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Dear Colleagues, Partners and Friends,

On behalf of the Scientific andOrganizing Committee, it gives me a great privilege
and pleasure to welcome you all to the 29 Croatian Meeting of Chemists and
Chemical Engineers, which will be held from September 2 to 5, 2025 in Split,
Croatia.

Approximately 400 to 500 chemists and chmiical engineers from universities,
research institutes and industry are expected to participate and to contribute to
the Meeting with posters and oral presentations.

The Meeting will provide an interdisciplinary platform for leading academic
scientists, researchers, and research scholars to present and share their
experiences and research results on all aspects of chemistry and related fields in
a friendly, interactive and collaborative atmosphere, while discussing the latest
achievements and novel approacles, the most recent innovations, trends as well

as challenges and adopted solutions.

An exhibition of chemical industrial and laboratory equipment and instrument
ation, computer software and hardware, literature, and other relevant material,
will be organized as an accompanying manifestation.

We will be glad to host you at this Meeting as we believe, other participants and
coming delegates would love to hear and learn from your experience.

We look forward to welcoming you at the 29HSKIKI in Split!
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PL1

SMALL ANGLESCATTERINGAND ITS APPLICATION
IN CHEMISTRY, LIFEAND MATERIAL SCIENCE

Sigrid Bernstorff

Elettra-Sincrotrone Trieste S.C.p.A , 34149 Basovizza, Trieste, Italy
sigrid.bernstorff@elettra.eu, sigrid.bernstorff@gmail.com

Small Angle Xray Scattering (SAXS) is a versatile technique used on synchrotrons and many lalories

all over the world. It provides information on nanostructures regarding dimensions, shapes and
aggregation states from roughly 1 nm to > 100 nm. All states of matter, i.e. solid, liquid, aerosol and thin
surfaces can be probed. The opportunity toi® IJt q RN ¢ q Wt ¢ 6 Ga Wt WRUWq6 WRI WwUe
high time resolution is one of the strong points of this technique.

The experimental possibilities at the Austrian SAXS beamline operated at the synchrotron radiation
source Elettrat Sincrotrone inTrieste will be presented. Here the focus will be on #situ and in-operando
experiments, as well as on results obtained for selassembled thin films.

10 BI-LAYERS

5 BI-LAYERS

SUBSTRATE

e

b
e

[ RNDeWWHARUNDWF UFRT WURIVWE AEWRGENUIY Wn!l YO W6 RULWG:

Zdlc HMIWT § §ull§[ W 7ENA 9NE OP


mailto:sigrid.bernstorff@elettra.eu
mailto:sigrid.bernstorff@gmail.com

PL?2

CHALLENGNG SUSTAINABILITY: ESMIATING THE C®
PRODUCTION IN (BIO)CATALYTIC REACTIONS

Pablo Dominguez de Maria

Sustainable Momentum, SL. Av. Ansite 3,-8. 35011, Las Palmas de Gran Canaria, Canary Is. Spain.
dominguez@sustainable-momentum.net

Enzymes may offer ecefriendly options to traditional organic synthesis. Yet, like any other chemical
process, biocatalysis require water, solvents and energy, whahevitably generates waste. Developing

reliable metrics to evaluate the environmental impact of enzymatic reactions, particularly at early

stages, results crucial!™ The traditional EFactor (kg waste - kg produét)? is intuitive, albeit it is often

used to assess wastes that are fully treated in the chemical plant (wastewater, solvents, etc), and do not

remain in the planet® When such wastes are treated, C@is the ultimate residue, formed upon
wastewater treatment, from solvent incineration, and fom the energy used in the (bio)catalytic
reaction.*¥ That CQ remains in the planet and should be therefore the key aspect to be environmentally
considered, to put forth processes that may balance sustainability with commercial viability. This talk

discet + 13t We¢ Wl ¢ GRT WqVYVYaWaVYWIt qRG ¢ qldilid®s @I 0 I¥TAE & UL € D 1
product™ 1 of (bio)catalytic reactions, deducing equations based on reaction parameters such as
wpAYU211 t RYUwAW wt 2 HE gl ¢ qlWaYel Rk BFrHBOmEthdbd Eomnpares LW a R G
| JERqRYUWRYUT RqRY U t-pibdudimgliddpdisUpinpointthg) ¢radietbiothsthFatiuring

options while preserving the efficiency of biocatalytic systems.
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Institute of Organic Chemistry and Biochemistry of the Czech Academy &iences,
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jiri.kaleta@uochb.cas.cz

Surface-mounted molecular devicesrepresent a distinctive class of stimuliresponsive smart materials
that continue to garner significant scientific interest due to their broad range of potential applications
from modulating physical properties to enabling photopharmacological functions. These systems
generally comprise two essential components: a stimuliresponsive head group, which serves as the
functional core, and a molecular platform that performs several critical roles. Specifically, the platform:
(i) ensures reliable surface attaciment through appropriately designed anchoring groups; (ii) provides
sufficient spacing between adjacent molecules; (iii) facilitates electronic decoupling of photoactive
units from metallic substrates to reduce quenching of excited states; and (iv) ideallyositions functional
units in a welkdefined and predictable geometry above the surfacé! In this presentation, three
conceptually distinct strategies for constructing such responsive twadimensional molecular arrays will
be discussed: LangmuirBlodgett films,? self-assembled monolayers, and surface inclusions within
porous nanocrystals*# These approaches offer complementary advantages and will be compared in
terms of structural control, functional performance, and suitability for specific applicatons.

ALTITUDINAL MOTOR
AZIMUTHAL MOTOR

Figure 1. Photoswitchable LangmuirBlodgett films (left) and selfassembled arrays of tetrapodal light
driven molecular motors (right)
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ECO-FRIENDLY CHEMICAL SEPARATION
BASED ON POLYMER INCLUSION MEMBRANES ABIPADS
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Separation based on Polymer Inclusion Membranes (PIMs), a relatively recently introduced type of liquid
membranes, offers an attractive alternative to conventional solvent extraction by mimicking this
important separation process, utilised extensively in industry and chemical analysis, but without the use
of a large inventory ofvolatile, flammable and often toxic diluents.™ In addition to minimizing the
amounts of extractants used, thus reducing the cost of separation, PIMs provide possibilities for
substantial improvements to the overall speed of the separation process and to the reduction of its
complexity based on allowing both extractionand back-extraction to proceed simultaneously at
opposite sides of the membrane. In most cases a PIM is composed of a base polymer (e.g., PVC,
cellulose triacetate) and an extractant (e.g., Aliquat 336), acting as plasticiser. However, in some cases,
the inclusion in the PIM composition of a plasticiser or a modifier may be required for improving the
membrane homogeneity, flexibility and extraction properties. PIMs allow the complete transfer of a
target chemical species from a feed solution to a receivingolution, separated by the membrane, by a
facilitated transport mechanism.

Micro Polymer Inclusion Beadsr{PI1Bs) with compositions similar to those of PIMs have been fabricated
recently using a microfluidic technique and applied to the separation afu(lll) [3],rare earth metal iong”
and zZn(ll)

PIMs andnPIBs have been used successfully for theelective separation of metalic and non-metallic
ionic speciesof industrial and environmental importance This presentation will outline some of them to
illustrate the potential of these advanced polymeric extracting materials in industrial separation (e.g.,
clean-up of mine tailings water, recovery of noble and strategic metals from electronic waste) and online
separation in chemical analysis.
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CHALLENGES & DIRECTIONS TO CONVERT LINEAR PRODUCTION

INTO CIRCULAR & BIOBASED

Boelo Schuur

University of Twente, Horst Complex ME221, Postbus 217, 7500 AE Enschede
b.schuur@utwente.nl

The current society is heavily dependent on fossil fuel that is used for both energy applications such as
heating and cooling dwellings, and as transportation fuel, but also as feedstock for the chemical
industries. For many transport applications, firing fossil fuels can already be replaced by driving electric,
but to construct consumer goods, electrons only are not siffcient and the carbon atoms are needed.

With 10% of the fossil fuel being used in production processes, the amount of oil equivalents needed
worldwide are so much, that if transported by train, it would require on every single day a train of 600 km.
Replacing this amount of oil equivalents by biobased chemicals seems a humongous challenge. Would
we be able to maintain enough biodiversity? It would be better to reduce the demand for freshly sourced
carbons by recycling strategies. If we can recycle up to®8% of all the carbon in our consumer goods,
that train with oil equivalents would already reduce to 120 km per day.

So, we need both effective and efficient recycling approaches, and accepting we can never recycle 100
%, we also neediorefineries in which we source the makeup carbon that is lost in the life cycle. In both
recycling and biorefineries, the carbon sources are typically much more complex than in crude oil, and
that means that the standard processes in the petrochemicalridustry cannot be applied without any
modification. Being a separation technologist, in this conference contribution, next to outlining the
challenges and possible directions on a generic level, | will also show that developing new separation
processes iskey to realizing effective production routes based on complex feedstocks. This includes a
new approach towards regeneration of solvents that we are currently developing in my group.
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CONTROLLING AXIAL CHIRALITY

Martin Smith

Department of Chemistty, University of Oxford, UK
martin.smith@chem.ox.ac.uk

Axially chiral compounds are of growing importance within the fields of catalysis, medicine and
agrochemistry and hence new approaches fotheir stereocontrolled synthesis remain valuable!¥ Here
we describe a series of strategic approaches for the enantioselective synthesis of axially chiral

compounds including oxidative cross coupling® and dynamic stereochemical methodd® employing
chiral counterions.™

P
5

H

Ma0,C - \

control of
dynamic metheds

control of
oxygen stereochemistry

control of oxidative
cross coupling

Figure 1. Strategic approaches to selectivitywithin this work.

We also extend this approach to an examination of stereochemistry at trivalent oxygémand outline the
unexplored chemistry of triaryloxonium ions®
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CONDUCTIVITY OF ELECTROLYTE SOLUTIONS:
MACROSCOPIC AND MICROSCOPIC VIEWS ON THE MOTION
OF IONS UNDER THE INFLUENCE OF AN ELECTRIC FIELD
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Division of Physical Chemistry, Department of Chemistry, Faculty @&cience, University of Zagreb, Zagreb,
Croatia
vtomisic@chem.pmf.hr

Comprehending the phenomena lying behind the conductivity of electrolyte solutions is essential at all

levels of electrochemistry learning. Hbwever, the traditional macroscopic approach to teaching the

motion of ions under the influence of an electric field can lead to misconceptions about what actually
happens at the submicroscopic scale!*? In this talk, the macroscopic and microscopic vievs on the

motion of ions in solution, with and without the applied electric field, will be compared and discussed.

By setting the appropriate equations, solving them, and analyzing the obtained results, it will be shown

that the macroscopic model cannot besimply mirrored to account for the properties of particles at the
submicroscopic level.”) An interactive simulation @vailable for download® is proposed for use in

teaching the migraion of ions in solution. It provides the opportunity to simulate the purely Brownian
OYqRYUWYNWRYUt WRUWq6é WWe HY DOHWD WY nWwe UWIIG I keaqwhélln RIJ G
directional component resulting from the action of the electric facce is superimposed to the completely

random motion. The implementation of this tool can help a wide range of students, from secondary

school to university ones, to visualize the fact that the averaging of movements of many ions in solution

results in the macroscopically observed properties corresponding to (unrealistic) uniform motion of the

species comprising ion and its solvation sphere through solution. The described approach to teaching

q6 JWRYURHRWAYUI e #HqR2 Rq! Whn ¢ # Ridctoo and) iélatidnt befveebnliig aphickolUR Ut R
and microscopic properties of the moving charged particles, and can be readily extended to other
transport phenomena.
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BODIPY COMPOUNDSFLUORESCENTABELS,
PHOTOCAGES AND POTEMIL DRUGS

Rt YOc¢clrEd el Ralctgec2 cRU e W ¢ qRhAAW~¢E T t YW7 YNV
f2¢cUcll UqYaaAuwf 2¢Krdlix TeHRAAWE UT W~¢l1 RTW

Az DI W7 Y Wt Y ZagrebCrddtiaq Ra 2 qlJ A
nbasaric@irb.hr

BODIPY is a trade name for heterocyclic compounds with the IUPAC namMgl-difluoro-4-bora-3a,4a
diaza-s-indacene. Owing to their excellent spectral and photophysical properties and easy structural
modifications, they have gained a significant scientific interest with applications in fluorescence
sensing @ molecular biology as fluorescent markers and phototherapeutics.!*!

f Ullq6 DWGet qul EeT DWe qagé WAz | 31 W7 Ywt Y2RhWwf Ut qRae ql
1, Figure 1) which show unusual photochemical reactivity from higher excited states (also known asti-
Kasha photoreactivity) and have applicability in fluorescent labeling of protein8. Moreover, we extended
the study of photoreactive BODIPY compounds to photocleavable protective groups, also known as
photocages. Contrary to the ubiquitous BODIPYhmtocages that undergo cleavage at theneso-methylene
position,® we develop dyes that are cleavable at boron (such ag),” which have potential for the
development of new phototherapeutics that do not base their action on singlet oxygen formatidh.
Furthermore, the photocages have potential for the use in organic synthesis as protective groups, as well
as in biology or medicine for the targeted temporally and spatially controlled delivery of biologically active
substances. In addition to photoreactiveBODIPY compounds, we were also interested in fluorescent dyes
that selectively accumulate in intracellular organelles and can be used in cell biology (such &for labeling
mitochondria).®® The lecture will feature different BODIPY dyes, their synthesiphotophysical properties
and photoreactivity as well as applications in different fields of research.

=
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Figure 1. Different BODIPYderivativesR U2 I3t qRN¢ qq T We¢ q g6 WAz | 131 W7 Y
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THE USE OHEMPLATESN THE MECHANOCHEMICAL SYNTHESIS
OF ZEOLITIC IMIDAZOLATE FRAMEWORKS
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Zeolitic imidazolate frameworks (ZIFs) are an extensively studied class of porous neaials built from
tetrahedral metal centers and imidazolate ligands, with potential uses in separations, catalysis and
guest capture!¥! They exist in many different solid forms which often appear concomitantly, so the
control of their polymorphism is crucial. Mechanochemistry has been shown to offer not only high yields,
fast reaction times and little to no waste, but also good control over solid form selection in ZIF%,

We here show that combining templation effects with mechanochernstry can not only allow for the
controlled synthesis of many solid forms of the simplest ZIF, zinc imidazolate, but the judicious use of
templates can also provide new forms of ZIFs that can't be made solvothermall§. Periodic DFT
calculations are performed to rationalize the results of mechanochemical screening, and to predict
future reaction outcomes.

Figure 1.Graphical representation of the templation effect in mechanochemical ZIF synthesis
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MICROWAVEASSISTED SYNTHESIS AND APPLICATION OF A
MOLECULARLY IMPRINTED COREHELL PHOTOCATALYST
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In this study, magnetic molecularly imprinted FeO./SiO/TiO/MIP photocatalyst with selected
pharmaceutical as the template was prepared by microwaveassisted synthesis method (Figurel). For
reference, nonimprinted magnetic nanoparticles (FeO./SiO,/TiO,) were prepared using the same

procedure. The synthesis of the nodmprinted magnetic corett 6 JG 0 W[ JKE§ NoER§E ho NR§ R
RU2Y0 2101 WHYCqRUBWIE OYBGRqRHEGIJVKIS Rqé6 We WGl YqUHEqR2 1J LW
BINRE b WYea qJl Wt 6 130G 0OW[ YI WG| 1JGshellpapRdatdlysty acétbhitvild Weg 2 0 ¢ | O

used as porogen and solvent, methacrylic acid as monomer, 2,2azobis(metil-propionitril) as initiator,
ethylene glycol dimethacrylate as crosslinker, and diclofenac as pharmaceutic template. The
molecularly imprinted TiO, layer has specific cavities designed for the diclofenac target molecule
(imprint), resulting in a synergisic effect of extraction by adsorption and photocatalysi&'. Microwave
radiation enables fast and uniform heating rate, rapid nucleation and growth of particles, shortens
reaction time, and enables energy savings. The structure and properties of the syn#ized materials
(F&s0LSIO/TIO, and Fe04/SIO/TIO/MIP) were characterized using XRD, FTIR, SEM, VSM, BET, and DRS
techniques.

The synergistic effect of adsorption and photocatalysis as well as the kinetics and mechanism of
diclofenac degradation using E304/SiO,/TiO; and FeO./SIO/TIO./MIP were determined and analysed.
The results demonstrated that the developed photocatalyst enables efficient degradation of diclofenac
under simulated solar irradiation, combined with easy magnetic separation, underscong its potential
for practical application in wastewater treatment.

removal -

x ’
template \
molecule \
Pre-complex Polymer matrix Cavity

Figure 1. Synthesis procedure of molecularly imprinted polymers.
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MODELING EXCITEESTATE MOLECULAR DYNAMICS
WITH CLASSICAL TRAJECTORIES
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Understanding how molecules behave after absorbing light is essential for explaining a wide range of
photochemical and photophysical phenomenay from fluorescence and photostability to charge
transfer and energy conversion. Theoretical investigation of these liglmduced processes often relies
on nonadiabatic molecular dynamics methods, which account for the coupling between nuclear and
electronic motion.

Among these methods, Trajectory Surface Haping (TSH) is widely used. It combines classical nuclear
trajectories with stochastic transitions between electronic states, providing an efficient and intuitive way
to simulate excited-state dynamics.

In this contribution, we present an overview of how SH can be effectively applied to simulate
photoinduced processes in molecular systems. We discuss key methodological aspects, including the
sampling of initial conditions, the choice of hopping algorithms and electronic structure methods, and
strategies for analyzing simulation outcomes.

Through selected case studies, we demonstrate how TSH can reproduce tintesolved spectroscopic
observables and reveal key mechanistic features such as internal conversion, bond rearrangement, and
nonradiative decay. Our gal is to make TSH more accessible to chemists interested in excitestate
reactivity by providing both theoretical context and practical guidance for its successful application.
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PHOTOCATALYTIC DECOMPOSITION OF METHANE AS A
TECHNOLOGY FOREDUCING EMISSIONS FROM LOWETHANE
MUNICIPAL WASTE LANDFILLS
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Landfills present environmental, economic, and social challenges, primarily due to pollution caused by

the decomposition of organic waste within the landfill itself. The breakdown of organic waste generates
GNaq6cUNWbI9c Mb AWe WNI WWUSYet WWNet WagéecqWHYUq! RHA2 q 13t
GcUcnNUTl W6l YenNSWniael RUNALWSs 6 RAG Wit YUS 2 1d 130 LR R oSl R ULy NE LIFHS
when methane concentrations fall below 20%, flaring becomes economically unfeasible, resulting in its

direct release into the atmosphere. This study investigated the potential of photocatalytic oxidation with

the aim of devdoping a suitable air protection technology for landfill sites. This process utilizes solar
radiation and a photocatalyst and has proven to be both effective and costfficient in degrading
GYlldeqcUqt Wt erwSWEt W9c MW RULW G ¢ Ulamnmotel Wy developed foi RqRY
multiphysics simulation and for designing future systems to reduce landfill gas emissions at the source.
XCHYlI ¢cqVY!l ! WaqWt qt WYNWGEYqVYHRCqed! qRAEWI NI ¢T ¢ qRYUWYU
hazardous waste landfill showed an average Chl concentration reduction of 19.91 % across three
measurements: 21.59% in the first, 18.15% in the second, and 20.00% in the third, at slightly lower

initial methane concentrations in gas samples (<10%). The tests confirmed the efféeeness of
G6YqY#Hcqcid! qRAWY+*FRI ¢qRYUAWet W9cWWs ¢t WY+RT RAWI WY W
by a 30EWRUHAI et DWRUOW9SWaN20Gt WWRNEWJIWAaEcqdldc qRACT WG Y
degradation in the annular reactor, particularly he importance of pipe length. Although the model proved

effective, the proper design of a photocatalytic system for application at landfill sites remains a
challenge due to the need for extensive customization and specialized expertise for this specific eis

Figure 1.CFD and Ray trace modelling results in the annular reactor
Acknowledgements. N6 Rt Ws Y1 t Wé ¢t WAHWWOW e GGY!l qT WH! WH! W6 JWGI YT
WDHYOGYNRABCIWRUOUY2¢cqRYUWNY! WGEt + R2 1IN ERdpdirt Réfidhad Developndent G| Y q |.
Fund, KK.01.1.1.07.0058.
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Carbon, a fundamental element of life and a cornerstone of the life sciences has attracted much
attention in materials science since the revolutionary isolation of grapheng a two-dimensional carbon
allotrope y in 2004. The extraordinary mechanical, thermal, electrical, and optical properties of
graphene have brought it to the forefront of research and innovation. Since its discovery, graphene
based materials have shown enamous potential for a wide range of applications, including composites,
sensors, transistors, spin valves, radio frequency identification tags, flexible displays, ultrafast lasers,
and nano-healthcare applications (e.g. drug delivery systems, cancer therapyand biological imaging),
as well as various energyrelated devices such as fuel cells, supercapacitors and ultrdight batteries.
However, to fully exploit the potential of graphenebased materials in energy storage and conversion, a
thorough understanding of their role in electrocatalysis is crucial.

GrapheneH ¢t JT WT W1 R2¢ qR2 1t Wrc UW 1 210 Wbe HqR2 G ! wlle t WG I
In this area, our research focuses on uncovering the complex interplay between morphology and
chemical structure in electrocatalytic reactions, particularly in the oxygen reduction reaction (ORR).

ORR is crucial for fuel cell8!, metal-air batteries?, and HO. electrosynthesis® and is therefore a key

area of research. By elucidating the intricate refdonships between morphology, chemical compaosition,

and catalytic activity, we aim to advance the development of efficient and durable electrocatalysts for

various energy conversion applications.

Figure 1. Schematic of graphene electrochemical interface.

Acknowledgements. This work has been supported by Slovenian Research Agency: ARIS through progrard#23
and projects J#50227, J250086, and J74636.
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BIFUNCTIONAL CHIRAL LIGANDS FOR ENANTIOSELECTIVE
CATALYSIS VIA TETHEREIDUNTERIONDIRECTED CATALYSIS

Xavier Guinchard

Université ParisSaclay, CNRS, ICSN, UPR2301, 91198 Gifr-Yvette, France
xavier.guinchard@cnrs.fr

The access to enantioenriched molecules via selective atalytic methods is of utmost importance. The
ligand-based approach (Figure 1a) to enantioselective catalysis often relies on the use of either
functionalized or very bulky ligands to trigger geometrical constraints and steric repulsions. The
alternative Asymmetric Counteranion -Directed Catalysis (ACDC) approach @ relies on the use of
chiral counteranions as the source of stereochemical information during the key bondorming step
(Figure 1b). The strong pairing between the cationic metalbstrate complex and the chiral anion is
hence central to the transfer of the chiral information. This concept? pioneered in Au(I}* and Pd(0}*
catalysis, was rapidly applied to other transition metals. However, 15 years later, the field did not bloom
as much asexpected and examples remain sporadic. Why ACDC has met little success probably results
from the flexible and poorly defined spatial arrangements of the chiral phosphateation pairs (Figure
1b). In this context, we have established (Figure 1c) that tethieag the chiral anion to the metal center
could be a suitable strategy to increase geometrical constraints and molecular organization in the
intermediates involved in catalytic processes and therefore generate higher enantioselectivities. This
strategy, named Tethered Counterion -Directed Catalysis (TCDC)relies on the use of CPAPhos chiral
ligands that are phosphine/phosphoric acid new chiral bifunctional ligandg$?! The corresponding Au(l)
complexes have been prepared and used successfully as catalystsria humber of enantioselective
reactions. The synthesis, coordination and catalytic applications of these chiral ligands will be
discussed.?

a Ligand-based approach| b acnc c TCDC . New bifunctional complexes
N |

— | * — :

O_M L :J @, M—L L ' clau—P

Ox* &) H J. Am. Chem. Soc. 2020, 142, 3797
xX* ! p Chem. Commun. 2021, 57, 10779

Ph;

Enantioselectivity via Enantioselectivity via I O ACS Catal. 2022, 12, 4046
ligand-to-substrate transfer counterion-to-substrate Our strategy: introduction ! o O Chem. Front 2023, 10, 2936
of chiral information transfer of chiral information of a tether between the O~p?
. . ligand and the chiral anion ! 0" “oH
—.Ma\‘;s_lrr;acr:';tz?p;‘gach == Flexible ion pairs = Conformational constraints : OO (CPA-Phos)AuCI
Y Improved stereocontrol R

Figure 1. Context of the work.
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ION-BINDING PROPERTIES OF LINEAR
AND CYCLIC OLIGOPEPTIDES

Gordan Horvat

Department of Chemistry, Faculty of Science, University of Zagreb, Horvatovac 102a, Zagreb, Croatia
ghorvat@chem.pmf.hr

The complexation of anions by both natural and synthetic receptors has become a central theme in the
rapidly evolving field of supramolecular chemistry. Among these, cyclopeptides have emergeds a
promising and versatile class of macrocyclic anion receptors. Their ability to bind anions arises from the
hydrogen-bond donating capacity of the amide groups in the peptide backbone, the structural flexibility
of the macrocyclic ring, and the tunabilty of their subunits. In addition, they can also bind metal cations
with their backbone carbonyl groups. Compared to their linear counterparts, cyclopeptides demonstrate
enhanced metabolic stability and stronger affinity for charged species.

In this talk, we will present our recent contributions to the field, focusing on the effects of ring size and
solvent on the anionbinding properties of cyclopeptides*! The binding of cations by cyclohexapeptides
will also be discussed. Additionally, the ionbinding dffinities of cyclic peptides will be compared with
those of their linear counterparts? Finally, newly developed macrocyclization strategies for
cyclopeptide ring closure will be introduced?

Figure 1.Cyclohexaleucineas ion receptor.
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ARTIFICIAL INTELLIGENCE BIOCHEMICAL ENGNEERING:
APPLICATION AND FUTURE PERSPECTIVE
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Artificial intelligence (Al) is revolutionizing the field of biochemical engineering by introducing powerful
tools for modelling, optimization, and automation of complex lological systems. Al techniques,
particularly machine learning and artificial neural networks (ANN), have significantly improved the ability
to make accurate predictions and informed decisions in processes characterized by high variability, nen
linearity, and biological complexity. These datadriven approaches are especially valuable in cases
where traditional mechanistic models fall short due to incomplete system understanding or dynamic
behaviour, as is often the case in fermentation, metabolic engineeng, enzyme extraction, and biowaste
processing. As the demand for more efficient, sustainable, and cosgffective biotechnological
processes continues to grow, the integration of Al and big data analytics becomes increasingly vital. This
lecture highlights practical and effective applications of Atdriven modelling in biochemical engineering,
emphasizing realworld case studies where intelligent algorithms have provided meaningful
advancements. These include the prediction of physicochemical properties of mdicinal herb extracts,
the use of nearinfrared spectroscopy (NIR) coupled with artificial neural networks for reafime
monitoring and control of grape skin composting, and the optimization and modelling of lipase extraction
using low-toxicity deep eutedic solvent (DES)based aqueous twophase systems (ATPS). Together,
these examples illustrate how Al enhances data analysis, optimizes process parameters, and supports
the development of sustainable solutions across a wide range of biotechnological appli¢ans.
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OPTIMISING THE DEVICE ARCHITECTURE FOR SMALL MOLECULE
BULK-HETEROJUNCTION PHOTOVOLTAICS
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University of Zagreb Faculty of Chemical Engineering and Technology,
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vmandic@fkit.unizg.hr

The last generation of solar cells, which are one of the most prominent types of renewable energy
sources, includes various technologies and materials. Among the last gamation solar cells, organic
bulk-heterojunction (BHJ) stand out with advantageous high absorption coefficients, tuneable
bandgaps, economically efficient synthesis and lowcost production of high area and flexible panels, as
well as modularity e.g. for imoor light harvesting. They however suffer from multiple energy losses, which
can be surpassed by synthesizing new systems, such as squaraine derivatives reported hereafter.

Specifically, this work wraps around challenges faced during characterizing, asseping and examining
viability of competitive BHJ photovoltaics solar cells from small molecule squaraine derivatives.
Squaraines are electron donors and needed blending with a model acceptor such as RBM. Firstly,
physical and optoelectronic properties d the system were determined. The solubility of squaraines
turned out to be the major concern, whereas it was found that prolonged alkyl chains at the ends of the
molecule facilitated solubility in non-polar solvents, such as chloroform.

Thereafter it madesense to preliminary address architecture and processing conditions suitability. n
depth analysis was conducted on 2,4bis(4-(benzyl(isopropyl)amino}2,6-di-hydroxyphenyl)cyclobuta
1,3-diene-1,3-bis(olate) and 2,4bis(4-(diisobutylamino)-2,6-dihydr-oxyphenyl)cyclobut-1-ene-1,3-
bis(olate) systems, comprising (micro)structural properties of the BHJ layer, i.e. domain size,
crystallinity, preferred orientation, obtained through atomic force microscopy and grazing incidence
wide angle Xray scattering. By impoving the squaraine crystallinity in BHJ, shostircuit current of the
solar cell increases, likely due to improved equilibrium between charge carrier mobilities.

Altogether, it was confirmed that a low hole mobility of the squaraine derivatives limits déce
performance by inducing a high charge carrier imbalance, which hinders the transport. Majority of the
prepared squaraines proved viable for a full solar cell assembly.

Acknowledgements. This work has been supported by MINGO under the grants NPOO.C&2:11.05.0091 and
NPOO.C3.2.R3I1.04.0324. Financial sustenance of University of Zagreb is acknowledged.
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¢ Institute for Evolution & Biodiversity, University of Minster, HufferstraRe 1, Minster, Germany
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Plastic pollution presents an escalating threat to environmental and public health, underscoring the
urgent need for innovative strategies to degrade synthetic polymers such as polytac acid (PLA)Y In
this study, we report the engineering of a novel Pkdegrading enzyme, MGY, originally identified from a
metagenomic dataset. Although MGY exhibited promising catalytic activity, its low solubility, poor
expression yield, andlimited thermostability restricted its practical application. To address these
limitations, we employed ancestral sequence reconstructior” to generate ancestral MGY variants. All
variants maintained significant PLAdegrading activity, with one also demonstratingactivity against
polycaprolactone (PCL). These ancestral enzymes showed enhanced solubility, improved expression
levels, and markedly increased thermal stability. Differential scanning calorimetry revealed a melting
temperature (T,) of 84°C for the moststable varianty the highest reported for any PLAlegrading enzyme
to date. In addition, characterization of both PLA and PCL polyméfsdentified the optimal temperature
ranges for their efficient enzymatic degradation. Together, these findings providesights into the
structural determinants of enzyme stability and activity, highlighting ancestral sequence reconstruction
as a powerful strategy for engineering robust biocatalysts.

Acknowledgements. This research was funded through National Recovery and B#ence Programme, The
Development Research Support (NextGenerationEU), project Enzyme engineering for sustainable recycling of
bioplastics (NPOO.C3.2.R211.06.0041).

REFERENCES

[1] L.Lebreton, J. van der Zwet, J. W. Damsteegf, al. Nat. Commun. 2017, 8, 1561115621.
[2] M. A. Spence, J. A. Kaczmarski, J. W. Saunders, C. J. Jack€am;. Opin. Struct. Bio] 2021, 69, 131:141.

[3] N. G. Khouri, J. O. Bah(, C. Blaneblamero, P. Severinogt al. Journal of Molecular Structure 2024, 1309,
138243-138259

2
m\

SolWc HM/W? § §ulUS[ W 7ENA 9 PO


mailto:amarsavelski.chem@pmf.hr

I N1 2

SHINING LIGHT ON MICROBIOREACTORS: EXPLORING THE POWER
OF OPTICAL SENSING

Torsten Mayr

Graz University ofTechnology, Institute of Analytical Chemistry and Food ChemistryStremayrgasse 9, 8010
Graz, Austria
torsten.mayr@tugraz.at

Optical chemical sensors are established in process monitoring tools in industry and research laboratories. They
basically comprise of a luminescent indicator dye based in a host polymer HBy are easy to integrate, nofinvasive,
do not need any reference element and can be readut contactless from outside. However, to fully exploit the
potential in microfluidic systems or microreactors, the sensors have to fulfil several demands includinghigh
brightness, capability to be applied as thin film, excellent photo stability, cheap and accurate readut systems, ease
in use (simple calibration and drift free), simple mass production compatible preparation steps, compatibility with
the chip materials, resistance towards sterilization and no toxicity.

We present sensors for important chemical parameters such as oxygen, pH, glucose, lactate, ammonia and hydrogen
peroxide fulfilling these demands. Our sensors can be excited with relight and emit light in the near infrared range
(<700 nm). This suppresses background fluorescence and scattering from biological material. Sensor can be
prepared in different formats including coated fibers, inkjet printed sensor spots or knifecoated spots. Compact
measurement instruments enable the readout of integrated sensor elements in microreactors in sizes from 300 to
800 micrometers or miniaturized probes.

Oxygen and pH sensor are applied in microbioreactors and microfluidic cell culture systems. Th&egrated sensors
are used to monitor cell culture conditions and the cell metabolism. We demonstrate the influence of model drugs
and nanomaterials on the cell respiration and acidification? Integrated oxygen sensors are also presented in organ
on-chip to measure the oxygen consumption of cardiac cells during beating motion with electrical stimulatioll We
also present glucose and lactate sensors in microfluidic format to measure additional important metabolic
parameters. We also developed sensordor ammonia and hydrogen peroxider analytes that were not able to be
monitored continuously, so far. These sensors can be applied to monitor ammonia in trace levels for environmental
monitoring and high concentrations in flow reactord” We present a newsensing concept for detection of hydrogen
peroxide in a microfluidic flow cell! and demonstrate the application of this sensorg®!

= B

Oxygen Glucose
St r St r

Flow

Figure 1.Left: Heart-on-Chip with integrated optical oxygen sensors (green dots). Figure Right: Glucose sensor
integrated in a microfluidic flow cell.
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INNOVATIVE PEDAGOGYCHEMISTRY BOARD GAME
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The goal of this workshop is to understand the importance anddvantages of preparing (together with
students) board games with chemical content in chemistry teaching at different levels of education, and
to adopt methodological principles that should be used for this purpose. Teachers will gain insights into
the selection and adaptation of existing board games and then create a set of their own suitable for use
as an additional teaching tool for selected teaching (thematic) units, both in primary and secondary
schools.

The introductory part of the workshop will proxde a brief overview of the concept of chemical board
games and the theoretical concepts that underpin the design of this original and unique teaching tool for
each school grade. The central part will present the experiences of the lecturer in these acties with
his students (ttps://www.chem.bg.ac.rs/predmeti/435B2 -en.html; Instagram: @mnikolic1971), who
themselves designed and prepared (by reworking existing) chemical board games. Some tbe
chemistry board games will be demonstrated (e.g., chemical UNO and other card games, chemical
Guess Who?), and their applicability at the appropriate level of curricula and programs will be discussed
with the audience. The final part will discuss the dvantages of using (seHprepared) chemical board
games in everyday chemistry teaching, including greater motivation for students to acquire (with
understanding) various chemical content, expressing creativity and developing critical thinking, fostering
team spirit and satisfaction in learning chemistry through play, and promoting innovative pedagogy.

Teachers will not necessarily receive brand new competences and/or skills, but rather ideas and
guidelines to prepare original supplementary teachingnaterials, achieving better contact with their
students, facilitating the acquisition of assigned chemical content in a fun way, and assessing students'
knowledge.
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POLYCYCLICAROMATIC HYDROCARBONS IN PARTICULATE
MATTER AND TOTAL DEPOSITED MATTTRERROATIA

Gordana PehneA Wf 2 ¢ Uc¢c Ws ¢t Y2 @ T 1J2 RindAvalGrholjoc 2 t ¢ WE 132 131 LW

Institute for Medical Research and Occupational Health, Zagreb, Croatia
gpehnec@imi.hr

Air pollution is one of the most pressing issues of today Tit is estimated that over 99% of the world's
population is exposed to air pollutants at levels exceeding the World Health Organization's
guidelines. I Among substances of particular concern is particulate matter (PM) with an edualent
aerodynamic diameter less than 10 and 2.5 um (PMand PM s). In addition to particle size and PM mass
concentration in the air, chemical content plays a key role in determining harmful health effects.
Polycyclic aromatic hydrocarbons (PAHs) are ayroup of compounds well known for their toxic,
carcinogenic, mutagenic, and genotoxic effects. In Croatia, levels of PAHs bound to PM have been
measured continuously in ambient air for more than 20 years. However, only a limited number of
locations have been included in routine monitoring. In addition, scientific research has been carried out,
an overview of which will be presentedThe studies examined seasonal and spatial distribution of PAHS,
their origin, correlations with meteorological parameters andother air pollutants, the distribution of
PAHs across different particle sizes as well as associated health risk&*4 Atmospheric deposition,
including both dry and wet deposition, is a key mechanism for the removal of pollutants from the
atmosphere and can negatively impact ecosystems and human health. Although EU legislation
stipulates the need for measuring PAHs not only in the PM but also in deposited matter, such
measurements are extremely rare and, to date, have been conducted at only a few lo@ats in Europe.

In the period 20202023, a study was carried out in Croatia that involved collecting monthly samples of
total (dry and wet) deposited matter (TDM) at 10 locations in Zagreb and its surroundings, providing the
first data on PAH levels in TDNbr this part of Europe. Differences in deposition fluxes were observed
between sampling sites. Data analysis indicated the presence of various pollution sources (biomass
burning, petroleum and fossil fuel combustion, traffic emissions). In addition to tle characteristics of
the sampling site and local sources, PAH levels in TDM were also influenced by the geographical location
itself, likely related to differences in precipitation patterns and air flow dynamics.

Acknowledgements. This study is supported ly the European Regional Development Fund project
KK.01.1.1.02.0007 (RedMI) and the European Uniop Next Generation EU project 5333-23-0006
(EnvironPollutHealth).
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NEW CLASSOF THERAPEUTICS
FOR ALZHEIMER'S DISEASE SYMPTOM CONTROL
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signalling.™ Current treatments focus on inhibiting cholinesterasesT enzymes that lreak down the
neurotransmitter acetylcholine Tto boost its levels in the brain. This research explores a novel approach
to identifying potential drugs targeting cholinesterase, enzymerecognized as crucial especially in the
later stagesof the disease.The strategy for the desigimvolved directly engaging the enzyme's active site
in the initial screening, evolution, and selection of promising compound£® For the synthesis,a four-
component Ugi reaction, a versatile chemical processwas employed to generate a diverse library of
peptidomimetics. New protocols leveraging mechanochemistry and microwave synthesis were
developed to optimize the reaction efficiency and yieldsTo further understand the relationship between
a compound's structure and its irhibitory activity (LDs, and Kj), advanced computational modelswere
developed. Experimentally measured inhibition constants were correlated with quantum chemically
calculated potential energy surfaces (PESXI G| I3t JUq¢ qRY Ut W Y n Uaridédapey. G 1JH 2 G
Extensive machine learning was employed to develop regression models capable of predicting
compound activity based solely on its PE$! This approach enables anore comprehensive andefficient
screeningprocess for identifying promising leads.

Furthermore, methodology utilizes a targetguided synthesis, where the cholinesterase enzyme itself is
employed as a template to drive the creation of its own inhibitorsTo investigate the bindingand all

possible interactions of small molecules (including their building blockg within the enzymeactive site,
large-scale quantum chemical molecular docking studies were conducted. Findings suggest thatin

some cases,multiligand binding is possible, potentially leading to enhanced affinity compared to singk

ligand interactions. Future work will expand this approach to include larger, more complex heterocycles,
¢cRORUNWqYWne0d! We AdylEnfind Heetdmidtes Givding) forgqafeat@l WY@ W a W G A6 IIRG
therapeutics.
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PHOTOCHEMICAL STRATEGIES FOR TBIEESIGN OF
CHOLINESTERASHARGETING SMALL MOLECULES
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The development of small-molecule ligands targeting cholinesterases (ChEs)remains a central focus
in neuropharmacology, particularly for the treatment of neurodegenerative disorders. This research
highlights the rational design, synthesis, and biological profiling of diverse classes of photochemically
obtained compoundsy bicyclo[3.2.1]octadienes and photocyclization productsy as reversible
inhibitors of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). The research initially
focused on the development of novel inhibitors incorporating the bicyclo[3.2.1]octadiene scaffold,
known for its activity on dopamine and serotonin transporters and relevancein CNSdisorders.™ Utilizing
photochemical [2+2]-cycloaddition reaction, a diverse library of polycyclic compounds providing
promising candidates for further investigation.” The investigation is also focused on synthesizing
reversible cholinesterase inhibitors by photocyclization reaction.®! The obtained uncharged and
charged naphthoxazole and tienobenzo-triazole scaffolds demonstrated promising dual-target or
BChEselective profiles. Molecular docking studies reveal that ~T  stacking and electrostatic
interactions play a crucial role in stabilizing their binding within the active sites of cholinesterase
enzymes. Collectively, all the findings underscore the therapeutic potential of structurally diverse
cholinesterase ligands.

Figure 1. Photochemically obtained bicyclo[3.2.1]octadiene and tienobenzo-triazole scaffolds.
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NEW RECOMMENDATIONS FOR CROATIAN NOMENCLATURE
OF INORGANIC CHEMISTRY
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The talk will present the Croatian translatiof? of the IUPACBrief Guide to the Nomenclature of
Inorganic Chemistry® which provides a brief overview of the most important recommendations of the
Croatian Chemical Society and the Croatian Society of Chemical Engineers for nomenclature of
inorganic chemistry in accordance with the IUPAC recommendatios of 2005 These
recommendations are a supplement and patrtial correction of the previous Croatian recommendations
(1995)% which were a translation of the older version (1990) of IUPAC recommendatioffsThe new
recommendations of Croatian nomenclature which will be presented are meant to align the Croatian
nomenclature of inorganic chemistry with the current IUPAC recommendations. As many of the changes
which have been introduced concern parts of the nomenclature used in primary and secondary
education, it is important for chemistry teachers to be acquainted with them. The talk will therefore
emphasize all the innovations in the nomenclature of inorganic chemistry which have been introduced.
Also, a brief overview of general principles of chemical noenclature will be given, with emphasis on
differences between chemically crucial elements of systemic names, and those which exist primarily for
linguistic, grammatical and orthographic reasons.

The universal adoption of an agreed chemical nomenclature ia key tool for communication in the
chemical sciences, for computer-based searching in databases, and for regulatory purposes, such as
those associated with health and safety or commercial activity. It is therefore expected that during a
discussion at theend of the lecture the teachers will actively participate, sharing examples and problems
from their own experience.

The talk will hopefully provide guidelines for the Croatian chemical teaching community for the correct
usage of nomenclature of inorganic bemistry (and chemical nomenclature in general) in the classroom
and beyond.
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PRODUCTION OF NUTRACEUTICALS
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Nutraceuticals, positioned at the intersection of food and medicine, are gaining momentum as
functional agents that contribute to disease prevention and health promotion. Their production from
renewable sources not only aligns with the principles of green chemistry but also addresses the growing
demand for sustainable and naturally derived bioactive compounds Among emerging production
strategies, enzymatic biocatalysis offers a selective, mild, and environmentally friendly alternative to
traditional chemical synthesis. Renewable feedstocky such as plant biomass and agricultural by
productsy serve as abundant surces of valuable precursors, which can be transformed into higivalue
nutraceuticals through tailored enzymatic cascades!™

The integration of reaction engineering into enzymatic process development is essential for optimizing
these complex systems. Itenables precise control over reaction conditions, substrate flows, and
enzyme performance, ultimately ensuring scalability and consistency. Multenzyme systems,
particularly in one-pot configurations, allow for efficient conversions by minimizing intermedate
isolation and maximizing atom economy. The case of raspberry ketone production from birch bark
exemplifies this approach: using a twestep enzymatic cascade involving hydrolase and stereoselective
alcohol dehydrogenases, the process achieves high yidl while employing a renewable, biogenic
substrate. Mathematical modeling, enzyme stability profiling, and coenzyme regeneration strategies
further enhance process efficiency, offering a viable path toward sustainable nutraceutical
manufacturing.?

Acknowl edgements. N6 Rt W 13t D¢l A6 Ws ¢t Wnea U7 WT WA! WagéWWEel YGUWe UWOUR
programme under Grant Agreement No. 101000560 (Radicalz).
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ELECTROSPINNING TECHNOLOGY IN THE DEVELOPMENT OF
MEDICAL APPLICATIONS
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Electrospinning is an adaptable and powerful technique for producing nanofibrous membranes with
controlled morphology, high surface areaand interconnected porosityy properties that are critical for
applications in biomedicine, environmental science, and energy. In addition to its structural tunability,
electrospinning allows for the direct incorporation of functional agents into fibers, enhling the creation
of bioactive and responsive materialg"

This study focuses on the design and optimization of a custorbuilt electrospinning apparatus for
producing polycaprolactone (PCL) membranes, aiming to advance sustainable polymerocessing for
biomedical applications. A central composite design (CCD) and response surface methodology (RSM)
were employed to optimize key parameterg voltage, flow rate, and tipto-collector distancey with the
goal of tuning membrane thickness, uniformiy, and wettability? Membrane morphology and fiber
alignment were characterized using SEM and optical microscopy, while wettability was assessed via
droplet absorption tests. FTIR analysis provided insight into fiber structure, confirming the influence o
voltage and collector distance on membrane properties, with flow rate showing a lesser effect. The
optimized membranes exhibited desirable physical characteristics for biomedical use, including
flexibility, porosity, and consistent fiber formation. Thiswork demonstrates the potential of custom
electrospinning setups for controlled fabrication of polymeric membranes, offering a sustainable
platform for developing functional materials in tissue engineering, wound care, and related fields.

Electrospinning Optimisation  Optimal conditions Optimal membrane

Figure 1. Schematic representation of the electrospinning process
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TRPYRIDYL PORPHYRINS IRHOTODYNAMIC THERAPY ON
MELANOMA CELLS UNDER THE COLINDUCED HYPOXIA
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Photodynamic therapy (PDT) is based on the creation of oxidative stress, which is used to selectively
destroy tumor cells thanks to the local activation of photosensitizer(PS) by light! Although it has
numerous advantages over other therapies, due to its dependence on oxygen, PDT is less successful in
hypoxic solid tumors, and melanoma in particular remains a major challenge. Moreover, the hypoxia
inducible factor (HIF)family of proteins helps cancer cells survive in hypoxic conditions and increases
their proliferation and metastatic potential.

In our group we focused on tripyridyl porphyrins as possible photosensitizers in PDT on melanoma, and

we use pyridyl nitrogen atoms for quaternization and formation of polar moieties, while we use the fourth
meso-position of porphyrins for binding lipophilic groups. In this way, we prepare asymmetric
amphiphilic structures that enable PS entry into cells? We recently preparedN-oxide analogues ofN-
methylated pyridiniumporphyrins that were most successful in cellular uptake and PDT, and decided to
compare these two groups of PSs in PDT on pigmented (MeWo) and npigmented melanoma cells

(A375), and on fibroblasts (HDF), in hypoxic conditiong-igure 1). Cobalt chloride was used to induce
HEIWORHCOWGE! GY+R¢e Allct WRaqWRY Wt UYs ULl YO e ARG RANDWGE! G

CoCl, (‘hypoxia’) or normoxia

HDF

A

=%

MeWo. or no light

A375

Figure 1. Photodynamic action of N-methylated pyridiniumporphyrins and (oxido)pyridylporphyrins
under CoCh-induced hypoxia on fibroblasts and melanoma cells
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Cyanine dyes are a class of organic, usually cationic molecules containing two nitrogen centers linked
through conjugated polymethine chains. They have been found to be widely used as fluorescent probes
for labeling nucleic acids and proteins and as photosensitizers in photodynamic therapy, biosensors,
and imaging agents. The synthest¥ and reactivity of cyanine derivatives have been extensively
investigated for decades but their further synthetic modifications, espeally on the polymethine chains,
are still a poorly explored area. In conjunction with applications of cyanine dyes in optical imaging and
photochemical drug delivery, Schnermann and ceworkers described that excitation of heptamethine
cyanine (Cy7) in phsphate-buffered saline leads to the formation of truncated (chairshortened)
pentamethine cyanine (Cy5) in small yields (Figure 3% The reported dramatic increase in the
phototruncation yield in CAPSO buffer motivated us to perform a deeper study dhis reaction and
improve the yields. Our mechanistic studies demonstrate that the phototruncation mechanism is a
complex photooxidation multi-step process that is related to highly specific buffer constituents.

—»hv O
.,
,\1\\\\»{* ,\1 N*

Cy7 Cy5 \
Figure 1. The phototruncation of Cy7 to Cy5
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Laser ablation inductively coupled plasma mass spectrometry (LAICP-MS) is a highly sensitive
microanalytical method for solid sample analysis. It is characterized by low detection limits, high spatial
resolution, a wide linear dynamic range, and minimal sample preparation, making it a Weestablished
method for both elemental analysis and mapping. The particulastrength of the method lies in its
mapping capabilities, which allow detailed visualization of elemental distribution in biological tissus,
forensic and geological samples, as wll as advanced materials!!

In analytical LAICP-MS systems, the beam profile of the laser is typically homogenized to achieve a flat
top shape. However, in practical applications, the shape of the beam and consequently the geometric
profile of the cratery can be described with the 2D supetGaussian function and quantified using the
parameter n, which describes the superGaussian order. This parameter has a significant influence on
the ablation volume and the sampling efficiency. To improve spatial accuracand signal quality, a
contraction approach was proposed!? By contracting the ablation grid through sukpixel mapping, this
method enhances surface sampling precision, increases pixel density, and ultimately leads to improved
spatial resolution and a hgher signatto-noise ratio (SNR).

This study focuses on the characterization of crater geometry to improve image quality by elucidating
how variousparametersinfluence analytical outcomes. Given that the complexities of the lasessample
interaction pose significant challenges, an empirical model was developed to investigate the
relationship between the superGaussian order (), beam size, and laser fluence. In addition, the
contraction approach was applied to a reallife sample to evaluate its effectiveness under practical
conditions and to compare the resulting image quality with that of conventional methods.

Acknowledgements. This work has been supported bythe Slovenian Research Agency (ARIS), research core
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OF MET/AENOMIC ESTERASESFOR ENHANCED
BIOPLASTIC DEGRADATION
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Plastic pollution poses a major threat to biodiversity and human health by degrading habitats,
contaminating food chains, and disrupting ecosystem functionst! To address this challenge, global

efforts have focused on identifying novel enzymes capable of plastic degradatidfi. Our research

focuses on the structural andfunctional characterization of metagenomic esterases to support their
application in bioplastic degradation. Previously, we idenified a novel esterase, MGY¢ along with more

soluble ancestral variants (118, 119, and 121) capable of degrading polylactic acid (PLA) and
polycaprolactone (PCL). Among them, variant 119 exhibited the highest stabilit}i{= 84 °C).Tofacilitate

o2 Wt ql er”Hagel YW gl GRUCqRYUAWs DWIUNRUWWII JIT We Wal 2 UH
disordered N-terminal region. To further enhance structural stability and improve crystal packing, we co

purified and co-crystallized the enzyme vith phenylmethylsulfonyl fluoride (PMSF), a covalent serine
hydrolase inhibitor that reduces conformational flexibility. Size-exclusion chromatography revealed

| DT e BT WYGRNDYGWI REWGSWIqIl YNIIUKdRgH 119 Diffdrentiak deahding B Y 0 G«
cali Y1 RGWUql ! Wl PW2P¢a T WeWdvVYs 3 W Sk es RCO)N Airayler Gd@hidisma 2 | 1J 1
spectroscopy indicated similar secondary structure content §ILM LLHBdlices, HOM LLHSH#ets) in both

forms. Dynamic light scattering confirmed monodispersity (PDk 0.2), supporting their suitability for

structural studies. Crystallization screening using the Oryx8 robot yielded crystals, which were analyzed

by single-crystal X-ray diffraction at the XRD2 beamline, Elettra synchrotron (Trieste, Italy). Our results
highlight how enzyme engineering and inhibitebased stabilization can facilitate the structural
characterization of dynamic metagenomic esterases. These insights lay the groundwork for developing

more robust biocatalysts for bioplastic degradation.
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CARBONIZED METAIORGANIC FRAMEWORKS
AS ULTRAHYDROPHOBIC SOLID TRANSDUCER
IN POTENTIOMETRIC POTASSIUM PROBES
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Potentiometric sensors are versatile probes that measure the activity of ions in aqueous samples. Their
long-lasting development led to the characteristic, layered design, consisting of a support, electrically
conducting leads, solid-contact and the receptor. Recently, solid contact material development

| WHDR2 T We qaqlUqRYUAWEY WRallds ¢t WYAL I 207 Wabée qlRat & LW
PO Y kWl 3t GgYOH W q¢ HRORa! We UT W WGl YT e #HRARGRq! NI

Herein, we compared the applicability of differentmechanochemically synthesised cobaltimidazolate
metal-organic frameworks (MOFs) as solid contacts in potassiurselective electrodes (KISE). We
evaluated the effect of pyrolysis on the soliecontact characteristics, including capacitance and
hydrophaobicity. Chronopotentiometric measurements provided information on the efficiency of signal
transduction: a capacitance value of 1.87nF jumped to 5.15nF after pyrolysis. Additionally, the
pyrolyzed material exhibited the greatest water contact angle, resultip in the best longterm sensor
stability. Finally, the proposed solidcontact materials were drop-cast onto inkjet-printed electrodes to
showcase the possibility of integration in printed electronics configurations. It was shown that the
presence of MOFbased solid contact significantly improves the electrode response reproducibility.
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Figure 1. Potentiometric response of inkjet printed electrodes (a) without and (b)ith a solid-contact
material based on pyrolyzed MOF.
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ANION BINDNG BY PHENYLALANINE AND LEUCINE
CYCLOPEPTIDES: THERMODYNAMIC AND STRUCTURAL STUDY
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During the past few decades, there has been a growing interest in research of cyclopeptides as anion
receptors. These compounds, besides their metabolic stability and bioavailability, exhibienhanced
binding affinity towards substrates compared to their more flexible linear analogg&? Many synthesized
(pseudo)cyclopeptides show high affinities towards anionic species in organic and aqueous medid and
some were even capable of transpoihg anions through the membrane lipid layeP! In this presentation,
the anion binding properties of cyclophenylalanine and cycloleucine peptides comprised of % amino
acids in acetonitrile and methanol will be given. In order to elucidate the effect oing size and amino acid
type on the cyclopeptide affinity, and/or selectivity towards selected anions, the stability constants and
other thermodynamic parameters of complexation were determined by means ofH NMR and
microcalorimetric titrations. Furthermore, molecular dynamics simulations of free receptors and their
complexes were also performed. This resulted with an insight into structural properties of formed
complexes and deeper comprehension of the factors governing the complexation equilibria.

penta hexa

Figure 1. Chloride anion coordination by small cyclic peptides.
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AZODIOXY THIN FILMS VIA GRURFACE POLYMERIZATION
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Adsorption of organic molecules on surfaces and formation of thin films is of significant interest for the
fabrication of functional materials for applications in electronic devices. Aromatic Gnitroso compounds
can dimerize and polymerize on gold surface through azodioxy bond$ Recent studies revealed the
promising electronic properties of aromatic dinitroso-based polymers, which act as organic
semiconductors.? This work investigates the polymerization of various aromatidinitroso derivativeson
different solid surfaces. The first part covers the synthesis of novel disulfideontaining nitrosoarenes
and their selfassembly and self-polymerization on Au(111)surface.® The second part explores the
lateral polymerization of M SA-8indtrosobiphenyl on different substrates focusing on the impact of
substrates and deposition methods (drop-casting vs. spin-coating) on the morphology and electronic
properties of the formed thin films The prepared films were characterized by different methods, which
revealed the formation of azodioxy oligomer or polymer films.
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Figure 1. Polymerization of aromaticdinitroso derivatives onsolid surfaces.
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UNCOVERING THE ROLE OF ABON THE SOLIBSTATE SUZUKI
MIYAURA REACTION VIIN SITURAMAN MONITORING
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Palladium-catalyzed SuzukiMiyaura crosscoupling of aryl halides with organoboron reagents is one of
the simplest and most widely used methods for synthesizing biaryls, which are essential structural
motifs in various pharmaceuticals and advanced materials?! As chemistry shifts towards more
sustainable and environmentally friendly synthetic strategiesmechanochemical reactions have gained
popularity. This solid-state approach offers several advantages, incluihg a broader range of substrates
and catalysts, along with the almost complete elimination of solventd? Despite the potential of these
methodologies, detailed insights into the reaction mechanisms remain limited. Optimization of the
reaction conditions and pinpointing the exact role of different reaction components are often challenging
as most analyses are conductedex situand cannotrevealreal-time reaction dynamics.

Here we present the first comprehensive investigation of the solidtate SuzukiMiyaura reaction using

in situ Raman spectroscopy!®¥ Reattime monitoring and systematic variation of the ABCs (Additives,
Bases, Catalysts, andsubstrates) enabled the identification of key factors affecting reaction efficiency.
In addition to conventional palladium catalysts, the catalytic potential of various azobenzene
palladacycles was evaluated. The obtained resulthighlight the importance of fine-tuning the ABCs to

design efficient solventfree cross-coupling protocols.
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CHIRALMULTISUBSTITUTEBINOLTCYCLOPENTADIENYL
LIGANDS AND THEIR COMPLEXES WITH TRANSITION METALS
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Chiral cyclopentadienylligandsthat are both disubstituted and derived from BINOL arevell established

in the field of stereoselective organometallic catalysis. These ligands, along with their transition metal
complexes, have proven highly effective in a range of stereoselective transformations, including
synthetically valuable reactions sich as CrH functionalizations and various cyclotrimerizations!!!

Despite this success, two major challenges remain: the lack of efficient methods for preparing chiral
multisubstituted BINOLTcyclopentadienyl (BINOLTCp) ligands, and the absence of models expining
how additional substitution on the cyclopentadienyl ringy though empirically confirmedy impacts the
stereoselectivity of such transformations?

This work aims to develop a synthetic method for chiral multisubstituted BINOICp ligands that enables
access to these structures in significantly fewer steps. The method also allows for the selective
introduction of additional substituents on the fiveemembered ring in late stages of synthesis

Special emphasis is placed on the preparation of ligands and themetal complexes whose calculated
stereotopographic descriptorsy such as buried volume and stereotopographic mapg suggest
structural alignment with known systems that have demonstrated high efficiency in model
stereoselective transformations.

zirconabicyclic intermediate Q sidewall
generated in situ
not isolated O extended sidewall

O frontwall

Figure 1. The key step of the proposed synthetic route.
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SELFSORTING VERSUS CASSEMBLY:
STRUCTURAL INSIGHTS INTO SUPRAMOLECULAR OIL GELS
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Supramolecular oil gels based on lowmolecular-weight organic compounds have emerged as promising
soft materials due to their ability to immobilize hydrophobic liquids through noncovalent interactions.
These systems are oparticular interest for applications in materials science as well as infood and
pharmaceutical fields, owing to their tunable properties and the reversibility of the gelation process.

When combining two different gelator molecules, the resulting setassembled fibrous networks can
arise through self-sorting, where each molecule forms its own distinct assembly, or through co
assembly, where both components integrate into mixed supramolecular structures. A major challenge
in designing such systems is achieving control over the type of nebnk formed.

In this work, we show that this control can be directed by tuning molecular parameters such as the nature
of the chiral units, their molar ratios, and the hydrophobic character of individual components, thus
guiding the system toward eitherself-sorting or co-assembly. The oil gels we investigate demonstrate
self-healing properties and high efficiency. These insights offer a strategy for rational design of
multicomponent supramolecular gels with tailored properties.
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Figure 1. Maximum gelation volume of binary gelator mixtures at different ratios and their setiealing
behavior. Viscoelastic properties of the preparedjel mixtures.
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INFLUENCE OF DPPBNACTIVATIONON ITS INTERACTION WITH
THE KELCH DOMAIN OF KEAP1

UqgYURTce¢WNY®ERHA

Division of Organic Chemistry and BiochemistryA 2 j 131t IN72YRul Wf Ut qRae qlAW7 RTWURT t ¢ WH
atomic@irb.hr

Dipeptidyl peptidase 3 (DPP3), a ubiquitously expressed zindependent exopeptidase, has been
identified as part of the Keapl protein interaction network, suggesting its involvement in the cellular
response to oxidative and electrophilic stress! By binding tothe Kelch domainof Keapl, DPP3lisrupts
the KeapIrNrf2 regulatory pathway, preventing Keapinediated degradation of Nrf2 and thereby
JU6¢UHRRUNDW | nZkt Wl ¢Ut Al RGagRYUc¢c o WeHqR2Rq! WRULWqgE 1J LW
involved in the eliminationof reactive oxygen speciessuppression of inflammation, and detoxification.?
While Nrf2 activation is protective in normal cells, its persistent over activatioenables tumor cells to
evade oxidative stress, resist apoptsis, and enhance proliferation®® Increased DPF3 expression has
been associated with tumorigenesis, particularly in breast ad colorectal cancers,*# where it enhances
antioxidant responses and supports cancer cell survival through competitive binding to KeapAlthough

? AAOK t L H ctigitg i@ hot) Essehtial forits binding to Keapl,the potential impact of peptidase
inhibitors on this interaction remains unexgored. The goal of this study was$o investigate how enzyme
inactivation, through mutation of the catalytically important glutamate residue (E451A) andbinding of
the inhibitor (IVYPW), affect its interaction with the Kelch domain of Keap1, usibhgth experimental (ITC
measurements) and computational (conventional and adaptive steered MD simulations) methods.
While experimental results showed that enzyme inactivation enhances interaction with the Kelch
domain of Keapl, molecular modeling provided a submolecular explanation for these findings.
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PHOTOACTIVE PHENYLBORONIC ACIDERIVATIVE
SYNTHESIS AND INTERACTIONS WITH SIALIC ACIDS
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Phenylboronic acid (PBA) derivatives form covalent yet reversible bonds with diols (Fig. #aYhese
specific and pH-dependent interactions enable selective recognition of glycans on the desurface,
triggering a biological response. On the other hand, photoactive compounds are increasingly being used
in medicine, especially for controlled drug delivery? These twofunctionalities are combined in the novel
photoactive PBAderivative 2, which was synthesised by azo coupling reaction of naphthol witta
diazonium salt of PBA (Fig. 1b). Photophysical parameters of its isomerisation (Fig. 1c) as well as the
affinities of its E and Z-form towards binding with N-acetylneuraminic acid have been déermined
experimentally and by quantumchemical calculations. The results unveil the potential of this
compound as a platform for the development of selective and highly efficient ligkactivated drug
delivery systems.
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Figure 1.a) Binding of diols to PBAderivativesviaboron-ester bond formation,
b) synthesis, andc) isomerisation of compound 2.
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energy, pranoting a shift towards a decarbonized and circular economy. Ditplization, robotics,
communications, and artificial intelligence (Al) play crucial roles in fostering the development of
necessary technological innovations and enhancing intelligent process control. The application of
machine deep learning (ML) yieldsabust, field-neutral solutions for regression prediction objectives,
but it is limited in its capacity to address innovative questions that involve causation and counterfactual
analysis. Here is presented a application of Bayesian networks (BN) for strucal causal modelling
(SCM) in the context of Tennesse&astman plant (Fig. 1). Main feature of SCM is its capacity tdegrate
extensive prior structural knowledge derived from fundamental chemical engineering principles with
structures inferred from experimental data obtained from manufacturing plants. The developed SCM
facilitates forecasting, causal relations, simulation of intervention strategies, and generation of
counterfactual inferences essential for process innovations and intelligent process maagement.
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Figure 1. TennesseeEastman process scheme
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NICKEL ELECTROCATALYSTS FOR HER: BRIDGING MATERIAL
PERFORMANCE AND DATA INTEGRITY
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marisminna.mathew@fkkt.uni-lj.si

Hydrogen is emerging as a cornerstone of the global transition to sustainable energy systems as it offers
a clean fuel with high energy density that can be produced fromater using renewable electricity. Among
the various methods of hydrogen production, electrochemical water splitting is particularly attractive
due to its scalability and environmental compatibility!” However, the widespread adoption of this
technology depends on the availability of efficient, costeffective electrocatalysts for the hydrogen
evolution reaction (HER). Platinurdbased catalysts remain the benchmark for HER performance, but
their scarcity and high cost are prompting research into alternativenaterials. Nickel-based catalysts
represent a promising class of earthabundant alternatives? especially under alkaline conditions.

This work focuses on the development and evaluation of ihouse synthesized nicketbased
electrocatalysts for HER, emphaszing the crucial role of rigorous data processing, sample preparation
and experimental methodology in obtaining reproducible and reliable results. Key aspects such as
appropriate sample preparation, optimal film conductivity® proper iR compensation andconsistent
data processing protocols are discussed in detail. The importance of these factors is emphasized by a
case study using a thin film rotating disc electrode (THRDE) setup in alkaline media, where subtle
variations in the experimental setup havea significant impact on the catalytic performance metrics. A
range of physicachemical (SEMEDS, TEMEELS, XPS, XRD etc.) and electrochemical techniques (CV,
LSV, CA, EIS) were used to comprehensively characterize the catalysts to ensure a complete
understanding of the structureractivity relationships. This study highlights the need for standardized,
transparent reporting practices and reproducible methods to accelerate the development and
benchmarking of nonnoble HER catalysts.
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ELECTROCAALYTIC APPROACHES TBIGH-EFFICIENCY

HYDROGEN PEROXIDE GENERATION IN MICROFLUIDIC SYSTEMS
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Hydrogen peroxide (HO,) is a versatile oxidizing agent with applications ipulp and paper bleaching,
wastewater treatment, chemical synthesis and energy storagé€. Conventional largescale synthesis via
the anthraguinone process is energyintensive, requires scarce platinum group metals (PGMs) and
requires the transport of concentrated H,O, T a challenge for safety and logistic&. Electrochemical
production via the two-electron oxygen reduction reaction (ORR) in alkaline media has gained attention
as a safer and more sustainable alternative. However, its practical applicatiorsilimited by sluggish
kinetics, which necessitates the development of efficient, costeffective electrocatalysts. While noble
metal-based catalysts (e.g. PdAu, PtHg) show high performance, their cost and scarcity have increased
interest in transition metal and carbonbased materials®. In parallel, scalable electrosynthesis
platforms such as fuel cells, membraneless electrolyzers and microfluidic electrochemical flow cells
(MEFCs) are being explorétl. This study presents a tweplate electrochemical microreactor equipped
with a reaktime optical sensor system for in situ HO; quantification. Chronoamperometry was used to
evaluate HO, production at different flow rates, using offline electrochemical measurements for
validation. The electrodes were charaterized before and after electrochemical measurements using
SEM/EDS, FTIR, and XPS to analyze structural and compositional changes.
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APPLICATION OF 3EHPRINTING FOR PRODUCTION
OF CERAMIC MONOLITHIC CATALYSTS FOR OXIDATION
OF AROMATIC VOLATILE ORGANIC COMPOUNDS
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Due to increasing and more frequent emissions frontraffic, numerous industrial and other sources, air
pollution is becoming a growing problem, which is given priority in the overall environmental protection
strategy. The aim of this work is to prepare 3Pprinted ceramic monolithic catalysts for the catalytic
oxidation of gaseous mixture of benzene, toluene, ethylbenzene, and xylene, commonly referred to as
BTEX. The possibility of using zirconium dioxide (Z)Cas a filament for the production of 3Bprinted
ceramic monolithic carriers was examined using inovative additive manufacturing technologyr fused
filament fabrication (FFF). The catalytically active layer used was a mixed manganese and iron oxide,
applied to the monolithic carriers using the wet impregnation method. The mechanical stability of the
prepared catalysts was investigated using ultrasound prior to the measurements in the reactor system.
In addition, thorough characterization of the Zr@based filament and 3Dprinted catalyst carriers was
performed. The activity of the prepared catalystsvas tested at different temperatures and space times

in a monolithic reactor. The obtained results were compared with the results obtained using commercial
ceramic cordierite monolithic catalysts with different channel dimensions, as well as with Si@based
monolithic catalysts made by stereolithography.

Figure 1.3D CAD model of the ceramic catalyst carrier ZDP geometry
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ULTRASOUND VS. MECHANICAL MIXG IN BATCH
CRYSTALLIZATION, COMPARISION OF KEY HYDRODYNAMIC
PARAMETERS AND EFFECT ON FINAL PRODUCT
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The role of hydrodynamics in crystallization is multifaceted; it is responsible for reaching the optimal
suspension uniformity, and enhanced mass transfer, all of which influence nucleation and crystal
growth kinetics. Thus, the focus of this study is to investigate the impact of hydrodynamic conditions on
the batch cooling crystallization of borax decahydrate. Experiments were conductein a 2.65 dni
double wall batch crystallizer where cooling was performed by Lauda Proline RP855 C X Edition. A
classical batch crystallizer in which mixing was performed mechanically was compared with a hybrid
system, where mixing was performed by combining mechanicahixing and ultrasonic (US) irradiation.
Critical impeller speed with and without ultrasonic assistance was determined. At all investigated
conditions, power consumption was determined, as well as the key global hydrodynamic parametear
energy dissipation ased on which the characteristics of the flow on the microscale of mixing was
estimated according to Kolmogorov theory. Energy dissipation rates were correlated with the metastable
zone width (MSZW) to reveal and quantify the shearing effect on nucleatidinetics. Crystal size
distribution (CSD) was determined by laser diffraction using Horiba LA300 particle size analyser and
crystal morphology was determined by using a Schottky field emission scanning electron microscope
(SEM) JEOL JSKB10FPIus equippedwith the Ultim Max 65 energy dispersive spectroscopy detector
(EDS) and AZtec software, both from Oxford Instruments. The latter was used to conduct elemental
analysis of the surface. The end product agglomeration was inspected by using polarizing microgm
BK-POLR. Sample images were taken by Canon EOS 505D and were analysed in Motic Images Advanced
3.2 software. The findings highlight the importance of hydrodynamic optimization in improving
crystallization efficiency and product quality. While ultrasonicassistance provided enhanced mixing, it
also resulted in altered nucleation kinetics which in turn affected the final product size as crystals were
smaller with narrower CSD in sonicated conditions. However, these benefits occurred at significantly
increased power consumption. It is also important to emphasise that sonication alone was not able to
efficiently suspend particles and that it cannot be used without mechanical mixing in larger volumes if
the off-bottom suspension needs to be achieved. This lintation is critical for scale-up, as industrial
crystallisers require robust hydrodynamic control to ensure consistent product quality. Overall, these
findings underscore the challenges of scaling ultrasonieassisted crystallization systems, where
geometric similarity and power consumption per unit volume may not be enough to maintain
hydrodynamic equivalence. The inability of sonication alone to achieve offottom suspension in larger
volumes suggests that sonotrode(s) must be strategically integrated intéarger-scale crystallizers to
avoid energy inefficiencies and, consequently, unsuitable product properties.
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INTERFACETAILOREDSEPARATORSIa ICVD FOR LITHIUM METAL
BATTERIES WITH EXTENDED LIFESPAN
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Lithium metal batteries (LMBs), owing to their high energy density, are considered promising candidates

for next-generation energystorage systems. However, their practical deployment is hindered by critical

issues such as the uncontrollable growth of lithium dendrites and the formation of an unstable solid
electrolyte interphase (SEI). In this work, we report a strategy to addresseite challenges by employing

an initiated chemical vapor deposition (iCVD) process to fabricate a highly crosinked and
functionalized polymethacrylic acid (PMAA) coating on polypropylene (PP) separators. The resulting
coating features highly oriented caboxyl terminal groups with strong dipole moments, which can donate
DEHIE Y WPHaGUHEg! YO WaqYWaYT edeqlWaqéWT INI ¢T ¢cqRYUWt RU
| N2l c¢qRYUWGI YaVYqUt WaéWWnVYl d¢qRYUWYn Wé Wiang Gthkuinl) WE E f
fluoride (LiF), effectively suppressing parasitic reactions on the lithium surface and inhibiting dendrite
formation. Electrochemical evaluations demonstrate that the modified separators enable lithium iron
phosphate (LFP) batteries to delivea discharge capacity of 99.1 mA h'§with a capacity retention of

84.5% after 1000 cycles at a high rate of 10. This study highlights the potential of the solvenfree, highly
controllable iCVD technique for developing multifunctional separators, pavig the way for longcycle-

life lithium metal batteries.
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Zdlc HMIWT § §ull§[ W 7ENA 9NE Y M


mailto:2311260129@nbu.edu.cn

ELECTROLYTE ENGINEERING ENABLES LOGNEE
IN HIGH-ENERGYDENSITY LITHIUM METAL BATTERIES
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Lithium metal batteries (LMBs) offer a pathway toward nexgeneration energy storage due to their
exceptionally high energy density. However, their implementation remains challenging, particularly
under lean electrolyte conditions, where unstable interfaces and inefficient ion transport severely limit
cycling stability. Here, we design a bifunctional liganebridged electrolyte (BLBE) by integrating ethyl
difluoroacetate (EDFA) into a lithium nitrate/triethyl phosphate matrix. Incorporating EDFA as a dynamic
bridging agent drives the formation of interconnected ionic aggregates through synergistic FO *©
hydrogen bonding with anions and coordination interactions with i accelerating interfacial kinetics
and suppressing parasitic reactions. The electrolyte further enables weakly coordinating solvents to
engage in the solvation sheath via nolassical hydrogen bonding, facilitating the formation of a robust,
inorganic-rich solid electrolyte interphase. This design supports higitapacity (13.5 A h) lithiuntnickel
pouch cells with outstanding cycling stability and delivers an energy density of 604 h kg®. These
findings demonstrate a viable electrolyte strategy for enabling higperformance lithium metal batteries
under practical conditions.
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STAINLESS STEEL MEDICAL IMPLADNSURFACE
FUNCTIONALIZATION
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Stainless steel has been widely used for biomedical implants due to its superior mechanical strength,
chemical stability, and biocompatibility. However, corrosion remains a major challenge, frequently
contributing to implant failure. Surface functionalization represents an effective strategy to improve
implant durability and functionality. Surface functionalization is crucial as it can not only enhance
corrosion resistance but also improve biocompatibility reducing the rislof adverse biological reactions.
Fatty acids, known for their biocompatibility and seassembling properties, present a promising
approach to improve stainless steel implant performance. Conventional fatty acid selassembled
monolayers (SAMs) exhibit ithited chemical stability and can be easily detached, diminishing
effectiveness over time. By converting SAMs into polymer nanocoatings (PNCs) through radiation
induced crosslinking, their stability and corrosion stability can be substantially enhanced™.

The aim of this research was to systematically explore and optimize the parameters required for
functionalizing stainless steel surfaces with behenic acid to successfully form stable and uniform SAMs.
These SAMs were further enhanced througtadiation-induced crosslinking, resulting in the formation of
PNCs. The stability of the coatings was evaluated in simulated body fluids, under both steadyate and
dynamic coditions using a rotating disc electrode and electrochemical techniques. Surface
charateristics were analyzed using atomic force microscopy (AFM) and contact angle measurements.

Acknowledgements. This work has been supported by Croatian Science Foundation.
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This lecture explores the distinctive optical and electronic properties of metal nanoclusters (NCs), with
a particular emphasis on luminescent noble metal NCs, through two interconnected reearch avenues:
solar energy and biomedical applications. In the quest to advance photovoltaic technologies beyond
traditional silicon and emerging perovskite solar cells, Grétzel et al. pioneered the dysensitized solar
cell (DSSC)* Building upon thisfoundation, this research integrates natural pigments with noble metal
NCs to create bionano hybrids. These bieinspired luminescent nanomaterials show promise for
enhancing light absorption, charge transfer efficiency, and overall stability in nexgeneration
photovoltaic systems. Computational quantum chemistry methods, particularly Density Functional
Theory (DFT) and TimBependent DFT (TEDFT), are central to designing these advanced nanomaterials
for DSSCs, aiming to boost their efficiency and duralify. This approach leverages the optical properties
of noble metal nanoclusters (e.g., gold and silver) synergistically with eefriendly organic dyes/?®
Beyond energy applications, noble metal nanoclusters emerge as powerful tools in medical diagnoss,
imaging, and biosensing due to their unique quantum effects and outstanding optical properti&s’. This
lecture emphasizes an interdisciplinary strategy that merges photophysics, photochemistry and
nanotechnology to harness the full potential of lummescent noble metal nanoclusters for advancements
in both solar energy conversion and bioimaging technologies

@ o
Wﬁ

Figure 1. Schematic representation of liganded noble metal NC (adapted from [5])
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]GYAcOWs ¢l GRUNAWa Ut et q¢ RUECHGWWet ¢NWIWYnWnYtt RilWnelJi
modern society, together with theworld energy crisis are in a great need for a transition towards
sustainable energy systems. Batteries are crucial components in modern technologies, from electric
vehicles to portable devices, and their long life and reliability are directly dependent aiderstanding

the mechanisms of their failure.

Among the most significant factors that affect performance degradation in batteries are the structural
changes in electrode materials during cycling. This study explains the failure mechanisms of batteries
by analyzing structural changes in materials using operando -Kay diffraction (XRD), a technique that
allows real-time monitoring of structural modifications during battery operation Operando XRD
provides insights into the dynamic structural changes thabccur during battery cycling, enabling a better
understanding of the causes of material degradation, such as crystal lattice breakdown, phase
formation, and stress accumulation within the electrodes. Understanding these changes is crucial for
optimizing battery design and predicting their lifetime. For operando XRD measurements, horrmaade
3D printed DANOISE cell in transmission mode was used.

Results cover from exsitu XRD measurements of the graphite or LFP electrode in the DANOISE cell,
without applied current, to operando XRD measurements in the hailfell, as well as measurements in
the full-cell setup with pellet and with coated electrode with mentioned active materials. The aim is to
identify specific structural phenomena associated with battery faiure, with a focus on improving the
performance and stability of future battery materials and technologies. The main accent is on the
crystallographic analysis of the operando XRD data, including identification of the phases and sequential
refinement in the Fullprof.!
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DESIGN AND COMPOSITE PERFORMANCE
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The development of advanced epoxy resin systems has increasingly focused on sustainability,
functionality, and performance enhancement. This body of work presents a comprehensive exploration
of the design and application of ionic liquids (ILs) asiovel and tunable components in epoxybased
composite materials. ILs, due to their structural versatility, low volatility, and potential for tailored
chemical functionality, offer unique advantages over conventional curing agents and additive8!

To evduate the intricate structureTproperty relationships governing Ikbased epoxy systems, a
comprehensive range of advanced analytical techniques was employed. Differential scanning
calorimetry provided critical insights into curing kinetics and glass transibn behavior, while dynamic
mechanical analysis and Shore hardness testing illuminated the mechanical performance of the cured
networks. Scanning electron microscopy revealed the morphological architecture at the micrscale,
enriching our understanding ofphase distribution and interfacial interactionsy specifically in systems
containing fillers such as cellulose and supported ionic liquid phases (SILPS).

Strikingly, ILs bearing polymerizable allyl groups or DABG@erived cations, especially when paired wit
dicyanamide or triflate anions, emerged as frontrunners in promoting rapid, robust curing and
mechanical enhancement.? Binary IL mixtures revealed synergistic phenomena, enabling precise
modulation of flexibility, rigidity, and thermal resiliencel® Systems featuring covalently reactive ILs
exhibited superior interfacial adhesion and dimensional stability?® while aniline-derived IL
formulations struck an elegant balance between latency and structural integrity?!

This investigation transcended conentional formulations by deploying ILs not merely as curing agents,
but as functional, chemically integrated constituents within epoxy resin matriceg particularly in the
fabrication fiber-reinforced composites incorporating flax or carbon fibers.
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(No. 2017/26/E/ST8/01059).
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PEROVSKITEBASED ANODES: A NEWOPE FOR NEXGEN
LITHIUM-ION BATTERIES
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Lithium-ion batteries are ubiquitous in everyday life, from modern day portable electronics to electric
vehicles and emerging stationary storage devices, as a result of high energy andyaw density, extended
longevity and stability, low seltdischarge and fast charging. As the battery industry demands for the for
safer, more efficient, and sustainable energy storage solutions grows, research into alternative materials
is becoming increasigly relevant. Currently, graphite dominates the battery market as anode material,
although its intrinsic limitation, in particular irreversible first cycle loss and limited capacity, poses
significant challenge to meet the performance of emerging energyt@rage technology. Metalorganic
halide perovskites (MOHPs), widely studied for their optoelectrical properties in photovoltaics, are
gradually establishing themselves as anode materials for lithiurion batteries. Their unique structure,
consisting of inorganic and organic layers, facilitates efficient multiple ion storage and transport, thereby
expanding their potential as battery materials. As a developing field, research on metaftganic halide
perovskites is still limited, nevertheless, studies on leadbased compositions have demonstrated
promising potential for anode applications.

In this study, we synthesized tiAbased organic metal perovskites with various organic cations including
methylammonium, formamidinium, phenethylammonium, as well as inorganic cation cesium,
combined with different halide anions such as chloride, bromine and iodine, with the purpose of
understanding structure-property relationship and its influence on process of lithium storage. Selected
materials were prepared by direct synthsis from tin-halide precursor and organic/inorganic halide salt,
followed by antisolvent crystallization with toluene to yield crystal powders. Electrode materials were
subsequently prepared using a standard procedure for Libn batteries and coated on coger current
collectors. Prepared electrodes incorporating perovskite active material were assembled inside the

Swagelok cell as a working electrode, while lithium was used as both reference and counter electrode.

Electrochemical measurements were conductedusing cyclic voltammetry, electrochemical impedance
spectroscopy and galvanostatic chargedischarge. Physical characterization of both asprepared and
cycled electrodes, was exanimated with Xray diffraction and Xray energy dispersive spectroscopy to
correlate electrochemical results with physical transformation. The obtained results indicate distinct
behaviour influenced by the chosen cation and anion. Generally, all materials exhibited high initial
capacity values, surpassing conventional graphite eleebdes, with stable capacity retention in the
following cycles. Even though this discovery offers a promising prospect for advancing lithiuon
technology, further investigation is still needed to elucidate the exact mechanism of lithiurion storage.

Acknowledgements. This work was financially supported by the project NPOO.C3.2.Ri3.04.0187: Advanced
innovative materials and technologies for lithiumion batteries production.
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THE INFLUENCE OF PREPARATION PARAMETERS ON THE
MORPHOLOGY AND FERROELECITRPROPERTIES OF METAL
ORGANIC THIN FILMS BASED ON BICYCLIC AMINES
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Ferroelectric materials continue to attract significant interest due to their potential in advanced
technologies and the ongoing discovery of new hybrid systems. In this study, we focus on metaiyanic
complexes, as promising candidates for functiona ferroelectric materials. These compounds are
interesting since they have the potential to exhibit switchable polarizatiory property desirable for
applications in sensors, memory devices, and nonlinear optic$! The aim is to develop thin films in order
to enable their integration into practical devices. Despite its potential, metalorganic thin films have not
yet been thoroughly studied. Several methods exist to produce metairganic thin films such as dip
coating, spin coating, drop casting etc. Howeve many parameters need to be carefully optimized to
obtain quality films, such as precursor solution characteristics (concentration, pH, composition of
solvents) and other conditions (temperature, relative humidity, withdrawal rate for digcoating, etc). All
these parameters, as well as preparation methods, strongly affect film morphology and propertie$.
Humidity plays a critical role by influencing structural organization during film formation. In this work,
thin films of cinchonine trichlorocobaltate were deposited on Si(100) and IT®©oated glass substrates
via dip coating under controlled humidity. Scanning electron microscopy (SEM) analysis revealed that
low humidity favors uniform film formation, while higher humidity levels induce morphological chages
characterized by nane and mesoscale pinholes. Optimized parameters yielded homogeneous films
suitable for ferroelectric characterization, contributing to the development of novel metalorganic

ferroelectric systems.
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Figure 1. Scheme of research steps.
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ENVIRONMENTALLY FRIENDLY LEAIREE THIN FILMS
FOR HIGHPERFORMANCE DIELECTRIC CAPACITORS
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We report on the development of sustainable, leaedree dielectric thin films fabricated via a lowcost

aqueous chemical solution deposition method for highenergy-density capacitor applications. By
strategically combining BiH¢ + 13T W ¢ UT Hefivedi toMpogtiéns, we achieved optimized
microstructures and phase behaviour at morphotropic boundaries, resulting in significantly enhanced
recoverable energy densities (up to 5Icmd@) and efficiencies exceeding 75% at high electric fields
(2MVcemad). Structural and electrical characterizations reveal excellent stability under varying
qlaGUIl ¢qel Ut WeUT Wnl Whue JURRIIY AlWect Ws DadWet wWYzsaqt q¢c UT |
highlight the strong potential of scalable, greemprocessed thin films for integration in nextgeneration
capacitive energy storage systems, especially in energgutonomous and miniaturized electronics.
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DEVELOPMENT ANEVALUATIONOF NZVIBASED MATERIALS FOR
ARSENATE REMOVAL FROM WATER:
ADSORPTION PERFORMANCE
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Nanoscale zerovalent iron (nZVI) is a promising material for remediating contaminated water due its
high surface area and strong affinity for pollutants like arsenate. Its ability for redox reactions supports
effective contaminant removal. However, challenges such as aggregation and oxidation limit its
practical use, necessitating surface modifcation to improve stability and effectiveness®? This study
characterises four nZVI types: bare nzZVI, nZVI with chelating agents, supported nZVI and nZVI in a
polylactic acid (PLA) matrix. Characterisation techniques included isoelectric point determinabn and
scanning electron microscopy (SEM) to evaluate surface properties and morphology. We conducted
batch adsorption experiments to assess arsenate removal efficiency across different pollutant
concentrations, particle dosages, pH and contact time. Thedata were analysed with isotherm and
kinetic models to clarify contaminant uptake mechanisms. We found that modifying nZVI, particularly
its immobilisation in PLA, significantly enhances stability. These findings contribute to ongoing research
on optimising nZVibased materials for effective water purification technologies.
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Figure 1. Morphology of biopolymerbased adsorbent and effect of nZVI dosage on arsenate removal
efficiency using PLA/nZVI composites
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University of Zagreb Faculty of Chemical Engineering and TechnolodygM | t ¢ W~¢ | 2 G RAh ¢ WUN DA LWL
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Increasing use of pesticides, such as acetamiprid (AC), shown on Figure1pose significant
environmental and health risks through processes like bioaccumulation and biomagnification, most
prominently in water sources!? Nanofiltration (NF) is a valuable process for removing substances from
aqueous solutions. This study was aimed at optinzing this process by testing the efficiencyof AC
removal through NFmembranes with themolecular weight cut-off of 150-300 Da. Experiments involved
1 mg/L and 5 mg/L AC solutions, with changing pressures (5 bar and 10 bar) and flow rg&&/min and
4 L/min). Permeate and retentate samples were taken ifd-hour cycles for each set of conditions.
Samples were analysed using high-performance liquid chromatography to assess removal efficiency.
The results indicate that changing the pressure anélow rate significantly influences AC removal. The
removal efficiency of a1 mg/L ACsolution at 5 bar equals 48.10% at 2L/min and 64.8®6 at 4 L/min. The
same 1 mg/L solution with the pressureaisedto 10 bar shows an efficiency improvement to 65.95 % at
2 L/min and 74.09%at 4L/min. Inconclusion, ACremoval by nanofiltration improves at higherpressures
andflow rates.

Figure 1. Acetamiprid structure™

Ht OVs 0T NNBIRIUH BOUW ¢ | H6Ws ¢t Wne UT 3T WA! Wa 6 IJAN Y N ScLIERRIEIH 13
NI ¢UqWRT IOW] TMYTWEUT W91 Ye qRepJAIEERENPEMIIQO 2 UT ¢ gRYUWGI YT WUHC
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INTEGRATED APPROACH TO TEAGKH RADIOACTIVITY:
CONNECTING CHEMISTRY AND PHYSICS
FOR BETTER UNDERSTANDING

Ana Magovacand Vanja Novosel
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ana.budimir-bekan@skole.hr, ana.bekan@gmail.com

Understanding abstract concepts like radioactivity can be challenging for students. Since chemistry and

physics overlap in the final gymnasium year, we adopted an integrated teaching approaghcoordinating
AYUqUUqWeHI Yt WAYqW ceATWHqE WagYW ducyow qel W3Uaqt k L
work. This also created space for enriched learning expemees: Viewing materials such as Chernobyl,
NSWJW~!+ qll ! WYnwW~c¢cqaqlll WeEOLAWEUT W7 79kt WEGWGWUQqt a WA ¢
aspects of nuclear energy, Dice experiment simulating radioactive decay, helping students discover half

life principles independently, Geiger counter activity to detect radioactivity in everyday objects and spark

HlI RogRHACO W6 ROt RUNAW[ RUJGT Wal RGLWa VY Wa6 1JWul Wt Y-dorld HG 1J¢ |
context, supported by structured worksheets. Discussions on environmental impacts of nuclear energy,
engaging students less confident in science through broader societal perspectives.

This interdisciplinary model fostered active participation and multiangle exploration of radioactivity.
Students showed greater accuracy and deeper understanding on assessments compared to previous
FPElt dWen nRIGRUNWq6 DWW W6 YT kt W 2HAIIE T IO
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LEGO PHOTOMETER AST®OLFOR STUDYING

CHEMICAL REACTION KINETICS
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The crystal violet (CV) reaction with hydroxide ions (Figure 1a) is a commonly used model system for
studying chemical kinetics in education, as it allows simple monitoring of changes in the concentration

of a colored reactant via (spectro)photometry! Although photometers are standard lab equipment,
their cost often limits availability in educational settings. In this wok, a method for studying the kinetics

of the CV + Oldireaction is described, utilizing a simple and inexpensive photometer constructed by
students from LEGO bricks, LEDs, and a voltmeter (Figure 1b), following the concept introduced by
Kvittingen et al’? The device uses identical LEDs as both light source and detector, with absorbance
calculated from the voltage measured across the detector LED.

Although the reaction follows secondorder kinetics, it was carried out with a large excess of Gldons,
allowing application of a pseudocfirst order model. Measurements were performed at three Ob¥
concentrations to determine the secondorder rate constant. Despite the simple setup, the results
showed surprisingly good agreement with those obtained wusing a profeemal UW-Vis
spectrophotometer. This educational and accessible approach was developed as part of the chemistry
task for theEuropean Olympiad of Experimental Scienc€EOES 2025), aiming to enhance understanding
of spectrophotometry and kinetics while pronmoting low-cost STEM tools.

@) \N/ \N/ (b)
O _ O -
* O —> OH D,
SN® J U
\N N/ \N N/ =
| violet | | colorless |

Figure 1.(a) The chemical reaction used for the kinetic study, (b) the LEGO photometer.
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DIFFERENTIATED TEAONG OF CHEMISTRY
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Differentiated teaching is one of the forms of teaching that relies on differences in learning styles,
methods and speed. In the strictest sensedifferentiation consists of the teacher's efforts to respond to
differences among students.

The idea's originator, Carol Ann Tomlinson, defines it as taking into account individual learning styles and
levels of readiness for learning before making the acal preparation for the lesson, or as an approach to
teaching that meets the different needs of studentg!

In the teaching of chemistry, this form of work is applied in terms of adapting the teaching methods and
forming different types of tasks to check e adoption of the outcomes of the knowledge level from basic
adoption to critical thinking.

Students are divided into homogeneous groups according to their interests and abilities, and the lessons
are adapted to their interests, learning style andavillingness to learn. One group consists of pupils who
demonstrate excellent or very good knowledge and have an interest and ability to absorb more complex
content. They're used for multilevel tasks and complex problemsolving. The other group is the stueints
who show mediocre knowledge, and the benefits of this approach to learning for them are that they're
more engaged, they're more expressive, they're more active, they're seeking clarification. In the end, both
groups adopt the same outcomes, but in stjhtly different ways.

Through the lecture, different types of assignments and learning styles would be shown to suit the needs
of the groups. It would also show the results of a survey of the opinions of pupils involved in this way of
working.
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~¢ | RT ¢ Uc¢ Wp Nthidf BA g UR tUY AIRIR h

2 Fifth Gymnasium, Zagreb, Croatia
b University of Split,Faculty of Science, Split, Croatia
mzgela@gmail.com

Green chemistry (GC) is a scientific field developed to reduce or eliminate the use and generation of
hazardous substances!™ Studies show that incorporating GC into chemistry education can enhance
student motivation. Burmeister et al. propose several models for integrating sustainability, including
the application of GC principles in laboratory practicel® This presentationoutlines how GC experiments
have been integrated into high school chemistry textbooks and teaching practices in Croatia. Several
textbooks now include dedicated GC chapters with corresponding experimental activities. Additional
materials have been preseneéd at educational conferences and through project platforms. Various
strategies help implement GC principles in school laboratories, such as shifting from macrao micro-
scale experiments, substituting hazardous chemicals with safer alternatives, or usingolvent-free
technigues like mechanochemistry. More advanced approaches involve students in experiment design,
encouraging them to apply GC principles and reconsider chemical use. For instance, as part of an
inquiry-based learning approach, students firstproduce hydrogen through a conventional laboratory
reaction between aluminum and hydrochloric acid. While effective, this method generates chemical
waste and relies on hoarenewable resources. Students then critically evaluate the process using Green
Chemistry principlesy particularly Principle 1 (Prevention) Principle 3 (Less Hazardous Chemical
Syntheses) and Principle 7 (Use of Renewable Feedstocks)suided by these principles, they redesign
the experiment to utilize a reversible fuel cell, enabling hydgen production from water via electrolysis.
This not only reduces environmental impact but also deepens students' understanding of sustainable
practices in chemistry. By shifting responsibility for method development from teacher to student, the
activity fosters critical thinking, problem-solving, and a greater appreciation of environmentally
responsible science. More specific examples of experiments reflecting these strategies will be
presented.
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EMERGENCEF DIAMONDOID CLUSTERS
IN HELIUM NANODROPLETS
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b Institute of Experimental Physics, Graz University of Technology, Petgasse 16, 8010 Graz, Austria
marija.aleskovic@irb.hr

Diamondoids are cage hydrocarbons useful as building blocks in the design of new materidf$They can
be selectively functionalized and recently the #®ld further expanded to diamondoid covalent
assemblies, molecules composed of several diamondoid cage subunits connected by a heteroatord.
Non-covalent interactions are known to have a significant effect on spontaneous sedssembly of
diamondoid derivatives, especially intermolecular London dispersion interactions between the cages.
To gain more insight into the fundamental properties of these compounds, we explored diamondoid
agglomeration in helium nanodroplets (HNDs) since that is a good medium for amacterizing weakly
bound supramolecular clusters.**We confirmed that for derivatives of low polarity (hydrocarbons and
ethers)® dispersion is indeed the main driving force for molecular organization in HNDs, while
introduction of more polar functional groups to diamondoid scaffolds* resulted in the emergence of
more complex nanostructured supramolecular networks. A combination of experimental and
computational techniques provided us with a clearer picture of the forces driving the diamonddiself-
organization processesP®which is important for their future application in nanotechnology.

pasd

Figure 1. Computed networks of 4,9diamantanedicarboxylic acid molecules.
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DEUCRAVACITINIB TABLET DOSAGE FORMS:
ACHIEVING ANALYTICAL EXCELLENCE
THROUGH A NOVEL HPLOAD METHOD
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Approved fortreating moderate to severe plaque psoriasis in adults, deucravacitinib is a selective oral
allosteric tyrosine kinase 2 inhibitorwith a novel mechanism of action Given its administration as a 6
mg tablet once daily, this study aimed to develop and validate a higberformance liquid
chromatography (HPLC) method foguantifying deucravacitinib in pharmaceutical form.

Chromatographic analysis was performed on an Agilent 1260 HPLC system equipped with a diedeay

detector (DAD), using a Poroshell 120 SB18 column (3.0 x 100mmA W= T W, 6 W NRIGWUq W
Santa Clara, CA, USA) maintained at 30.0 £ 0.1 °C. Isocratic elution was elayed with a mobile phase
composed of ultra-pure water (75%) and acetonitrile (25%), acidified with 0.1% formic acid at aflow

rate of 1.0 mL/mitOWING JWWRUTWHqRYUW2 Ydead WWs ¢t WPW, x lOWAz¢c UqRnNR
width), while the fullUV spectrum (206600 nm) was recorded.

Method validation followed the International Council on Harmonisation (CH Q2 (R2)guidelines. The

calibration curve demonstrated linearity  over the concentration range of

10PN MM W, PFD®9NIwithe WI RGRqWY N Wl WaqUHqRYUWbIXx § 2 b WY N WOKME W,

Y n L ® KO= FAdkurkcy was E3Hessed through recovery studieat three concentration levels (10, 50,

¢UT WNMMLW, No G x b Alls Raq 6 WI %ltet ¥02.534 aRddelakiVie sanbiBre déviatibms (RIDHI @ = HOM

below 2.3%. Precision was confirmed by intraday and interday analysis of six replicate samples (50
NolGxb AW! RUIGT RU LA B.591%l Stdbiltyl testingONdmonstrated high stability of

deucravacitinib standard solutions: 100.4 % after 8 hours at room temperature, 99.46 after 3 days at 4

°C,and 995E Wc¢ nq !l WTWT ¢!t WeqWe=MW 9WWAYHAHzt qUIIt t Wt qRU

small changes were made to column temperature (2 °C, deviation <0.43%), flow rate (xB.@nL/min,

deviation <3.28%), and mobile phase composition (P46, deviation <2.28%).

In conclusion, the developed HPLEDAD method is accurate, precise, robust, and suitable fothe
routine determination of deucravacitinib content in tablet dosage forns.
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NATURALCOMPOUNDSAS LAGS3 INHIBITORS

IN CANCER IMMUNOTHERAPY

Konrad Barnowskj*®} 2 t ¢ t A WEKatrtybaNakieBka, U U ¢ LWE q é¢u | RAOY B FRIFRA
Judyta CieleckaPiontek and Jacek Plewka,
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® Faculty of Chemistry, Jagiellonian University Cracow, Poland

¢ Department of Pharmacognosy and BiomaterialsKarol Marcinkowski Medical UniversityPoznan,Poland
konrad.barnowski@doctoral.uj.edu.pl

LAG3 is a membrane protein found on T and B/mphocytes and NK cells. Its inhibition stops the
activation of immune system cells. Some cancers overexpress LAG ligandy MHCIly which, when in
contact with the immune system, cause its inhibition. For thigeason, drugs targeting the LA& protein
are becoming the focus of an increasing number of research groupgd

Currently, the mainknown inhibitors are based on monoclonal antibodies, which are extremely effective
but also expensive to produce and problemtic to administer. The discovery of the first small molecule
inhibitor will be a milestone on the path to discovering a cheaper, orgl availabledrug.®?

Compounds naturally occurring in plants are an interesting set of molecules to search for potential
protein inhibitors. If a sufficiently active inhibitor isdiscovered, further testing in animals or humans is
easier and faster to conduct, as these compounds are often widely used in folk medicine. Furthermore,
their often optimal pharmacokinetic properties make active natural compounds a good starting point for
optimizing the structure of the inhibitor. In this case, the initial optimization of a number of
physicochemical properties that the drug must meet has already been done by nature.

Among the compaunds tested, a group of flavonoids proved to be particularly interesting, characterized
by their ability to block interactions between LAG and MHCII proteins (I&) at a concentration of
¢ GGl Y * R0 ¢ qTlidy histhetMateéd the immune systemresponsein cell studies. The cytotoxicity,
which occured on higher concentrations has been abolished by developing appropiate formulatiott. is
interesting to note that changing the position of substituents strongly affects their ability to block LAG
3/MHCII interactions in cells, suggesting high selectivityand opening possibilities for SAR and QSAR
studies.

Acknowledgements. This work has been supported byhe National Science Center of Polands part of the OPUS
NI ¢ UqWmf UUY 2 ¢ q RighiBitbrs targedirt NGO TG d g JW~c 9f f WHY G GO U+ WnYIl WE
(grant number UMG2024/53/B/NZ7/02801).
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DEVELOPMENT AND VALIDATION OF A FLOW INJECTION METHOD
FOR THE DETERMINATION OF ASCORBIC ACID
IN PHARMACEUTICAL PREPARATIONS
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Ascorbic acid (AA), commonly known asitamin C, isa water soluble compound that shows acidic
properties as well as reducing properties due tahe endiol group in its structure. Since it cannot be
synthesized by the human body, ascorbic acid must be ingested with food or supplements.
Consequently, there is a need to develop a selective, simple and accurate method for the determination
of ascorbic acid in pharmaceutical preparations.

Flow injection analysis (FIA), the first generation of flow alysis introduced by Ruzicka andHansen,is a
powerful instrumental analytical technique for pharmaceutical analysis!¥ The advantages of this
technique are its simplicity, cost-effectiveness, high througlput capacity and flexibility. As an
environmentally friendly technique, requiring smallamounts of samples and reagents FIA reduces
chemical waste and lowers analyical costs.

Thenew flowmethod utilizes a rapid redox reaction in which AA reduces the Cu¢keocuproine complex
to Cu(lrneocuproine with maximum absobance at 458 nm. The optimization of the experimental
conditions and the parameters of the manifold was performed bythe univariate method usinga simple
two-stream single reagent manifold. The reagent prepared Britton-Robinson buffer solution (pH = 3)
sct WU NUT Ws Raé We Wt ¢ GaWWePMMIW, x b We UT WR OoRflaghopld T WR U
point, where the streans are combined. A linear calibration curve was established in a concentration
range of AA from 6.0 10¥ to 4.0 x 10® mol L* with the regression equationy = 6932x + 0.0025 R =
0.9989). The newFlIAmethod is sensitivewith an LOD of 1.8x 10¢ mol L® of AA at a sampling rate of 60
samples per hour This new FIA mabd offers a sensitive, simple and rapid approach for the
determination of ascorbic acid in pharmaceutical preparations. Furthermore, FIA method is precise
(RSD 0.9%) and accurate (recovey in the range of 95.86 to 101.5%).
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SHORTENING THE LINKERISTANCE IN BINO{DERIVED
CYCLOPENTADIENE LIGANDS
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Cyclopentadienyl (Cp) ligands are fundamental components in organometallic chemistry and have been
extensively utilized in a wide range of transitio metal-catalyzed transformations.Y! Despite their broad
utility, the development of Cp-based ligands for stereoselective catalysis has been hindered by the
challenges associated with introducing substituents that can exert precise control over the coordation
environment.? Most stereochemically directed Cp ligands incorporate a BINO{derived moiety tethered
to the Cp ring®™ In the present study, we report the design and synthesis of a new class of structurally
simple, CFsymmetric Cp ligands, in whid the Cp unit is directly fused to a binaphthyl scaffold. This rigid
framework is expected to provide enhanced stereocontrol in catalytic applications. The synthetic
approach relies on a zirconiummediated cyclization of chiral diynes, as illustrated in Fjure 1. The
synthesis, structural features, and preliminary applications of these ligands in asymmetric catalysis are
discussed herein.

N/
—  Sonogashira coupling ‘O

7\

=0

O = Me, OMe
Figure 1. Conceptual design of the chiral Cp ligands.
Acknowledgements. This work wassupported by the NextGenerationEU projecNPOO.C3.2.R211.06.0022.
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FMOC SOLID-PHASE SYNTHESIS AND STRUCTURAL
CHARACTERIZATION OF-GLYCOPEPTIDES
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The incorporation of nonproteinogenic amino acids (NPAAS) into peptides is a wedistablished strategy
to modulate their secondary structure and improve physicochemical properties. Previous studies
suggest that both the number and distribution of NPAAs within the peptide sequence can significantly
influence peptide conformation and intermolecular interactions.™

We hypahesize that sterically demanding carbohydrate moieties bound directly to the Catom of C-
glycosyl = -amino acids can stabilize certain secondary structures, depending on their number,
stereochemistry and positional arrangement within the peptide sequence. To investigate this, we
developed a robust and highly diastereoselective strategy for the preparatioof C-glycosyl, -amino acid
monomers that is compatible with a wide range of carbohydrate substrate&! These building blocks were
subsequently incorporated into peptides using Fmoebased solid-phase peptide synthesis (SPPS). The
resulting C-glycopeptides (Figure 1) were purified by RAPLC and structurally characterked by 1D and
2D NMR spectroscopy and CD spectroscopy.

This study systematically evaluates the effects of structural variations and incorporation patterns dt-
glycosyl -amino acids on peptde conformation through noncovalent interactions. We demonstrated
that stereochemistry, glycosylation pattern, and positional arrangement of these amino acids
predictably influence the stabilization of the secondary structure.

() 000

‘Model peptide’
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Figure 1.(a)Hexapeptidesincorporating C-glycosyl, -amino acids synthesized by Fmoebased solid-
phase peptide synthesis (b) Proteinogenic -amino acids. (c) C-glycosyldonors.
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MACHINE LEARNING PREDICTION OF CHOLINESTERASE
INHIBITION BY, -BENZOYLAMINO ACETAMIDES
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Alzheimer's disease is a progressive neurodegenerative disorder characterized by significant cognitive
impairment and memory loss.™? This major global health concern is often linked to the cholinergic
hypothesis, which proposes that a decline in acetylboline signaling contributes to cognitive decline.
Acetylcholine is a crucial neurotransmitter for learning, memory, and attention, and its activity is
regulated by the enzymes acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). Because
Alzheime + W T Rt D¢t W RU2YG210+ W UW¥el YOcaW T WNUWOWI ¢qRYU LW
cholinesterase inhibitors are used to increase acetylcholine levels and mitigate symptoms.

To link experimentally measured reversible inhibition of AChE and BChE to tkieeoretical potential
energy surfaces (PES) of the compounds, we developed inhibition/PES regression models. An extensive
machine learning procedure for the generation and subsequent crossalidation of multivariate linear
regression models with a linear ombination of original variables as well as their higheorder polynomial
terms was performed!® The bestperforming models have been identified and will be presentedThese
activity/PES models can be used for accurate prediction of activities for new sittar compounds based
solely on their PESs, which will enable wider screening and guided search for new potential leads. Our
results demonstrate that, -benzoylamino acetamides represent a promising scaffold for the further
optimization of novel cholinesterase inhibitors.

Acknowledgments: This work was supported by the Croatian Science Foundation under the project numb#?-
2022-10-9525: Targetguided synthesis of cholinesterase inhibitors supported by machine learning
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DEVELOPMENT OF LMIS/MS METHOD FOR SIMULTANEOUS
DETERMINATION OF THIAMINE, FOLIC ACID, AND NIACIN IN
FERMENTED MILK SUPPLEMENTS CONTAINING PROBIOTIC BACTERIA
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The probiotics are typically defined as live microbial fod additives that, when consumed in sufficient
quantities, confer health benefits to the host™ Lactic acid bacteria (LAB)most commonly species from
the Lactobacillus genus, along withBifidobacterium species are among the most commonly used starter
cultures for the fermentation of a wide range of foods. Their application enhances the safety, shelf life,
nutritional value and overall quality of fermented products? Although many LAB strains are auxodphic
for certain vitamins, laboratory studies suggest that_actobacillus and Bifidobacterium strains possess
the ability to synthesize watersoluble vitamins, particularly those from the Bvitamin group.®# This
characteristic is especially valuable because consuming LABfermented foods can serve as a dietary
source of vitamins.

In this study, our goal wa® develop an extraction protocol and sensitive LEMS/MS quantification
method for determination of thiamine, folic acid and niacin from a fermeted milk food supplements
containing Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus rhamnosus and
Bifidobacterium lactis. Simultaneous determination of more watersoluble vitamins in one method is
challenging due tothe diverse structures and chemical properties of these compounds, their trace trace
amounts of vitamins present, the complexity of the matrix, and additional issues such as light and heat
instability, as well as solubility limitations. Various solvent mxures have been tested for the extraction
of analytes and the best results were obtained in LLE extracion with®M TFA and hexane followed by
protein precipitation. Theanalytical recoveries, determined using the internal standard addition method
before and after extraction, were found to be satisfactory for all three analytes. Samples were analyzed
on the Agilent QQQ LEMS/MS in multiple ion monitoring (MRM) mode. The solvents used for the
chromatographic analysis were 0.1% FA in water and acetonitrilewith gradient elution performed on
Zorbax XDB C18 with flow rate of 0.3 mL/min.
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QUANTITATIVE DETERMINATION OF THE CHIRAL COMPOUNDS IN
THE SEA FENNEL ESSENTIAL OIL USING-RE/MS

[[1 ¢ Ut Y IH7 20 clusétxKtistina Jrling? Al ¢ WUCE 2 RHERMIA G CT 2 Rh A
Aldql ¢ W7ahdh 22 RrAMW] WUWDIEFE¢ G RA W~V RURA

a Department of Analytical and Environmental Chemistry,

® Department of Organic Chemistry,

¢ Department of Food Technology and Biotechnology,
Faculty of Chemistry and Technology, University of Split, Split, Croatia
franko@ktf-split.hr

Sea fennel Crithmum maritimum L.) is one of the most widespread perennial, facultative halophytes
with a great aility to survive in saline environments and a welleveloped mechanisms of adaptation to
the Mediterranean climate!* Sea fennel essential oil is characterised by a high content of limonene and
significant amounts of sabinene, -terpinene and terpinen4-ol. This work aimed to develop and validate
a method for quantification of limonene, sabinene, sabinene hydrate and terpined-ol enantiomers, as
well as achiral’ -terpinene.

Gas chromatography hyphenated with tandem mass spectrometry (G®S/MS) is a suithle technique
for qualitative and quantitative determination of volatile constituents in essential oils. Chiral standards
of (1R, 5R)-(+) and (1S, 55)-(1)-sabinene, R)-(+} and (S)-(T)-limonene, (R)-(T)- and (S)-(+)}-terpinen-4-ol,

as well sabinene hydrate and -terpinene were purchased for the preparation of the standard solutions
using hexane as a solvent. Gas chromatography was applied to separate these compounds using a chiral
CycloSil-B column and was optimied by changing the oven temperature program and the carrier gas
(helium) flow. A triple quadrupole mass spectrometer, in MRM scan mode, was used to monitor specific
fragmentation reactions (quantifier and two qualifiers for each compound). Mass spectromey was
optimized by determining the collision energy with nitrogen for each MRM transition. The developed
method was validated according to the ICH guidelines and tested parameters were range, linearity, limit
of detection, limit of quantification, accuracy, precision, specificity and system suitability'?

The presented procedure was applied in the analysis &. maritimum essential oil, showing that only
(R)-(+}limonene was present while §)-(1)-limonene was not detected. Only one enantiomer was
guantified in the case of sabinene, sabinene hydrate aridterpinene. On the contrary, both enantiomers
of terpinen-4-ol were identified with a higher amount of)-(+)-terpinen-4-ol compared to subsequently
eluting (R)-(1)-terpinen-4-ol.

Acknowledgements: This wak has been supported by the PRIMA program (supported by EU) under project
SEAFENNEL4MED.
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NUCLEOFUGALITY OF PHENYLSULFINAODEAVING GROUP
IN AQUEOUS ACETONEND AQUEOUSETHANOL
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Understanding the reactivity of organic compounds and the structural factors that influence it is of
fundamental importance in organic chemistry. The ability to predict reaction rates is particularly
valuable when handlingcompounds during synthesis, purification and forage. The assessment of the
solvolytic reactivity of compounds can reliably be estimated using the Mayr equatiof¥.

log k (25°C) =s¢(E; + Ny) 1)

In the equation (1) kis afirst-order rate constant, whereasN; and st are nucleofuge-specific parameters
that define the heterolytic reactivity ofa leaving group (nucleofuge) irsome solvent On the other hand,
the Evalue refers to the heterolytic reactivity of an electrofuge andt does not depend on solvent. Using
reference benzhydryl electrofuges wh defined E parameters,* it is possible to determine Nr and s¢
values of leaving groups of various structures and functionalities over a very wide range of reactiVif?!
In order to determine the nucleofugality parameters of the phenylsulfinate leaving group in agueous
acetone and ethanol, a series of benzhydryphenylsulfinates were synthesized and rate constantgor
solvolyses of substrates in 60 % acetone and 60 % ethanol(v/v) at 25°C were measured using the
conductometric method. The nucleofuge-specific parameters (s and s;) of phenylsulfinate were
determined from logk/E plots using the E values of the reference benzhydryl electrofuges as defined by
equation (1). DeterminedN; parameters of phenylsulfinate allowcomparison of heterolytic reactivity of
this leaving group with reactivities of other leavingroups on the nucleofugality ) scale. In addition, as
in the case of other substrates bearing different leaving groups, rate constants and hdifes for
solvolyses of various phenylsulfinates in aqueous acetone and ethanol at 25 °C can be predicted
according to Equation (1) using existing; values® of corresponding electrofuges.

O
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Figure 1. Solvolysis of substituted benzhydryl phenylsulfinates
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DUALITYIN &1 AND &2 MECHANISMS IN REACTIONS
OF BENZYL CHLORIDES WITH AMINES
UNDER SOLVOLYTICONDITIONS
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Reactions ofunhindered primary benzylic substrates with various nucleophiles might be expected to
proceed through a concerted 82 displacement mechanism. However, as has been previously reported,
these substrates react with some amine nucleophiles in aprotic solvents(nonsolvolytic conditions)
simultaneously via both stepwise &1 and concerted &2 mechanisms if they are substituted by strong
electron-donating substituents and contain very good leaving groups, such as tosylate and bromide:*

In this study we set ou to investigate the mechanism of the nucleophilic displacement reactions of
activated benzyl derivatives bearing a moderately good leaving group (i.e., chloride) with piperidine (a
strong nucleophile) and pyridine (a weak nucleophile) under solvolytic catitions (that is in a protic
solvent). For that purpose, reaction rates at different concentrations of the mentioned nucleophiles were
measured in 80 % aqueous ethanol (v/v) at 60 °C using the conductometric method.

| ) X=4-0CH,, 4-SCH,, 4-OC4Hs, 3,4-di-CHs,
X 4-CHy, 4-Q(CHy)3, 4-CoHs

Reactions of all activated benzyl chlorides with piperidine (a strong nucleophile) in aqueous ethanol
followed the rate law in equation (1) with a nucleophilendependent term k; and a nucleophile-
dependent term k,, indicating the duality of nucleophilic substitution mechanism. In addition, the
YukawaTsuno treatment of measured rates has confirmed that concurrengyl and S2 pathways occur
in the reaction with solvent and piperidine.

Kobs = k1 + ko[Nucleophile] 0}

Kinetic analysis further indicated thatthe most activated benzyl chlorides (X =4©OCH; and 4-SCH;) in
the presence of pyridine (a weak nucleophile) reacted only with solvent by the Emechanism. On the
other hand, the nucleophilic displacement under solvolytic conditions of the less activatedsubstrates
in the presence of pyridine were shown to proceedsimultaneously through the both concurrent
mechanisms.

Acknowledgements. This work has been supported byhe University of Zagreb
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CONFORMATION AND SUPRAMOLECULAR STRUCTURES
OFN-HETEROCYCLIC HYBRIDS BASED ON
1,2,3-TRIAZOLEAND QUINOLINE
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Quinoline is a key structural canponent in a variety of compounds with diverse applications, several of
which exhibit strong cytostatic activity through multiple mechanisms, including DNA intercalation,
apoptosis, abrogation of cell migration and otherst*? Additionally, the 1,2,3triazoles became the
heterocycle of choice in drug discovery, due to their favourable pharmacokinetic and safety profiles,
hydrogenbonding capability, moderate dipole moment, rigidity and stability under in vivo condition§’
Based on these considerations, v have synthesized €phenylquinoline derivatives featuring a
trifluoromethyl group at the G2 position, along with either an unsubstituted {) or a p-halogen
substituted (2-4) phenyt1,2,3-triazole moiety (Figure 1). We succeeded to obtain singlerystals of all
compounds and their structures were determined by Xay diffraction. Structures of nonsubstituted and
p-chloro-substituted derivatives 1 and 2 were presented recently.) Herein, we will compare
supramolecular structures of 3 and 4 with previously presentedstructures in order to determine how
such small change inthe molecular structure, i.e. replacement of hydrogen atom at &4 position of the
phenyl ring with halogen atons, can affect their supramolecular assembling. Conformation of structures
3 and 4 will be also compared withl and 2.

0] =
/N—R 1L,R= 2R=
N—
=N
N Br 1
y 3R= 4;R:/©/
CF;

N

Figure 1. Molecular structures of the N-heterocyclic hybrids based on
quinoline and 1,2,3-triazole moieties
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DEVELOPMENDFA DYE INGRESS TESJOMPARABLE
TO MICROBIAL INGRESBORASSESSING
CONTAINER CLOSURE INTEGRITY
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Therole of aG6 ¢l GcHND2 qRECIWGI YI eHaqkt WGI RGcl ! LW Guskle ¢ DRUT
contaminants, enabling safe storage and transportation to patients. Defects in the packaging can have

serious implications, potentially causing the drug to leak from the containerexposing the drug to

external contaminants, moisture, and oxygenthus ¢ nn JHqRUNWq6 JWGI YI 2 #Epk t Wt a
ensure an adequate packaging system, leak testing is highly important during the development of new
products and in stability studies, which assesses the integrity of the packaging across the entire sl

life of the drug.Because of the limitations associated with sterility testing (microbial ingress method),

the use of various physical tests for confirming containeclosure integrity (CCl) have been proposeé!

One of these tests is a dye ingress mbbd, which is performed under vacuuming conditions and is based

on spectrophotometric measurements to determine the absence/presence of dye in vials. Positive

control or defect creation methods most often include inserting a needle through the package walbr

stopper since it represents aneasy and inexpensive approach for creating larger size defects useful for

test method feasibility studies.”? However, positive controls for sterile products should be close to the

microbial ingress limit of detection, W\R # 6 WIRt We¢ AY 2 qW=MLW, G 1O

In this study we have investigated two most used leak standards, pfgulled glass micropipettes and
fused-silica microcapillaries. The investigation included the use of different dyes, surfactant
concentration, vacuum level and dwelltime, ambient pressure dwell time, and different position and
length of leak standards. Micropipette leaks with orifice diameter yielded good results under mild
vacuum level and shorter dwell time, whereas microcapillaries with nominal diameters yielded
significantly lower leak rates. Vacuum condition and dwell time had to be significantly higher and longer
to achieve positive results with the use of microcapillaries. In addition, the length of microcapillaries had
a great influence on dye ingress in test vials. In conclusion, this study demonstrated that improved
sensitivity and repeatability were achieved with micropipettes using standard vacuum parameters of 270
mbar for 10 minutes and ambient pressure dwell time of 30 minutes, attributed to the orifegs minimal
depth, which eliminated the impact of path length.Although determining the sensitivity of a method is
challenging, usage of prepulled glass micropipettes as a leak standard makes the dye ingress method
a reliable and time-efficient test method for evaluating container closure integrity.
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INNOVATIVE GELLED EMULSIONSORGENERAL USE
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Low molecular weight organic gelators are molecules capable of forming unidirectional setissembled
aggregates through necovalent interactions and consequently preventing the flowing properties of the
solvent used. These patent protected gelators show maarkable gelation efficiency in vegetable oils and
emulsions, a thermal and mechanical stability, selthealing properties, a long period of stability and
controlled simultaneous delivery of hydro and liposoluble bioactives. One such gelator is\N-
butyloxalamido-L-phenylalanine amide (4P) where the molecules are connected by strong
intermolecular hydrogen bonds between planar oxalamide units

The rheological measurements performed on the gelled w/o emulsions of thehiral oxalamide
compounds showed similar or even better viscoelastic properties compared to the vegetable oil gels.
Figure 1. b) shows the amplitude sweep test of oil gels that contaih05, 0.1, 0.2, 0.5 and 1.0 wt%of 4-P
gelator. Storage modulus [ Jvalues of the gels were in the range fron03055000Pa. An increase in the
concentration of the 4-P gelator led to higher yield point values, ranging from 2 to 40 Pa, and a lower loss
factor (tan * ), confirming that the gel containing 1.0 wt% of 4 gelator shows the highest structural
ordering.

The research focused on the behavior of the ambidextrous-R gelator under varying water contents, as
well as the determination of the rheological properties and morphology of w/o emulsions.
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Figure 1.a) 4P gels of sunflower oil at 0.2vt% with different amounts of water (1650 % HO); b)
Amplitude sweep test of oil gels that contain 0.05, 0.1, 0.2, 0.5 and 1.0 wt% ofgelator.
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BINDING OF CARBOXYLATE ANIONS
BY (THIO)UREACALIX[4]JARENES
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Urea and thiourea macrocyclesremain central to modern anion receptor design offering strong,

directional Hzdonding and sophisticated supramolecular behaviour™ In our recent work wehave

demonstrated that (thio)urea-calix[4]arenes exhibit multiple advantageous features: high affinity for
various anions in acetonitrile!? controllable supramolecular dimer assemblies based on interactions
with its carboxylic-calixarene counterpart,® and ion-pair binding displaying positive cooperativity? In

each case we devoted extensive efforts to performetailed thermodynamic description of the systems.

This included detection of higherstoichiometry complexes and characteisation of several coupled

processes, like proton transfer,ion-pairing and salt precipitation.

In this study, we focused on the influence of structural variation among carboxylate anions
(benzoate, acetate, fumarate, maleate) on the binding affinity of #hinvestigated (thio)ureacalixarenes
(Figure 1) in acetonitrile. Complexes of different stoichiometries (1:1, 2:1, 1:2) were observed and their
stabilities were determined or assessed using UV, NMR, and ITC titrations. Special attention was
devoted to thepossibility of proton transfer from the receptor to the negatively charged guest, as well as
from the water (present in the solvent) to the highly basic anions (maleates).

N

Figure 1.(Thio)ureacalixarenes and carboxylate anions investigated in this stly.
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THE MECHANOCHEMICAL SYNTHESIS Ob@I)-AMMINE
HETEROPOLYOXOMOLYBDATE&MO,Oy|"
(X =Al, Si, Geor Te)
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Polyoxometalates (POMs) represent a large and structurally diverse class of metako clusters
characterized by their richstructural topology and wide range of chemical and physical properties. The
versatility in terms of their size, structure and redox eivity makes them attractive candidates for
numerous applications, including homogenous and heterogenous catalysis, biomedicine, and material
sciences. A significant subclass of POMs comprises polyoxomolybdates (POMos), anionic molybdenum
oxoclusters formed through the condensation of {MoOs} units. POMos containing exclusively
molybdenum centers are classified as isopolyoxomolybdates, [M@O,]™, whereas those incorporating
an additional p-, d- or f-block metal heteroatom (X) are known as heteropolyoxomohdates, [XMonO,]"

. The selfassembly of molybdate ion, [MoQ]*", and its transformation into highernuclearity species, as
well as their crystallization into ionic POMo structures is governed primarily by a combination of
hydrogen bonding and electrostatt interactions. Complex cations have proverexceptionally useful in
POMo synthesis: beyond simply balancing the charge, they participate in supramolecular interactions
that guide the condensation of {M@O,} units, either by forming labile coordination comgexes or through
hydrogen bonding with reaction intermediates. These interactions contribute to templating, stabilization
of polyoxomolybdate frameworks, and influence their reactivity, structural diversity, and
supramolecular organization. In this work, v employed a mechanochemical synthesis approach
involving  liquid-assisted ball milling followed by vaporassisted aging to prepare
heteropolyoxomolybdates with aluminium, silicon, germanium, and tellurium as heteroatoms. We
investigated reaction systems camprising molybdate ion, malonic acid, cobalt(lll) complex cation
([Co(en)]®*, [Co(C:O4)(enk]*, [Co(NH)s]** or [Co(GO4)(NHs)]*) and a source of the selected gblock
metal ion (AF*, S, Ge** or Té*). By conducting the reactions in the solid state and varying the Co(HI)
ammine complex cations along with heterometal ion used, we successfully isolated several new
[XMonOy]" species, as well as identified some of the reactions intermediates. All productsvere
structurally characterized in means of singlecrystal and powder Xray diffraction.

Acknowledgements. This work has been supported by the Croatian Science Foundation (HRZZ) under the project
IP-2022-10-7368 (MOCASS).

NN=

2
m\

S dlic HMMIWT § §ulI§[ W 7ENA 9


mailto:vladimir.damjanovic@mef.hr

P-A17

DEVELOPMENT AND CHARACTERIZATION
OF A 1,8NAPHTHALIMIDEBASED FLUORESCENT PROBE
FOR HYDROGEN SULFIDE DETECTION IN HUMAN BLOOD SERUM

UT | 3¢ urAlekSandainsgéchenyit~ ¢ qI T ¢ WF~RIl IDGRABERE G ¢ T T Rh 4
f Ot W21 UanaNbdlind2a Ra S Hecl RhA

2 Department of Chemistry, Josip Juraj Strossmayer University of Osijek, Cara Hadrijana 8/A, 31000 Osijek,
Croatia

b Institute of Pharmaceutical Technology and Biopharmacy, Faculty of Pharmacy, University of Pécs, Rokus utca
4, 7624 Pécs, Hungry

¢ Department of Physiology and Immunology, Faculty of Medicine Osijek, J. J. Strossmayer University of Osijek, J.
Huttlera 4, 31000 Osijek, Croatia

andreajuric@kemija.unios.hr

H.S is an environmental pollutant, a colorless, flammable, and toxic gas with high toxicity. A
concentration of 500 ppm of H.S can cause respiratory disordersvherebythe lethal dose of H.S is 1000
ppmv. Moreover, HS is involved in immune response, signal transduction, and energy production, while
endogenous HS plays a role in various physiological functions, including regulating blood pressure,
neurotransmission, anti-inflammatory effects, vasodilation, antioxidation, and apoptosis. ™ Due to
these facts, developing precise methods for monitoring and determining #¥$ is very important. A large
number of methods for HS detection have been developed, including gashromatography, colorimetric
assays, and fluorescent probes. The advantage of fluorescent probes is their natestructive and
sensitive nature, which is very important for selective determination of 5. The aim of this work implied
the design of 1,8naphthalimide based fluorescent probe containing azide group as recognition group for
H.S detection. Prepared fluorescent probe was characterized using'H, **C NMR spectroscopy, and
elemental analysis. Fluorescence spectra measurements were carried out, andeveral influences on
fluorescence intensity were investigated, including pH, time dependence, selective response, and
influence of H:S concentration. Finally, prepared fluorescent probewas successfully applied to detect
H.S in a human serum sample wherepthe accuracy of the HS determination was confirmed with the
standard addition method.
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MONITORING AND CHARACTERIZATION OF SUBVISIBLE PARTICLES
IN PHARMACEUTICAL PRODUCTS USING
MICRO-FLOW IMAGING (MFI)
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Pharmaceutical formulations are developed with strict controls to minimize particulate matter,
classified into visible and subvisible particles. The detectabilityand visibility thresholds depend on
particle composition and testing conditions, with subvisible particles typically ranging fron2 1 100 pum.™
As a critical qualityattribute, subvisible particles require monitoring throughout productdevelopment.
Pharmacopeial methods, such as light obscuration (LO) and microscopic particle count tests are
commonly used for particle quantification. However, flow imagingechniques, like Micro-Flow Imaging
(MFI) enable detailed particle characterization by capturing individual microscopic images, providing
insights into particle size distribution (PSD) and concentration aspecified thresholds.™? This study
explores the operating principles of the MFI instrument anddemonstrates how morphological particle
parameters canenhance classification and characterization of subvisible particles in pharmaceutical
products.

Sample

.
Digital

Camera Optics

Detection
Zone

Figure 1. Micro-flow imaging instrumentconfiguration
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Eo Nc EEf-BQGTNQYLAMINO ACETAMIDE DERIVATIVES AS
BUTYRYLCHOLINESTERASE INHIBITORS
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Acetylcholinesterase (AChE) and butyrylchlinesterase (BChE) are important targets in the treatment of
UWel YT INWUWI ¢ qR21IWI Rt ¢t It W 2 #E UEN-deylainiAcamiBeddhave + LWe U1
been reported to show noteworthy cholinesterase inhibitory activity. Thus, we synthesized wel N-
acylamino nicotinamides by employing the Ugi multicomponent reactioff with nicotinic acid,
paraformaldehyde, isobutylamine, and tert-butyl isocyanide. The Ugi reaction was performed using
microwave irradiation, solventfree ball milling, liquid-assisted grinding (LAG) with a small amount of
solvent, and conventional methods. Subsequent quaternizatioff of the nicotinamide pyridine nitrogen
with benzyl or substituted benzyl bromides was also achieved using both microwave and conventional
technigues. The resulting compounds were characterized using standard analytical methods (NMR,
FTIR, HRMS) and their purity confirmed by HPLC. The synthesizedicotinoylamino acetamide
derivative exhibited BChE inhibitory activity (I& = 2.1 mM = 0.3 mM), while & quaternary derivatives
showed much stronger inhibition in micromolar and submicromolar range, measured using the Ellman
method.?!
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SUBSTITUENEFFECTSN THEREGIOSELECTIVITY OF THE
FERROCENDYLATIONOF PURINES
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In the development of new biomolecules based on conjugates of ferrocene and nucleobases, the focus
is on mimicking the parent structure of nucleosides and preserving the potential biological activity of the
prepared compounds. In these bioconjugates, ferrocene is usually bound as aN-substituent to a
nitrogen-containing base, and the site at which it is bound étermines the biological properties of the
compound itself. In our previous research on the preparation of organometallic ferrocene derivatives,
the regioselectivity of these reactions, which included both pyrimidine and purine bases, was tested. The
bioconjugates were prepared by the reaction of ferrocenoyl chloride with the deprotonating agent
sodium hydride in dimethylformamide. This reaction is regiospecific for pyrimidine derivatives with the
formation of only N1 isomers Y whereas purine derivativesexhibit different regioselectivity of theN7 and
N9 isomers formed. By using a suitable substituent at the C6 position in the purine ring, the ratio of the
isomeric products N7 and N9 can be adjusted, i.e. the regioselectivity of the ferrocenoylation reain
can bemodulated.? In the continuation of research on pyrimidine derivatives, NaH was replaced byt
and DMF by CHCN, leading to the formation ofN1,N3 derivatives in addition toN1-copulates.?

The research in this presentation is related to purine derivatives, focusing on the regioselectivity under
the above-mentioned reaction conditions and theeffect of substituents at the C2 and C6 positions (Fig.
1). Regioselectivity is monitoredin situ during the reaction using NMR techniques and isolation of the
final products.

R OYFC R R Oﬁ/ ©
NA‘j:;\I N)‘ﬁ:'\'\ N)ijN\
] )|<N/ N/> and/or ] )|<N/ |€<l> and/or ] J<N/ r9\|>
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Figure 1. Reaction productsof ferrocenoylation of derivatives of purine basegFc =ferrocenyl).
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COORDINATIONDRIVEN SELECTIVITY: TERNARY COPPER(II)
BIPYRIDINE COMPLEXES WITH ANTITUMOR POTENTIAL
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Coordination compounds of transition metals with heterocyclic nitrogen ligads, such as 2,2*bipyridine,
have been the subject of intense research in recent years due to their structural diversity, chemical
stability and biological activity, including antitumor activity. In particular, copper(ll) complexes are
characterized by their involvement in oxidative stress, their potential cytotoxicity and their relatively low
toxicity towards healthy cells compared to classical cytostatics™*? This work describes the synthesis
and characterization of novel ternary copper(ll) complexeshained from copper(ll) nitrate and chloride
in the presence of 2,2bipyridine as an auxiliary ligand. After synthesis, the complexes were subjected
to detailed structural characterization by FFIR and UWVis spectroscopy and single crystal Xay
diffraction. The thermal properties and stability were investigated by thermogravimetric analysis (TGA)
and differential scanning calorimetry (DSC). The biological evaluation includes in vitro cytotoxicity tests
against the human liver cancer cell line HepG2, witha focus on selectivity against tumor cells.
Comparison of the results will identify structural characteristics that contribute to both biological
activity and thermal stability, making these complexes promising candidates for further development as
copper-based anticancer agents.
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STRATEGIC DESIGN OF PORPHYRBASED POROU®RGANIC
POLYMERS FOR C{CAPTURE: A COMPUTATIONAL STUDY
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An increase of carbon dioxiddCO.) in nature hasprompted researchers to design effective and selective
functional materials for CO; capture. In previous studies, weinvestigated azo-linked porphyrin-based
porous organic polymers (POPs)which are promising candidates for CQ capture due to nitrogenrich
functionalities which could facilitate interactions with CO,. Additionally, thevariety of linearand trigonal
spacers allows for fine-tune of CO, adsorption abilities.!* Our researchhas progressel computationally

with the implementation of sterically hindered andfunctionalized spacers as units that are connected to
porphyrin building blocks throughazo linkages, forming2D frameworks.Crystal structures were optimized
using periodic DFT methodsthe CRYSTAL23 progrdrhese ptimized structures were subjected to grand
canonical Monte Carlo (GCMC) simulations in the RASPA program and adsorption isotherms were compared.
The distribution of COmoleculeswithin the examined structures was visualizend theobtaineddata was
compared with the results of the electrostatic potential analysis. Basabtefindings weidentified potential
candidates for selective C®capture and further eamined the stability and C@adsorption at different
neighborihg stacking configuratiorid. Finaly, the calculatedCQ uptake valueswere comparedwith
experimental dataThese results demonstrate thakeriodic DFT calculations and GCMC simulations can be
used to analyze, compare and pred@® adsorption propertieof POPs.

‘ s eclipsed\ ’
staggered
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.

Figure 1. Strategic design of porous organic polymers for C{xapture.
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BIOMIMETIC NANOMATERIALS FUNCTIONALIZED WITH
PEPTIDOGLYCAN MONOMER: STUDYING CARBOHYDRATE
MEDIATED INTERACTIONS FOR BIOMEDICAL USE
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Biomimetic nanomaterials, which mimic the structure and function of natural biological systems,
represent a versatile platform for a broad range of biomedical applications, including targeted drug
delivery and the investigation of hostpathogen interactions.!! Peptidoglycan (PG), a major component
of bacterial cell walls, plays a pivotal role in bacterial viability and in activating the host innate immune
response. Due to its absence in higher orgasms, PG represents a prototypical pathogerassociated
molecular pattern (PAMP) recognized by pattern recognition receptors (PRRs). The peptidoglycan
monomer (PGM), GINAc-MurNAc-L-Ala-D-isoGIn-meso?  A-bi'c TrAla-D-Ala, isolated from B.
divaricatum, has demonstrated significant biological activity and serves as a promising molecular
scaffold for the development of novel immunomodulatory and antimicrobial agentg?

This study focuses on the design and synthesis of biomimetic nanomaterials functionalizedith PGM
and the investigation of their interactions with lectins. Liposomes and gold nanoparticles functionalized
with PGM were prepared to enable multivalent glycan presentation for targeted interaction with specific
lectins, aiming to elucidate structuretactivity relationships. To explore these interactions,
complementary label-free biophysical techniques, including isothermal titration calorimetry (ITC) and
surface plasmon resonance (SPR), were employed to determine binding kinetics and thermodynamic
parameters. The results will deepen our understanding of how nanoscale glycan organization influences
specific lectin interactions, thereby enhancing our insight into hostpathogen dynamics and directly
supporting the development of novel antimicrobial and immunomodulatory strategies based on
biomimetic nanomaterials.
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ELECTROCHEMICAL STUDY OF NOVEL HYDRAZIDE
MACROCYLIC COMPOUNDS
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Macrocyclic hydrazides represent a group of compounds with donor atoms capable of forming multiple
non-covalent interactions with host species. The hydrazide group also displays tautomerism depending
on the solvent and pH, which can be usetb optimize electrochemical properties. The herein presented
hydrazide macrocycle, was prepared using a hydrazine derivative of pyridiv&6-dicarboxylic acid and
dialdehydes previously prepared by our grouf! The structural features of the prepared compund was
investigated using FIIR, NMR, and MS spectroscopyThe cyclic voltammetry was used to study the
electrochemical properties in TrisHCI buffer.”? In cyclic voltammograms recorded at three different pH
values (pH = 7, 8, and 9), one oxidation pealdl) of the investigated macrocyclic compound was
observed, corresponding tothe oxidation of NH groups. The oxidation peak current decreased with
successive scans at all investigated pH values, indicating that the oxidation product ¢fie macrocyclic
compound is adsorbed at the glassy carbon electrode surface. was observed that the oxidation peak
potential of the investigated compound decreases with an increase in the pH value frof, .= 0.91 V (at
pH = 7) toE,.= 0.85 V (at pH = 9).
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Figure 1. Cyclic voltammograms d Tris-HCI buffer & ) and macrocyclic compound recorded in Tris
HCI buffer: pH=72 ), 8 ¢ ), and 9 £ ). Scan rate,n= 100 mV/s.Inset figure shows presumed
structure of macrocyclic compound.
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ENANTIOSELECTIVERANSITION METAL CATALYSIS
WITH SELFASSEMBLED HOSTGUEST SYSTEMS
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Coordination cages with transition metals are advanced supramolecular structures with broad potential
in catalysis, sensing, molecular recognition, and selectiveextraction.™ Their properties depend on the
metal centers and ligand design, allowing finduning of geometry and function. These cages often
contain multiple metal nodes capable of catalyzing various reactions. A key feature is their ability to
encapsulate chiral guests, which can induce chirality in the host via noncovalent interactions, enabling
enantioselective catalysis. However, no examples have yet shown the metal centers themselves acting
as catalytic sites influenced by chiral guests?*

In this study, a series ofachiral 1,3,5-benzenetricarboxamide based phosphine ligands framework were
designed and synthesized(Figure 1.JOWLIN 6 13+ 1J WG R N ¢-&ymrhetticGgedntetty} prothiding self
assembly and facilitating the formation ofsupramolecular architectures. Furthermore, achiral and chiral
guest molecules were prepared to explorenon-covalent interactions within the system. \arious
transition metal complexes withe.g.Pd(ll), Pt(ll), Rh(l), and Zn(Were prepared and characterized having
different metal-to-ligand ratios. Rhodium-based complexes demonstrated a clear capacity forguest-to-
metal chiral induction upon interaction with chiral guest molecules. All synthesized compounds were
characterized using a suite of analytical techniques, includindNMR, IR, M&nd UV-Vis spectroscopy.A
series of catalytic hydrogenation reactions of model substrates were carried out using the -situ
prepared rhodium complexes in the presence of chiral guest molecules. Enantiomeric excess of the
hydrogenation products was determined by gas chromatography on chiral stationary phase.

OR
Ligands:
1> H 1
R: \( Seeh, R \N 0”  H,, Rh-cat.

(0] R

350 400 450 500

Alnm
Figure 1.Ligands, guests, model reactions, and CD/UWis spectra indicating chiral induction at
rhodium cation.
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3D PRINTED ION SELECTIVE ELECTRODES
FOR POTASSIUM ION DETERMINATION
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lon-selective electrodes (ISEs) are widely used analytical tools for the determination of specific ions in
complex matrices due to their simplicity, selectivity, and low cost¥ Recent developments in materials
science and digital fabrication have opened new opportunities for redesigning ISEs using modern
manufacturing techniques.”? Among these, 3D printingffers a modern and flexible approach that allows
for rapid prototyping, customization, and scalable production of electrochemical sensors. This shift in
fabrication methodology opens new possibilities for desiging cost-effective and highperforming ISE
systems.® In this study, we present a novel application of 3D printing in the development ¢8Efor the
determination of potassium ions, featuring improved functionality and a simplified membrane
composition. The electrodes werefabricated using masked gereolithography MSLA), a higkresolution
resin 3D printing technique that uses an LCD screen to selectively cure each photopolymer lay&ur
electrodes consist of three main components:potassium tetraphenylborate, silver sulfide or graphite,
and industrial ABS All measurements were performed in a 0.1 M solution of KNOMembranes were
tested both without and with the addition ofZnOnanopatrticles, and the results demonstrated that the
incorporation of ZnO NPs significantly improved the slope of the calibration curve Also, membranes
containing graphite instead of AgS as charge transfer materialshowed high responsiveness, with
potential readings stabilizing within 3 to 7 seconds over a concentration range between 4.88 xa#DLIG Y G LU
Led and 1.00 x 18 mol L@ Our results demonstrate a neatNernstian behaviour, with slopes
approaching the theoretical value off59.2 mV per decade for monvalent cations and correlation factors
exceeding 0.99.To ensure accuracy and reproducibility, each membrane was tested five times,
confirming consistent and reliable electrode responses. The ionselective membranes feature a simple
and cost-effective design, avoiding the need for multiple complex components.In addition to their
reliable analytical performance, the electrodes can be easily fabricated in large quantities using additive
manufacturing techniques, offering a costeffective and scalable soluton. Moreover, they exhibit
excellent long-term stability, with a functional lifetime exceeding one year.
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COMPARISON OF MICROSTRUCTURAL ANMAGNETIC PROPERTIES OF
RADIOLYTICALLY SYNTHESIZED FEROXYHYTE AND MAGNETITE
NANOPARTICLES FOR MAGNETIC HYPERTHERMIA TREATMENT
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In the past decade, interest in magnetic hyperthermia has increasedonsiderably. This method of cancer
treatment exploits the greater sensitivity of tumor tissues to heat compared to healthy tissues by using
thermal energy generated from the relaxation of superparamagnetic nanoparticles in an external alternating
magnetic fieldy namely, Néel and Brownian relaxation mechanisms. Effective hyperthermia requires raising
the tissue temperature to between 41°C and 45°C, which can activate various cellular responses. The
heating efficiency is commonly quantified using the specit absorption rate (SAR), defined as the amount of
energy converted to heat per unit mass of magnetic material per unit time. SAR depends on both the
amplitude and frequency of the applied magnetic field™

In this study, we examined the effects ophase composition and particle morphology of different iroroxide
nanoparticles on SAR values in different dispersing media. Feroxyhyte and magnetite nanoparticles were
b1 Uqé 13t RA IHrradiatiéon of debix§gbliated precursor solutions containing Fe()ll 2-propanol, and
DEAEdextran hydrochloride (M.W. 500,000). Gamma irradiation of agueous solutions generates hydrated
electrons (emq), serving as the primary reducing agent to convert Fe(lll) to Fe(ll) witbrdpanol acting as a
scavenger of oxidizinghydroxyl radicals. This method avoids the use of toxic and environmentally harmful
chemical reducing agents!? Spherical magnetite nanoparticles were obtained by irradiating a 2@
Fe/polymer (w/w) solution at 50kGy, while feroxyhyte nanodiscs were prodeced from a 5% Fe/polymer (w/w)
solution irradiated at 75kGy (higher reducing conditions). The resulting particles were washed and dried.
Feroxyhyte nanoparticles were further annealed in a hydrogen atmosphere to produce magnetite nanodiscs.
Scanning elecron microscopy (SEM) revealed distinct morphological differences between the nanoparticle
types. The reduction degree, given by the [F@A[Fe?d|+[Fe¥]) ratio, was measured using UWIS
spectrophotometry with the 1,10-phenanthroline method. Xray diffraction (XRD) confirmed the presence of
magnetite or feroxyhyte phases depending on the irradiation dose. Mdssbauer spectroscopy and SQUID
magnetometry verified the superparamagnetic behavior of the nanoparticles and showed that their magnetic
properties were influenced by all examined parameters. SAR measurements, conducted across a range of
frequencies and field strengths, indicated that both the iron oxide phase and nanoparticle morphology play a
significant role in determining heating efficiency.
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DIMERC METALLOSURFACTANT WITH ZINRHYSICOCHEMICAL
PROPERTIES IN SOLUTION AND APPLICATION
AS ANTIBACTERIAL COATING
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Unlike conventional single-chain surfactants, dimeric surfactants are made up of two amphiphilic
moieties covalently linked by a spacer group! Combining metal ions and surfactants can yield unique
compoundsy metallosurfactants. In this work, the dimeric metallosurfactant, bis(N,N-dimethyl-N-
dodecyl)ethylene-1,2-diammonium tetrabromozincate (ll), denoted as (12-12)[ZnBi] was
synthesized? The conductometry and tensiometry measurements showed that (12-N=Zbau U7 1 WU
displays enhanced physicochemical properties compared to the precursor surfactantin combination
with alginate, (12-2-12)[ZnBui] was then used to prepare coatings on stainless sel surfaces by
airbrushing. Scanning electron microscopy was used for surface imaging of the coatings, while surface
roughness was determined by profilometry. Peebff and scratch tests were also conducted to evaluate
the adhesion and cohesion of the coanhgs. SEM images showed that the stainlessteel surfaces were
only partially covered, exhibiting an islandike morphology. Furthermore, peeloff test results indicated
that the coatings adhered well to the substrate surface, and scratch test results revaled that the
coatings could withstand a continuously increasing load of up to 20 mN. Additionally, preliminary
antibacterial tests showed promising results.
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x \ SEM imaging
Y cA
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Surface tension Contact angle Biofilm growth inhibition
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Figure 1.Graphical abstract.
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MULTILIGAND DOCKING OFHREEMEMBERED HETEROYCLESIN
THE ACTIVE SITE OF BUTYRYLCHOLINESTERASE
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Butyrylcholinesterase (BChE) is increasingly recognized as a key enzyme in the later stages of
GASGIWRGAOGII Kkt W Rt et WAWs 611 WWRat WE HaqR2 R péstetasR P This LWa Y LWF

study explores the binding of a series of small heterocyeby in this case, 3membered ringsy within the

active site of BChE usingquantum chemical molecular docking techniques. These heterocycles are

investigated as building blocks for&rgerand more complex molecules.

Docking was performed in multiple phases: initially, each ligand was docked individuallyand its binding
energy was estimated.This was followed by multiligand docking simulations with two or more, the same
or different, small molecules simultaneously docked into the active site. This approach aims to
investigate the overall potential for synergistic effects and multiple occupancy, while also finding the
best spatial arrangementwithin the extended active site!? To ensure a comprehensive exploration of
spatial binding possibilities, configurational sampling for up to 100,000 different configurations was
performed for each combination of ligands.Following this, parallel processing of output datawas
performed, including geometry optimizationsand binding energy calculations The results suggest that
stable multiligand binding of these small molecules is possible within the BChE active site, with certain
configurations displaying potentially enhanced affinity comparedto single-ligand binding. Future work
will include testing combinations of larger heterocycles to evaluate cooperative or competitive
interactions.

Small Heterocyclic
Compounds

0 O,
[N | O

Oxirane Dioxirane

Molecular Docking

Figure 1. Workflow of a multiligand quantum chemical molecular docking study of
three-membered heterocyclesinto the BChE active site
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ADSORPTION OF POLM(ETHYL=2-VINYLPYRIDINIUM BROMIDE)
ON SILICA NANOPARTICLES AND FLAT SURFACES
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Nanoparticles have already been appliedn various fields, includingfood, drug and cosmeticindustry,
catalysis, medicine, and environmental protection*?! Among them, silica and titania nanoparticles are
most commonly used due to their wide availabiliy and the variety of sizes and shapes. Depending on
their application, it is important to study how nanoparticles interact with simple salts as well as with
synthetic and natural oligomers and polymers? In this study, we investigated the adsorption behaior

of the synthetic polymer poly{-ethyl-2-vinylpyridinium bromide) (PE2VP) on both silica nanopatrticles
cUT Wnadcqlt 2l ncHUt WeEREAWNRG G WYUW RORHYUWs ¢nlll t b K
of PE2VP increased by approximately 20% when trsalt concentration was raised by two orders of
magnitude. Simultaneously, the adsorption constant increased by three orders of magnitudd-or flat
surfaces, the thickness of the silica layer (ranging from 2 nm to 160 nm) did not significantly affect the
thickness of the adsorbed polymer layer. Instead, the adsorption was more strongly influenced by
factors such as the surface cleaning method and the duration of the adsorption process.

20
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Figure 1.Adsorption isotherm of PE2VP on silica nanoparticles (SiG,) = 1 g dn¥) at pH H11, g=25°C
and two different NaCl concentration.
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EFFECT OF CHLORIDE IGMADSORPTION ON THE SERS ACTIVITY
OF SILVER NANOPARTICLES
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Silver nanopatrticles (AgNPs) have been widely studied for their remarkable plasmonic properties, which
enable their use in diverse applications such as chemical sensing, biomedical imaging, and catalysi<!
Among these, their role in surfaceenhanced Raman scattering spectroscopy (SERS) is especially
prominent, as they are known to be among the most effective nanostructures for Raman signal
enhancement due to their ability to support strong localized surfac@lasmon resonances !

In this study, silver nanoparticles modified with adsorbed chloride ions were synthesized and evaluated
as SERSactive substrates. Chloride ions are known to influence nanoparticle behavior by affecting
aggregation, surface charge,and molecular adsorption. Those factors are closely tied to SERS
performance.y The SERS activity of these modified nanoparticles was tested using standard model
molecule rhodamine 6G. By varying the amount of adsorbed chloride ions, it was examined hourface
modification impacts both the enhancement of Raman signals and the underlying surface interactions.
Key physicochemical characteristics, particularly the electrokinetic potential, were analyzed to assess
changes in surface properties and colloidal tability.

This work underscores the importance of controlled surface chemistry in tuning the performance of
silver-based SERS substrates. The study contributes to the ongoing development of reliable, sensitive,
and customizable nanomaterials for future aralytical and diagnostic applications.
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NITROSAMINE IMPURITY RISK ASSESSMENT IN OPHTHALMIC
PHARMACEUTICAL PRODUCT
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Nitrosamines in pharmaceutical products have recently become a major concern for regulatory
authorities due to their potential carcinogenicity, leading to stringent requirements for risk assessment
and analytical testing.™™ This study presents a comprehensive evaluation of nitrosamine formation risks
in an ophthalmic formulation containing two active pharmaceutical ingredients (APIsy dorzolamide
hydrochloride (1) and timolol maleate @) (Figure 1), whereéN-nitrosamines related to the structures of
these active substances can potentially be formed. The potential formation dfl-nitroso Timolol andN-
nitroso Dorzolamide was assessed, by considering the presence of the potential nitrosatable amine
moiety in the two APIS' structures, as well as the possibility df-nitrosomorpholine formation during the
API synthesis. All formulation components, includng excipients, purified water, packaging, as well as
the manufacturing process were evaluated, revealing that there are no significant contributors to the
nitrosamine impurities formation. Developed analytical methods were validated to quantify the relevan
nitrosamines. Analytical methods were developed and validated to detect the presence of the targeted
nitrosamines and to quantify them if their presence is confirmed above the LOD levels of the instrument
abilities. Results showed thatN-nitroso Timolol was below the limit of quantification (LOQ), whileN-
nitroso Dorzolamide was detected at a level of 10 % of the established specification limit for this targeted
nitrosamine, indicating an acceptable safety margin. These findings underscore the importancef the
integrated risk assessments combined with experimental data to ensure the quality and safety of
pharmaceutical drug products (human medicines) in the light of nitrosamine contamination concerns.

AN

HN CHg O/\ OH |, -
- K/N O\)\/N\F 9
NITROSAMINE T\ CHa
| | RISK EVALUATION N, s N CHs

CHg3 O,/s\\o S~ TSO,NH, o o

1 e HO)S:(U\OH
H H

Figure 1. Active pharmaceutical ingredients in thisvork.
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SOLVOLYTIC REACTIVITY OF TRIPHENYLPHOSPHONIUM SALTS
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Quaternary phosphonium salts (QPSs) are a fundamental class of organophosphorus compounds,
which have been applied as important reagents in synthetic chemistry® Although, organic
phosphonium salts are electrophilic species and the positive charge on phosphorus could enhance the
electrophilicity or acidity of its substituents because of the inductive effect, the substituent on te
phosphorus can act as a nucleophile for the construction of @C bond while initiated by another
appropriate nucleophile.

Nucleofugalities (the leaving group abilities) of triphenylphosphine (PR) in various solvents have been
derived from the S1 solvdysis rate constants of the corresponding ferrocenylphenylmethyl
triphenylphosphonium salts (Figure 1) by applying theinear Free Energy Relationshifi. FER equation:
log k (25 °C)=s¢ (& + Ny).?In this equationkis a first order rate constant for §1 reaction at 25°C,s; (the
slope of the logk/E; correlation line) and Nt (nucleofugality, the negative intercept on the abscissa of the
log k/E correlation line) are nucleofuge specific parameters, while is the electofugality parameter of
the corresponding ferrocenylphenylmethyl cations determined earlier®

On the nucleofugality scale developed in line withLFERequation triphenylphosphine is the weakest
neutral nucleofuge (the poorest neutral leaving group). Because of solvation in the reactanogind state,
the reactivity of triphenylphosphonium salts slowly decreases as the polarity of the solvent increase. The
impact of the phenyl group in ferrocenylphenylmethylium derivatives on stabilization of the positive
H6 ¢l NIWWRYE LWHA ¢-tecoderyilgroup-ahddaettdhélrate effect of the substituents on the phenyl
ring is suppressed

XX X X X
o mwonn

Ph = phenyl

Figure 1. Solvolysis of ferrocenylphenylmethyltriphenylphosphonium salts.
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COMPARISON OF THE NUCLEOFUGALITIES OF THE NEUTRAL
LEAVING GROUPS
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The first step in solvolytic reactions that follow the &L route involves the heterolytic cleavage of the
carbon-leaving group (LG) bond andfmation of the carbocation intermediate (electrofuge) and the free
leaving group (nucleofuge). Nucleofugalities or the leaving group abilities have been derived from thd S
solvolysis rate constants of the corresponding substrates by applying thelinear Free Energy
Relationship (LFER equation: logk (25 °C) = st (& + Ny). From the logk versus E plots (LFERequation)
using of the corresponding benzhydryl and ferrocenylphenylmethyl neutral and positively charged
substrates, the nucleofuge specific parameters Ny and s7) of large number of the anionic and neutral
leaving groups were determined?™

Up to now, the least reactive neutral nucleofuges on the nucleofugality scale developed in line wittFER
equation have been pyridines (Figure 1). Given that the difference M: of one unit corresponds
approximately to a reactivity difference in an order of magnide, triphenylphosphines are less reactive
leaving groups than pyridines by about an order of magnitude of threBecause of their low reactivity,
numerous triphenylphosphonium salts are more stable in various solvents under normal conditions by
comparison with corresponding sulfoniumand pyridiniumsalts.

DMS 4-CIPy Py 4-OMePy

80AN20W

80M20W
—
—

100M
—

Figure 1. Comparison of the nucleofugalities of some neutral leaving groups in various solvents. Binary
solvents are given as v/v; AN = acetonitrile, M = methanol, and ¥vater. DMS = dimethylsulfidé? Py =
pyridine.®!
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DESIGN ANDANTIMICROBIAL ACTIVITOF POLYALLYLAMINA-
HYDROXYSUCCINAMIDECONJUGATES
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Amine containing polymers such as polyallylamine proved to be biologically actiV®and are known as
gene vectors or as antimicrobial materialg? still cytotoxicity can be an issue. Reent studies included

succinylation of polyallylamine, however sometimes with complete loss of antimicrobial activity™ Two

novel polymer conjugates comprised of an N-hydroxysuccinamide conjugated to polyallylamine

hydrochloride (PAA), were prepared via aminolysis of N-hydroxysuccinimide (NHS) in aqueous
conditions at pH > 9. NHS was added in molar ratios of 1{h-PAAl)and 1:10(n-PAAl1O)elative to PAA
(Figure 1).

The PAA derivatives were characterized using NMR and IR spectroscopy, and charge analysis
performed by potentiometric and polyelectrolyte titration. n-PAA10 showed antimicrobial activity
against Staphylococcus Aureusand Pseudomonas Aeruginosa with MIC values ranging from 0.08 to
0.016 mg/mL.
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Figure 1. Preparation andinvestigations on polymer conjugates within this work.
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MECHANOCHEMISTRY AS A GREEN ROUTE TO TRISUBSTITUTED
GUANIDINES
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Mechanochemistry was recognized by IUPAC 8019 as one of the top ten emerging technologies in
chemistry that will change the world Today, mechanochemistry is acknowledged as a sustainable and
solvent-free alternative to traditional synthesis!*? Guanidines are fascinatingmolecules well known
because of their superbasicity and ability to form hydrogen bondsMercury-based reagents are often
used as desulfurization reagents in guanidine synthesis. However, thixicity of these reagentsis a
serious drawback. This reasonnspired us to replace t with safer metal salts, such as iron, copper, silver
or bismuth as a greener alternativeé>® Theaim of thisstudy is to investigatethe mechanochemical route
to trisubstituted guanidines with potential application in anion sensing.

W= =N - M=C=E8 + -MH; - s + KH
1
TCDI - thiocarbanyldiimidazale
RY-R7 - any N

RY-a kyl or aryl ~H -
H H desulfurization reagent

s8]

Scheme 1. General reaction scheme.

Figure 1. Schematic representation of the general synthetic procedure for the preparation of
trisubstituted guanidines.

Acknowledgements. This work is financially supported by theCroatian Science Foundation (grant NdP-2022-10-
4385, SpaceG).

REFERENCES

[1] D.MAd NUqRhAWEI N¢ URAW~UIASECUYRSIDAR ql ! all W 1Js WNX¥S Wn Y1 WE
2] ?HOW~¢l NUqRhAWEOWEq! et ROUAW~UHEcUYHRGIIG2BIE.C G WS Ne URHLWE! U«
[3] S. Pape, et alRSC Advance015, 5(123), 101408101411.
[4] K. Ramadas, N. SrinivasanTetrahedron Lett.1995, 36(16), 28412844.
[5] ? oW~ ¢ | PRybiopRHerfidHl properties of organosuperbasesin T. Ishikawa (ed.)Superbases for organic

synthesis: guanidines, amidines, phosphazenes and related organocatalystdohn Wiley & Sons, Chichester,

2009, 9-48.

2
m\

SolWc HM/W? § §ulUS[ W 7ENA 9 NO:Z=


mailto:akarakas@irb.hr

P-A37

ECOTOXICITY ESTIMATION OMIDAZOLEBASED IONIC LIQJIDS:
THE EFFECT OF ALKYL SIBHAIN LENGTH
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Imidazole derivatives areémportant compounds in heterocyclic chemistry due to their variousiological
activities, which have led to the development oimany commercial drugs and pesticides. However, in
the field of plant protection, only a limited number of these compounds have been approved by the
European Commission due to their potential negtive ecological impacts!!! Imidazole-based ionic
liquids (ILs)are popularin both chemistry and industrial processes becauseof their simple preparation,
numerous modification possibilities, thermal stability, good water solubility,and low vapor pressure
Nevertheless, there are concernsregarding their environmental accumulationand the risksrelated to
the aquatic and nontarget species toxicity.!” A rational approach using computational methods is
recommended when designing ILsvith specific propertiesin orderto fine-tune their molecular structure
for desired purpose In this study, we estimated ecotoxicological parameters for a series giroposed
imidazole ILs, changingthe length of the alkyl side chains attached to the imidzole ring(Figure 1) As
anticipated, longer alkyl chains reduced water solubility and increased lipophilicityof the ILs. Other
observed properties, including pesticidelikeness, toxicity to algae and daphnia, toxicity to earthworms,
bioconcentration, and persistence in water, sedimentand soil, suggestthat the optimal alkyl side chain
length for this type of imidazole Ik is four carbon atoms.

A+
\—/
n=0,1,2,4,6,8,10,12

Figure 1. General structure of proposed imidazole-based ionic liquids
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VARIABILITY COMPOSITION, AND CHEMICAL PROFILING OF
LAVENDER EXTRACT FROM CROATIA OBTAINED WITH
SUPERCRITCAL EXTRACTION
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Lavender is one of the most appreciated aromatic plants, with high economic value in food, cosmetics,
and other industries. The innovative and green approaches like microwave, and subcritical water or GO
extraction, significantly reduces energy consumptim, shortens extraction time, andenhances both the
yield and quality of essentialoils and other plant extracts. These benefits firmly establis supercritical
CO; extraction as a highlysustainable extraction technologyT green technology'*?

The aim otthis study was to determine the variability in the chemical composition and quality of Lavanda
Gdinj and Trilj extracts, derived from lavender flowersLévandula angustifoliaand Lavandula hybrida
[intermedia]) produced using supercritical CQ extraction. The study focused on analyzing the volatile
compounds in the supercritical extracts through gas chromatographymass spectrometry (GGMS) to
assess their commercial suitability. The results revealed the chemical composition of the extracts,
highlighting vaiations between the two varieties, with particular attention to key aromatic compounds
such as linalool, linalyl acetate, and borneol, which are known for their biological activity. The study
discussed differences in volatile compound content. This researt demonstrates the potential of
lavender extracts as highquality products obtained using the green technology of supercritical CO
extraction.
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Among many potential and realized applications of calixarenes, a variety of their fluorescent derivatives
have been proposed as sensitiveéeceptors for diverse species'! Nevertheless, it has been believed that
these macrocycles cannot be used as effective fluorescent sensors without incorporating luminescent
moieties in their structures.” In this work, however, it was proven that rathesimple calix[n]arene
derivatives h = 4, 6, Figure 1) with no intentionally introduced fluorophores can be successfully
employed for fluorimetric cation sensing due to their intrinsic fluorescence. Although the luminescence
of these compounds was low to malerate, the cation-binding induced fluorescence changes were
shown to be substantial. That allowed for the quantitative monitoring of the corresponding complexation
reactions in water, methanol, and acetonitrile by spectrofluorimetry, at much lower concenations than
those typically required by other commonly used techniques. It also enabled the determination of quite
high complex stability constants by means of direct fluorimetric titrations, thereby avoiding timeand
material-consuming competitive expeiments which inevitably introduce additional uncertainty into the
resulting equilibrium constant values. To find out the relation between the fluorescence responses upon
cation binding by calixarene2 and its monomeric structural component 4, the cation complexation by
the latter compound was studied as well. In addition, the results of exciteestate lifetime measurements
and quantum chemical calculations provided insight into the emission mechanisms and explained the
differences between photophysical propeties of the ligands and their cation complexes.
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Figure 1. Structures of investigated calixarenes.
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Molecular crystals have played a centralrole in the development of electronics, photonics, and
materials science due to their unique electronic and optical propertiest However, their broader use and
commercialization are often constrained by mechanical fragility and other performance limitatns.
These challenges have driven the search for negeneration molecular materials with improved
performance and tunable properties. Crystal engineering offers a powerful approach, enabling the
rational design and synthesis of molecular crystals by maniplating crystal packing and intermolecular
interactions. A better understanding of these structural factors enables the finguning of properties to
suit specific applications. Special attention is given to polymorphism, where compounds with identical
chemical compositions adopt distinct crystal packing arrangements, resulting in distinct mechanical
behaviors. For example,
4-bromophenyl 4-bromobenzoate exhibits two polymorphsrt one brittle and one elastict highlighting the
significant impact of packing vaiations on mechanical responsel® This study investigates the
relationship between crystal structure and mechanical properties in para-halogenated phenyl
benzoates using periodic DFT calculations implemented in the CRYSTAL23 program. A series of
derivatives with different para-substituted halogens were examined to assess how minor structural
modifications influence molecular packing and mechanical behavior. Optimized crystal structures and
interaction energies along specific crystal planes were analyzedipllowed by virtual tensile tests to
evaluate elastic responses. The 3D shapes @ Y 2 Unibdulus and the 2D crosssections perpendicular
to specific crystal directions further enhance our understanding of the structural features leading to
mechanically pliable materials.

Figure 1.3D representations of Young's moduls for two polymorphs: elastic and brittle.
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Among the top 200 small molecule drugs by retail sales in 2@2 71 of them contain polycyclic
skeletons.™ Usually, synthesis of these structures includes multiple -step routes and expensivestarting
materials. On the other hand, aromatic compounds ascheap and readily avdable bulk chemical
feedstock provide direct access. Traditionally, reactions of aromatic compounds are restricted by their
aromaticity and are limited to reactions where itis preserved. Dearomatization reactions allow for
escape from these restrictions and forging ofsophisticated three-dimensional molecular topologies. By
taking inspiration from known drugs and bioactive natural products organocatalytic asymmetric
dearomatization (OCADAYeactions are being developed

Azomethine ylides are readily employed in 1:8lipolar cycloadditions for the construction of highly
substituted heterocycles.2 Ot 2 ¢ 0 dG! AW AYAa g6 RUIWIW! GiRihodstet during th® 13 U 131 «
reaction course. On the other hand, their isoquinolinium derivatives are bench stable cherals. In

2011, Cairillo, Vicarioet al. reported enantioselective [3+2] cycloadditionof isoquinolinium methylides

with . SAunsaturated carbonyl compounds.”! We aim to devebp chiral PTCphase-transfer catalyst)

mediated OCADA [3+3] cycloaddition reactions AIJqs WIJUW Rt Yhve RUYGRURaG W a1
disubstituted isocyanides for the construction of quinolizidine-type polycyclic skeletons (Scheme 1).

Starting materials were prepared through known procedures. Isoquinolinium ylides were obtained by
reaction of isoquinoline with, -halocarbonyl compounds and subsequent deprotonation. Isocyanides
were obtained from the corresponding aminoacids, through esterification, amine formylatin and
formamide dehydration.

_N___COOR!' 4+ R°0O0OC__N~
e he

COOR? R*

Scheme 1. Chiral PTC mediated OCADA [3+3] cycloaddition between isoquinolinium methylides and
Adisubstituted isocyanides.
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MECHANOCHEMICALSYNTHESISOF 1,2,3TRIAZOLES VIA
COPPER(HCATALYSED 1,3DIPOLAR CYCLOADDITION:
A GREEN APPROACH TO ANTIGUNGAL AGENTS
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Mechanochemistry represents a promising green alternative to conventional synthetic methods, offering
solvent minimization, and enhanced reaction efficiencyl™ In this work, the synthesis of 1,2,ariazole
derivatives was achieved via copper(igatalysed 1,3-dipolar cycloaddition under mechanochemical
conditions. The reactions were carried out using terminal alkynes and azides bearing coumarin,
quinazolinone, and quinolinone scaffolds. Several catalytic systems and solvent combinations were
screened, including both classical and deep eutectic solvents. The optimal conditions involved
copper(ll) sulfate pentahydrate and sodium ascorbate in an ethanaiwater mixture (1:5), affording high
yields within 60 minutes of grinding. Several 1,2;&iazole derivatives were synthesized and
subsequently evaluated for their antifungal activity, highlighting the potential of this sustainable
synthetic strategy in the developmenibf bioactive heterocycles.

UgRneaUNc¢ciWeHgqR2Ra! Ws ¢t W Waqldl aRUVJT We #AEY I PRrigfyllaq VY Wq
Aspergillus flavusNRRL 3251 was cultured on a rotary shaker at 200 rpm for 72 hours at 29 °C in YES
medium (2 % yeast extrat and 6 % sucrose, pH 5.8). The tested compounds were applied at final
concentrations of 0, 0.01, 0.1, and 1 pg nti. Antifungal efficacy was expressed as a percentage of
inhibition, with a concentration-dependent reduction in dry mycelial weight observed Complete
inhibition of A. flavusgrowth was achieved at the highest concentration tested.
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Figure 1. Mechanochemical synthesis of 1,2,3triazoles via 1,3dipolar cycloaddition.
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IDENTIFICATION AND FUNCTIONAL CHARACTERIZATION
OF METAGENOMIESTERASEEFOR BIODEGRADATION
OF BIOPLASTICS
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The widespread use of synthetic plastics, combined with their high stability and resistance to
degradation under natural conditions, tas led to significant environmental pollution™ In response to
this ecological concern, biobased polyesters have been proposed as sustainable and biodegradable
alternatives to fossil fuelrderived plastics.” In this study, we analyzed three candidates foesterases
from metagenomic databases that have the potential to degrade aliphatic polyesters. To optimize
protein expression inE. coliBL21(DE3), expression was performed at two temperatures: 2& and 15°C.
SDSPAGE analysis revealed higher expressidavels at 15 °C. All three proteins were purified using
affinity chromatography on NiNTA agarose. Protein yields were quantified to determine the most
efficiently expressed esterase, which was then produced on a larger scale, yielding approximately 3ng

of purified protein. The enzymatic activity of this esterase was tested on two aliphatic biopolymeys
polylactic acid (PLA) and polycaprolactone (PCL). Activity was observed only against the PLA. Size
exclusion chromatography further revealed that the engme predominantly exists in a monomeric form

in solution. Following the biopolymer assays, the esterase's activity was evaluated using small ester
substrates. Although this enzyme requires further optimization, particularly in terms of solubility and
catalytic efficiencyy through enzyme engineering, our findings highlight the vast potential of
uncharacterized esterases in metagenomic resources. These enzymes may represent a valuable source
for developing more robust and efficient biocatalysts for bioplastiadegradation.

Acknowledgements: This research was funded through National Recovery and Resilience Programme, The
Development Research Support (NextGenerationEU), project Enzyme engineering for sustainable recycling of
bioplastics (NPOO.C3.2.R211.06.0041).

REFERENCES

[1] M. Hajighasemiet al., Environ. Sci. Technol2018, 52, 12388- 12401
[2] T. Teeraphatpornchakt al., Biotechnology Letters2003, 25, 23- 28

2
m\

SolWc HM/W? § §ulUS[ W 7ENA 9 NO®


mailto:dkoranic.chem@pmf.hr

P-A4 4

BIOLOGICALACTIVITYOF NEW FERROCENYLPYRIMIDINE
DERIVATIVES OF CURCUMIN
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Pyrimidine-based derivatives as a class oN-heterocyclic compounds have been extensively researched
for their therapeutic and medicinal properties™ Curcumin, a naturally occurring polyphenol, also has
many biological benefits, but due to its low bioavailability, it is usually structurally modified to improve
its stability, bioavailability and pharmacological activity!? On the other hand, ferrocene,as an
organometallic compound with high lipophilicity and stability, favourable redox properties and low
toxicity, represents anattractive core for conjugation with bioactive natural products, often leaéhgto an
improvement in their biological properties and activities Against this background, the aim of this study
was to investigate the antiproliferative activity of ferroceglpyrimidine derivatives of curcuminC1-C5
synthesized by multicomponent Biginelli reactionson two cancer (human breast cancer cellsMCF7 and
mouse hepatoma cellsHepal-6) and twonormal (human keratinocytesHaCaT andhamster ovary cells
CHO-K1) cell lines.Strong growth inhibition inMCFR7 and Hepal-6 cells after 48h of C1 exposure was
confirmed with MTT method with significantantiproliferative IJ'n"n IJH qt W R U W & WOHL] U-qtOLd a
Derivative C1 vs. C2-C5 proved to be the most toxic towardscancer cell lines (ICso 7 20.55, ~ WbI-7)9 [
¢ UT LN P IOEpsILB), reshectively). Nevertheless, it is important to observe extensive cytotoxicity in
normal cells as well.
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Figure 1. Antiproliferative activity of synthesized ferrocelylpyrimidine derivative of curcumin C1 on two
cancer (MCF7 and Hepa®6) and twonormal (HaCaT and CHGK1) cell lines.
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Metabolic dysfunction-associated steatotic liver disease (MASLD) is characterized by excessive lipid
accumulation in the liver, which can progress to more severe conditions such as steatohepatitis (MASH),
fibrosis, and liver cancer. Also, MASLD affects various organs and regulatory pathways, increasing the
risk of type 2 diabetes, cardiovascular diseaseand chronic kidney disease>? The aim of this study was
to evaluate the preventive and therapeutic effects oft)-epicatechin, a green tea polyphenol, on arn
vitro model of hepatic steatosis using HepG2 cells. Fourietransform infrared (FTIR) spectrecopy was
used to analyze structural and biochemical changes in HepG2 cells following treatment withr)
epicatechin. Pure sodium oleate, t)-epicatechin, and untreated cells were analyzed to identify
characteristic absorption bands. Additionally, the effects of different concentrations of (r)-epicatechin
were examined in sodium oleatetreated cells under both preventive and therapeutic conditions. The
FTIR analysis revealed spectral changes im){epicatechin-treated cells, indicating interactions between
(T)-epicatechin and lipids. In the therapeutic model, the highest concentration of1)-epicatechin led to
the disappearance of bands associated with unsaturated lipids, while in the preventive modelr)
epicatechin appeared to promote the breakdown of sodim oleate.

These findings suggest that 1)-epicatechin may modulate lipid metabolism in liver cells in a
concentration-dependent manner, highlighting its potential in the prevention and treatment of MASLD.
In this regard, FTIR spectroscopy proved to be valuable method for monitoring these biochemical
changes.
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SYNTHESISAND BIOLOGICAL ACTIVITOF NEW
BENZOXAOLINONEeCOUMARIN HYBRIDS
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Coumarin hybrids haveemerged as a promising class in medicinal chemistrydue to their diverse
biological activities, including anticancer, antibacterial, antiviral, and antifungalproperties. In addition
to established coumarin hybrids featuring cores such as quinoline, imidazole, thiazole, indole,and
triazole, novel derivatives incorporating coumarin and 2-benzoxazolinone scaffolds are being
developed.!. The 2benzoxazolinone core in particular, represents an attractive scaffold for drug
development dueto its weakly acidicnature and balanced lipophilic and hydrophilic properties, which
facilitate structural modification and support a wide range of biological activies.?

In this study, s WWGI WG¢ | T WAWUAY+¢AYURUY U eHY apaded irRodlertds ! Al R
evaluate their antitumor and antiviral potential. The synthetic route involvedthe cyclization of 2
aminophenol to 2-benzoxazolinone using 1,Xcarbonyldiimidazole, followed by nitrogen alkylation with
dibromoethane under basic conditions to yield N-bromoethyl-2-benzoxazolinone This intermediate was
subsequently reacted with 4-hydroxycoumarin and Zhydroxycoumarinto afford the target hybrids.The
structures were confirmed by !H- and *C-NMR spectroscopy, and compounds were subjected both

antitumor and antiviral evaluations. The most potent antitumoractivity was observed for thecompound

bearing a 5-chloro substitution on the benzoxazolinone ring and a 4rifluoromethyl group on the

coumarin moiety. Notably, the highest antiviral activity was exhibited by the hybrid with the same
benzoxazolinone substitution and an unsubstituted coumarirring.
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Figure 1.Designed andsynthesized coumarinbenzoxazolinone hybrids
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ANTIPROLIFERATIVE ACTIVITY OBWELBENZIMIDAZOLE
COUMARINHYBRIDS

Lukau | | qe°& ¥ 2 R 8 U ¢ Wl 20 baik sk A R H cQbjodae 2 ¢ W

a University of ZagrebFaculty of Veterinary Medicine, Department of Chemistry and Biochemistry, Zagreb,
Croatia

b Josip Juraj Strossmayer University of Osijek, Faculty ifiedicine, Department of Medicinal Chemistry,
Biochemistry and Clinical Chemistry, Osijek, Croatia
Ikrstulovic@vef.hr

Both benzimidazole andcoumarin hold a prominent position in medicinal chemistry™? Our previous
research has focussed on the synthesis and biological evaluation of 5@ubstituted benzimidazole
hybrids.®! Here we present new 5(6substituted benzimidazole-coumarin hybrids linked by a phenoxy
ethoxy linker. Besides the 5(6) benzimidazole suhtituents, additional derivatisation was achieved by
introducing a methyl group at C4 of the coumarin and a bromo or methoxy substituent at C2 of the
phenoxy residue. The newly synthesised compounds were tested on one naamour (MRG5) and five
tumour cell lines (HeLa, CaCe2, HL-60, THR1 and HuT78)The methoxy 5(6)substituted benzimidazole
hybrid, featuring a methoxy group at the C2 position of the phenoxy ring and a methyl group at the C4
position of the coumarin moiety, exhibited the highesselective activity against leukemia and lymphoma

cell lines.
R1
L
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X
O
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R
R;=H,Cl, OCH; R;=H,Br,OCH; R3=H,CH;
Figure 1.Novel coumarin benzimidazole hybrids
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SYNTHESIS OF ARGININE HYDROXAMAITE
A POTENTIAINHIBITOR OF AMINOACY4RNA SYNTHETASE
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Arginine derivatives, such as arginine hydroxamate, have attracted considerable attention due to their
potential as enzyme inhibitors and therapeutic agents® Although a wide range of methods for
synthesizing hydroxamic acids exists, the preparation ofrginine hydroxamate and its derivatives has
been relatively unexplored. Synthetic approaches to these compounds often rely on peptide coupling
techniques, which typically result in low yields of the desired productd?® This limitation is likely due to
the unique structure of arginine, particularly the presence of the guanidinium group on its side chain.

In this work, we report the synthesisof arginine hydroxamate fromc-arginine hydrochloride using
different peptide coupling methodologies. In order to mprove yield and purity while minimizing side
reactions, our workalso focuses ontwo additional strategies: (i) the use of moneand triply-protected
arginine derivatives in the condensation step, and (ii) the application of different hydroxylamirdonating
agents. Using these approaches, we successfully synthesized arginine hydroxamat&he synthesized
arginine hydroxamate was characterized by NMR spectroscopy and mass spectrometry, confirming its
structure. As an additional confirmation of the presence ba hydroxamic functional group in the product
molecule, a quantitative test with Fé*ions was performed.

NH o)
B S oH
H,N N N~
H H
NH,

Figure 1. Structure of L-arginine hydroxamate
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Membrane separation usingnon-porous extracting liquid membranes is a promising alternative to
traditional solvent extraction, driven by environmental and economic benefits. These membranes
significantly reduce or eliminate the need for large volumes of ganic diluents and extractants, thus
reducing environmental pollution and making the use of costly and highly selective extractants more
feasible. They also offer fasteand simpler separation comapred to separation based on conventional
solvent extarction by enabling simultaneous extraction and backextraction at the membrane/solution
interfaces with the feed and receiving aqueous solutions. Tése simultaneous processes makes them
suitable for on-line industrial separation . Enhancing their stability and tansport rates will further boost
industrial adoption. Key types of liquid membranes for industrial separation includebulk liquid
membranes (BLMs), emulsion liquid membranes (ELMS) , supported liquid membranes (SLMs) , and
polymer inclusion membranes (PIMs) . Among these,PIMs are a recent development offering superior
stability and versatilityin comparison with SLMs, being the most frequnetly used liquid membranes, and
demonstrating significant potential for industrial applications in the selective separatn of both metallic
and non-metallic species.*? This research is focused on the fabrication and study of PIMs wiitnproved
characteristics which are expected to make PIMA ¢t T Wt WGel ¢qRYUOWeWRHYGAWI &
9 6 1J0 R #kchiialetly which will be an attractive alternative to conventional solvent extraction
technologies that dominate industrial separation at present. The critical differene between these PIMs
and those used at present is the incorporation of a supporting structureconsisting of glass fibres.The
newly developed PIMs were composed of 550 wt% base polymer (i.e., (poly(vinyl chloride) (PVC)
cellulose triacetate (CTA)or poly(vinylidene fluoride-co-hexafluoropropylene) (PVDFHFP)) 40 wt% of
the commercial anion-exchange extractant Aliquat 33@&nd 0r5 wt% glass fibres. Their mechanical, long
term stability and transport properties for SCN as model target chemical species vere studied for
different concentration of the glass fibres and different polymers with the aim of selecting the optimal
polymer and glass fibre composition.
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DIARYLETHENEBBASED PHOTOSWITCHES: PHOTOCHEMICAL
BEHAVIOR AND BIOMOLECULAR INTERACTIONS
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Photochromic molecules like diarylethenes can undergo reversible structural changes upon light
irradiation, enabling precise control over molecular properties. This switchable behaviomakes them
attractive for applications in electronics, data storage, and lightregulated biological systems. Their
ability to modulate interactions with biomolecules such as nucleic acids and proteins offers potential
for designing responsive probes and terapeutics.™

In this study, three diarylethenebased photochromic compounds (Figire 1) were subjected to
comprehensive spectroscopic characterization. Initial fluorescence measurements revealed very low
fluorescence yields, prompting a shift toward UV/\4 absorption studies. The compounds were analyzed
in both methanol and Nacacodylate buffer, where the dynamics of ringclosing and ringopening
processes were monitored over time. Particular attention was given to the photochemical fatigue
resistance through repeated switching cycles. UV/Vis titrations of the closedring isomers with
polynucleotides and bovine serum albumin (BSA) were performed, allowing for the determination of
binding constants. The closedring forms exhibited three distinct temporal staility profiles, as revealed
by UV/Vis kinetic measurements. Additionally, circular dichroism (CD) titrations were conducted using
various DNA structures, including three Guadruplexes and one duplex. fiermal melting experiments
were also performed for bdh open- and closed-ring forms with DNA and RNA to assess structural
stability and interaction modes. These results enhance our understanding of diaryletherdiomolecule
interactions and highlight their potential for use in lightresponsive systems and sesors.

Figure 1. Structures of diarylethene-based photochromic compounds.
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NOVELBIOACTIVEQUATERNARY QUINUCLIDINE
PEPTIDOMIMETICS
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Bioactive chemical compounds, such as quinuclidine derivatives, are recognized as entities with a broad
spectrum of biological activities, including in the field of neurodegenerative diseases. Accordingly, they
cl WWet DT WRUWaqSWWaql 3¢ qblUqll Y nases i And thiR dok] @ne thbgeld T L A ¢
quinuclidine peptidomimetic was synthesized. Reactions were performed using standard synthetic
techniques and a microwaveassisted Ugi multicomponent reaction! 3-Aminoquinuclidine was used
as the amino component, benzy isocyanide as the isocyanide component, paraformaldehyde as
carbonyl component and benzoic acid as the acid component. A series of eight new quaternary
derivatives were prepared by quaternization of the quinuclidine nitrogen atom with methyl iodide, beylz
bromide and selected, differently para-substituted benzyl bromides. These structural modifications
were designed to define parameters influencing biological activity, particularly interaction with
cholinesterases. Prepared compounds werecharacterized by melting point determination, infrared
spectroscopy, mass spectrometry, and 1D/2D NMR. Finally, the inhibitory potential of all prepared
compounds toward the enzyme butyrylcholinesterase from horse serum (EC 3.1.1.8) was determined
using the Ellman method®
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Calixarenesare a class of supramolecular ligands that can be readily functionalized to give very efficient
and even selective receptors fo various ionic and neutral chemical species!! Among them, those
functionalized with sulphur-containing groups are efficient binders of lowcharge density and soft metal
cations.? Additionally, development of neutral watersoluble calixarene-based receptors for cations® is

of great interest for the detectionand extraction of toxic metal ions in agueous media. In the scope of
this work, calix[4]arene derivativesL1 and L2 (Figure 1)were synthesized and their binding affinities
towards soft metal cations in water were investigated by means of isothermal titration calorimetry,
spectrophotometry, and NMR spectroscopy. The obtained results were discussed regarding the
structural characteristics of the ligands as well size and charge density of the cations.

0 s NN
L 1, & f
S” °NR, 0”7 °NR Q
? Hﬂmo
0
L1 L2

Figure 1. Structure of calix[4]arenederivativesL1and L2.
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Photocages (photochemically cleavable protective groups) are increasingly used in biological studies
because of their noninvasiveness and spatiotemmral controllability. However, their reactive
intermediates, and photoproducts may havephototoxic effects on some targets in biological substrates,
which can lead to undesired effects.In order to reduce the possibility of the formation of toxic
intermediates and photoproducts, the development of new photocages, as well as the understanding of
their mechanism, is extremely important!!

In our research group, the synthesis and photoreactivity of anilif® and aminonaphthalene "
photocages have been investigated The investigation of the photochemical reaction mechanism of
aniline photocages revealed that the decaging takes place heterolytically, giving the carbocation as
intermediate.” On the contrary, the decaging mechanismdr aminonaphthalenes involves homolytic
cleavage on the singlet excited state surface and formation of radical species, which may not be benign
for biological applications.®! Further investigation led to the development of different substituted
aminobiphenyl derivatives (Scheme 1) which react more efficiently in releasing carboxylates{= 0.04r
0.37) than aminonaphthalenes ( r= 0.0170.22).

To understand the sparse and limitation of the use of aminobiphenyl photocages, the mechanism of the
decaging reactbn was studied by fluorescence spectroscopy and laser flash photolysis (LFP).

= hy .
—_—
CH,CN-H,0 : - OAc

AcOJ HOJ

Scheme 1. The photolysis of aminobiphenyl photocages.
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Self-assembled monolayers (SAMs) withphotoresponsive functionality were constructed on gold
surfaces through the use of hostguest complexes incorporating cucurbit[7]uril (CB[7]). In this system,
CBJ7] functions as a universal anchoring motif, binding to the gold substrate via one of its pals, while
the opposite portal captures a photoswitchable molecular rod bearing a pyridiniumadamantyl
recognition element. To showcase the flexibility of this modular design, four different molecular rods
were synthesized. In solution, the supramolecularCB[7] complexes! maintained the intrinsic light-
responsive behavior of the original rods, undergoing reversible isomerization with minimal influence
from complexation and demonstrating excellent fatigue resistance. Once immobilized on surfaces, the
resulting monolayers preserved their photoactivity, as confirmed by the lightriggered isomerization of
a representative diarylethene derivative. These findings highlight the promise of CBjmdiated
architectures in developing stable, switchable molecular inerfaces and devices.

MOLECULAR RODS: SYNTHESIS, COMPLEXATION, AND SELF-ASSEMBLY
REACTION CONDITIONS

)PdClZ(PPh3)2 Cul, Et;N, DMF, 70
°C. ii) 1013, CsF, PdCIZ(PPhJ)Z
Cul, EN, DMF, 70 °C. iii) CB[7],
DMSO, water, 25 °C, (quantitative).

“ er

8:R = Me, 99%

9:R=/Pr, 99% 1-CB[7] on Au

Molecular Motor

ora

@ ﬁ\@ :::::%} ¥

(cis) 12:R=1 (trans) (open) 13:R=1 (Closed)

Figure 1. Synthesis of molecular rodsl-4 and their reaction withCB[7] leading to supramolecular
complexes 1-4-CB[7]. CB[7]: a schematic representation (A), chemicaktructure (B), and top (C) and
side (D) view on a spacdilling model. Idealized visualization ofl-CB[7] on a gold surface (E).
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Porphyrins are organic dyes that can meet a large number of criteria required for photosenséis (PSs)
in photodynamic therapy(PDT) such as alsorption in the visible part ofthe EM, efficient triplet excited
state formation and production of singlet oxygen*O,) and other reactive oxygen species (RO8)PDT is
a promising approach in cancertreatment due to minimal invasiveness, high selectivity and fewer side
effects, and a low likelihood of developing resistance but one of its limitations is dependence on
molecular oxygen ((0.). Given that the microenvironment in cancer is often hypoxic especially in
melanomas and solid tumors, it is necessary to develop &sthat will be able toproduce ROSby different
mechanisms depending on the locaPO, concentration.

We have recently shown both high cellular uptake and phototoxicity of amphiphilié&B; N-methylated
pyridiniumporphyrins conjugated with fatty acids(Figure 1(left), R = GHz; or Ci7H3s) onmelanoma cells
(amelanotic A375 andmelatonic MeWo) and fibroblasts (HDEF We prepared theirN-oxide analogues
(Figure 1(right)) to evaluate their potential as hypoxiaactivated prodrugs, and here we present a study
of their properties by absorption and fluorescence spectroscopy, laseflash photolysis (LFP), time
correlated single photon counting (TESPC)and determination of *O,/ROSproduction. Cellular uptake,
localisation, and (photo)cytotoxicity in different melanoma cell lines and fibroblasts under conditions of
normoxia and hypoxiainduced by CoC}) will be compared between these two groups of PSs.

Figure 1. Synthesis ofN-methylated pyridiniumporphyrins (left) and (oxido)pyridylporphyrins (right)
from 5-amidophenyl-10,15,20-tri(3-pyridyl)porphyrins (general structure in the middle).
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DESIGN AND DEVELOPMENT OF QUINAZOLINE WHITE LIGHT
EMITTERS FOR LIGHTNING APPLICATION
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In this work, we combine experiment and theory in the design and development of hew quinazoline
chromophores with targeted properties,i.e. white light emitters for application in White Organic Light
Emitting Diode devices The heterocyclic structure of quinazoline allows for various structural
modifications that can be achieved by different synthetic routes, allowing the spectroscopic properties
to be tuned. First, we selected four commercial quinazoline compounds based on our previous wdfk
and determined the optical and photophysical properties both in solution and in the solid state
(fluorescence quantum yield and lifetime, colour coordinates accordingto the CIE 1931 colour system
(fr. Commission Internationale de I'Eclairagey as well as quantum chemical DFT calculations
(protonation sites, emission spectra, excited state deactivation pathways). Based on the obtained
results, we then designed the n&v compounds with the targeted properties of white light emitters, which
should be achieved by the mechanisms of intramolecular charge transfer and excitestate
intramolecular proton transfer. Finally, we synthesised and characterised new compounds to coirin
the prediction. The structure-property relationship is discussed for both commercial and novel
compounds.

CIE 1931
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Figure 1.CIE 1931 coordinates for quinazoline compound with 2 agv. oftrifluoroacetic acid in MeOH.
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Shrubby globularia Globularia alypum L.) is a heliophilous, xerophilous and thermophilous plant
species indigenous to the Mediterraneanregion.? It is a medicinal plant that has been used in the
Mediterranean folk medicine since acient times.? The objective of this study was to compare the
essential oil and hydrosol composition of CroatianG. alypumcollected from two nearby locations on the
Konavle cliffs. Gas chromatographymass spectrometry (GGMS) analyses of essential oil®btained by
hydrodistillation revealed that the major constituents belonged to the groups of aliphatic carboxylic
acids (45.72r61.34 %) and oxygenated monoterpenes (189131.80 %). The major carboxylic acid was
hexadecanoic (palmitic) acid, followed by tetadecanoic (myristic) and oleic acid, while linalool, borneol
and 1,8-cineole (eucalyptol) were found as the major oxygenated monoterpenes. The @S analyses
of the remaining hydrosols showed high relative contents of phenols (53.885.10 %), with eugenol(4-
allyl-2-methoxyphenol) and p-vinylguaiacol (2methoxy-4-vinylphenol) being the major components.
These compounds, which were also present in the analyzed essential oils, but in much smaller relative
amounts (<2.5 %), may contribute to the recorded hological activities of G. alypum such as
antimicrobial, antidiabetic, anti-inflammatory, and antioxidant.?4 Volatile components may also add to
the beneficial effects of skincare products, and at the same time possibly serve as their preservatives
and perfumes.* However, it should be noted that compounds such as linalool and eugenol may cause
allergic reactions (allergic contact dermatitis) and are among the 26 fragrances that need to be labelled
on cosmetic products according to the EUCosmetics Regulationwhen their concentration exceeds
0.001% in leaveon products and 0.01% in rinse-off products.®
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SYNTHESIS AND BIOLOGICAL ACTIVITY OF NOVEL METHOXY AND
HYDROXY SUBSTITUTEPYRIDINEBENZAMIDES
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Nitrogen heterocycles are one of the most significant substructures in medicinal chemistry and rational
design of potential drugs. Pyridine and its derivatives possess wide range oblugical activities owing
partially to their properties like polarity,basicity, and possibility for hydrogen bondforming important for
interactions with biological targets.”! The structural similarity of pyridines with naturally occurring
nucleotides allowed their optimization to getmore selective molecules which could play a crucial role in
the function of biologically important molecules. Herein we present the synthesis of methoxy and
hydroxy substituted N-(pyridine-2-yl)-benzamides to investigate heir biological potential. Starting from
methoxy substituted benzoytchlorides and 2-aminopyridines, methoxy substituted benzamides were
synthesized, followed by demethylation with BBy to obtain hydroxy derivatives?® The structures of
newly prepared mmpounds were confirmed by means of'H and *C NMR spectroscopy and MS
spectrometry. All prepared compounds will be screened for their antioxidant capacityby several

spectroscopic methods and antiproliferative activity in vitro on several human cancer cdk.
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Figure 1. Structures of prepared 2pyridyl benzamides
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CALORIMETRIC, SPECTROSCOPIC, AND COMPUTATIONAL
STUDIES OF CALIXARENE&OLVENT ADDUCTS FORMATION
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Calixarenesfunctionalized at the lower im with electron-donating moieties, such asthose containing
carbonyl groups, have beerthoroughly investigateddue to their ability to form very stable complexes
with a number of cationsin various solvents. The inclusion of solvent molecule into the alixarene
hydrophobic basket plays a significantrole in determining the extent of cation complexation reactiond?
In the previous work we studied the thermodynamics of first and second-group metal cation
complexation by calix[4]arene derivativel in acetonitrile, methanol, and ethanol, with special emphasis
on the solvent effect.In the presentstudy, the influence of solvent molecule inclision in the cone of free
and complexed ligand on the equilibria of binding reactionsvas particularly addressed from the
structural and thermodynamic points of view. Structures of the ligand-solvent and complexsolvent
adducts were investigated byseveral experimental and computational methods NMR spectroscopy,
classical molecular dynamics simulations, and DFT calculation$. The main difference between the
adducts of the first- and second-group cation complexes was found to be in the orientation of the $eent
molecules inside the calixarene cavity In the former case, the solvent methyl group was oriented
towards cation, whereas in the latter-CN/-OH groupfaced the metal ion, in that way coordinating it. The
position/orientation of the included solvent molecule significantly affected the thermodynamic stability
of the complexes The solvent inclusion processwas also quantitatively studied by ITC and UV
absorption spectrophotometry, and the corresponding thermodynamic reaction parameters were
determined and discussed.

logK =243

o 20 4 8 &
n(CH,CN) / n(CaL™)
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Computational methods enable the calculation and prediction of almost all chemical and physical
properties of molecules and their interactions, therefore giving a deeper insight into the nature of the
chemical process and the explanation of the obtained experimental da. The results of computer
simulations are comparable to those of experiments and are widely used today as aigplement,
guidance and very often as a complete replacement of experimental research, especially those that are
time consuming, financially demanding and ecologically inappropriate As a part of this study, quantum
chemical DFT calculations were used to elucidate the reaction mechanism of the thermal
transformations of o-divinylbenzene derivatives and to predict their outcomes"
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Figure 1.Investigated derivatives of-divinylbenzene
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CRYSTALS ON THE EDGEOFFEERING SYMMETRY, DIFFUSION,
AND UNPREDICTABILITY IN A SINGLE DROP OF PANTOPRAZOLE
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When a droplet containing dissolved solids evaporates, the solute often migrates and deposits at the
edge, forming a characteristic "coffee ring" patterny a phenomenon that combines fundamental
physical principleswith complex self-assembly behavior.The aystallization of pharmaceuticals during
solvent evaporation often results in complex patterns that reveal more than just phase transitions they
reflect hidden rules of selforganization, molecular dynamics, and physical instabilities. In this work, we
investigate the coffeering effect in a single drying droplet of pantoprazole sodium, a proton pump
inhibitor with known polymorphic behavior.

Using optical microscopy and quantitative image analysis, we demonstrate that the resulting crystalline
deposit exhibits striking radial symmetry, dense peripheral accumulation, and structured anisotropy,
despite the absence of any templating forcesln patern present on figure 1 ver450discrete object were
identified, predominantly clustered along the drop edge, wih size distributions suggesting a strong
interplay between diffusion, capillary flow, and nucleation kinetics.The apparent order emerging from a
stochastic process invites discussion on the boundary between symmetry and randomness in crystal
growth.

We propose that such evaporative seHpatterning may serve as a sensitive diagnostic tool for
preformulation studies, particularly for compounds prone to morphological and polymorphic variability.

Our findings highlight the potential of dropletbased crystallization models to uncover fundamental

physico-chemical principles through seemingly simple experiments.

Figure 1. Selected Pattern of the CoffeeRing Effect of Pantoprazole Sodium
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