometallic complexes with metal electrodes we can 
potentially	position	the	complexes	within	the	electric	double	layer.	One	can	then	effectively	delink	the	electron	
transfers during electrocatalysis from a molecular catalyst’s oxidation states, and eliminate the traditional re-
dox-mediated reaction mechanism. 
Utilizing this counterintuitive approach, we demonstrate the production of ethanol from CO2 using iron-por-
phyrins	at	Faradaic	efficiencies	of	>60%	and	partial	current	densities	of	>20	mA/cm2	in	an	aqueous	H-cell	CO2	
reduction system. Most notably the production of carbon monoxide, typically the dominant product when using 
iron-porphyrins, is kept to <5% indicating a preference for *CO to remain as an adsorbed intermediate and un-
dergo further reductions. This behavior is similar to traditional copper electrocatalysts and unlike the behavior of 
both the organometallic complex and the utilized metal electrode alone. Unlike copper electrocatalysts, however, 
no ethylene by-products are observed during CO2 reduction, providing the potential for near-unity multicarbon 
production of ethanol.
The higher current densities are enabled by using a 3D porous sintered metal electrode structure which provides 
high surface areas and maintains adsorption of the iron porphyrins to the surface. Characterizations of the sys-
tem	include	electrochemical	measurements,	XANES	measurements	of	the	iron	oxidation	state,	density-functional	
theory (DFT) predictions of the electrode/metal-centre adsorption distance and DFT hypothesis regarding the 
carbon-carbon coupling mechanisms.

(a) Deposition of Fe-TPP onto a porous sintered metal electrode. (b) Comparative electrochemical CO2 reduction behavior of 

combinations of Fe-TPP, metal and carbon electrodes. Only CO and H2 are observed as products for the traditionally examined 

electrode cases.
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Theoretical Insight into H2O2 electrocatalysis by oxygenated-carbon 
materials

Pan Xiang* 1,2, Ziqi Tian 2

1 Institute of Fundamental and Frontier Sciences, University of Electronic Science and Technology of China, Chengdu 610054, 
China, 2 Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China

Emerging nanostructured oxygenated carbon materials exhibit excellent performance in the electrocatalytic 
generation of hydrogen peroxide (H2O2). However, the exact kind of oxygen groups as active sites and the un-
derlying reaction mechanism remain unclear due to limited in situ characterization techniques. Here, we de-
signed	a	workflow	that	systematically	screened	for	active	groups	from	numerous	potential	structures.	Our	results	
demonstrate	that	the	best	2-electron	ORR	active	structure	was	edge	OH	group	with	a	significant	site-resistance	
effect,	commonly	present	in	nanostructured	oxygenated	carbon,	especially	nanotubes.	The	site	resistance	effect	
weakens the binding of the OOH intermediate to the substrate while enhancing its interaction with the solution, 
facilitating the 2-electron process. Under acidic and neutral conditions, OOH intermediates form intramolecu-
lar hydrogen bonds with OH group. As pH increases, intramolecular hydrogen bonds become gradually weaker, 
making OOH easier to desorb and resulting in better 2-electron performance under alkaline conditions. More-
over, the experimentally observed enhanced selectivity with increasing potential derives from the suppression 
of	the	4-electron	process.	All	the	theoretical	calculations	were	further	confirmed	by	a	secondary	acid	washing	
experimental strategy that resulted in breakthrough performance. Our work not only reveals the active structure 
and reaction mechanism for the catalytic reduction of oxygen to H2O2 by oxygenated carbon materials but also 
the	proposed	multi-method	combination	of	calculation	flow	to	study	the	liquid-phase	catalysis	reaction	and	ex-
perimental methods for the creation of edge defects by the secondary acid wash, highly instructive for future 
theoretical and experimental work.

The workflow to screen the optimal 2-electron ORR catalyst in oxygenated carbon materials.
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Non-metallic Heterojunction Photocatalysts for the Photoredox Reactions

Onder Metin* 1, Temirlan  Kubanaliev 1, Özge  Türbedaroğlu 2, Melek Sermin Ozer 1, Zafer Eroglu 1, Haydar Kilic 2

1 Department of Chemistry, College of Sciences, Koç University, Istanbul, Turkey, 2 Department of Chemistry, Atatürk University, 
Erzurum, Türkiye

In recent years, studies on C-H activation that facilitate the known organic synthesis strategies have been suc-
cessfully utilized in the synthesis of many drug-active compounds, agrochemicals, and natural products. How-
ever,	 synthesis	of	 target	molecules	with	 the	activation	of	C-H	bonds	 is	a	difficult	 task	due	 to	 their	high	bond	
energies, which requires a suitable catalyst. Although use of homogeneous catalysts for C-H activation has been 
applied	intensely	hitherto,	their	disadvantages	such	as	the	difficulties	in	their	reusability/preparation,	and	metal	
leaching limit their practical applications. Therefore, in recent years, the reusable heterogeneous catalysts have 
been applied in this area. However, since C-H activation reactions require high temperatures and long reaction 
times in the presence of these catalysts, development of a sustainable C-H activation process is not foreseen. 
Therefore, it is pivotal to develop a catalytic process that contains no metal and can realize the C-H activation at 
room temperature. In this regard, photoredox catalysis, including visible-light active metal-free photocatalysts 
and providing a more environmentally-friendly and economical chemical conversion compared to conventional 
homogeneous/heterogeneous	catalytic	processes,	has	attracted	attention	recently	due	to	its	high	efficiency	and	
selectivity potential for C-H activation. In this context, use of two-dimensional (2D) photoredox catalysts, consist-
ing of only abundant elements (C, N and P), might be a promising solution for C-H activation. In this presentation, 
I will present two examples of the photoredox catalysts that we developed for the C-H arylation of heteroarenes 
with the selected radical precursors via combination of black phosphorus (BP) with other non-metallic semi-
conducting 2D materials (g-CN and rGO) in the form of binary heterojunctions under visible light irradiation. 
Moreover,	developed	the	photoredox	C-H	arylation	strategy	will	be	applied	for	the	first	time	in	the	synthesis	of	
Dantrolen, a muscle relaxant drug active molecule. 

This	project	is	supported	by	TUBITAK	(Grant	No:	120Z622).
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Surprising Maillard reactivity differences of glucose and fructose

Jan Koek* 1, Alexandre Hu 1

1 Unilever, Wageningen, The Netherlands

Reducing	sugars	like	glucose	and	fructose	are	key	Maillard	reactions	to	prepare	commercial	flavours,	flavour	gen-
eration during cooking and their glycated protein / peptide derivatives play a role in diabetes diagnosed patients 
[1,2]. Fructose usually reported to be more reactive. Hence fructose rich syrups (Maple, Honey) are found more 
difficult	to	control	in	baking	as	shown	in	the	figure	when	baking	cupcakes.	Also	their	use	might	be	restricted	for	
diabetes	patients.	In	contrast	other	studies	indicate	glucose	to	be	the	more	reactive	and	indicate	different	orders	
of reactivity [3].
This study reports that surprisingly the reactivity order of glucose and sucrose depends strongly on the ratio of 
sugar concentration to amino acid concentration, explaining the found discrepancies in earlier reported publica-
tions.
A hypothesis on the possible mechanism is given together with a discussion on consequences for the applica-
tions	of	food	and	flavour	preparations.

1) Mottram D.S., Food Chemistry, Vol. 62, No. 4, pp. 415424, 1998
2) Monnier V.M., Taniguchi, N. Glycoconj J 33, 483–486 (2016).
3) Laroque D., Inisan C., Berger C., Vouland E., Dufossé L., Guérard F., Food Chemistry 111 (2008) 1032–1042

Cupcakes baked with Sucrose (S), Glucose (G) and Fructose (F)



POSTERS 2

961

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-B0965

Heavy metals in spices from Queensland markets, Australia

Ujang Tinggi* 1, Madeleine Farrell 2, Jayde Porter 3

1 Queensland Department of Health, Coopers Plains, Australia, 2 Queensland Department of Health, Coopers Plains, Australia, 3 
Queensland Health Environmental Health, Gold Coast, Australia

Spices	and	herbs	are	used	widely	around	the	world	as	important	food	ingredients	for	flavour	and	aroma,	and	may	
have	an	important	role	in	health	benefits.	There	is	also	a	concern	that	spices	and	herbs	can	contain	chemical	con-
taminants such as heavy metals. In this present study, the levels of heavy metals (aluminium, arsenic, cadmium, 
chromium, lead, mercury, nickel, strontium) were investigated in dried samples (n=69) of herb and spices (basil, 
chilli,	cinnamon,	paprika,	pepper,	sesame,	turmeric).	These	imported	spice	products	from	different	countries	were	
purchased from selected Queensland markets and outlets. The aims of the study were to assess and monitor the 
distribution	levels	of	heavy	metals	in	these	spices	and	to	compare	for	any	elevated	levels	from	different	coun-
tries that could cause concern from dietary exposure. The levels of heavy metals were analysed by ICP-MS after 
microwave digestion, and appropriate standard reference materials were used for quality control and method 
validation. The study found wide variations of heavy metal content in these herbs and spices. The overall results 
showed considerably high levels of aluminium were found in cinnamon (<0.1-920 mg/kg) and strontium (260-
290 mg/kg) in basil. The levels of mercury (<0.005-0.059 mg/kg) in these spice products were very low and about 
75% were below the reporting limit of the method. Relatively low levels were found for arsenic (0.007-1.7 mg/
kg), cadmium (0.008-3.7), chromium (<0.01-4.0 mg/kg), nickel (0.28-4.8 mg/kg) and lead (<0.005-7.0 mg/kg). 
The metal levels of spices in this study were comparable to the values reported in other countries, and it can 
be concluded that the contribution of toxic heavy metals (arsenic, cadmium, mercury, lead) to dietary exposure 
would be considered low.
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Tuning Ni/MgAl2O4 Properties for Dry Reforming of Methane

Sofie Ferwerda* 1, Jochem Paardekoper 1, Michael Kramer 2, Nils Bottke 2, Matteo Monai 1, Bert Weckhuysen 1

1 Utrecht University, Utrecht, The Netherlands, 2 BASF SE, Ludwigshafen am Rhein, Germany

Dry	methane	reforming	(DMR,	i.e.,	CO₂	+	CH₄	-->	2	CO	+	2	H₂)	provides	a	way	to	use	two	major	greenhouse	gas-
es for the production of synthesis gas.¹ DMR is a very endothermic reaction and therefore requires operating 
temperatures	between	600	and	1000°C.	Typically,	Ni-based	catalysts	are	used,	but	these	often	suffer	from	rapid	
deactivation due to carbon deposition and sintering, especially at the industrially relevant pressure range of 
20–40	bar.²	Therefore,	many	efforts	are	directed	toward	the	synthesis	of	more	stable	Ni	catalysts	for	dry	methane	
reforming. 
Ni-based	catalysts	supported	on	a	MgAl₂O₄	exhibit	superior	coking	resistance	in	DMR,	ascribed	to	strong	metal	
support interaction (MSI) which inhibits particle sintering and carbon formation.³ However, too strong MSI makes 
it	difficult	to	reduce	NiO	to	the	active	metallic	particle,	and	can	lead	to	the	formation	of	inactive	NiAl₂O₄.	Here,	
we	show	that	synthesis	method	and	starting	material	greatly	affect	the	final	properties	of	the	catalyst	material,	
and	 in	particular	 the	MSI,	which	 can	be	determined	by	H₂-Temperature	Programmed	Reduction	 (H₂-TPR).	 Im-
pregnation	with	Ni	on	hydrotalcite	prior	to	transformation	to	Ni/MgAl₂O₄	and	co-precipitation	of	Ni-,	Mg-	and	
Al-salts	lead	to	increased	MSI	(Figure	1a).	With	a	heat	treatment,	all	three	materials	are	converted	to	Ni/MgAl₂O₄,	
confirmed	by	X-ray	Diffraction	(XRD).	However,	stronger	MSI	does	not	necessarily	lead	to	better	performing	cat-
alysts, which is clear from the activity during DMR at 600°C (Figure 1c). Therefore, tuning the catalyst properties 
and	understanding	the	structure-performance	relations	is	of	great	importance	for	the	application	of	Ni/MgAl₂O₄	
catalysts in dry methane reforming. 

¹ C. Vogt, J. Kranenborg, M. Monai & B.M. Weckhuysen (2020), ACS Catalysis, 10, 1428-1438.
² K. Wittich, M. Kramer, N. Bottke & S.A. Schunk (2020), ChemCatChem 12, 2130-2147.
³ H. Kim, Y.H. Lee, H. Lee, J.C. Seo & K. Lee (2020), Catalysts, 10, 828.

a) H₂-Temperature Programmed Reduction; b) X-Ray Diffraction Patterns of Ni/MgAl₂O₄ catalysts prepared from Ni 

impregnation on MgAl2O4 (black), hydrotalcite (HTC) (red) or through co-precipitation of Ni-, Mg- and Al-salts (blue); c) 

Conversions during the first two hours DMR at 600°C.
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Artificial Metabolic Circuits Combining Metal and Enzymatic Catalysis

Leonard Cool* 1, Alejandro Gutiérrez-González 1, María Tomás-Gamasa 1, Fernando López García 1,  
José Luis Mascareñas 1

1 Universidade de Santiago de Compostela, Santiago de Compostela, Spain

The	development	of	novel	bio-orthogonal	reactions	is	of	utmost	importance	in	the	fields	of	chemical	biology	and	
biomedicine. For instance, it is crucial for the development of new treatments based on the in situ activation of 
prodrugs.1	Ruthenium	catalysts	have	demonstrated	to	effectively	catalyse	new-to-nature	reactions	in	biological	
media	and	even	in	living	cells,2	while	natural	enzymes	also	exhibit	excellent	substrate	specificity.3	Taking	this	
into account, we aim to expand the bio-orthogonal repertoire by designing tandem reactions which combine 
transition metal and native enzymatic catalysis in a concurrent or orthogonal manner. 
To	pursue	 this	 goal,	 two	novel	fluorescent	probes	were	designed.	 Both	display	 two	 reactive	positions:	 an	 al-
loc-protected amine that is deprotected by a Ruthenium catalyst, and a 3-aminopropanol subunit that is trans-
formed	by	monoamine	oxidase	(MAO).	Accordingly,	in	vitro	experiments	confirmed	the	efficacy	of	the	probes,	as	
only	in	the	presence	of	both	catalysts	the	fluorophores	were	obtained.	Further,	cellular	experiments	confirmed	
the	effectivity	of	 the	designed	tandem	reactions	 in	 living	HeLa	cells.	This	would	be	a	first	step	to	pursue	the	
dream	of	creating	biocompatible,	artificial	metabolic	circuits,	and	thereby	opening	a	full	new	field	at	the	interface	
of chemistry and cell biology. 

1. Sletten, E. M. & Bertozzi, C. R. Angew. Chemie - Int. Ed. 48, 6974–6998 (2009).
2.	Gutiérrez-González,	A.,	López,	F.	&	Mascareñas,	J.	L.	Helv.	Chim.	Acta	(2023).
3.	Lu,	Y.	Y.,	Wang,	Y.	G.,	Dai,	B.,	Dai,	Y.	Q.	&	Wang,	Z.	Chinese	Chem.	Lett.	19,	947–950	(2008).
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Design and Synthesis of GCS and GBA2 PROTACs

Rob Lammers* 1, Nicky de Koster 1, Ioana Belcin 1, Saskia Pieters 1, Maxime Mingot 1, Laura van Vliet 1, Rolf Boot 1, 
Marta Artola 1

1 Leiden University, The Netherlands

Protein target degradation presents several advantages over ‘classical’ small molecule inhibitors and, in partic-
ular, proteolysis-targeting chimeras (PROTACs) technology is considered a powerful solution to target enzymes 
that were previously considered ‘undruggable’. PROTAC research is currently centered around molecular targets 
with therapeutic relevance for the treatment of various forms of cancer, taking advantage of their catalytic mode-
of-action	and	thereby	reducing	the	efficiency	of	anti-drug	resistance	of	cancer	cell	lines.	However,	new	PROTACs	
degrading	difficult	to	target	proteins	in	a	selective	manner	might	open	new	horizons	for	other	therapeutic	areas.	
Examples of challenging drug targets are glycosidases and especially glycosyltransferases, of which the latter are 
considered undruggable targets. Glycosidases and glycosyltransferases are involved in many diseases, ranging 
from lysosomal storage disorders and Parkinson’s disease to various forms of cancer, and development of novel 
modalities to target these enzymes is required. We aim to develop potent and selective degraders of cytosolic 
glycosylases and glycosyltransferases, taking advantage of the catalytic mechanism and protein-protein inter-
action induced selectivity of non-covalent PROTACs. As model glycosyltransferase and glycosidase targets we 
chose glycosylceramide synthase (GCS) and non-lysosomal glucocerebrosidase (GBA2) respectively, with implied 
relevance in Gaucher disease pathology and Parkinson’s disease. For this purpose, we selected a dual GCS- and 
GBA2 iminosugar ligand and functionalized this ligand both at the ring nitrogen atom and at the C1 position in 
β-configuration.	Based	on	these	designs,	both	GCS-selective	and	GBA2	selective	PROTACs	capitalizing	on	CRBN	
and VHL E3 ligands are developed.

A: In Gaucher disease, GBA1 dysfunction causes toxic overproduction of glucosylceramide and other glycosylated 

metabolites. B: PROTACs are heterobifunctional molecules that bring target proteins of interest (POI) in close proximity to E3 

ligases, causing downstream proteasomal degradation. Created with BioRender.com.
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Deep-Blue Phosphorescent Tetradentate Pt(II) Complex

Hea Jung Park 1, Jee-Hun Jang 2, Jeong-Hwan Lee 2, Do-Hoon Hwang* 1

1 Pusan National University, Busan, South Korea, 2 Inha University, Incheon, South Korea

Compared to Ir(III) complexes with octahedral geometries, Pt(II) complexes with square planar geometries show 
superior	optical	properties	because	 their	flat	shapes	 lead	 to	an	orientation	 that	enhances	 the	outcoupling	of	
organic	light-emitting	diodes	(OLEDs).	However,	the	flat	shapes	of	Pt(II)	complexes	also	induce	a	bathochromic	
shift, limiting their application in high-performance deep-blue phosphorescent OLEDs. In this study, a bulky 
trimethylsilyl (TMS)-substituted blue phosphorescent Pt(II) complex (PtON7-TMS) is successfully synthesized to 
improve	color	purity.	The	TMS	substituent	containing	Si	atom	effectively	suppresses	intermolecular	interaction	
and	aggregation	even	when	complex	concentration	 in	the	film	state	 is	>30	wt%.	As	a	result,	 the	PtON7-TMS-
based	OLEDs	exhibit	a	maximum	external	quantum	efficiency	of	21.4%,	along	with	a	pure	blue	color	of	CIE	(0.14,	
0.09) at 20 wt% doping concentration and a full-width at half maximum of 30 nm. The pure blue color is main-
tained at a higher doping concentration (>30 wt%).

Reference
1. Hea Jung Park, Jee-Hun Jang, Jeong-Hwan Lee, and Do-Hoon Hwang, ACS Applied Materials & Interfaces, 2022, 
14 (30), 34901–34908.

Figure. Chemical structure and the fabricated OLED device performances of trimethylsilyl-substituted tetradentate Pt(II) 

complex.
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Understanding the oxide-metal transition of CuOx-foams during CO2RR

Sonja Blaseio* 1, Abhijit Dutta 2, Motiar Rahaman 2,3, Kiran Kiran 2, Alexandra Dworzak 1, Björn Mahrt 1,  
Peter Broekmann 2, Mehtap Oezaslan 1

1 TU Braunschweig, Braunschweig, Germany, 2 Universität Bern, Bern, Switzerland, 3 University of Cambridge, Cambridge,  
United Kingdom

Electrochemical	CO₂	reduction	reaction	(CO₂RR)	is	a	promising	alternative	for	large-scale	production	of	hydro-
carbons. However, there are still crucial challenges such as poor product selectivity and highly complex multi-
ple-step reaction mechanisms.[1,2] Caused by the knowledge gap on the relationship of the structure and simul-
taneous metal-oxide transition of Cu/CuOx precursor catalysts with the performance (activity, selectivity) during 
CO₂RR.	Recently,	we	showed	how	the	oxide-metal	transition	process	for	Cu	oxide	foam	links	with	the	formation	
of	hydrocarbons	probed	by	operando	XAS,	XRD	and	Raman	spectroscopy.[3,4]	
Using	Quick	X-ray	Absorption	Spectroscopy	(Quick-XAS),	we	aim	to	understand	the	potential-dependent	reduc-
tion	of	different	Cu2+/Cu+	species	to	Cu0	during	CO₂RR.	The	initially	different	Cu2+:Cu+:Cu0	ratios	of	the	pre-
cursor foam catalysts were obtained by altering the annealing temperature between 100 and 450°C in air. The 
Cu	oxide-metal	transition	kinetics	during	cathodic	potential	increment	(ΔE=100mV),	step	(ΔE>100mV),	and	jump	
(ΔE>500mV)	 experiments	were	 comprehensively	 investigated	 using	 principle	 component	 analysis	 and	 linear	
combination	fit	analysis	of	the	Quick-XANES	data.	Our	results	demonstrate	that	different	transition	kinetics	were	
found strongly dependent on the initial content of Cu2+ species as well as on the applied potential protocol to 
the	CuOx	precursor	catalysts.	More	precisely,	a	high	initial	population	of	Cu2+	species	leads	to	a	significant	shift	
of	the	transition	potential	towards	lower	negative	potentials.	Furthermore,	we	identified	two	rate	determining	
steps involved in the reduction of CuO to metallic via intermediate Cu+ formation. Overall, we show the substan-
tial	influence	of	Cu2+,Cu+	and	applied	potential	protocol	on	the	reduction	behavior	of	CuOx	foams	and	compare	
this with the formation of hydrocarbons.

Refrences:
[1] S. Nitopi et al., Chemical Reviews, 2019, 119, 7610.
[2] C. W. Li et al., Journal of the American Chemical Society, 2012, 134, 7231.
[3] A. Dutta et al., Chimia, 2021, 75, 733.
[4] A. Dutta et al., Journal of Catalysis, 2020, 389, 592.
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Aqueous Supramolecular Co-Assembly of Oppositely Charged Stiff-Stilbene 
Amphiphiles

Shuk Ying Kwan* 1, Ying Ying Lui 1, Takashi Kajitani 2, Franco King Chi Leung 1

1 Hong Kong Polytechnic University, Kowloon, Hong Kong, 2 Tokyo Institute of Technology, Tokyo, Japan

Fabrication of macroscopic soft functional materials, such as macroscopic photoresponsive soft materials and ar-
tificial	muscles,	can	be	commonly	prepared	by	charge	screening	of	supramolecular	assemblies	with	inorganic	salt	
solutions	using	a	shear-flow	method.	However,	some	of	the	charged	end-groups	of	photoresponsive	molecular	
amphiphiles cannot be stabilized with inorganic salt solutions to fabricate macroscopic soft materials. We design 
and	synthesize	stiff-stilbene	amphiphiles	(SAs)	functionalized	with	anionic	phosphite	and	cationic	quaternary	
ammonium end groups and determine their photochemical and supramolecular assembly properties.¹ Supramo-
lecular	co-assembly	of	anionic	and	cationic	nanotubes	of	SAs	allows	to	transform	into	nanoribbons,	confirmed	
by transmission electron microscopy (TEM), critical aggregation concentration (CAC), and zeta potential measure-
ments. Nanoribbons of anionic and cationic SAs can be prepared into macroscopic soft materials with inorganic 
salt solutions and surprisingly also with deionized water. The macroscopic soft material of anionic and cationic 
SAs can be stabilized at low concentration ~5 mM. Meanwhile, the photoresponsiveness of the macroscopic soft 
materials is retained to provide macroscopic morphological change upon photoirradiation. These results exhibit 
the feasibility in fabrication of macroscopic functional soft materials from supramolecular assembly across mul-
tiple	length-scale	without	help	of	inorganic	salts	and	offer	ample	opportunity	in	developing	future	soft	supramo-
lecular robotic systems.

[1] K. S.-Y. Kwan, Y.-Y. Lui, T. Kajitani, F. K.-C. Leung*. Aqueous Supramolecular Co-Assembly of Anionic and Cationic 
Photoresponsive	Stiff-Stilbene	Amphiphiles.	Macromol.	Rapid	Commun.	2022.	DOI:10.1002/marc.202200438

Schematic illustration of the molecular structure and photoisomerization of SAs.
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Google Meet Strategy: Students’ Performance in Chemistry

Worokwu Chinda* 1,  Inibehe Etokeren 
1 Department of Chemistry Ignatius Ajuru University of Education Rumuolumeni Port Harcourt Rivers State Nigeria, Port Harcourt, 
Nigeria

Advances in science and technology has brought a lot of remarkable transformations in education sector by pro-
viding various digital applications and platforms that can be utilized to explore innovative teaching strategies 
for	effective	delivery	processes	and		enhanced	students’	understanding	of	scientific	concepts	that	are	abstract	
in nature. These applications provide fast and easy means of accessing information for students and lecturers, 
regardless	of	location	and	time.		This	study	therefore,	explored	the	effect	of	google	meet	teaching	strategy	on	
chemistry education undergraduates in Ignatius Ajuru University of Education, Rivers State Nigeria.  Quasi-exper-
imental	research	design,	specifically,	 the	pretest-posttest	control	group	non-randomized	design	was	adopted.	
The sample comprised   67 chemistry education undergraduates at Ignatius Ajuru University of Education, Rivers 
State, Nigeria representing 42 males and 25 females.  Two groups, experimental and control groups were used for 
the study. Students in experimental group received lecture using google meet application while those in control 
group were exposed to the conventional lecture teaching method. The instrument was a 25-item Performance 
test	validated	by	two	chemistry	education	lecturers.		Reliability	coefficient	of	0.88	for	the	instrument	was	deter-
mined by Alpha Cronbach formula. Research questions were answered using mean and standard deviation while 
hypotheses	were	tested	using	Analysis	of	Covariance	at	0.05	level	of	significance.	Results	of	the	study	revealed	
better performance of undergraduates lectured with google meet application than those with conventional lec-
ture	method.	There	was	a	significant	difference	in	performance	between	the	undergraduates	lectured	with	goo-
gle meet teaching strategy and those with lecture teaching method. Although, the male students obtained higher 
scores	than	the	female,	there	was	no	significant	gender	related	difference	in	performance.		It	was	recommended	
among others that; lecturers should embrace the use of google meet in teaching chemistry and provisions for 
students and lecturers to have unrestricted access to information and communication technology facilities.
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Sensors Development and Applications: Challenges and Opportunities

Gennady Oshovsky* 1, Hens Hijnen 1, Jan de Jong 1, Urjan Jacobs 1, Christiaan H.L. Tempelman 1

1 Rotterdam University of Applied Sciences, Rotterdam, The Netherlands

There	is	a	significant	need	for	chemical	sensors	that	are	sensitive,	selective,		fast,	reliable,	stable,	cheap,	sustain-
able, robust, easy to use, and user-friendly. The urgent applications of sensors are limitless: environmental mon-
itoring, industry, health, safety, police, defense, government, circularity, energy transition, maritime, logistics, 
transport, agriculture, food, smart home, smart environment, etc. Bringing excellent sensor research results from 
a lab to real applications has, however, numerous challenges that severely limit the usage of sensor technology. 
The challenges include technical problems, such as the enormous amount of real-world chemicals that compete 
with the measured analyte or bioactive environment that can digest the sensor materials. However, the challeng-
es span further to data analysis, software engineering, communication, end-user training, application issues, etc.
							We	develop	and	test	different	advanced	sensing	(nano)materials	and	chemical	sensors.	They	include	colori-
metric, electrochemical, optical, and (micro)biological, working as a single detection unit or in a sensor array. The 
special research line includes sensor production using sustainable bio-based materials prepared from plant rests 
especially agricultural waste, such as unconditional (partially rotten) apples, shells of onions, grass grown near 
the highway, etc. We have developed, for example, sensitive and fast bio-based colorimetric sensors for ammonia 
and amines. In addition, we make sensor devices that search for the source of environmental pollution. We also 
developed sensor arrays analyzing the quality and authenticity of food and drinks (Figure).
							Going	from	the	lab	to	the	field	requires	bringing	together	various	experts	with	different	backgrounds.	This	
gives challenges and provides opportunities. Here we make multi,- inter,- and transdisciplinary teams of stu-
dents,	lecturers,	and	researchers	from	different	institutes	and	faculties	of	our	university	and	outside.	In	this	way,	
students and researchers learn to look outside of their specialty, engage in a multidisciplinary environment, 
better	understand	their	field	of	study,	and	become	real	experts.

Figure. The bio-based colorimetric sensors and their color response to ammonia (a); a sensor array (b); a device to read out 

the color response of sensors and send it to a smartphone (c).
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photodegradation of organic pollutants using the Bi2WO6/g-C3N4 
Nanocomposite

Amira Masoud* 1, Ghada Bassioni 1, Mohamed Abdelhay 2, Fritz E.Kühn 3

1 Ain Shams University, Faculty of Engineering, Cairo, Egypt, 2 Ain Shams University, Faculty of Science, Cairo, Egypt,  
3 Technical University of Munich, Faculty of Chemistry, Munich, Germany

Environmental	remediation	strategies	that	focus	on	designing	and	developing	an	effective	photocatalytic	system	
for the degradation of organic contaminants are seen as having many potentials because of their environmental 
safety,	economic	viability,	high-efficiency	level,	and	capacity	to	mineralize	hazardous	organic	molecules	[1].
Among the photocatalysts, g-C3N4 has gained attention due to its stability, low cost, unique electrical properties 
and moderate Eg values [2]. However, the quick recombination of photoinduced electrons and holes limits its 
effectiveness.	
To overcome this limitation, we focused our research on the heterostructure formed between g-C3N4 and Bi-
2WO6.	As	a	result,	a	binary	Bi2WO6/g-C3N4	nanocomposite	with	different	loadings	of	Bi2WO6	was	successful-
ly synthesized by a simple ultrasonic chemical technique using Urea (CH4N2O), bismuth nitrate pentahydrate 
(Bi(NO3)3.5H2O), sodium tungstate (Na2WO4.2H2O) as starting materials.
The	optimum	loading	of	Bi2WO6	was	10%,	which	exhibited	superior	photocatalytic	efficiency	in	degrading	Rh-B	
under	UV	irradiation.	The	improved	photocatalytic	activity	was	attributed	to	the	direct	Z-scheme	heterojunction,	
which separated photogenerated electrons and holes while preserving the composite’s redox capability. The 
10% Bi2WO6/ g-C3N4 nanocomposite also demonstrated high stability and reusability. The mechanism for de-
grading Rh-B and the transfer path of charge carriers were postulated based on experimental data. 
Various	techniques	such	as	XRD,	FTIR,	TEM,	XPS,	BET	surface	area,	PL,	and	UV-vis	DRS	were	used	to	investigate	the	
properties	of	the	photocatalysts.	In	addition,	the	study	also	explored	the	influence	of	several	reaction	factors	on	
the removal of Rh-B. Overall, the Bi2WO6/ g-C3N4 nanocomposite shows great potential as a photocatalyst for 
environmental remediation.

References
[1]	Falletta,	E.,	Longhi,	M.,	Di	Michele,	A.,	Boffito,	D.	C.,	&	Bianchi,	C.	L.	(2022).	Journal	of	Cleaner	Production,	371,	
133641.
[2]	Liu,	H.,	Zhang,	Z.,	Xu,	X.,	Zhou,	Y.,	Liu,	J.,	&	Yang,	H.	(2022).	Chemical	Engineering	Journal,	448,	137606.

Proposed mechanism for photocatalytic activity on the 10% Bi2WO6/ g-C3N4 nanocomposite towards Rh-B degradarion
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Cellulose nanocrystal-based biosensing for on-site detection of 
deoxynivalenol

Ruobing Liu* 1,2, Canan Aksoy 2,3, Ids Lemmink 2,3, Han Zuilhof 2,4, Gert Salentijn 2,3

1 College of Food Science and Technology, Hebei Agricultural University, Baoding, China, 2 Laboratory of Organic Chemistry, 
Wageningen University & Research, Wageningen, Netherlands, 3 Wageningen Food Safety Research, Wageningen University & 
Research, Wageningen, Netherlands, 4School of Pharmaceutical Sciences and Technology, Tianjin University, Tianjin, China

Rapid	on-site	analysis	has	been	proven	 to	be	crucial	 for	 the	 timely	 sensing	and	effective	monitoring	 in	vari-
ous	fields,	such	as	environmental	management,	food/drug	quality	control,	clinical	diagnosis,	and	societal	safety	
screening.	However,	current	testing	methods,	such	as	Corona	test	kits,	produce	a	significant	amount	of	waste,	and	
have limited sensitivity. Cellulose nanocrystals (CNCs) are a promising, nanoscale and sustainable candidate for 
novel biosensors for on-site testing, due to their high purity, high crystallinity, accessibility, green production, 
and high biocompatibility. However, its most interesting feature is that at a certain concentration of CNCs, they 
will self-assemble to form a chiral nematic liquid crystal (LC) when there is no interference from external con-
ditions; these liquid crystals exhibit birefringence and can produce iridescent patterns, which can be conserved 
upon	drying.	Moreover,	molecular	interactions	affect	LC	formation	and	thus	lead	to	changes	in	visual	properties,	
which makes it a very interesting candidate for a biosensor. This research is aimed at the development of bio-
sensors based on biorecognition-induced deformation of LC, using CNCs coupled to analytes. A common, yet 
toxic food contaminant, deoxynivalenol (DON), was selected as model analyte, and covalently attached to CNCs 
(CNC-DON). The LC formation of CNCs and CNC-DON was monitored via a custom-made 3D-printed, and portable 
system with crossed polarizers and smartphone-based detection. In preliminary work, we have demonstrated 
that the addition of the corresponding anti-DON antibodies disrupts the formation the LC of CNC-DON, but not 
of	unmodified	CNCs;	importantly	by	addition	of	small	quantities	of	free	DON,	such	disruption	was	prevented	and	
the LC could be formed; in addition, secondary antibody improves the mechanism and sensitivity, indicating its 
potential for a competitive biosensing format.



POSTERS 2

972

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-B1007

3D printed plastic leachables interfere with quantification assays

Sarah Arnold* 1, Karina Kawka 1, Alexandra Jucan 1, Ana Arezina 2, Boyang Zhang 1,2, David R. Latulippe 1,2

1 Department of Chemical Engineering, McMaster University, Hamilton, Canada, 2 School of Biomedical Engineering, McMaster 
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The ability to quickly produce complex devices via 3D printing technology has revolutionized many research 
fields	including	the	biotechnology	sector.		For	example,	perfectly	ordered	porous	beds	have	been	printed	for	use	
in	chromatographic	separations	[1].	A	major	challenge	to	the	field	is	that	the	chemical	composition	of	the	photo-
polymer resins used in 3D printers are proprietary (with most companies recommending only using their resins 
with their printers).  This is especially problematic given that certain chemicals (e.g. unpolymerized photoinitia-
tor) have been detected in the aqueous solutions in contact with 3D printed plastics [2]. 
In this study, we investigated the impact of leachable components from 3D printed plastic parts on DNA and 
protein	quantification	assays.	Separate	stock	solutions	of	DNA	(320	ug/mL)	and	bovine	serum	albumin	(5	mg/mL)	
in	TrisHCl	buffer	were	transferred	into	three	microplate-like	devices	produced	from	different	3D	printers.	It	was	
found that for some of the 3D printed parts, there were remarkable changes in the UV absorbance signature of the 
DNA and protein solutions after just 2 hours of exposure. These early results clearly highlight the need for further 
studies	on	the	effect	of	chemical	leaching	from	3D	printed	plastics.

[1]	C.	Fee	et	al.,	“3D	printed	porous	media	columns	with	fine	control	of	column	packing	morphology”	Journal	of	
Chromatography A 2014 (1333) 18-24 https://doi.org/10.1016/j.chroma.2014.01.043
[2] M. Walpitagama et al., “Additives migrating from 3D-printed plastic induce developmental toxicity and neu-
ro-behavioural	 alterations	 in	early	 life	 zebrafish	 (Danio	 rerio),”	Aquat.	 Toxicol.,	 vol.	 213,	no.	 June,	p.	105227,	
2019, doi: 10.1016/j.aquatox.2019.105227.
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Stoichiometry effects on barite crystallisation: Experiments and theory

Vincent Peters* 1, Annet Baken 2, Sergej Seepma 1, Janou Koskamp 1, Alejandro Fernandez-Martinez 2,  
Alexander van Driessche 3, Mariette Wolthers 1

1 Utrecht University, Utrecht, The Netherlands, 2 Université Grenoble Alpes, Université Savoie Mont Blanc, CNRS, IRD, IFSTTAR, 
ISTerre, Grenoble, France, 3 University of Granada, Granada, Spain

Understanding	 the	 crystallisation	process	of	BaSO₄	 (and	 similar	minerals)	 is	 of	 great	 interest	 in	 the	geother-
mal energy industry due its undesirable scale formation in piping enhanced by its low solubility. Minerals are 
formed by a reaction through oppositely charged ions. The crystallisation process is traditionally understood by 
assuming	an	ideal	1:1	ratio	for	both	ions.	For	barite	(BaSO₄)	crystallisation	it	is	often	the	case	in	natural	waters	
that	either	Ba	or	SO₄	ions	are	in	large	surplus.	The	effect	of	having	either	ion	in	surplus	is	not	well	understood.	
We	studied	the	crystallisation	process	by	measuring	the	light	absorbance	of	solutions	(UVVIS)	where	BaSO₄	is	
forming	under	non-ideal	ratios	and	linking	this	to	theory	on	different	crystallisation	steps:	nucleation	and	growth.
The	absorbance	was	fitted	to	a	two-step	crystallisation	model,	combining	aspects	of	scattering,	nucleation,	and	
growth	theory.	For	most	cases,	the	fits	are	quite	accurate	and	the	observations	are	in	reasonable	agreement	with	
similar	experiments	and	modelling	in	literature.	Stoichiometry	has	a	large	effect	on	both	crystallisation	steps.	
Nucleation is always inhibited by a surplus of either ion, while growth can be promoted by a small surplus of Ba. 
Growth does however also become inhibited for a larger surplus of either ion. Overall, our methodology provides 
greater insight on how both nucleation and growth impact crystallisation and could be useful for examining the 
(scale) formation of other minerals as well.
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P2-B1015

Rationally Designed LiNi1-x-yMnxCoyO2 with the Core-Shell Structure

Chunjoong Kim* 1, Ho Joong Kim, Nguyen Duc Quang, Jahoon Koo  

1 Chungnam National University, Daejeon, South Korea

LiNiO₂	 (LNO)	 and	 its	 derivatives	 such	 as	 nickel-rich	 lithium	 nickel	 manganese	 cobalt	 oxide	 (Ni-rich	 LiNi<-
sub>1-x-y</sub>Co<sub>x</sub>Mn<sub>y</sub>O<sub>2</sub> (NCM)) are attractive cathode materials for 
rechargeable	lithium-ion	batteries	due	to	their	large	specific	capacity	and	a	high	average	voltage	(~3.8	V	vs	Li<-
sup>+</sup>/Li).	However,	 the	practical	 implementation	of	Ni-rich	NCM,	especially	LiNiO₂,	 is	hindered	by	the	
phase transition in the deep charged state, which led to the capacity fading during the extended cycles. Herein, 
we	reported	the	core-shell	structured	LiNiO₂-LiNi<sub>0.8</sub>Co<sub>0.2</sub>O<sub>2</sub>.	The	core-
shell cathode material could be synthesized using the core-shell hydroxide precursor.  and followed by Al/B 
co-doping	during	the	lithiation	process.	The	co-doping	effect	not	only	improves	the	electrochemical	properties	
by modifying the microstructure of primary particle and preventing the migration of Ni<sup>2+</sup> ions from 
the	transition	metal	site	to	the	Li	sites,	but	also	prevents	the	interdiffusion	of	transition	metal	between	the	core	
and	shell	to	keep	exact	desired	structure	through	the	competitive	doping	effect.	Our	novel	cathode	material	can	
deliver a high capacity (221.816 mA h g-1 at 0.1C) and stable cycling performance (> 80% capacity retention af-
ter 200 cycles at 1C). Our work opens a new avenue for preparation of Ni-rich layered cathode with high capacity 
retention as well as the methodology to architecture the core-shell structure for practical applications in low-cost 
LIB systems.
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P2-B1017

Oxide nanosheets for high-performance functional thin film applications

Phu Le* 1,2, Gertjan Koster 1, Anja Bieberle-Hütter 2, Christoph Baeumer 1

1 University of Twente, The Netherlands, 2 Dutch Institute for Fundamental Energy Research, The Netherlands

Functional	materials	that	are	in	thin	film	form	often	require	a	certain	degree	of	crystallinity	as	well	as	orientation	
control to obtain high performance for applications. Epitaxial growth of functional materials on lattice matched 
single	crystal	substrates	offers	high	performance,	but	these	high-cost	and	size-limited	substrates	hamper	real	
applications. Here, we present the use of oxide nanosheets as seed layers to achieve both high crystallinity and 
orientation control on arbitrary substrates. Oxide nanosheets are two-dimensional micro-sized crystals with a 
large library of lattice constants and crystal structures, that is highly compatible with many functional materials. 
Furthermore, they can be easily produced via chemical route and deposited on any large substrates through 
the Langmuir-Blodgett method. We demonstrate that Ti1-xO2, Ca2Nb3O3, and NbWO6 nanosheets enabled the 
epitaxial	growth	of	perovskite	and	rutile	films	and	simultaneously	controlled	film	orientations	on	arbitrary	sub-
strates	while	ensuring	high	performance.	Thin	film	growth	on	oxide	nanosheets	will	facilitate	the	use	of	high-per-
formance	functional	materials	 for	different	applications,	such	as	nanoelectronics,	photocatalysis,	and	electro-
chemistry.
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P2-B1023

Developing Biomass Based Carbon Electrode

Ezgi Tuğluay* 1, Dilek Duranoğlu 1

1 Chemical Engineering Department, Yildiz Technical University, Davutpasa Campus 34210, Esenler, Istanbul, Türkiye

It is critical to develop high-performance, low-cost, and environmentally friendly energy storage systems. Super 
capacitors are regarded as one of the most promising types of energy storage systems due to their high power 
density, long cycle life, ultra-fast charge rate, and wide variety of working conditions. Renewable biomass is 
currently viewed as an appealing carbon precursor for the creation of sustainable products and has received 
substantial	research.	Biomass	is	an	effective	precursor	for	carbon	electrodes	since	it	is	recyclable,	eco-friendly,	
sustainable, simple, widely available, and less harmful to living beings and the environment.
In	the	study,	it	was	aimed	to	investigate	the	effect	carbonization	conditions	on	biomass	based	carbon	electrode	
capacity. Biomass waste was carbonized at high temperatures (800-1100 °C) and various heating rates (5-25 
°C/min)	under	different	nitrogen	flows	(3-15	L/min).	The	effect	of	carbonization	conditions	were	systematically	
examined using the experimental design method. Carbon electrodes were prepared with the biomass based car-
bonized	samples,	then,	their	capacitance	values	were	determined	using	cyclic	voltammetry	analysis.		The	effect	
of various conditions, the capacitance values of carbon electrodes were examined using Design Expert software. 
A regression model, which gives the relationship between, capacitance and carbonization conditions (tempera-
ture,	heating	rate	and	nitrogen	flow	rate),	was	developed.	

Acknowledgement
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P2-B1025

Stabilization of salt hydrates for heat storage application

Elena A. Averina* 1, Henk P. Huinink 1, Hartmut R. Fischer 2, Olaf C.G. Adan 1,2

1 Transport in Permeable Media group, Department of Applied Physics, Eindhoven University of Technology, Eindhoven, The 
Netherlands, 2 TNO Materials Solution, Eindhoven, The Netherlands

Salt hydrates, such as potassium carbonate, have shown great potential for thermal energy storage applications 
due to their ability to store energy at constant temperature [1]. However, practical applications of salt hydrates 
are hindered by challenges such as particle disintegration leading to pressure drop in the reactor during hydra-
tion	and	dehydration	cycles.	 In	order	to	address	these	challenges,	the	use	of	polymers	and	synthetic	fibers	to	
stabilize salt hydrate particles was investigated.
In this study, salt hydrate particles of potassium carbonate were stabilized with various types of polymers and 
synthetic	fibers.	The	effect	of	these	stabilizers	on	porosity,	morphology,	and	thermal	properties	was	evaluated.	
The stability of salt hydrate particles was found to depend on several factors, including the type and concen-
tration	of	stabilizer,	as	well	as	the	method	of	preparation.	The	addition	of	polyacrylonitrile	fibers,	was	found	to	
improve particle stability and prevent disintegration. 
The thermal properties of stabilized potassium carbonate salt hydrate particles were also investigated, and the 
results	showed	 that	 the	addition	of	polymeric	fibers	did	not	significantly	affect	 the	kinetics	of	hydration	and	
dehydration. This suggests that the use of stabilizers can improve the stability of salt hydrate particles without 
compromising their thermal performance.
Overall,	this	study	demonstrates	the	potential	of	using	polymers	and	synthetic	fibers	to	stabilize	potassium	car-
bonate salt hydrate particles for thermal energy storage applications. Further research is needed to optimize the 
stabilizer composition and concentration and to investigate the long-term stability and performance of these 
materials under realistic operating conditions. 

References
1. Donkers, P. A. J., Sögütoglu, L. C., Huinink, H. P., Fischer, H. R., & Adan, O. C. G. (2017). A review of salt hydrates 
for seasonal heat storage in domestic applications. Applied energy, 199, 45-68.
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P2-B1043

Unraveling the role of non-enzymatic PTMs in cancer

Anna Knoerlein* 1, Sarah Faulkner 1, Yael David 1,2,3,4

1 Memorial Sloan Kettering Cancer Center, New York City, United States, 2 Department of Pharmacology, Weill Cornell Medical 
College , New York City, United States, 3 Department of Physiology, Biophysics and Systems Biology, Weill Cornell Medical College, 
New York City, United States, 4Tri-Institutional PhD Program in Chemical Biology, New York City, United States

Reactive	species,	generated	by	 the	diet	or	 the	environment,	 can	cause	non-enzymatic	covalent	modifications	
(NECMs)	on	RNA,	DNA,	and	protein	changing	their	structure,	function,	and	stability.	These	chemical	modifications	
accumulate in the body but can also be stimulated by various changes in the cellular environment, such as redox 
state and metabolite concentration. 
Glycation, the covalent attachment of reactive sugar species or sugar metabolites to proteins and nucleic acids, 
emerged	as	an	important	class	of	NECMS	and	is	proposed	to	influence	the	epigenetic	landscape	similar	to	the	
well-studied	enzymatically	introduced	post-translational	modifications.	In	addition,	elevated	glycation	levels	are	
linked	to	cancer	due	to	the	increased	glycolytic	influx	in	cancer	cells.	
However,	little	is	known	about	the	exact	biological	effect	of	glycation	on	the	epigenetic	landscape	as	we	are	lack-
ing	chemical	methods	to	understand	these	modifications.	
This	project	aims	to	understand	glycation	in	cancer	cells	and	to	study	its	influence	on	the	structure	and	function	
of	chromatin.	Therefore,	we	develop	novel	chemical	probes	to	characterize	this	new	class	of	modifications	and	
their	effect	on	cancer.	Using	these	tools,	we	want	to	elucidate	the	role	of	non-enzymatic	histone	modifications	in	
cancer and establish a link between metabolic stress and cancer through epigenetic mechanisms.
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Bond-Forming Catalysis by Self-Replicators

Kayleigh van Esterik* 1, Meagan Beatty 1, Sijbren Otto 1

1 Centre for Systems Chemistry, Stratingh Institute, University of Groningen, Groningen, The Netherlands

Understanding the fundamental principles of life is one of the great questions in science. To make the transition 
from inanimate to living matter, the integration of replication and metabolism is required. Our group has shown 
that the assembly of macrocyclic molecules drives their self-replication[1,2] and can yield another important 
function: catalysis.[3] While catalysis is crucial to incorporate further life-like functions in self-replicating sys-
tems, the catalyzed reactions were solely bond-breaking so far. In contrast, metabolism also requires bond-form-
ing reactions. They allow the system to build up new material and thus increase molecular complexity. Inspired 
by designer enzyme catalysis[4] and organocatalytic polymers[5], we show that our self-replicators are highly 
promiscuous and, in addition to bond-breaking reactions, can catalyze the formation of Knoevenagel condensa-
tion & acyl hydrazone products. We foresee these reactions being used for replicator building block formation 
to install metabolism in a system of self-replicators and thus further entwining essential properties of life in a 
synthetic chemical system.

[1] Carnall, J. M. A.; Waudby, C. A.; Belenguer, A. M.;  et al. Science 2010, 327 (5972), 1502-1506. 
[2] Colomb-Delsuc, M.; Mattia, E.; Sadownik, J. W.; et al. Nat. Commun. 2015, 6, 7427. 
[3] Ottelé, J., Hussain, A.S., Mayer, C. et al. Nat. Catal. 2020, 3, 547–553.
[4]	Garrabou,	X.;	Wicky,	B.	I.	M.	&	Hilvert,	D.	J.	Am.	Chem.	Soc.	2016,	138	(22),	6972-6974.	
[5] Vargas, E. L.; Velázquez, J. A.; Rodrigo, E. et al. ACS Appl. Bio Mater. 2020, 3, 1955-1967.
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Data standard for glycoscience field

Issaku Yamada* 1

1 The Noguchi Institute, Tokyo, Japan

In	recent	years,	efforts	to	standardise	research	data	in	the	field	of	glycoscience	have	accelerated.	This	presenta-
tion	will	introduce	recent	efforts	to	standardise	research	data	and	data	integration	in	glycoscience.	Specifically,	
the construction of an international glycan structure repository, the collaboration of database projects in Japan, 
the USA and Europe, and the sharing of research data are addressed.
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P2-B1091

The effect of antigen valency on B-cell targeting in Rheumatoid Arthritis

Margot van Weijsten* 1, K.E. Venrooij 1, K. Bonger 1

1 Radboud University, Nijmegen, The Netherlands

In Rheumatoid Arthritis (RA), B-cells mistakenly recognize autoantigens and produce anti-citrullinated antibod-
ies. 1  Current therapies supress the entire immune system, increasing the risk of infection. 2 Our lab aims to 
optimize	the	specific	elimination	of	autoreactive	B-cells	by	targeting	their	B-cell	receptor	with	an	autoantigen	
construct.	Valency	has	a	large	effect	on	the	physicochemical	and	biological	properties	of	an	antigen.	3	In	this	
study,	we	investigated	how	antigen	valency	affects	BCR	targeting	in	a	cell	model	of	RA.
We have synthesized a monomer, dimer, tetramer, and octamer of the same autoantigen, CCP4. Binding studies 
showed	that	the	dimer,	tetramer,	and	octamer	have	a	significantly	higher	affinity	to	the	BCR	than	the	monomer.	
Furthermore, the dimer, tetramer and octamer internalised after 5-15 min. Finally, we show that the dimer has 
less	competition	with	free-floating	antibodies	than	the	tetramer	and	octamer.	In	conclusion,	the	CCP4	dimer	is	
sufficient	to	enhance	binding,	activate	the	B-cells	and	internalize	into	the	lysosomes.	We	are	currently	working	
on (pre-targeting) strategies for selective elimination of autoreactive B-cells in RA using our CCP4 constructs.
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1.	Kerkman,	P.	F.;		Fabre,	E.;		van	der	Voort,	E.	I.;		Zaldumbide,	A.;		Rombouts,	Y.;		Rispens,	T.;		Wolbink,	G.;		Hoeben,	R.	
C.;		Spits,	H.;		Baeten,	D.	L.;		Huizinga,	T.	W.;		Toes,	R.	E.;	Scherer,	H.	U.,	Identification	and	characterisation	of	citrulli-
nated	antigen-specific	B	cells	in	peripheral	blood	of	patients	with	rheumatoid	arthritis.	Ann	Rheum	Dis	2016,	75	
(6), 1170-6 DOI: 10.1136/annrheumdis-2014-207182.
2. Leandro, M. J., Infections Related to Biologics: Agents Targeting B Cells. Infect Dis Clin North Am 2020, 34 (2), 
161-178 DOI: 10.1016/j.idc.2020.02.013.
3. Fasting, C.;  Schalley, C. A.;  Weber, M.;  Seitz, O.;  Hecht, S.;  Koksch, B.;  Dernedde, J.;  Graf, C.;  Knapp, E. W.; Haag, 
R., Multivalency as a Chemical Organization and Action Principle. Angew Chem Int Edit 2012, 51 (42), 10472-
10498 DOI: 10.1002/anie.201201114.
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Lab-to-Fab: Metal-Organic Frameworks by Vapor Deposition Processes

Alexander Cruz* 1

1 Baker Hughes, Houston, Texas, 2 KU Leuven, Leuven, Belgium

With	many	 interesting	attributes	of	metal-organic	 frameworks	 (MOFs)	such	as	high	specific	surface	areas,	pe-
riodicity, and chemical diversity, MOFs have earned their place in the research and development roadmaps of 
gas	storage	and	 transport,	 catalysis,	molecular	separations,	and,	 recently,	 in	electronic	devices.	MOF	thin	film	
fabrication techniques compatible with production facilities are a prerequisite to integrating these materials 
into electronic devices. In this work, the chemical vapor deposition (CVD) and molecular layer deposition (MLD) 
processes are employed to grow MOF layers entirely from the vapor phase. The spatial uniformity, coating quality, 
and precise thickness and composition control are key attributes of CVD and MLD. This work tackles the lab-to-
fab approach: from mechanistic insights using a range of techniques, to process development, optimization, and 
scale-up. Through the lab-to-fab transition, this work contributes to fully exploiting the colossal potential of 
MOFs in solid-state devices.

Chemical vapor deposition and molecular layer deposition of metal-organic frameworks



POSTERS 2

983

WEDNESDAY & THURSDAY

CONNECTING CHEMICAL WORLDS | THE HAGUE  | THE NETHERLANDS  

20-25 AUGUST 2023

P2-B1133

Pd-Catalyzed Amination of Base-Sensitive Five-Membered Heteroaryl 
Halides

Kaibo Feng* 1, Elaine Reichert 1, Aaron Sather 2, Stephen Buchwald 1

1 Massachusetts Institute of Technology, Cambridge, United States, 2 Merck & Co., Inc., Boston, United States

We	report	a	versatile	and	functional-group-tolerant	method	for	the	Pd-catalyzed	C–N	cross-coupling	of	five-mem-
bered heteroaryl halides with primary and secondary amines, an important but underexplored transformation. 
Coupling reactions of challenging, pharmaceutically relevant heteroarenes, such as 2-H-1,3-azoles, are reported 
in	good-to-excellent	yields.	High-yielding	coupling	reactions	of	a	wide	set	of	five-membered	heteroaryl	halides	
with sterically demanding α-branched	cyclic	amines	and	acyclic	secondary	amines	are	reported	for	the	first	time.	
The key to the broad applicability of this method is the synergistic combination of (1) the moderate-strength base 
NaOTMS,	which	limits	base-mediated	decomposition	of	sensitive	five-membered	heteroarenes	that	ultimately	
leads	to	catalyst	deactivation,	and	(2)	the	use	of	a	GPhos-supported	Pd	catalyst,	which	effectively	resists	het-
eroarene-induced	catalyst	deactivation	while	promoting	efficient	coupling,	even	for	challenging	and	sterically	
demanding	amines.	Cross-coupling	reactions	between	a	wide	variety	of	five-membered	heteroaryl	halides	and	
amines are demonstrated, including eight examples involving densely functionalized medicinal chemistry build-
ing blocks.
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