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FOREWORD 

 

 

The 27th Croatian Meeting of Chemists and Chemical Engineers (27HSKIKI) is organized by the 
Croatian Chemical Society and the Croatian Society of Chemical Engineers in a small yet enticing 
Croatian town Veli Lošinj, placed on island Lošinj from 5 to 8 October 2021. 

The meeting has traditionally been organized jointly by the Croatian Chemical Society and the 
Croatian Society of Chemical Engineers on a biannual basis (from 1969). It gathers 400 – 500 
chemists and chemical engineers from Croatia and neighboring countries that, coming from 
academia and industry, contribute to the Meeting with posters and oral presentations. The 
official language of the Meeting is English. 

The meeting is organised in the format of sections: chemistry, materials and nanotechnology, 
environment protection and sustainable development, chemical engineering and 
biotechnology, industry and entrepreneurship, and education (in English and Croatian) 

Croatian Meetings of Chemists and Chemical Engineers have a long history of hosting 
distinguished scientists as plenary lecturers. During last fifty years we were honored by talks 
given by many Nobel laureates, like V. Prelog, R. Huber, J.-M. Lehn, R. Ernst, A. Yonath and D. 
Shechtman as well as many other world known scientist, such as P. W. Atkins, G. Baldi, B. 
Delmon, B. Feringa, J. R. Flower, G. F. Froment, L. Riekert, D. W. T. Rippin, E. U. Schlunder, K. 
Schugerl, K. B. Wiberg, M. Zlokarnik and many others. Our distinguished plenary lecturers were 
also R. Darton, R. Gani and J. M. Le Lann. 

The full-length papers of scientific contributions presented at the Meeting will be gladly 
considered for the publication in the following journals: Croatica Chemica Acta, Chemical and 
Biochemical Engineering Quarterly and Food Technology and Biotechnology. 

In addition to the scientific program, the enchanting town Veli Lošinj will ensure our guests and 
participants to enjoy the beauties of typical Primorje's sceneries of north coastal Croatian island 
Lošinj. Veli Lošinj, the real pearl of Mediterranean, is located on the Adriatic coast only 50 km 
from Rijeka airport and in close vicinity are airports of Zagreb, Trieste and Pula. 

 

 

 

  

 Dean Marković 

 Chair of the Scientific and  
 Organizing Committee 
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VIRAL POLYMERASES AS INTERVENTION TARGETS USING 
NUCLEOSIDE TRIPHOSPHATE PRODRUGS 

Chris Meier 

Organic Chemistry, Department of Chemistry, University of Hamburg, 
Martin-Luther-King-Platz 6, 20146 Hamburg, Germany 

Over the last decades a variety of nucleoside analogues were clinically used in antiviral 
chemotherapy. However, often the antiviral potency of the nucleoside analogues is limited due 
to the lack of intracellular phosphorylation into the triphosphorylated forms by cellular kinases. 
This problem cannot be solved by using the phosphorylated nucleosides due to their high 
polarity. To overcome this hurdle lipophilic precursors of nucleotides, which are able to pass the 
cell membrane and deliver the nucleotides intracellularly (pronucleotides) were developed, e.g. 
nucleoside mono-(cycloSal-system) and nucleoside diphosphate prodrug approaches (DiPPro-
approach) and finally nucleoside triphosphate (NTP) prodrugs. In our work, d4TTP prodrugs with 
different aliphatic masking units have been synthesized via two different routes based on 
phosphoramidite or H-phosphonate chemistry. Our triphosphate delivery system is comprised 
of enzymatically cleavable masking groups (acyloxybenzyl-moieties) which are attached to the 
-phosphate group. Chemical hydrolysis and esterase studies, enzymatic cleavage in CEM/0 cell 
extract, primer extension assays, PCR assays, whole-cell incubations and antiviral HIV tests will 
be discussed which proved the successful delivery of NTPs. This TriPPPro-concept will open up 
unknown possibilities not only in Medicinal Chemistry but also in Chemical Biology.[1,2] Next, a 
prodrug approach in which the -phosphate of NTPs is modified by two different groups was 
developed. One of these groups represents a cleavable acyloxybenzyl masking group while the 
second group is a non-cleavable alkyl residue. Such compounds showed a very high stability 
towards dephosphorylation as compared to d4TTP in cell extract studies. In antiviral assays, 
these compounds were highly potent against HIV-1 and HIV-2 in thymidine kinase-deficient CD4+ 
T-cells (CEM/TK–). Primer extension assays using HIV’s reverse transcriptase and different 
cellular human DNA-polymerases showed that the new compounds act as a substrate for RT but 
were found to be non-substrates for cellular DNA-polymerases  and . 

These prodrug systems were developed for combating HIV-replication but were also applied to 
inhibition of Influenza infections.  

Moreover, the interaction of a selected nucleoside triphosphate of the SARS-CoV-2-polymerase 
will be discussed.[3] 

REFERENCES 

[1] Gollnest T, Dinis de Oliveira T, Schols D, Balzarini J, Meier C. Nat. Commun. 2015, 6, 8716. 
https://doi.org/10.1038ncomms9716 

[2] Meier C. Antiviral Chem. Chemother. 2017, 1-14. 

[3] Shannon A, Selisko B, Le N, …, Meier C, Coutard B, Peersen O, Canard B. Rapid incorporation of 
Favipiravir by the fast and permissive viral RNA polymerase complex results in SARS-CoV-2 lethal 
mutagenesis. Nature Commun. 2020; 11, 4682. 
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PROCESS SYSTEMS ENGINEERING –  
A PERSPECTIVE LOOKING FORWARD 

David Bogle 

University College London, 2 Taviton St, London WC1H 0BT, UK 

The lecture will address the way that Process Systems Engineering is enabling the digital 
revolution in the Process Industries to achieve 'Smart Process Manufacturing'. Process Systems 
Engineering is the branch of Chemical Engineering developing and utilising computational tools 
and techniques for design, operation and management for the process industries: chemical, 
refining, pharmaceutical and other industrial sectors where chemical change occurs.  Much 
algorithmic research and practice has already been achieved to enable Smart Process 
Manufacturing but there are technical challenges to obtain designs and operating strategies that 
are robust when there is considerable uncertainty and variation in operating conditions, 
particularly for greater agility in response to customer and societal needs. The significant 
amounts of data that are generated are underused which remains a challenge for 
researchers.  The lecture will highlight some of the technical challenges and end by focusing on 
a few research areas where progress is needed. 

  

 PL-2 



 

27th CROATIAN MEETING OF CHEMISTS AND CHEMICAL ENGINEERS 
27. HRVATSKI SKUP KEMIČARA I KEMIJSKIH INŽENJERA 

5–8 October 2021, Veli Lošinj, Croatia 
 

 

4 

QUALITY-BY-CONTROL (QBC) APPROACHES FOR PROCESS 
INTENSIFICATION IN ADVANCED PHARMACEUTICAL 

MANUFACTURING AND DISCOVERY 
Zoltan K. Nagy 

Davidson School of Chemical Engineering, Purdue University 

The advent of process analytical technologies (PAT) more than two decades ago has brought the 
applications of advanced control of pharmaceutical manufacturing processes in the realm of 
possibility. The role of advanced feedback control concepts in improving the performance of 
batch processes, as well as enabling technologies in the paradigm shift from batch to continuous 
manufacturing will be corroborated. Examples how advanced control can be used for process 
intensification and the improved production of pharmaceutical particulates will be provided, 
with application to both continuous drug substance and drug product manufacturing. Examples 
will include advanced control approaches for the integrated crystallization and wet mill system 
and the spatial control in continuous oscillatory flow crystallization platforms using spherical 
crystallization as a process intensification approach to simultaneously control critical quality 
attributes of particulate products, including size and shape distribution, purity and polymorphic 
form. We will illustrate how these advanced model-based control approaches allow to achieve 
a desired trade-off between manufacturability and bioavailability in advanced pharmaceutical 
manufacturing. The application of a systematic quality-by-control (QbC) framework for the 
design of hierarchical control systems for continuous tablet production via direct compaction 
will also be described. The distributed manufacturing of pharmaceuticals using miniaturised 
pharmaceutical manufacturing (MiniPharm) platforms will be described that exploits the 
information from high throughput reaction screening approaches based on DESI and MS 
technologies and uses a reconfigurable plug-and-play platform of reactors and separators for 
continuous API production integrated with drop-wise additive manufacturing platform (DAMP), 
which can provide a novel intensified process route for rapid and reactive personalized dosage 
manufacturing of final formulated products suitable for direct delivery. The talk will also 
describe the enabling role of feedback control in the development of a rapid reaction screening 
platform that can be used for the optimization of reaction conditions and the discovery of new 
reaction pathways or new active molecules for drug discovery. The talk intends to provide 
motivating examples of the next stage of innovation in advanced pharmaceutical manufacturing, 
illustrating the potential benefits of process systems engineering concepts and the new quality-
by-control (QbC) framework in improving product quality and process efficiency while reducing 
costs and time-to-market. 
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NANOSTRUCTURED AND FUNCTIONAL MATERIALS AND 
ADDITIVES BASED ON POLY(ALKYL METHACRYLATES) 

Ante Jukić 

Faculty of Chemical Engineering and Technology, University of Zagreb, 
Trg Marka Marulića 19, HR-10000 Zagreb, Croatia 

Polymeric materials based on alkyl methacrylates are usually manufactured by the free radical 
copolymerization, which in relation to other polymerization mechanisms allows their relatively 
simple functionalization. This is especially valid for the monomers of similar copolymerization 
reactivity ratios such as functional methacrylates with amino or hydroxy groups. In this case, it 
is facilitated to obtain products of the desired properties, and the copolymerization itself is 
considered pseudo-ideal. When the copolymerization reactivities of comonomers are different 
or unknown with respect to methacrylate monomers, they need to be determined 
experimentally using various copolymerization models and equations. This results in wide 
possibilities of changing the polymer composition and structure with a direct impact on the 
application properties. Here, several examples will be presented of how by changing the 
composition and structure of copolymers based on alkyl methacrylate, a significant 
improvement of the target properties was achieved or how the introduction of new ones 
enabled further applications. The first group of examples includes the functionalization of 
methacrylate additives of lubricating oils and oil nanofluids which improve viscosity, lubricity, 
thermal and shear stability, and dispersive properties. The second group of examples illustrates 
the development of nanostructured polymethacrylate materials where miscibility and 
compatibility are achieved either by chemical functionalization of nanofillers (carbon 
nanotubes) or by chemical functionalization of the polymer matrix. 
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MULTISCALE SIMULATIONS OF REACTIVE INTERFACES 
Ana-Sunčana Smith 

Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb 

Numerous biological and technological processes depend on the reactivity on the molecular 
scale, which is ultimately reflected in a response on the scale of the system. For example, a 
catalytic reaction rate of a occurring on a liquid interface is coupled to the mesoscopic properties 
of that interface. The latter change as the reaction proceeds due to the solubility of reactants 
and the reaction itself. This is reflected in changes of interface content, viscosity, structuring and 
temperature, resulting in a feedback into reaction rate and reactant transport coefficients, 
overall affecting the efficiency of the system. Predicting the latter is a major issue due this 
coupling of a multitude of relevant time and length scales. However, it is necessary to address 
these problems to aid with the optimization of the system design. In my presentation, I will 
discuss some strategies in multiscale modeling, from the molecular to the mesoscopic level 
focusing on modeling supported ionic liquid phase catalysis. 
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A JOURNEY THROUGH THE WORLD OF HALOGEN BONDING 
Pierangelo Metrangoloa–e 

a SupraBioNanoLab-DCMIC “Giulio Natta”, Politecnico di Milano, Italy 
E-mail: pierangelo.metrangolo@polimi.it; Web-site: www.suprabionano.eu 

b Center for Nano Science and Technology, Italian Institute of Technology 
c Centre of Excellence in Hybrid Biosynthetic Materials, Aalto University, Finland 
d Nanotechnology Institute (Nanotec), National Research Council, Italy 
e VTT-Technical Research Centre of Finland. 

In recent years, halogen bonding has grown from a scientific curiosity to one of the most 
interesting noncovalent interactions for constructing supramolecular assemblies (Figure 1) [1]. 
According to the recently proposed IUPAC provisional recommendation [2], “A halogen bond 
occurs when there is evidence of a net attractive interaction between an electrophilic region 
associated with a halogen atom in a molecular entity and a nucleophilic region in another, or 
the same, molecular entity”. This definition acknowledges the qualitative analogy between 
halogen bonding and the ubiquitous hydrogen bonding. In this lecture, I will survey my 20 years 
of research, starting from small molecule crystal engineering and arriving to the relevant 
implications of in-vivo halogenation mechanisms [3]. 

                

Figure 1. Numbers of papers published in the last 20 years reporting the wording  
Halogen Bonding (source SciFinder 29/07/2021).  

REFERENCES 

[1] G. Cavallo, P. Metrangolo, R. Milani, T. Pilati, A. Priimagi, G. Resnati, G. Terraneo, Chem. Rev. 2016, 
116, 2478. 
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DYNAMIC MOLECULAR SYSTEMS  
FROM SWITCHES TO MOTORS 

Ben L. Feringa 

Stratingh Institute for Chemistry, University of Groningen 
Nijenborgh 4, 9747 AG Groningen, The Netherlands 

b.l.feringa@rug.nl 

The fascinating molecular motors and machines that sustain life offer a great source of inspiration 
to the molecular explorer at the nanoscale. Among the major challenges ahead in the design of 
complex artificial molecular systems is the control over dynamic functions and responsive far-
from-equilibrium behaviour. Chemical systems ultimately require integration of structure, 
organization and function of multi-component dynamic molecular assemblies at different 
hierarchical levels. A major goal is to achieve and exploit translational and rotary motion. 

In this presentation the focus is on the dynamics of functional molecular systems as well as 
triggering and assembly processes. We design motors in which molecular motion is coupled to 
specific functions. For instance, molecular switches allow for information storage systems, 
control of biological systems like protein channels are key to precision pharmaceuticals as 
demonstrated in Photopharmacology. Responsive behavior will be illustrated in self-assembly 
and responsive materials with a focus on cooperative action, amplification along multiple length 
scales and 2D and 3D organized systems. This allows the design of responsive polymers, liquid 
crystal materials and artificial muscles. The design, synthesis and functioning of rotary molecular 
motors and machines will also be presented with a prospect toward future dynamic molecular 
systems and responsive materials 

REFERENCES 

[1] http://www.benferinga.com/ 

[2] Molecular Machines: Nature, September 2015 

[3] Molecular Switches: Chemistry World, June 2016 

[4] Vision statement “Materials in Motion”: Adv. Mater. 2020 
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THE SOLVENT EFFECT ON THE HOST-GUEST COMPLEXATION 
EQUILIBRIA; THE GOOD AND THE BAD 

Josip Požar 

Department of Chemistry, Faculty of Science, University of Zagreb, Zagreb, Croatia, pozar@chem.pmf.hr 

The lecture will cover the most important aspects of the solvent effect on thermodynamics of 
the complexation reactions involving calixarenes, cyclodextrins, and cucurbiturils as hosts and 
alkali-metal cations as well as non-polar species as guests. The rationalization of the medium 
influence on the binding properties of investigated macrocycles will rely on the thermodynamic 
data (complex stability constants, reaction and dissolution Gibbs energies, enthalpies and 
entropies) and the structural insights (NMR and computational methods). In addition, standard 
thermodynamic parameters of the reactants and the products transfer among the solvents will 
be discussed. 

A range of phenomena, from specific[1,2] and selective[2] solute-solvent interactions to the 
temperature-dependent hydration of hydrophobic guests in water[3] will be presented. The 
trends regarding solvation of host and guest with respect to their size and structure will be 
revealed and their influence on the complexation thermodynamics pointed out. The potential 
for solvophobically driven hosting of non-polar species in organic solvents will be also 
addressed.[3] 

The results of thermodynamic studies of host-guest reactions in different media clearly indicate 
how remarkable and complex the often underappreciated solvent influence on the binding 
ability of investigated macrocycles can be. They also provide a basis for targeted design of the 
efficient supramolecular receptors.[4] 

Acknowledgements. The research was fully supported by the Croatian Science Foundation (project 
MacroSol; IP-2019-04-9560) 
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ATOMIC LAYER PROCESSING: A TOOLBOX FOR FABRICATING 
FUNCTIONAL HYBRID MATERIALS 

Mato Kneza,b,c 

a CIC nanoGUNE BRTA, San Sebastián, Spain, m.knez@nanogune.eu 
b University of Rijeka, Rijeka, Croatia 
c IKERBASQUE, Basque Foundation for Science, Bilbao, Spain 

Atomic layer deposition (ALD) has become the method-of-choice for solving many technical 
issues that occurred on the way towards designing current and future electronics. Serious effort 
has been invested in order to optimize the materials, processes and processing instrumentation, 
which eventually resulted in the success story of this processing technique.  

The ALD process can be seen from various perspectives. On the one hand, it allows controlled 
deposition of thin films on a variety of substrates and in this way enables a modification of a 
given functionality of a surface or even introduction of a new functionality. On the other hand, 
it may be seen as a chemical reactor that allows precise dosing of a chemical, allowing for 
chemical interaction and modification of the substrate. Considering both points of view, the 
process opens large variation possibilities for a design of novel functional materials for emerging 
applications and devices. Among those functional materials hybrid materials play an increasingly 
important role. Hybrid materials are in most cases blends of inorganic and organic materials and 
are considered to be key for the next generation of materials research. The main goal while 
fabricating such materials is to bridge the worlds of polymers and ceramics, ideally uniting the 
most desirable properties within a singular material. Furthermore, in a well performing hybrid 
material the individual components will add value to their counterpart in a synergistic way.  

In this talk, some approaches will be discussed that show great promise for establishing ALD as 
the method-of-choice for innovation in technological fields beyond the microelectronics 
industry. In an adapted processing mode, the ALD processing technology also allows infusing 
metals into polymeric substrates, which leads to novel material blends that cannot easily be 
obtained in other ways. In either of those cases the chemical or physical properties of the initial 
substrate are improved, or new functionalities added. With some showcases, this talk will 
discuss approaches towards non-traditional application of ALD to fabricate novel materials with 
great promise in energy storage, catalysis, personal protection, or flexible electronics. 
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TREATING MOUSE AS A STROKE PATIENT - CAN MOLECULAR 
CHANGES IN THE LIVING MOUSE BRAIN BE VISIBLE? 

Srećko Gajović 

University of Zagreb School of Medicine, Croatian Institute for Brain Research, Zagreb, Croatia, 
srecko.gajovic@hiim.hr 

The stroke represents a major health problem, however for ischemic stroke the current 
therapies are oriented only to recanalization strategies or supportive care in the dedicated 
stroke centers. The preclinical in vivo stroke models are crucial in design of novel therapeutic 
approaches, however from many promising candidates, none proved to be beneficial for the 
patients in the clinical settings. 

To upgrade the insight in the ischemic stroke damage and subsequent repair we have created a 
platform aimed to monitor living mice after temporary (30 min) occlusion of middle cerebral 
artery (i.e. tMCAO) at multiple time points for 28 days. The brain morphology was analyzed by 
high field (7T) magnetic resonance imaging (MRI), and molecular events by bioluminescence 
imaging (BLI) of transgenic animals bearing a luciferase reporter. The functional outcomes were 
evaluated by scoring of the neurological status. 

The beauty of chemistry used in this in vivo paradigm is that the luciferin, being a substrate of 
the luciferase and providing for the measurable light production in the living mouse brain, can 
be chemically modified, i.e. “caged”. The caged luciferins are not available to luciferase and need 
to be “released” from the “cage” when cleaved by endogenous mouse enzymes, e.g. caspase 3 
or 7, and after cleavage the “free” luciferin is available for the chemical light-producing reaction. 

Here we present the innovative use of caged DEVD-luciferin to address the caspase activity in 
the mouse brain, corresponding to the apoptosis after ischemic stroke. Two different transgenic 
animals were used, Gap43-luc, expressed only in neurons engaged in the repair and CAG-luc, 
with ubiquitous promoter where luciferase is expressed in all tissues. This allowed to address 
the levels of post-stroke repair in the living mouse, as well as the extent of post-stroke apoptosis. 
The methodology was used to compare the modified neuroinflammation of Tlr2-deficient 
animals to their wild type counterparts, and it could distinguish them with ease, although the 
effect combines apoptosis with other currently elusive molecular pathways.  

Acknowledgments. The study was supported by the Croatian Science Foundation project RepairStroke IP-
06-2016-1892, and by the European Union through the European Regional Development Fund, under 
Grant Agreement No. KK.01.1.1.07.0071, project “Sinergy of molecular markers and multimodal in vivo 
imaging during preclinical assessment of the consequences of the ischemic stroke (SineMozak)”, under 
grant agreement No. KK.01.1.1.04.0085, project “Genomic engineering and gene regulation in cell lines 
and model organisms by CRISPR/Cas9 technology – CasMouse”, and as the Scientific Centre of Excellence 
for Basic, Clinical and Translational Neuroscience under Grant Agreement No. KK.01.1.1.01.0007, project 
“Experimental and clinical research of hypoxic-ischemic damage in perinatal and adult brain”. Multimodal 
imaging was done at Laboratory for Regenerative Neuroscience - GlowLab, University of Zagreb School of 
Medicine. 
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"LJUBI, LJUBI, AL' GLAVU NE GUBI":  
MOLEKULE LJUBAVI NA SATU KEMIJE 

Milan Nikolić 

Univerzitet u Beogradu – Hemijski fakultet, Katedra za biohemiju, Studentski trg 12-16, Beograd, Srbija, 
mnikolic@chem.bg.ac.rs 

Volimo se hvaliti da se bavimo centralnom (dakle, iznimno važnom) znanošću. U praksi je kemija 
jedan od (naj)manje omiljenih predmeta, praćena ne tako laskavim opaskama: "opet mućkaš 
nešto smrdljivo i opasno", ili "stroj ne može oprati mrlje od tvojih kemikalija". Pandemija SARS-
CoV-2 istisnula je nastavu iz učionica i promijenila tradicionalne oblike podučavanja, što 
nastavnicima dodatno otežava obradu složenih (bio)kemijskih pojmova i fenomena. Kako 
dodatno zainteresirati učenike za “čudesni svijet hemije”? Odabirom sadržaja bliskih učenicima 
iz vlastitog iskustva!? Jedan takav, svima dobro poznat, je fenomen ljubavi. Tko nije voleo, 
oplakivao zbog neuzvraćene ljubavi, inspirirao se pogledima, dodirima i porukama voljene 
osobe? Kakve se hemijske promjene dešavaju u tijelu u "ludim godinama"? Kako približiti 
učenicima te procese i povezati ih s drugim nastavnim sadržajima? Moj je zadatak pokušati 
odgovoriti na ova pitanja. Upoznajmo skupa Kupidona, gospođu energiju, kralja i kraljicu, 
gladijatora, Romea, krotitelja lavova i belog viteza u ljubavi.  
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ORALLY DISINTEGRATING TABLETS AND MINI-TABLETS 
CONTAINING SOLID DISPERSION – DOSAGE FORMS FOR  
BETTER PATIENT COMPLIANCE AND ENHANCED ORAL 

ABSORPTION OF DRUG 
Krunoslav Žižek 

University of Zagreb, Faculty of Chemical Engineering and Technology, Zagreb, Republic of Croatia, 
kzizek@fkit.hr 

Oral absorption is still the gold standard for drug delivery despite the new trends in the 
development of complex therapeutic agents. This is mainly due to the patient preference for 
solid dosage forms, convenience of administration, accuracy of dosing, and crucially to the safety 
of the patients. Recently, pharmaceutical industry is dealing with development and production 
of novel, and a more effective dosage forms for oral absorption of already existing drugs. Such, 
somewhat different, drug products are very promising since their formulation flexibility for the 
manufacturers, therapeutic effects and clinical benefits to many patient groups. This 
presentation will reveal our vision to use chemical engineering methodology (Figure 1) to design 
different, and a more effective dosage forms for better patient compliance and enhanced oral 
absorption of particular drug. 

The ideal drug candidate for this, we believe, is lurasidone hydrochloride, an atypical anti-
psychotic API with low aqueous solubility and consequently poor gastrointestinal absorption and 
low bioavailability. For the purpose of drug solubility enhancement, solid dispersions of a drug 
in matrices of hydrophilic polymers were prepared by various process technologies (Figure 1) and 
properly characterized by analytics that could explain physically the enhanced dissolution 
properties. Orally disintegrating tablets (ODTs) and orally disintegrating mini-tablets (ODMTs) 
were successfully prepared using solid dispersions of a drug, in-situ fluidized bed melt 
granulation and traditional tabletting. Our intention here will be to present how our 
methodology and formulation carried are effectively used to improve drug solubility, to affect 
on release kinetics, and how to enhance oral absorption and overall therapeutic effect of drug. 

 

 

Figure 1. Schematic of research methodology.  

 IL-5 



 

27th CROATIAN MEETING OF CHEMISTS AND CHEMICAL ENGINEERS 
27. HRVATSKI SKUP KEMIČARA I KEMIJSKIH INŽENJERA 

5–8 October 2021, Veli Lošinj, Croatia 
 

 

15 

SYNTHETIC ENZYME CASCADES – 
FROM SET-UP TO SUSTAINABLE PROCESS CHAINS 

Dörte Rother 

IBG-1: Biotechnology, Forschungszentrum Jülich GmbH, 52425 Jülich, Germany 
Aachen Biology and Biotechnology, RWTH Aachen University, 52074 Aachen, Germany 
do.rother@fz-juelich.de 

Enzymatic multi-step reactions offer significant potential 
to yield fine-chemicals, chiral building blocks and active 
pharmaceutical ingredients with excellent stereoselec-
tivities. But the access to economically feasible product 
concentrations can be a challenge. This challenge can be 
met using an integrated engineering approach that 
includes enzyme engineering, reaction optimisation and 
optimal process design. Examples of synthetic enzyme 

cascades for the production of pharmaceutically active ingredients meeting selectivities >98 % 
and product concentrations >50 g/L will be presented. 

By the flexible combination of enzymes with varying substrate specificities and stereo-/ 
regioselectivities, the access to whole product platforms is possible. Combining (R)- and (S)-
selective transaminases and carboligases in a modular way, all four stereoisomers of e.g. amino 
alcohols like nor(pseudo)ephedrine,[1] methoxamine or metaraminol[2] are gained from 
differently substituted starting aldehydes. On top, tetrahydroisoquinolines (THIQ) containing 
three chiral centres can be synthesised by an additional cyclisation step. This step is either 
catalysed by a norcoclaurine synthase or simply by phosphate giving stereocomplementary 
products.[2] This example shows the power of hybrid systems, where optimal catalysts are 
selected, no matter from which origin they are. Since recently, we also combine enzymes and 
chemical catalysts with (living) microbial cell factories in process chains. In this way, renewable 
raw materials are converted into valuable chiral compounds in a sustainable way. The entire 
process chain, including downstream processing, is evaluated in terms of ecological and 
economic efficiency.[3,4]When high product titres in (multi-step) biocatalysis and easy 
downstream processing is targeted, the use of unconventional reaction conditions, like micro-
aqueous reaction systems using green solvents, can be very beneficial.[3,5] 

REFERENCES 
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Chem. 23: 3191-3206 

  

 IL-6 



 

27th CROATIAN MEETING OF CHEMISTS AND CHEMICAL ENGINEERS 
27. HRVATSKI SKUP KEMIČARA I KEMIJSKIH INŽENJERA 

5–8 October 2021, Veli Lošinj, Croatia 
 

 

16 

(RE)PURPOSING STARTS VIRTUALLY BY PREDICTIVE  
MACHINE-LEARNING MODELS 

Višnja Stepanić, Davor Oršolić, Tomislav Šmuc 

Laboratory for Machine Learning and Knowledge Representation, Ruđer Bošković Institute, 
Bijenička c. 54, 10000 Zagreb, Croatia, stepanic@irb.hr 

The cheapest, fastest and efficient way to find active compounds for biological targets, novel 
biological activities for compounds “in shelves” or to reveal targets for discovered natural 
products, is to test compounds virtually by using proper in silico approaches and/or models at 
the beginning. The predictive machine learning (ML) model developed for specific (bio)activity 
can be applied for prioritizing assays for in vitro testing of compounds and their (re)purposing. 
The two ML models which may shed light on potential biological activities for compounds, will 
be presented. They have been developed by using publicly available datasets and are 
incorporated within virtual modular platforms for detecting potential phytotoxic molecules and 
kinase inhibitors. 

Acknowledgements. The authors are thankful to Croatian Government and the European Union 
(European Regional Development Fund—the Competitiveness and Cohesion Operational Program), for 
funding this study through the project Bioprospecting of the Adriatic Sea (KK.01.1.1.01.0002), granted to 
The Scientific Centre of Excellence for Marine Bioprospecting—BioProCro. 
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POLYELECTROLYTE MULTILAYERS: FROM FUNDAMENTAL 
STUDIES TO BIOMEDICAL APPLICATIONS 

Davor Kovačević 

Division of Physical Chemistry, Department of Chemistry, Faculty of Science, University of Zagreb, 
Horvatovac 102a, 1000 Zagreb, Croatia, davor.kovacevic@chem.pmf.hr 

Polyelectrolyte multilayers (PEMs) are surface coatings created by alternating deposition of 
positively and negatively charged polyelectrolytes (polycations and polyanions) on a solid 
surface. PEM build-up strongly depends on applied experimental conditions (e.g. ionic strength, 
supporting electrolyte type, pH and concentration). The goal of our research was finding the 
answers to fundamental questions concerning the PEM build-up.[1] We examined the influence 
of various experimental conditions on PEM formation and compared the PEM properties with 
the properties of corresponding polyelectrolyte complexes in solution.[2] Furthermore, the 
possibility of PEM biomedical application was explored, with the emphasis on prevention of 
bacterial adhesion to various surfaces.[3–5] In recent years we have developed new successful 
strategies for designing soft nano materials whose properties can be finely adjusted according 
to application requirements.  

Acknowledgements. This research was supported by the Croatian Science Foundation under the bilateral 
Slovenian-Croatian APPLPEMS project (IPS-2020-01-6126). 
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SUBSTITUTION AND RING OPENING OF FUSED PYRIMIDINES 
USING THEIR ACTIVATION BY AZIDO AND TRIAZOLYL GROUPS 

Māris Turks, Irina Novosjolova, Ērika Bizdēna 

Institute of Technology of Organic Chemistry, Faculty of Materials Science and Applied Chemistry, Riga 
Technical University, P.Valdena Str. 3, Riga, LV-1048, Latvia, maris.turks@rtu.lv 

We have developed synthesis of 2,6-bis-triazolyl-purine derivatives 4 (Y = 1,2,3-triazole) and 
demonstrated their application in SNAr reactions by substituting C(6) position of purine with a 
broad range of N-, S-, Se-, C-, O-, and P-nucleophiles (Scheme 1).[1] 2,6-Bis-triazolyl-purine 
derivatives 4 and their SNAr products 5 are fluorescent and this has led to development of ion 
sensing, cell imaging systems and applications in materials science.[2] On the other hand, azido-
substituted fused pyrimidines of type 2 exhibit azide-tetrazole tautomerism, which was 
instrumental to develop novel substitution methodologies (nucleophile-nucleofuge dance) 
around the cycle[3] and also pyrimidine ring opening reactions leading to compounds of type 3.[4] 

 

Scheme 1. 

Acknowledgements. Authors thank the Latvian Council of Science Grant LZP20/1-0348 for financial 
support.  
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NEW MULTITARGETING ANTIBIOTICS AGAINST  
ANTIMICROBIAL RESISTANCE 

Lucija Peterlin Mašič 

Faculty of Pharmacy, University of Ljubljana, Aškerčeva 7, 1000 Ljubljana, Slovenia, 
lucija.peterlin@ffa.uni-lj.si 

There is an urgent need for new therapies and new antibiotics to treat deadly infections caused 
by so-called ESKAPE pathogens (Enterococcus faecium, Staphylococcus aureus, Klebsiella 
pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species) 
which are often resistant to available antibiotics. Antimicrobial resistance is becoming an 
increasingly urgent public health threat in both clinical and community settings. One promising 
strategy to address this rapid evolution of resistance is the design of antimicrobial compounds 
that equipotently inhibit two bacterial targets. The rationale for this approach is that the 
development of resistance to multitargeting antibiotics would require the simultaneous 
occurrence of multiple specific mutations at both targets, which is extremely rare. 

We have developed a new structural class of multitargeting antibiotics against two well-
established molecular targets with innovative approaches to potent and safe multitargeting 
antibiotics with limited resistance. We targeted the antibacterial activity of the new molecules 
against ESKAPE pathogens to address an unmet medical need, with a target product profile of 
methicillin-resistant (MRSA), vancomycin-intermediate (VISA) Staphylococcus aureus and 
Acinetobacter baumannii clinical isolates. 
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HALOGENATED AROMATIC CATIONS AS  
HALOGEN BOND DONORS 

Vladimir Stilinović, Luka Fotović, Nikola Bedeković 

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

The key feature which enables halogen atoms to act as Lewis acids in order to form halogen 
bonds, is presence of an area of depleted electron density (σ-hole).[1] Most common strategies 
for the design of halogen bond donors thus rely on using the most polarisable halogens (I and 
Br) as donor atoms, bonded to electron-withdrawing molecular residues. This is usually achieved 
by addition of substituents on the hydrocarbon skeleton (most commonly fluorine, as in 
perfluorinated iodo and bromo-hydrocarbons [2]), or binding the halogen to an electronegative 
heteroatom (e.g. nitrogen in halogenoimines [3]). There is, however, another approach for 
ensuring a large positive electrostatic potential on the halogen atom: making the halogen atom 
a part of a positively charged species.[4]  

Here we will present a systematic study of both the possibilities and the limitations of using 
halogenopyridinium (X-Py) cations as halogen bond donors. For this purpose, we have selected 
mono-halogenated pyridine derivatives (o-, m- and p-; chloro, bromo and iodo), both as 
protonated and as N-methylated pyridinium cations. While both protonation and N-methylation 
of halogenopyridines lead to a considerable increase in the electrostatic potential of the halogen 
σ-hole, X-Py cations have not shown to be superior to the commonly used neutral halogen bond 
donors. A closer inspection of the distribution of the charge, demonstrates that the halogen σ-
hole is generally not the most positive site on the surface of the cation. In spite of this, cations 
derived from iodo- and even bromopyridines form halogen bonds with remarkable consistency, 
which makes them reliable halogen bond donors for synthesis of halogen bonded materials. 

Acknowledgements. This research was supported by the Croatian Science Foundation through grant No. 
IP-2019-04-1868. 
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COOPERATIVE DUAL-CATALYTIC TRANSITION METAL SYSTEMS 
FOR SELECTIVE FUNCTIONALIZATION OF LESS REACTIVE SITES 

Pawel Dydio 

Institute of Science and Supramolecular Engineering UMR 7006, University of Strasbourg, CNRS, 8 allée 
Gaspard Monge, 67000 Strasbourg, France, dydio@unistra.fr 

Here I will present our studies dedicated to the development of dual-catalytic system that 
enable selective functionalization reactions of substrates at their typically unreactive sites, such 
as ubiquitous unactivated C-H bonds.[1] Our strategy rests on merging a metal-catalyzed 
reversible reaction and a metal-catalyzed functionalization reaction (Figure 1).[2] Such reactions 
occur directly under mild conditions without the pre-activation steps and without the use of 
highly reactive reagents. For instance, we demonstrated the transient and reversible oxidation 
of an alcohol group by catalytic Ru-complexes enables 
direct arylation of the otherwise unreactive CH bond of 
aliphatic alcohols by a Pd-catalyst, and direct -regio- and 
enantioselective hydroarylation of the C=C double bond of 
allylic alcohols by a Rh-catalyst. Due to the mild reagents 
and conditions of both the reversible reaction and the 
functionalization reaction, the devised methodologies are 
general and compatible with a broad scope of substrates, 
including natural product-like molecules. These studies 
highlight the potential of the multi-catalytic approach to 
address challenging transformations to circumvent multi-
step procedures and use of highly reactive reagents in 
organic synthesis. 

Our current efforts in the exploration of the full potential 
of the approach will be further discussed. 

Acknowledgements. We thank the University of Strasbourg, the 
European Research Council (ERC Starting Grant ‘Reverse&Cat’), the French National Research Agency 
through the IdEx Unistra framework, and the Frontier Research in Chemistry Foundation through the 
LabEx Chemistry of Complex Systems framework for generous financial support of our research program.  
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Figure 1. A cooperative dual-
catalytic system combining rev-
ersible activation and function-
alization reactions. 
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BIOREMEDIATION AS A PROMISING STRATEGY FOR 
MICROPLASTICS REMOVAL BY BACTERIA Bacillus cereus AND 

Pseudomonas alcaligenes 
Dajana Kučić Grgić,a,* Martina Miloloža,a Kristina Bule,b Viktorija Prevarić,b Matija Cvetnić,b 

Šime Ukić,b Vesna Ocelić Bulatović,c Marinko Markić,d Tomislav Bolančab 

a Department of Industrial Ecology, Faculty of Chemical Engineering and Technology University of 
Zagreb, Marulićev trg 19, 10000 Zagreb, Croatia 

b Department of Analytical Chemistry, Faculty of Chemical Engineering and Technology University of 
Zagreb, Marulićev trg 20, 10000 Zagreb, Croatia 

c Laboratory for Industrial Ecology, Faculty of Metallurgy University of Zagreb, Aleja narodnih heroja 3, 
44000 Sisak, Croatia 

d Comprehensive Water Technology, Marulićev trg 19, 10000 Zagreb, Croatia 
* dkucic@fkit.hr 

Microplastics (MPs) attract ever-increasing attention due to environmental concerns. MPs were 
defined as plastic particles <5 mm in size, which can be formed from the degradation of larger 
plastic consumer products and the production of plastic debris in industrial processes. These 
particles are mostly made from polyethylene (PE), polypropylene (PP), polystyrene (PS), 
polyethylene terephthalate (PET) and polyvinyl chloride (PVC). Bioremediation has been 
highlighted as a promising tool for removal MPs from water. Bioremediation is a cost-effective 
treatment that involves degradation of pollutants by microorganisms. In this study, 
bioremediation of water polluted with MPs, PS and PVC, by bacterium Bacillus cereus and 
Pseudomonas alcaligenes were investigated. The results show that Bacillus cereus degraded PS 
and PVC better than Pseudomonas alcaligenes, and PS better than PVC. 

 

Acknowledgements. The authors would like to acknowledge the financial support of the Croatian Science 
Foundation through project entitled Advanced Water Treatment Technologies for Microplastics Removal 
(AdWaTMiR) (IP-2019-04-9661). 
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ATROPISOMERISM: A GATE TO MODERN DRUGS 
Françoise Colobert 

Laboratoire de Chimie Moléculaire et Applications, Université de Strasbourg/ECPM, France. 
http://syncat.unistra.fr 

Chirality is an intriguing feature of nature and many natural, biologically active compounds are 
stereogenic. Indeed, the unique tridimensional structure of chiral compounds frequently 
accounts for specific interactions with active sites of enzymes allowing highly selective 
therapeutic actions. Such a tridimensionality may arise from the presence of not only chiral 
stereocenters but also axial chirality, corresponding to a hindered rotation around an axis. 
Indeed, an analysis of 1900 small molecules drugs in the USD FDA Drug Bank (FDA: Food and 
Drug Administration) reveals that approximately 15% of FDA-approved scaffolds contain one or 
more atropisomeric axis and additional 10% of molecules are “proatropisomeric”. Even more 
markedly, the prevalence of atropisomeric compounds has been expanding drastically since 
2011 and over the last years almost one of out three FDA-approved small molecules contains 
axial chirality element and additional 16% are proatropisomeric. 

Currently, the axial chirality (ie. atropoisomerism) generally concerns C–C bonds, as in case of 
biaryl and hetero-biaryl compounds. In contrast, the axial chirality arising from a restricted 
rotation around a C-N bond is clearly underdeveloped.  

With regard to the vivid interest on the C-C and C-N axially chiral compounds, we designed new 
asymmetric strategies to build-up such compounds. 
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NUMERICAL METHODS IN NATURAL PRODUCTS CHEMISTRY 
Grégory Genta-Jouve 

LEEISA USR3456 CNRS, Cayenne, French Guiana 

In this presentation we will focus on how numerical methods have been increasingly applied to 
the natural products field in the last decade. Focusing on the identification of compounds from 
both marine and terrestrial organisms, we will describe the actual road of a modern natural 
product chemist from raw material sampling to structure elucidation, from the Mediterranean 
Sea to the Amazon Reef. 
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CONSTRUCTION OF TETRASUBSTITUTED CENTERS OF CHIRALITY 
IN ISOINDOLINONES VIA BRØNSTED ACID CATALYSIS 

Matija Gredičak 

Division of Organic Chemistry and Biochemistry, Ruđer Bošković Institute, Bijenička c. 54, Zagreb, Croatia 

Isoindolinones have attracted much attention among synthetic chemists, as they are integral 
structural parts of a number of natural products and biologically active compounds. In most 
cases, only a single enantiomer is effective, or has a better activity profile than the other. 
Consequently, the synthesis of these structural motifs and the natural products that contain 
them has been the subject of much elegant and effective research. The most straightforward 
way to functionalize isoindolinones includes transformations of easily accessible 3-
hydroxyisoindolinone precursors. Their ability to form highly reactive species under mild 
conditions renders them as an attractive substrates in various catalytic reactions. 

The overview of our recent achievements in the construction of isoindolinone derivatives 
comprising tetrasubstituted centers of chirality will be presented. The focus will be given on 
chiral Brønsted acid-catalyzed additions of aromatic and non-aromatic carbon nucleophiles to 
in situ generated isoindolinone-derived ketimines for the construction of titled compounds. 
Generally, the transformations proceed smoothly and the corresponding products are isolated 
predominantly in high yields and enantioselectivities. 
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DEVELOPMENT OF STRUCTURALLY DEFINED  
SAPONIN-BASED VACCINE ADJUVANTS  

Đani Škalamera 

Division of Organic Chemistry, Department of Chemistry, Faculty of Science, University of Zagreb, 
Horvatovac 102a, 10000 Zagreb, dskalamera@chem.pmf.hr 

Adjuvants are substances that enhance the immunogenicity of a vaccine in order to achieve 
strong and durable immune responses to specific antigens. Immunoadjuvants isolated from the 
Quillaja saponaria Molina tree bark are very promising candidates in the development of 
synthetic structurally defined vaccine adjuvants. The lead compound from this series, QS-21, is 
one of the most potent adjuvants known to date. After being studied in over 100 clinical trials, 
it is finally approved for human use (herpes zoster vaccine Shingrix®, GSK). Many clinical trials 
of QS-21 in vaccines against infectious diseases and cancer are currently on the way. However, 
Quillaja saponins (QS) have inherent drawbacks which restrain their wider use, such as: chemical 
instability, limited supply, laborious purification process and dose-limiting toxicity.[1] Therefore, 
there is a need for the development of structurally defined, homogeneous and simplified QS 
saponin-based adjuvants with improved chemical stability and synthetic accessibility. Chemical 
synthesis is currently the only viable way to access structurally defined QS analogs in a sufficient 
amount for adjuvant screenings and potential application in clinics.  

The lecture will focus on the recent progress in the design, synthesis, and immunological 
evaluations of new QS analogs based on the structures of natural QS-7 and QS-17/18 Quillaja 
saponins.[2] 
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ADVANCED IN-SITU ELECTRON MICROSCOPY ANALYSIS OF THE 
NANOSTRUCTURED SEMICONDUCTING ZINCITE THIN-FILMS 

Ivana Panžić,a Vilko Mandić,a,* Michael Wurmshuber,b Daniel Kienerb 

a Faculty of Chemical Engineering and Technology, Marulićev trg 20, Zagreb, Croatia 
b Erich Schmid Institute of Materials Science of the Austrian Academy of Sciences, Jahnstrasse 12, 

Leoben, Austria 
* vmandic@fkit.hr 

Zincite semiconductors show high electron mobility and large exciton binding energy.[1] Recently 
it was shown zincite films can be prepared prepare in low-dimensional configurations. 
Overcoming challenges of describing such films reveals just how much such 1D configuration 
can be desirable for boosting materials physical properties such as the charge transfer efficiency. 

Synthetic wise, powerful physical deposition techniques often require demanding conditions 
while some chemical processing can enable large-scale fabrication at mild temperatures, such 
as such chemical bath route for growth of well-aligned zincite nanorods.[2] For characterisation 
purpose, conventional methods struggle to fully reveal the investigated material, whereas a 
more detailed insight in some material characteristics, particularly in the nanoscale regime, asks 
for a more sophisticated approach. 

Here we synthesised 1D nanostructured zincite thin-films on different substrates. We show their 
structure-performance behaviour with advanced imaging techniques. Specifically, we focus on 
the in-situ micromechanical experiments with advanced analysis techniques (such as 
nanoindentation) under various conditions during scanning electron microscopy (in situ SEM). 
The course of characterisation was assisted by focused ion beam (FIB) based material 
preparation and structuring as well as digital image correlation techniques to observe, describe 
and understand the occurrence of local deformations and generally microstructural evolution. 
We were able to conduct a miniaturised fracture testing within the electron microscope and 
nanoindenter. Results were utilised to qualify and quantify the materials resistance to 
mechanical failure such as undesirable cracking events dependant on the chosen synthesis 
parameters. The mitigation of such events should enable major development role of the 
nanoscale optoelectronic devices especially on conductive flexible substrates beneficial for high 
performance photovoltaics. 

Acknowledgements. The financial support by the projects PZS-2019-02-1555 PV-WALL and UIP-2019-04-
2367 SLIPPERY SLOPE from the Croatian Science Foundation is gratefully acknowledged. 
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CURRENT TRENDS IN THE ANALYSIS OF PRODUCTS LABELLED AS 
BOTANICAL FOOD SUPPLEMENTS 

Ana Mornar, Biljana Nigović, Daniela Amidžić Klarić, Edvin Brusač, Mario-Livio Jeličić 

Department of Pharmaceutical Analysis, University of Zagreb Faculty of Pharmacy and Biochemistry, 
Ante Kovačića 1, Zagreb, amornar@pharma.hr 

Herbal food supplements are derived from natural substances for improved quality of 
consumer’s life. Even though herbal medicines have been present for centuries, there is little 
consensus from country to country on the definition, usage, terminology, or even requirements 
for their quality control. Despite regulations to improve the botanical food supplements 
marketplace, many challenges remain; as a result, the quality of products easily accessible to 
consumers can be highly variable. 

Analytical methods that allow rapid and reliable testing of dietary supplements for the presence 
of bioactive substances, synthetic drugs and chemical contaminants are needed. 
Chromatographic and spectroscopic techniques have become primary tools in this endeavor.  

Thus, the development of state-of-the art analytical methods to explore issues involving dietary 
supplements is an objective of research of the scientific group of Department of Pharmaceutical 
Analysis. 

A new fast-screening direct injection mass spectrometric method for identification of various 
pharmacologically active ingredients in food supplements will be presented. Several reliable 
analytical methods using hyphenated technique liquid chromatography–mass spectrometry for 
determination of bioactive ingredients as well as contaminants were developed. Dramatic 
variation from manufacturer’s claims as well as high batch-to-batch variation was found in many 
products. Gas chromatography and atomic absorption spectrometry were used for 
determination of volatile ingredients and metal contaminants in almost 100 samples used for 
various conditions in adult and pediatric patients. High amount of ethanol found in products for 
young children is of particular concern. Metal content in the investigated phytoestrogen-
containing dietary supplements was below the international established limits for heavy metals, 
except Pb content in one capsule. 

Bioavailability is a key step in ensuring efficacy of pharmacologically active biosubstances. Only 
by understanding the mechanisms of absorption and distribution of bioactive ingredients of 
dietary supplements, can their bioavailability be enhanced and thus the potential for greater 
health benefits be realized. For this purpose, biomimetic chromatography using stationary 
phases with immobilized phospholipids and proteins was implemented in our research.   

Advantages and drawbacks of analytical procedures developed by our research group will be 
critically discussed. 

Acknowledgements. This work has been supported by the Croatian Science Foundation under the grant 
numbers HRZZ-UIP-2017-05-3949 and HRZZ-DOK-2018-01-9047. 
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TWO-ELECTRON MULTICENTRIC BONDING (PANCAKE 
BONDING) BETWEEN SEMIQUINONE RADICALS 

Krešimir Molčanov, Valentina Milašinović, Biserka Kojić-Prodić 

Department of Physical Chemistry, Ruđer Bošković Institute, Bijenička 54, HR-10000 Zagreb, Croatia, 
kmolcano@irb.hr 

Stacking of planar organic radicals with short interplanar separation (< 3.1 Å) involves coupling 
of spins and a significant covalent contribution to total interaction energy. This type of weak 
non-localised covalent bonding is called 'pancake bonding'.[1,2] 

Our studies of pancake bonding using X-ray charge density involves four salts of 
tetrachlorosemiquinone[3,4] and 5,6-dichloro-2,3-dicyano radical anions.[5] For the first time we 
have experimentally confirmed their partial covalent character. Experimentally determined 
AIM-criteria for pancake bonding involve a presence of a (3,+3) critical point (i.e. a local 
minimum of electron density) between the rings, and presence of multiple (3,-1) (i.e. bonding) 
critical points with electron density close to 0.1 e Å-3.[1,2] Also, the crystals are diamagnetic (stacks 
of pancake-bonded dimers and trimers) or antiferromagnetic (stacks of equidistant radicals) due 
to coupled spins in the neighbouring radicals. Recently we have extended charge density studies 
to high temperatures and high pressure using Transferrable Aspheric Atom Model (TAAM) 
refinement. The first results show increase of covalent nature of pancake bonding with 
pressure.[6] 

Acknowledgements. Financial support by the Croatian Science Foundation, grant IP-2019-04-4674 is 
gratefully acknowledged. 
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[6] V. Milašinović, K. Molčanov, A. Krawczuk, N. E. Bogdanov, B. A. Zakharov, E. V. Boldyreva, C. Jelsch, 
B. Kojić-Prodić, IUCrJ, 2021, 8, 644-654. 
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CRYSTALLINE COORDINATION POLYMERS ON THE MOVE 
Mateja Pisačić, Marijana Đaković* 

Department of Chemistry, Faculty of Science, University of Zagreb, Horvatovac 102A, 10000 Zagreb 
* mdjakovic@chem.pmf.hr 

The newly discovered fascinating ability of molecular crystals to mimic the behaviour of 
biological systems, i.e., capability of crystalline material to respond with a mechanical motion to 
a variety of thermal, light, or mechanical stimuli, while retaining its crystallinity, has attracted 
the attention of a wide scientific audience.[1] The long-range ordered crystal structure that 
enables fast and efficient energy transfer, combined with mechanical flexibility qualifies such 
materials as a great candidates for utilization in emerging technologies.[2] However, the 
structural features that allow molecular crystals, either organic or metal-organic compounds, to 
respond flexibly are not yet perspicuous. 

Recently, we have reported that crystalline coordination polymers of cadmium(II) show 
surprisingly wide spectrum of diverse mechanical responses, which were governed by 
introduced fine structural changes.[3,4] To further examine structure-property correlation and 
get closer to unravelling the intricacies of structural factors that enable crystals of coordination 
polymers to respond flexibly upon application of mechanical force, with a desired nature and 
extent of bending motion, we opted for another family of Cd(II) coordination polymers. We focus 
on pyridine-based ligands decorated with the amide moiety, while keeping all the other 
molecular features constant. The mechanical behavior of selected crystalline polymers was 
quantified through custom designed experiments, commented from a structural point of view, 
and compared with similar mechanically responsive metal-containing systems.  

Acknowledgements. This work has been fully supported by the Croatian Science Foundation under 
project „From form to function: Mechanically flexible crystalline materials with controllable responses“ 
(IP-2019-04-1242). 
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SHINING A LIGHT ON HYDROPHOBICALLY DRIVEN 
COMPLEXATION: THE BITTERSWEET STORY BEHIND 

FLUORESCENT MANNOCONJUGATES  
Andrea Usenik,* Leon Poljanić, Doroteja Radonić, Katarina Pičuljan, Željka Car,  

Vesna Petrović Peroković, Josip Požar 

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

Regioisomeric mannoconjugates of naphthyl alcohols were synthesized by coupling of protected 
mannopyranose and corresponding esters of bromoacetic acid with 1- and 2-naphthyl moieties 
(Figure 1). Their complexation and the complexation of corresponding nonfunctionalized 
alcohols with cyclodextrins (α-, β- and γ-) and cucurbit[7]uril was explored by means of 
isothermal titration calorimetry, spectrophotometry, fluorimetry and NMR spectroscopy. The 
complexation of 2-naphthol with cucurbit[7]uril was thermodynamically most favorable. A 
pronounced temperature dependence of ΔrH° and ΔrS°, resulting in an almost complete 
enthalpy-entropy compensation was observed for some of the examined host-guest systems. In 
these cases, the complexation thermodynamics was in line with the classical rationale of the 
hydrophobic effect at lower temperatures, and the non-classical explanation at higher ones.[1,2] 
The results of 1H NMR titrations and ROESY experiments were in agreement with the results 
obtained by other experimental methods and have revealed an interesting difference in complex 
formation kinetics among the investigated host molecules. 

 
Figure 1. Schematic representation of the complexation process and guest structures. 

Acknowledgements. This research was fully supported by the Croatian Science Foundation (project 
MacroSol; IP–2019–04–9560) 
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FERROCENOYL-NUCLEOBASES. THE CHEMISTRY IN DARK AND  
IN LIGHT 

Mateja Toma, Lana Petrinec, Valerije Vrček* 

Faculty of Pharmacy and Biochemistry, University of Zagreb, Ante Kovačića 1, Zagreb 
* vvrcek@pharma.hr 

Organometallic nucleobase derivatives correspond to a new generation of conjugates in which 
metallocenes are linked to the basic structural elements of heredity. Due to their electrophoric 
and bioactive properties, they are of use in (bio)analytical and medicinal chemistry.[1] The first 
ferrocenoyl-purines (Figure) were prepared in our laboratory.[2] We observed that these 
compounds are sensitive to light. When exposed to UV or visible light, the photochemical 
degradation occurs in solution, with cyclopentadiene and free nucleobase released from the 
starting structure. In the absence of light, on the contrary, these compounds are very stable, and 
no decomposition was observed. In polar organic solvents, however, they undergo N7/N9 
isomerization until dynamic equilibrium is reached. This transacylation yields a reaction mixture 
in which both regioisomers are present and no other transformation was noticed for weeks. 

 

Acknowledgements. Thanks go to Croatian Science Foundation (project IP-2016-06-1137). 
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ELECTROCHEMICAL SENSORS FOR GASEOUS HYDROGEN 
PEROXIDE 

Jelena Isailović,a,b,* Kristijan Vidović,a Samo B. Hočevar,a 

a Department of Analytical Chemistry, National Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, 
Slovenia 

b Jožef Stefan International Postgraduate School, Jamova cesta 39, SI-1000 Ljubljana, Slovenia 
* jelena.isailovic@ki.si 

During the past few decades, considerable attention has been given to hydrogen peroxide, as 
an omnipresent analyte, particularly in clinical studies/diagnostics, biology, environmental 
protection, atmospheric studies, homeland security as well as different ways of its detection. 
Various methods have been developed for the detection of hydrogen peroxide, such as electro-
chemical methods,[1] high-performance liquid chromatography,[2] titrimetry,[3] spectroscopy,[4] 
chemiluminescence,[5] and others.[6,7] Favorable sensitivity and selectivity are evidently achieved 
by most of these techniques; however, a high pricing, restricted portability, and often relatively 
complex sample preparation pose a challenge that still needs to be addressed. In addition, the 
detection of gaseous hydrogen peroxide brings further complications connected to the sensor’s 
sensitivity, instability of hydrogen peroxide, and sampling protocols. From this aspect, 
electrochemistry certainly offers several attractive advantages, such as portable and 
inexpensive instrumentation, simple or even no sample pretreatment, direct on-site detection 
followed immediately after analyte sampling/accumulation, excellent sensitivity, and numerous 
possibilities for various electrochemical sensing schemes, together with sensor miniaturization. 

In this work, we will present the preparation and characterization of a novel sensor(s) for 
sensitive on-site detection of gaseous hydrogen peroxide. We will discuss their advantages and 
drawbacks together with potential application scenarios for indoor/outdoor H2O2 monitoring. 
Finally, we will demonstrate the operation of such sensors in the real environment. 

Acknowledgements. This research received financial support from the Slovenian Research Agency’s 
Young Researchers Programme (grant agreement No. 52020) and the fundamental research programme 
Analytics and Chemical Characterization of Materials and Processes (P1-0034). 
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EBAY AND SUPPLEMENTS DON’T MIX: DETERMINATION OF 
ANDROGRAPHOLIDES, BOSWELLIC ACIDS, CURCUMINOIDS AND 

PIPERINE IN PRODUCTS AVAILABLE LOCALLY AND ONLINE 
Edvin Brusač,* Mario-Livio Jeličić, Daniela Amidžić Klarić, Biljana Nigović, Ana Mornar 

a Department of Pharmaceutical Analysis, University of Zagreb Faculty of Pharmacy and Biochemistry, 
Ante Kovačića 1, Zagreb 

* ebrusac@pharma.hr 

Active substance content is one of the essential parameters of any preparation, as it often 
governs both efficacy and safety of the overall product. It is well known herbal products are not 
subjected to such rigorous control as conventional pharmaceuticals, so their quality can 
drastically differ. Therefore, the goal of this work was to assess the active substance content of 
turmeric, green chiretta and Indian frankincense-based products available locally and online. As 
these products are often comprised of two or more stated herbal constituents, a universal HPLC-
DAD method for determination of three curcuminoids, piperine (curcuminoid bioavailability 
enhancer), three andrographolides and six boswellic acids was developed and validated for the 
first time. Sonication extraction step was optimized using three-factorial Box-Behnken design, 
while the optimal parameters were extraction solvent of 81.5% (V/V) ethanol/water, sonication 
time of 30 min and extraction temperature of 60 °C (model desirability 0.927). The method was 
validated according to ICH guidelines, with selectivity (evaluated using standard addition 
method) and robustness of the method (evaluated using Plackett-Burman design) being paid 
special attention to. In total, 54 samples (19 raw material and 35 herbal preparation) were 
analyzed. Drastic differences in declared content of herbal preparations (1.4 to 176.8%) were 
observed. Regarding raw material, two online-marketed samples showed suspiciously high 
amounts of curcuminoids, pointing to possible adulteration. Overall, most online-marketed 
products showed either very little active substances (39% of Internet-bought preparation 
samples showed less than 20% declared content, implying no efficacy) or substantially higher 
amounts which could potentially cause adverse effects (one sample containing 
andrographolides) or lead to an interaction with concomitantly used drugs (one sample 
containing piperine). In conclusion, consumers should purchase dietary supplements and similar 
products from certified manufacturers in local pharmacies and refrain from buying them online.  

Acknowledgements. This work has been supported by the Croatian Science Foundation under the grant 
numbers HRZZ-UIP-2017-05-3949 and HRZZ-DOK-2018-01-9047. 
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SMALL MOLECULE BASED PHOTOABSORBERS FOR APPLICATION 
IN PHOTOVOLTAIC DEVICES 

Floren Radovanović-Perić,a,* Vilko Mandić,a Dragana Vuk,a Ivana Panžić,a Thomas Rathb 

a Faculty of Chemical Engineering and Technology, Marulićev trg 19, Zagreb, Croatia 
b Institute for Chemistry and Technology of Materials, Stremayrgasse 9, Graz, Austria 
* fradovano@fkit.hr 

Recently, organic photovoltaic devices have received increased attention due to combination of 
their comparatively simple and cost effective processing and ability to derive low weight, flexible 
thin-film solar cells. The process of electron-hole pair generation and its extraction toward the 
electrodes is essential to achieve high performance for all photovoltaic devices and can be 
influenced by a number of common approaches, such as tuning the bandgap of the photoactive 
material i.e. broadening the HOMO/LUMO levels (deepening the HOMO levels of the donor 
material), as well as optimization of the deposition geometry i.e. tailoring the optimal film 
morphology through molecular interactions to achieve high charge carrier transfer. The latest is 
of particular interest for small photoactive organic molecules, such as squaraine (SQ) dyes and 
their derivatives, as they show great preference in supramolecular assembly based on molecular 
design when deposited into thin-films [1]. SQ photoactive layers (donor materials) used in solar 
cells are generally mixed with acceptor materials, such as fullerene or their derivatives (e.g. 
PCBM) into bulk heterojunction layers such approach may widen the absorption spectra [2]. In 
this study, an optimal synthesis route and film deposition parameters were determined by 
mixing of several SQ based materials with a number of commercial acceptor materials in various 
ratios and subsequent depositions. The samples were characterized through SEM and AFM to 
examine film morphology and UV/Vis spectroscopy to determine the absorption spectra. 
Furthermore, GIXRD measurements revealed the crystalline constituent layers of the prepared 
cells and suggested possible presence of any superstructural organisation. We correlated the 
nature and number of substituents linked onto the SQ base to some degree of functional 
performance of the synthesized films and thereof assembled photovoltaic devices.  

Acknowledgements. The financial support by the projects UIP-2019-04-2367 SLIPPERY SLOPE and PZS-
2019-02-1555 PV-WALL of the Croatian Science Foundation is gratefully acknowledged. 
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VAPOR PHASE APPROACH FOR SYNTHESIS OF SMART  
HYBRID MATERIALS  

Oksana Yurkevich,a,* Iva Šarić,c Evgeny Modin,a Mladen Petravić,c Mato Kneza,b 

a CIC nanoGUNE BRTA, Tolosa Hiribidea 76, Donostia-San Sebastián E-20018, Spain 
b IKERBASQUE, Basque Foundation for Science, Plaza Euskadi 3, Bilbao E-48009, Spain 
c Department of Physics and Centre for Micro- and Nanosciences and Technologies University of Rijeka, 
 Radmile Matejčić 2, 51000 Rijeka, Croatia 
* o.yurkevich@nanogune.eu 

The ambitious goal of material science is to develop smart materials which combine few different 
functionalities. Latest advances in technology demand lightweight, flexible and conductive 
materials for flexible electronic devices, which placed polymer-based structures into the focus of 
the researcher’s attention. However, electrical circuits in flexible electronic devices are inorganic 
and they are also subjected to bending or stretching whilst device usage. Constant mechanical 
stress leads to wearing of the inorganic structures, thus causing underperformance of the devices 
or even their failure. Self-healing materials may answer this technological demand. 

To impart the above-described properties into one material, the conductivity of inorganics 
should be coupled with the flexibility and transparency of the organics. Such modification of the 
polymers is possible by vapor phase infiltration (VPI).[1] VPI is distinguished from atomic layer 
deposition owing to the prolonged exposure of substrates to gaseous precursors. In the case of 
soft polymeric substrates, precursors can diffuse into the free volume of a polymer and react 
with available functional sites or get physically trapped. Such a process leads to simultaneous 
growth of inorganic clusters in the bulk of the polymer and an inorganic film on its surface. 
Subsurface inorganic nanoclusters in a polymeric matrix form a hybrid layer with altering density 
and a smooth transition from the bulk of the polymer to the inorganic thin film (Figure 1). This 
gradient layer can compensate mechanical stress and suppress crack formation upon bending, 
thus preventing the loss of electrical conductivity upon bending, folding, or stretching. 

In this work, we developed a VPI process of zinc and indium oxides by exposure of polymers to 
alternating pulses of diethyl zinc and water, and trimethylindium and hydrogen peroxide 
precursors, respectively. We investigated in detail the chemical structure of the obtained 
hybrids by X-ray photoelectron spectroscopy (XPS), electron diffraction, transmission electron 
microscopy (TEM), and energy-dispersive X-ray spectroscopy (EDX). The electrical performance 
was tested by measuring the sheet resistance of the ParyleneC/In2O3 hybrid upon multiple 
bending over a radius of 5,5 mm. The self-healing ability of these nanocomposites will be 
discussed. 
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Figure 1. Scanning electron microscopy (SEM) image of focused ion beam (FIB)  
cross-section of polymer infiltrated with diethyl zinc and water by VPI. 
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ANTIBACTERIAL BIOMIMETIC METALLOCHITIN THIN FILMS 
GROWN BY MOLECULAR LAYER DEPOSITION  

Karina Ashurbekova,a,* Kristina Ashurbekova,c Arbresha Muriqi,d Borja Alonso-Lerma,a  
Iva Šarić,e Leire Barandiaran,a Evgeny Modin,a Mladen Petravić,e Raul Perez-Jimenez,a,b  

Michael Nolan,d Mato Kneza,b 
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Natural chitin and chitinoid materials have outstanding physical and biological properties, which 
inspired the process development for biomimetic chitinoid organic and hybrid organic-inorganic 
thin films by applying Molecular Layer Deposition (MLD) presented in this work. 

Here, we present a new class of organic–inorganic hybrid polymers called "metallosaccharides", 
based on sugar-type precursors. For a controlled MLD growth, the hexosamine monosaccharide 
N-Acetyl-D-mannosamine (ManNAc) was coupled with trimethylaluminum (TMA) repetitively in 
a cyclic manner for the growth of the hybrid organic-inorganic alumochitin thin films. 

The self-limiting behavior of the surface reactions and the growth rate were determined by in-
situ quartz crystal microbalance (QCM) and X-ray reflectivity (XRR) studies. The QCM 
measurements revealed a linear mass increase with the number of MLD cycles, and the film 
growth rate of ∼20 ng/cm2/cycle at 115 °C. XRR studies showed a growth rate of ∼1.3 Å/cycle 
and a constant density of ∼2.5 g/cm3. The chemical structures of the coatings were studied with 
ex-situ X-ray photoelectron spectroscopy (XPS) and attenuated total reflectance Fourier 
transform infrared spectroscopy (ATR-FTIR). Characterization of the film structure, morphology, 
and conformality were performed by High-resolution transmission electron microscopy (HR-
TEM), showing uniform and conformal alumochitin films around ZrO2 nanoparticles (NPs).  

The chemical interaction between ManNAc and TMA, and the possibility of hybrid alumochitin 
film formation were modeled by density functional theory (DFT). The computed interaction 
energies between TMA and ManNAc are negative, meaning that there’s a strong interaction 
between these precursors. Theoretical modeling revealed that the proposed reaction 
mechanism for ManNAc and TMA MLD process is energetically favorable. 

The evaluation of the antimicrobial activity of alumochitin thin film against Gram-positive 
(Staphylococcus aureus) and Gram-negative (Escherichia coli) bacteria was assessed. Bacteria 
attachment and proliferation on glass substrates, covered with MLD film were analyzed by 
confocal microscopy. Both bacteria grow and proliferate on the crystalline nanocellulose and 
alumosilazane films, used as a positive control. While neither Staphylococcus aureus, nor E. coli 
bacteria attached to the surface of the alumochitin film. These results show a great antimicrobial 
activity of alumochitin MLD film against gram-positive and gram-negative bacteria, as well as its 
enormous application potential as bioactive surfaces. 

Acknowledgements. This project has received funding from the European Union´s Horizon 2020 research 
and innovation programme under the Marie Sklodowska -Curie grant agreement No 765378.  
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MECHANISTIC STUDY OF THE MECHANOCHEMICAL ACETATE-
ASSISTED C–H ACTIVATION WITH [Cp*RhCl2]2 

Karen J. Ardila-Fierro,a José G. Hernándezb 

a Division of Materials Chemistry, Ruđer Bošković Institute, Bijenička c. 54, 10000 Zagreb (Croatia) 
b Division of Physical Chemistry, Ruđer Bošković Institute, Bijenička c. 54, 10000 Zagreb (Croatia), 

jose.hernandez@irb.hr 

The use of mechanochemistry to carry out solventless metal-catalyzed C–H functionalizations 
through the formation of metallacycles is gaining ground in chemical synthesis. [1] However, 
until now, little is known about the mechanistic steps leading to the C–H activation under 
mechanochemical conditions. In this work, we studied the mechanochemical formation of 
rhodacycles by ball milling N-substrates and [Cp*RhCl2]2 in the presence of NaOAc. Ex-situ 
analysis of the mechanochemical reactions revealed the formation of unusual crystalline 
intermediates between the substrates and the rhodium dimer prior to the C–H activation step 
(Scheme; top). This sequence of events differs from the generally accepted steps in solution in 
which cleavage of [Cp*RhCl2]2 is initiated by acetate ions (Scheme; bottom). [2] 

 

Scheme. Cyclorhodation by mechanochemistry (top) and in solution (bottom). 

The results of this investigation clarify some of the fundamental aspects of mechanochemical 
cyclorhodations and are expected to help in the design of better catalysts and processes for 
mechanochemical metal-catalyzed C–H functionalizations. 
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CALIBRATION OF PRESSURE-BASED REACTION RATE LAW USED 
FOR NUMERICAL MODELLING OF NON-IDEAL ANFO EXPLOSIVES 

Barbara Štimac Tumara, Muhamed Sućeska 

Rudarsko-geološko-naftni fakultet, Zagreb, Hrvatska, barbara.stimac@rgn.hr 

Commercial explosives based on ammonium nitrate, such as ANFO, are widely used in the 
mining industry and are classical examples of non-ideal high explosives. Detonation of such 
explosives is characterized by a strong dependence of detonation parameters on charge 
diameter, density of explosives, presence and characteristics of confinement, as well as 
incomplete consumption of explosive at the sonic point. For numerical modelling of detonation 
of ANFO explosive, we used a non-ideal detonation model based on Wood-Kirkwood detonation 
theory[1] coupled with thermochemical code EXPLO5, supplemented with reaction rate law, 
radial expansion of detonation products and equations of state of unreacted explosive and 
detonation products.[2]  

In this work we have calibrated kinetic parameters in single-step pressure-based reaction rate 
model, based on experimental detonation velocity data measured on a range of explosive charge 
radii. It was shown that single-step pressure-based reaction rate model, with pressure exponent 
1,3 the best reproduces experimental detonation velocity-charge radius curve. Thus calibrated 
reaction rate law may be used to predict temporal and spatial distribution of flow parameters 
in the chemical reaction zone, which contributes better understanding of processes occurring in 
the reaction zone. 

 

Figure 1. Velocity of detonation vs. inverse charge radius of ANFO explosive for  
calibrated pressure-based reaction rate laws 

Acknowledgements: This research was supported by the Croatian Science Foundation (HRZZ), Croatia, 
under the projects IP-2019-04-1618 and I-2243-2017. 
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CYCLIC CARBAMATE FORMATION THROUGH TRANSITION 
METAL-CATALYZED CO2 CAPTURE 

Filip Vranješević,a Maria Kolympadi Markovic,a Valerije Vrček,b Dean Markovića,*  

a Department of Biotechnology, University of Rijeka, Radmile Matejčić 2, 51000 Rijeka, Croatia 
b Faculty of Pharmacy and Biochemistry, University of Zagreb, 10000 Zagreb, Croatia 
* dean.markovic@uniri.hr 

The optimization of reaction substrates and conditions using in silico methods represents the 
future of organic synthesis. We have evaluated potential substrates for a novel Pd-catalyzed CO2 
capture reaction (Figure 1b) using QM analysis of reaction thermodynamics (with B3LYP/B2PLYP 
functionals) and selected several amines that appeared promising.  

 

Figure 1. (a) The type of reaction reported by Nevado[1] that forms carbamates with a 
tetrasubstituted alkene from CO2 using a Pd catalyst; (b) Our (intramolecular) version of  

this cascade reaction. 

These substrates have been synthesized and are currently being tested for CO2 capture under a 
range of experimental conditions and catalysts. A similar reaction has been reported by Nevado’s 
group in 2016.[1] However, if successful, our intramolecular cascade reaction will enable us to 
produce a complex cyclic carbamate motif in one step using a simple reaction under mild 
conditions and a very cheap, environmentally friendly reactant (CO2). In addition, the mechanism 
of this reaction will be studied to further optimize the reaction conditions in silico. Finally, as cyclic 
carbamate moieties are often present in many small molecule therapeutics (e.g. Efavirenz and 
Linezolid), the products of this reaction will be tested for anti-cancer and antibacterial activity.  

Acknowledgements. This project is funded by the Croatian Foundation for Science (HRZZ-IP-2019-04-8846). 
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COMPUTATIONAL STUDY OF THE GLYCOSYLATED HRP ENZYME 
USED IN PATHOGEN DETECTION 

Antun Barišić,a Sanja Škulj,a Zoe Jelić Matošević,a Branimir Bertošaa,* 

a Department of Physical Chemistry, Faculty of Science, University of Zagreb, Horvatovac 102a 
* bbertosa@chem.pmf.hr 

The main objective of the MARILIA project is to develop a novel pathogen detection concept for 
water samples. Powerful tools for detecting protein-protein interactions (PPI), created between 
a pathogen and a protein detector, can be developed by using protein-fragment 
complementation assays (PCA).[1] A new type of PCA has been recently developed by Martell 
and associates[2] based on the horseradish peroxidase (HRP). The HRP enzyme PCA has 
numerous advantages, such as: functioning in extracellular environments, generating spatially 
restricted fluorescent signal, etc. However, hyperglycosylation can present a significant hurdle 
when expressing recombinant HRP in yeast cells.[3] 

Using Molecular Dynamics (MD) simulations the effect of glycans on the availability of the 
surface groups, including the HIS-tag groups needed for the purification process, were 
investtigated. The results of MD simulations show strong influence of the glycan on the overall 
stability of the HRP enzyme, but also indicate some critical drawbacks in availability of the 
surface groups that present possible targets for the attachment of the linker that is necessary 
for PCA design. Different forms of the HRP enzyme, that are used in the HRP PCA, have been 
simulated. 

Additionally, the influence of the mutations introduced by Martell and associates[2] was also 
studied by MD simulations. Key mutations that cause significant structural and dynamical 
changes in the HRP enzyme were identified. 

Acknowledgements. This research was supported by the European Union’s Horizon 2020 research and 
innovation program under grant agreement No 952110 
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RECOGNITION OF DNA:RNA HYBRID AND TRIPLEX STRUCTURES 
BY A SERIES OF BENZOTHIAZOLE LIGANDS 

Iva Zonjić,a Lidija Marija Tumir,a Filip Šupljika,b Ivo Crnolatac,a Livio Racané,c  
Sanja Tomić,a Marijana Radić Stojkovića,* 

a Division of Organic Chemistry and Biochemistry, Ruđer Bošković Institute, Bijenička cesta 54,  
Zagreb, Croatia 

b Faculty of Food Technology and Biotechnology, University of Zagreb, Pierrotijeva 6, Zagreb, Croatia 
c Department of Applied Chemistry, Faculty of Textile Technology, University of Zagreb, Prilaz baruna  

Filipovića 28a, Zagreb, Croatia 
* izonjic@irb.hr  

DNA:RNA hybrids and triplexes are formed as intermediate structures during many biologically 
important processes such as DNA replication, transcription, telomere replication and 
modulation of structure and/or function of specific genes (antigene strategy for gene 
regulation).[1,2,3,4] Interactions of an array of nucleic acid structures with a small series of 
benzothiazole ligands (1-9) were screened by competition dialysis assay (Figure 1). The main aim 
of this study was detection of benzothiazole structures with preferential binding to DNA:RNA 
hybrids and ATT triplex in regard to regular (non-hybrid) DNA and RNA duplexes and single-
stranded forms. Complexes of nucleic acids and benzothiazoles, screened by this method, were 
then characterised by UV/Vis, fluorescence, circular dichroism (CD) spectroscopy, isothermal 
titration calorimetry and Compounds 1 and 6 showed the highest affinities toward 13 nucleic 
acid structures while 5, despite lower affinities, yielded higher selectivity among studied 
compounds. While both 6 and 1 exerted high binding affinities toward ATT, the latter showed 
stronger binding to rAdT hybrid whereas the former preferred dArU hybrid. Modes of binding 
to ATT triplex, dArU and rAdT hybrids were determined via CD spectroscopy. 

 
Figure 1. a) Structures of benzothiazole derivatives. b) Summary of competition dialysis results 

with eight compounds binding to 13 nucleic acid structures and sequences (cb = compound 
concentration in µM); sodium cacodylate buffer, I = 0.05 mol dm-3, pH=7, + 1 mM EDTA. 

Acknowledgements. We thank Croatian Science Foundation for the financial support within the project: 
„DNARNAHyB-MolBio“(HrZZ No. IP-2018-01-4694). 
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EFFECT OF CANCER MUTATIONS ON DPP III – KEAP1 BINDING  
Sara Matić,a Filip Šupljika,b Mihaela Matovina,a Sanja Tomića,* 

a Department of Organic Chemistry and Biochemistry, Ruđer Bošković Institute, Bijenička cesta 54, 
Zagreb, Croatia 

b Department of Chemistry and Biochemistry, Faculty of Food Technology and Biotechnology, 
Pierottijeva 6, Zagreb, Croatia 

* Sanja.Tomic@irb.hr 

The NRF2-KEAP1 signaling pathway plays a critical role in regulating the antioxidative stress 
response in cells.[1] KEAP1 acts as the main cellular sensor of oxidative stress and as a repressor 
of the transcription factor NRF2, which is responsible for the transcription of antioxidant 
response element genes (ARE). Therefore, the release of NRF2 from KEAP1 and its translocation 
to the nucleus promote cell survival. However, this pathway is often deregulated in cancer cells, 
which may lead to chemotherapy resistance.[2] It has been reported that under oxidative stress 
conditions, dipeptidyl peptidase III (DPP III) can also bind competitively to KEAP1 and induce the 
release of NRF2.[3] This interaction occurs mainly between the ETGE binding motif in the flexible 
loop of DPP III and the Kelch domain of KEAP1. Mutations of DPP III found in cancer tissues and 
reported in the cBioPortal for Cancer Genomics were selected to investigate their potential to 
induce structural and functional changes in DPP III. We were particularly interested in identifying 
mutations that affect binding between DPP III and KEAP1 and potentially modulate oxidative 
stress response and chemotherapy resistance in cancer cells. In this study, we combined 
different experimental and computational approaches and identified several highly relevant 
mutations for DPP III – KEAP1 binding.[4] 

Acknowledgements. We acknowledge funding by the Croatian Science Foundation within the Project 
‘Biological relevance of dipeptidyl peptidase III and its impact on human health' (IP-2018-01-2936). 
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ČERNOBIL I ONLINE ISTRAŽIVAČKA, GRUPNA NASTAVA 
Renata Ruić Funčić,* Lovro Dujić, Mislav Maldini 

 Gimnazija Franje Petrića, Zadar, Obala kneza Trpimira 26, 23000 Zadar 
* ruic.renata@gmail.com 

Od ožujka do kraja svibnja 2020. godine učenici trećeg razreda prirodoslovno-matematičke 
Gimnazije Franje Petrića, inspirirani serijom Černobil, istraživali su radioaktivnost povezanu s 
dobivanjem električne energije, medicinom, materijalima i poljoprivredom. Kako se nastava 
provodila na daljinu, preko platforme Teams, nastavnica je imala ulogu moderatora, a  učenici 
su, podijeljeni u grupe, postavljali pitanja i hipoteze, postavili istraživački plan, pronalazili izvore 
podataka, skupljali i analizirali materijale, pisali izvješće [1], recenzirali radove ostalih grupa te na 
kraju napravili samoprocjenu istraživačkog rada i svoj doprinos grupnom radu [2].  

Kao izvor podataka poslužile su najviše web stranice, no i enciklopedije, medicinski priručnici, 
razgovori s građanima Pripjata u Ukrajini, te svojim roditeljima i generacijom svojih roditelja koji 
su doživjeli černobilsku katastrofu. Jedna od aktivnosti u istraživanju je bilo i anketno istraživanje 
[3] iskustva osoba koje su doživjele posljedice Černobilske nesreće u Hrvatskoj kako bi se učenici 
upoznali s prošlošću iz prve ruke te s anketom kao znanstvenom metodom istraživanja. Svi 
učenici su sudjelovali u stvaranju baze pitanja za anketu, nakon čega je dvoje učenika izabralo 
relevantna pitanja te sastavilo anketni upitnik. Dvojca učenika, suautori ovog članka, analizirali 
su rezultate te napisali izvješće. Anketa je provedena tijekom travnja 2020. godine.  

Tijekom istraživačkog rada postavilo se i pitanje usporedbe černobilske katastrofe s pandemijom 
COVID-19. Jedan od zaključaka rada jest da se utjecaj černobilske katastrofe na ljude može 
uspoređivati sa sličnim katastrofama svjetskih ili kontinentalnih razmjera. Zbog toga je u 
zaključku rada predloženo više istraživanja: opsežnije istraživanje o utjecaju černobilske 
katastrofe na ljude s odabranim pitanjima, poboljšanim uzorkom ispitanika te sestrinsko 
istraživanje iste tematike u odnosu na pandemiju COVID-19 koja je prisutna od 2020., ističući 
razlike u dostupnosti informacija i mjere zaštite za građane u odnosu na situaciju koja prijeti 
javnom zdravlju te izaziva strah i paniku među građanima. 

Prednosti online istraživačke nastave koja se provodi u skupinama su brojne. Kao najvažnija 
ističe se samostalnost u radu, učenju i pisanju rada. Samostalnost u nastavi na daljinu je puno 
izraženija nego u nastavi u živo, jer su kontakti nastavnik-učenik svedeni na minimum [4]. 
Samostalnost u radu povećava odgovornost za rezultate učenja, time i stres kod učenika. Stresni 
učinci povećane odgovornosti smanjeni su grupnim radom zbog podijele posla, ali i međusobne 
suradnje učenika u analizi materijala i izrade krajnjeg izvješća rada. Ipak, svaki učenik mogao je 
razvijati sposobnost uočavanja bitnog, kritičkog razmišljanja, identificiranja istraživačkih pitanja 
koja je moguće testirati, nasuprot informativnih pitanja, provedbe istraživanja, mjerenja i 
prikupljanja podataka, upotrebu odgovarajućih metoda za opis, sumiranje i analiziranje 
podataka, razmatranje alternativnih objašnjenja te komuniciranje metoda, rezultata i 
predviđanja. Prednost grupnog rada u nastavni na daljinu za nastavnika jest ušteda vremena 
prilikom izmjena informacija i vrednovanja učenika. 

Izvođenje online istraživačke, grupne nastave ima i nedostataka. U nastavi na daljinu, kao što je 
već poznato, nedostaje živa riječ, rasprava, diskusija. Učenicima je nedostajala izmjena 
informacija uživo, licem u lice – između njih samih unutar skupine. Komunicirali su pomoću 
različitih servisa za komunikaciju, platformi za videokonferencije ili platforme Teams. Digitalna 
komunikacija, svedena samo na verbalno izražavanje te mogućnost da se uključe kad god mogu 
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ili žele, usporavala je i rasplinjavala međusobno dogovaranje i rad na istraživanju. Također, 
nedostatak razgovora uživo između učenika i nastavnice usporavao je proces istraživanja i 
smanjio kvalitetu uputa ili objašnjenja.  

Učenici ističu kao problem literaturu koja je najčešće bila prestručna ili je bila napisana na 
engleskom jeziku kojeg nisu uvijek znali dobro prevesti. Naglašenije nego u nastavi uživo, 
prisutan je bio i uobičajeni problem izvođenja nastave u skupinama učenika – nemogućnost 
precizne procjene pojedinačnog doprinosa učenika istraživačkom radu i grupnoj suradnji.  

Ključne riječi: nastava na daljinu, istraživačka nastava, grupni rad, Černobil, anketa, kemija, 
radioaktivnost  
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KEMIJSKA RAVNOTEŽA U OBRNUTOJ UČIONICI KEMIJE 
Silvija Krnić, Kristina Kristek 

III. gimnazija Osijek, K.Firingera 14, Osijek, Hrvatska 
krnic.silvija@gmail.com, kristina.kristek@gmail.com 

Mnogi kemiju smatraju teškim predmetom, kako za učenje tako i za poučavanje. Ispravno 
tumačenje kemijskih pojmova umijeće je učitelja i nastavnika kemije s obzirom na apstraktne 
stručne pojmove koje valja približiti učenicima. Nastavniku kemije svakako je u interesu pronaći 
načine da učenicima pomognu u razumijevanju kemijskih koncepata i da nauče interpretirati 
kemijske pojave koristeći kemijsku terminologiju. U ovom izlaganju cilj nam je predstaviti 
sudionicima obradu nastavne teme Kemijska ravnoteža u sklopu koncepta Promjene i procesi[1] 
primjenom metode obrnute učionice.[2] Učenici se već prije dolaska na sat upoznaju s nastavnim 
materijalom na temu Kemijske ravnoteže, kako bi se vrijeme na satu koristilo za razgovor o 
nejasnoćama s kojima su se susreli prolazeći kroz nastavni materijal prije sata, produbljivanje 
znanja kroz izvođenje pokusa i diskusiju. Ova metoda usmjerena je na učenika tako što potiče 
njihovu autonomiju i samostalnost u rješavanju problema. Aktivnosti na satu prožete su 
problemskim zadatkom u kojem učenici trebaju predložiti tijek kao i očekivane rezultate pokusa 
u kojem se ispituje utjecaj promjene koncentracije na kemijsku ravnotežu u otopini kalijeva 
tiocijanata i željezova(III) nitrata. Učenici kroz pokus opažaju nastale promjene te ih tumače na 
temelju spoznaja o principima uspostave kemijske ravnoteže. Ovakvim načinom poučavanja 
učenici su zaposleni aktivnostima koje zahtijevaju njihovu međusobnu suradnju, a nastavnik 
dobiva ulogu mentora koji potiče učenike na samostalno i samoregulirano učenje, postavlja im 
pitanja usmjeravajući ih na bitne segmente u svrhu ostvarivanja zadanih ishoda. Na kraju sata 
učenici izlažu svoje rezultate i iznose zaključke do kojih su došli. Korištenjem metode obrnute 
učionice potičemo učenike da budu samostalni i odgovorni za svoje rezultate, razvijamo njihove 
organizacijske vještine i vještine timskoga rada s naglaskom na razvoj istraživačkog duha i 
kritičkog promišljanja. 

REFERENCE 
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Ministarstvo znanosti i obrazovanje, NN 10/2019 

[2] Bergmann, J., & Sams, A. (2012). Flip Your Classroom: Reach Every Student in Every Class  
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USVAJANJE ODGOJNO-OBRAZOVNIH ISHODA KEMIJE U 
OSNOVNOJ ŠKOLI KROZ MEĐUPREDMETNU TEMU  
“ODRŽIVI RAZVOJ” NA PRIMJERU POUČNE STAZE 

“SVETOMARTINSKA MURA” 
Dražen Crnčec 

Osnovna škola Sveti Martin na Muri, dcrncec@yahoo.com 

Usvajanje odgojno-obrazovnih ishoda nastavnog predmeta Kemija primarni je zadatak 
poučavanja kemije u osnovnoj školi. Temeljem novog kurikuluma nastavnog predmeta Kemija 
za osnovne škole utvrđena su četiri makrokoncepta (Tvari, Promjene i procesi, Energija te 
Prirodoznanstveni pristup).[1] Kurikularnom reformom uvedena je i međupredmetna tema 
Održivi razvoj određena trima domenama (Povezanost, Djelovanje i Dobrobit).[2] Cilj ovog rada 
je analizirati mogućnosti povezivanja makrokoncepata kurikuluma kemije s domenama 
međupredmetnog kurikuluma Održivi razvoj kroz poučavanje i učenje (nastavni proces) na 
primjeru u objektivne stvarnosti – poučnoj stazi Svetomartinska Mura. Poučna staza 
Svetomartinska Mura rezultat je nastojanja lokalne zajednice i škole da se održivo očuva prostor, 
te se, među ostalim, omogući jedna od najvažnijih funkcija takvog prostora – edukacija. Prije 
analize povezanosti kurikuluma provedena je izvanučionička nastava kemije učenika Osnovne 
škole Sveti Martin na Muri. Rezultati analize na razini trećeg odgojno – obrazovnog ciklusa 
unutar triju domena međupredmetnog kurikuluma “Održivi razvoj” (ODR A.3.1, A.3.2, A.3.2, 
B.3.1, B.3.2, C.3.1, C.3.2)[2] koreliraju sa predviđenim odgojno-obrazovnim ishodima kurikuluma 
kemije u osnovnoj školi (KEM OŠ A.7.1, A.7.3, A.8.3, B.7.1, B.8.1, C.7.3, D.7.1,D.7.3, D.8.1, D.8.3).[1] 
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POKUS U FILMU 
Monika Pavić,a Maja Jurić-Babajab 

a OŠ Vladimir Nazor, Čepin, Kalnička 17, monika.pavic@skole.hr  
b OŠ Vladimir Nazor, Čepin, Kalnička 17, maja.juric-babaja@skole.hr 

Ovim radom želja nam je prikazati rad na satima kemije i informatike u novonastalim uvjetima 
nazvanim „Novo normalno“. Tijekom prošle školske godine, kada je nastava bila provođena dio 
po modulu A i dio po modelu C, od nas nastavnika i naših učenika tražena je prilagodba  
novonastalim uvjetima. U tim uvjetima smo učenje, kako samostalno tako i suradničko, 
organizirali u virtualnom okruženju. Nastavu kemije prilagodili smo novim uvjetima sa 
smanjenim kontaktom među učenicima poštujući sve predložene epidemiološke mjere. Pokus 
je važan u nastavi kemije kako bi sadržaji koji se usvajaju bili bolji. Nakon obrade u svrhu 
ponavljanja učenici su izvodili pokuse u svom domu te su snimke provedenih pokusa slali 
nastavnicima. Učenici su imali zadatak napraviti film o pokusu koji su radili. Film je trebao 
sadržavati zadane dijelove te biti napravljen prema zadanim kriterijima iz informatike i kemije. 
Film su mogli izraditi u programu za obradu videa po želji. Tijekom ovog procesa vodili smo 
računa o ostvarivanju zadanih ishoda za nastavu kemije i informatike, a tako i ostvarenju među 
predmetnih tema. Tijekom izlaganja u obliku ppt prezentacije bit će prikazan i dio učeničkih 
ostvarenja. 

LITERATURA: 

[1] Lukić, Sanja, Marić Zerdum, Ivana, Trenčevska, Nataša, Varga, Marijan KEMIJA 7, udžbenik kemije u 
sedmom razredu osnovne škole, Školska knjiga, Zagreb 2020., str. 28. – 67. 

[2] Lukić, Sanja, Marić Zerdum, Ivana, Trenčevska, Nataša, Varga, Marijan KEMIJA 7, radna bilježnica iz 
kemije u sedmom razredu osnovne škole, Školska knjiga, Zagreb 2020., str. 20. – 40. 

[3] Sikirica, Milan, 77 kuhinjskih pokusa, Školska knjiga, Zagreb 2014., str. 82. – 100. 

[4] Sikirica, Milan, Zbirka kemijskih pokusa za osnovnu I srednju školu, Školska knjiga, Zagreb 2011., str. 
39. – 43. 

Aplikacije za izradu filma: 

 Android: Inshot (mobitel, tablet) 

 Windows: Fotografije, Windows Movie Maker (računalo) 
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USAVRŠAVANJE UČITELJA KEMIJE I BIOLOGIJE KROZ 
ŽUPANIJSKA STRUČNA VIJEĆA 

Mirta Malčić,a Suzana Lovrićb  

a OŠ “Đuro Pilar“ Slavonski Brod, Vinogorska 1, mirta.malcic@skole.hr 
b OŠ “Blaž Tadijanović“ Slavonski Brod, Podvinjska ulica 25, suzana.lovric1@skole.hr 

Stručno usavršavanje je obvezan dio zaduženja učitelja i nastavnika. Važan oblik stručnog 
usavršavanja provodi se na ŽSV-ima. 

U ovom izlaganju predstavit ćemo jedan primjer dobre prakse pod nazivom: Stručno 
usavršavanje učitelja kemije i biologije uz primjenu videozapisa nastave te ćemo prikazati i 
terensku nastavu koju smo proveli kao prvo ŽSV-e u ovoj školskoj godini.  

Cilj projekta Stručno usavršavanje učitelja kemije i biologije uz primjenu videozapisa nastave je 
osmisliti kvalitetan model stručnog usavršavanja učitelja kemije i biologije, koji može doprinijeti 
boljim rezultatima učenja hrvatskih učenika. 

Cilj terenske nastave je povezati procese iz svakodnevnog života s ishodima u nastavi kemije i 
biologije u osnovnoj i srednjoj školi. Terensku nastavu smo proveli u mjestu Pleternica gdje smo 
posjetili Interpretacijski centar Terra Panonica te hidroelektranu na rijeci Orljavi.  

U skolpu rada ŽSV-a učitelji redovito ispunjavaju evaluacijske upitnike pomoću kojih mi 
voditeljice dobijemo povratnu informaciju o radu našeg ŽSV-a. 

Rezultate i statističku obradu rezultata možete pogledati na sljedećoj poveznici: 
http://bitly.ws/gs8H 

Tijekom nastave na daljinu redovito smo održavale stručne skupove s temama o digitalnim 
alatima i primjerima dobre prakse iz nastave. 

Usavršavanje na ŽSV-a od izuzetne je važnosti jer su takva vijeća, s voditeljima u aktivnoj ulozi, 
poveznica učitelja i nastavnika s AZOO-om. 

REFERENCE 

[1] Agencija za odgoj i obrazovanje, Procedura o potupku i uvjetima imenovanja i razrješenja te popis 
poslova voditelja Županijskih stručnih vijeća i kriteriji formiranja Županijskih stručnih vijeća, 2010. 

[2] Slunjski, E., Burić, H., Akcijsko istraživanje i razvoj nove kulture odnosa temeljene na autonomiji i 
emancipaciji učitelja, 2014., 41-52. 

[3] Slunjski i suradnici, Izvan okvira 2 -Promjena, od kompetentnog pojedinca i ustanove do 
kompetentne zajednice učenja, Element, Zagreb, 2016., 45-73. 

[4] Bognar, B., Akcijska istraživanja u školi, Filozofski fakultet, Osijek, 2006., 49-68. 

[5] Fullan, M., The New Meaning of Educational Change. Teachers College PressCouncil for Educational 
Research, 2007., 50-89. 
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PRIMJENA ETWINING PROJEKTA U NASTAVI KEMIJE I BIOLOGIJE 
Mirjana Cvetković-Kižlin,* Nataša Kletečki# 

 OŠ Bogumila Tonija, Ivana Perkovca 90, 10430 Samobor, 
* mirjana.cvetkovic-kizlin@skole.hr 
# natasa.kletecki@skole.hr 

U radu je prikazana primjena analize rezultata provedenog eTwining projekta[1] u nastavi kemije 
i biologije. Tijekom 2019. uključili smo se s učenicima koji pohađaju dodatnu nastavu kemije i 
biologije u međunarodni eTwining project “Interesting science for kids”, a realiziran je do kraja 
školske godine 2020./2021. Učenici su tijekom izvođenja dodatne nastave kemije izvodili pokuse 
na temu Staničnog disanja i svoje rezultate prikazali ostalim sudionicima projekta. Izdvojeni 
pokusi izvedeni su tijekom redovne nastave kemije pri obradi tema Što je kemija?, Svojstva i 
vrste tvari, Smjese tvari, Tvari u prirodi, te nastavi biologije pri obradi tema Osnovna obilježja 
živih bića i organiziranost u prirodi, Prijenos tvari kroz organizam, Disanje živih bića. Pokusi su 
provedeni u tri od šest razredna odjela sedmog razreda. naše škole. Pomoću digitalnih alata[2] 
ispitana je usvojenost ishoda poučavanja u svih šest razrednih odjela. Uočili smo kako učenici 
radom na projektima razvijaju kompetencije komunikacije na materinskom jeziku, komunikacije 
na stranim jezicima, matematičke kompetencije i osnovne kompetencije u znanosti i tehnologiji, 
digitalne kompetencije, uče kako učiti, društvene građanske kompetencije, smisao za inicijativu 
i poduzetništvo.[3] Rezultati projekta pokazali su i kako su učenici radom na eTwinning projeku 
usvojili specifične vještine korištenja znanja i metoda (vještine izvođenja eksperimenata, 
bilježenja rezultata i opažanja i donošenja zaključaka) koje im pomažu u objašnjavanju prirodnih 
zakonitosti. 
 
In this work the application of e-Twining projects[1] in chemistry and biology teaching will be 
presente. During 2019., we joined, with students who attend additional classes in chemistry and 
biology, in the international e-Twining project Interesting science for kids, and it was realized by 
the school year 2020./2021. In additional chemistry classes, students performed experiments 
on the topic of Cellular Respiration and presented their results to other project participants. 
Those experiments were performed in chemistry class during the processing of the topic What 
is chemistry?, Properties and types of substances, Mixtures of substances, Substances in nature 
and in biology classes through topics Basic characteristics of living beings and organization in 
nature, Transfer of substances through the body, Respiration of living beings. The experiments 
were conducted in three of the six 7th grades in our school. The adoption of outcomes in all six 
classrooms was examined using digital tools.[2] We noticed that students working on projects 
develop communication skills in their mother tongue, communication in foreign languages, in 
science and technology, digital competences, learn how to learn, social and civic competences, 
a sense of initiative and entrepreneurship.[3] 

REFERENCES 

[1] eTwining https://www.etwinning.net/en/pub/index.htm pristupljeno 13.8.2021. 

[2] Priručnik za učitelje kemije-Edutorij https://edutorij.e-skole.hr/share/page/document-
details?nodeRef=workspace://SpacesStore/762bda46-2137-4934-9e55-979a044cf64b 
pristupljeno 13.8.2021. 

[3] A. Gillerani C. Kearney (2014): Razvoj kompetencija učenika putem eTwinninga. Brisel:  
Središnja služba za podršku za eTwinning.  
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3D-PRINTED EQUIPMENT FOR  
CHEMICAL PROCESSING INDUSTRIES 

Domagoj Vrsaljko,* Petra Ivanković, Katarina Jozinović, Iva Katalinić Paić, Laura Keran, Ines 
Pehar, Luka Posavac, Domagoj Prlić, Gracia Vukorepa, Ivan Karlo Cingesar 

University of Zagreb Faculty of Chemical Engineering and Technology, Marulićev trg 19 HR-10000 
Zagreb, dvrsal@fkit.hr 

The talk will present the advances of additive manufacturing in chemical engineering and the 
research conducted by students of the Faculty of Chemical Engineering and Technology in this 
field. 

Three independant researchs will be presented. The first investigated the possibility of using 3D-
printing technologies to fabricate droplet generators capable of producing stable dispersions 
with well-defined particle sizes by modifying the operating conditions and channel surface 
properties. In the second, an inertial microfluidic separator was fabricated in which a two-phase 
mixture of water and three different powders is separated by hydrodynamic forces occurring in 
the channels. Quartz sand, baby powder and nano calcium carbonate were used for this 
purpose. The aim of the third investigation was to prepare a functional filament of cycloolefin 
copolymer (COC) and PETG with the addition of fillers TiO2 and carbon nanotubes (CNT). The 
addition of the fillers changes the physicochemical properties of the polymer and gives the 
material photocatalytic properties. In this work, TiO2 and CNT were added to COC and PETG in 
different ratios and the mechanical properties of the as-prepared composites were determined. 
The produced polymer composites were used for 3D-printing of static mixers. 

   

Figure 1. 3D printed devices for chemical processing industry fabricated in our laboratory. 
From left to right: droplet generator, microfluidic inertial separator and two types of static 

mixers. 

Acknowledgements. This work has been supported by European Regional Development Fund under the 
project: OS-Mi (KK.01.1.1.04.0006) and by Croatian Science Foundation under the project DOK-2020-01-
8955. 
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SUPERCOMPUTERS AS MICROSCOPES FOR THE 21ST CENTURY: 
SUBSTRATE CHANNELING, EPIGENETIC REGULATION, AND 

MOLECULAR BASIS OF ALZHEIMER`S DISEASE  
Rajna Koren,a Manuel Martinović,a Patrik Nikolić,b Ivica Odorčić,a,c Lucija Ostojić,a,c  

David Visentin,a Katarina Vrbnjak,a,d Vedran Miletić,e,b Željko M. Svedružića,* 

a Department of Biotechnology, University of Rijeka, Campus Trsat, Laboratory for Biomolecular 
Structure and Function, Rm. O-336, www.svedruziclab.com  

b current address: RxTx Research, www.rxtx.tech/research 
c current address: University of Göteborg, Department of Chemistry, Medicinaregatan 9c, 41390 

Göteborg, Sweden.  
d VIB-KU Leuven, ON IV Herestraat 49, 3000 Leuven, Belgium.  
e Department of Informatics, University of Rijeka, Campus Trsat, Laboratory for Biomolecular Structure 

and Function, Rm. O-336, www.svedruziclab.com  
* zeljko@svedruziclab.com  

Background: Drug-design and the related pathogenic events are complex molecular processes 
that depend on the power of supercomputers for visualization and quantitative analysis. We use 
a combination of computational studies and wet laboratory measurements, to evaluate, 
strengthen, and expand our insights in molecular mechanisms. 

Methods: Supramolecular organization in physiological and pathogenic conditions is analyzed 
using multiscale molecular dynamic calculations.[4] Supramolecular complexes have included 
protein-protein interaction,[4] protein-DNA interaction,[1] and protein-membrane interactions.[3] 
In silico high-throughput screenings with compounds from commercial databases, are used as 
the initial fast and cheap approach for the development of drug-candidates [2].[2] QM/MM 
protocols are used for the design and optimization of mechanism based-inhibitors of enzyme 
activity.[1] 

Results: 

1. Inhibitors and activators of DNA methylation and epigenetic regulation.[1] Transition-state 
analogs of human DNA methyltransferases are designed as potential drugs that act as 
mechanism-based inhibitors.[1] The analogs are prepared with 68 structural modifications using 
insights from wet laboratory studies and from MD and MM/QM protocols.[1] High-throughput in 
silico screenings of 200 thousand compounds from commercial databases, have been used as 
the fastest and cheapest initial strategy, for development of twenty specific inhibitors of 
different human DNA methyltransferases, Dnmt1 and Dnmt3.[1,2] Steered molecular dynamics 
studies of protein-DNA interaction showed that a decrease in DNA stability can lead to activation 
of DNA methyltransferases. The insights are used in for the development of activators of DNA 
methylation. 

2. Molecular basis of Alzheimer’s disease: novel diagnostic protocols and drug design strategies. 
Wet laboratory experiments and multiscale molecular dynamic studies showed that the 
saturation of membrane-embedded protease gamma-secretase with its amyloid substrate can 
trigger pathogenic protein aggregation in Alzheimer s disease.[3] We found that the main 
candidate-drugs, such as semagacestat and avagacestat have failed, because multiple drug 
molecules can bind simultaneously to the target enzyme.[3] Binding of the drugs to multiple sites 
leads to competition between enzyme activation and inhibition. Thus, the drugs can facilitate 
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development of the disease, by decreasing the catalytic capacity of the target enzyme, just as 
the disease-causing mutations.[3]  

3. Supramolecular organization and substrate channeling.[4] Numerical integration of catalytic 
rates showed that the chances for substrate channeling depend on the overlap between the off-
rates for donor-enzyme-substrate complex and donor-enzyme-acceptor-enzyme complex. Thus, 
the manipulations with the enzyme-substrate off-rates can be used in metabolic engineering 
protocols. Multiscale molecular dynamics studies showed that NADH dehydrogenases GAPDH 
and LDH can form channeling complex only under limiting NAD(H) concentrations.[4] NAD(H) 
channeling between the two enzymes is an extension of NAD(H) channeling between the 
subunits in each tetramer.[4] The channeling paths for negatively charged substrates are defined 
as patches of positive electric fields on the protein surface.[4] Substrate channeling complex is 
also observed in amyloid metabolism between beta and gamma-secretase, as part of pathogenic 
processes in Alzheimer’s disease. 

Conclusions: Supercomputers will have the same impact on progress in biomedical sciences as 
microscopes had in the last 200 years. We use computational methods at three different levels. 
Cell physiology and pathophysiology can be described at the level of supramolecular 
interactions.[4] The insights into molecular physiology and pathophysiology can be used for the 
development of mechanism-based drugs,[1] or for design of high-throughput in silico screening 
protocols.[2] In the parallel process, numerical integrations and rate constants for different steps 
in the catalytic cycle can be used for the design, optimization, and interpretation of mechanistic 
studies of enzyme activity.[3,4] 

Acknowledgements. This work has been supported by the Center for Advanced Computing and 
Modelling, University of Rijeka, and calculations performed on supercomputer BURA founded in part by 
Ministry of Science, Education and Sports of the Republic of Croatia under the project Research. 
Infrastructure for Campus-based Laboratories at the University of Rijeka, number RC.2.2.06-0001. Project 
has been co-funded from the European Fund for Regional Development (ERDF). 
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Dehydrogenase. Scientific reports 10:10404 
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CAUSALITY ANALYSIS IN CHEMISTRY AND  
CHEMICAL ENGINEERING 

Želimir Kurtanjek 

University of Zagreb, Faculty of Food Technology and Biotechnology 
Pierottijeva 6, 10 Zagreb, Croatia 
zelimir.kurtanjek@gmail.com 

Application of BigData in chemistry and chemical engineering is due to access of high throughput 
instruments and data fusion of omics in chemistry and bioinformatics. Availability of Big Data 
enables development of AI models for investigation of pattern classification, pattern association 
and prediction. However, most of AI models are applied as effective agnostic (“black box”) 
predictors and usually do not contribute to new scientific knowledge. AI models do not provide 
causality due to confounding of model variables, which are commonly highly correlated, and 
lead to back door noncausal associations and colliders of common effects. In the last decades 
developed is mathematical theory of causality and algorithmic computer analysis for testing and 
discovery of causality.[1,2] It is based on Bayesian integration of prior structural knowledge and 
experimental evidence (data). Causality analysis of variable x follows three methodological 
steps: prediction, doing do(x), and counterfactual estimation. Confounding of causality is 
removed by d-separation algorithm producing adjustment of the structural knowledge network. 
The do(x) operator estimates causality on population level, while counterfactual causality is “out 
of box” on sample level and is algorithmic basis for scientific discovery. Here are presented two 
cases: causality analysis of industrial waste water treatment plant (WTP) and causality of 
peptides molecular descriptors for of biological activity. The WTP is a two stage process with 
pretreatment, primary and secondary settler, and biological reactor. The plant is monitored daily 
during two years with 38 physical and chemical parameters. Determined are population level 
causalities between parameters of input flows of row water and the plant global output 
performances. The second example is aimed for scientific discovery of causality between 
peptide molecular descriptors and their cell level activity. Tested are 1800 descriptors for 100 
peptides with each up to 50 aminoacids. Prior to causality analysis the descriptors are 
regularized and PC algorithm is applied for generation of the corresponding directed acyclic 
graph (DAG). Potential discoveries are predicted by counterfactual analysis. 

REFERENCES 

[1] J. Pearl, D. Mackenzie, ”The Book of Why”, Penguin Books, Oxford, UK, 2018. 

[2] A. Sharma, E. Kiciman, et al., DoWhy, A Python package for causal inference. 2019, 
https://microsoft.github.io/dowhy 
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THE ROLE OF LONDON DISPERSION IN THE FORMATION OF 
DIAMANTANE CLUSTERS INSIDE HELIUM NANODROPLETS 
Marina Šekutor,a,* Jasna Alić,a Roman Messner,b Florian Lackner,b Wolfgang E. Ernstb 

a Department of Organic Chemistry and Biochemistry, Ruđer Bošković Institute, Bijenička cesta 54,  
10000 Zagreb, Croatia 

b Institute of Experimental Physics, Graz University of Technology, Petersgasse 16, 8010 Graz, Austria 
* msekutor@irb.hr 

Helium nanodroplets (HNDs) are unique hosts for the study of weak interactions between 
molecules since helium has very low polarizability and becomes superfluid at low pressures and 
near-zero Kelvin temperatures, thus making it an ideal medium for trapping weakly binding van 
der Waals complexes.[1,2] For our study we chose diamantane molecules that are bulky and rich 
in C–H bonds because they can readily engage in London dispersion (LD) intermolecular 
interactions with each other. When HNDs were doped with diamantane molecules, we observed 
spontaneous cluster conglomeration and the formed clusters were analyzed by time-of-flight 
mass spectrometry (Figure 1).[3] We also successfully identified and characterized magic number 
clusters, distinct cluster sizes with 
large abundances. The experimental 
findings were supported by meta-
dynamics simulations and subsequent 
DFT computations in order to further 
analyze the observed cluster 
structures. The obtained interaction 
energies were attributed to LD 
attraction and we could therefore 
quantitatively demonstrate that 
dispersion interactions indeed 
dominate molecule packing in these 
diamantane assemblies. 

Acknowledgements. This project was supported by the Croatian Science Foundation (UIP-2017-05-9653) 
and the Austrian Science Fund (P30940 -N36). 
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[2] M. Lasserus, M. Schnedlitz, R. Messner, F. Lackner, W. E. Ernst, A. W. Hauser, Chem. Sci. 2019, 10, 
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Figure 1. Experimental setup used for HNDs 
generation and diamantane cluster synthesis.[2,3] 
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COMPUTATIONAL STUDY OF NITROGEN-CONTAINING 
COVALENT ORGANIC POLYMERS  

Ivan Kodrin,* Petar Šutalo, Barbara Panić, Ivana Biljan 

Department of Chemistry, Faculty of Science, University of Zagreb, Horvatovac 102a, 10000  
Zagreb, Croatia 

* ikodrin@chem.pmf.hr 

Emissions of greenhouse gases have a global impact by contributing to climate change. New 
materials capable of facile CO2 capture have to be developed and porous materials are very 
promising candidates for the gas storage due to their low densities and high internal surface 
areas. Among different crystalline metal-organic (MOFs) and covalent-organic frameworks 
(COFs), many covalent-organic polymers (COPs), although lacking crystallinity thus making their 
pore size less uniform, show very similar behaviour toward binding of gases.[1,2] 

We have synthesized and characterized a series of new azo-bridged COPs by condensation 
reactions between 1,3,5-tris(4-nitrophenyl)benzene and various aromatic diamino compounds 
acting as linkers between central units.  A computational analysis was performed to give a better 
insight into selective binding properties of CO2/N2 and core functionalities of new azo-bridged 
COPs. In addition, a detailed conformational search was carried on (a) core functionalities like 
trifunctionalized pyridine, triazine and amine; (b) linkers of variable length including biphenyl 
and those in which two phenyl rings were separated by one and two methylene groups, oxygen, 
sulphur, carbonyl and (c) different types of nitrogen-nitrogen linkages (azo, azoxy and azodioxy) 
connecting two phenyls. Binding energies were calculated to estimate the selectivity of different 
structural fragments toward selective binding of CO2 and N2. Although, the model is simple in 
comparison with the whole system, all the investigated fragments show a greater selectivity 
toward CO2 over N2. The calculated binding energy values may serve as a rough guideline for the 
design of better nitrogen-based COPs for the selective binding of CO2. 

Acknowledgements. This work has been fully supported by Croatian Science Foundation under the 
project IP-2020-02-4467.  
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EXCITED STATE INTRAMOLECULAR PROTON TRANSFER FROM 
NITROGEN TO CARBON ATOM IN AMINOBIPHENYLS 

Josip Draženović,a,* Tomislav Rožić,b Nađa Došlić,b Nikola Basarića 

a Department of Organic Chemistry and Biochemistry, Ruđer Bošković Institute, Bijenička cesta 54, 
10000 Zagreb, Croatia 

b Department of Physical Chemistry, Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb, Croatia 
* Josip.Drazenovic@irb.hr 

Excited-state intramolecular proton transfer (ESIPT) is a fundamental photochemical reaction 
that has been intensively investigated due to numerous applications in sensing technologies and 
material science.[1] ESIPT takes place in molecules bearing proton donor and acceptor groups in 
close proximity, whose acidity and basicity are enhanced upon excitation. Furthermore, example 
of ESIPT between the phenolic OH and the adjacent carbon atom have been well documented.[2] 
However, examples where amino functional group acts as a photoacid are scarce.  

Here we report on the investigation of ESIPT reactivity in o-, m- and p-aminobiphenyl derivatives 
(Figure 1). The process was investigated by irradiations in D2O-CH3CN whereupon the 
regiospecific deuterium incorporation took place and indirectly pointed to the ESIPT reaction 
mechanism. Properties of the excited states leading to the ESIPT were investigated by steady-
state and time-resolved fluorescence, and we determined the pKa values of the molecules in the 
ground and the first singlet excited state by UV-vis and fluorescence titrations. To corroborate 
the experimental findings, the computations have been performed using the Algebraic 
Diagrammatic Construction to second order (ADC(2) method,[3] which completely unraveled the 
reaction mechanism and observed ESIPT photochemical pathways. 

 

Figure 1. Structures of the investigated aminobiphenyl derivatives. 
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COMPUTATIONAL INVESTIGATION OF THE MECHANISM OF THE 
IRREVERSIBLE INHIBITION OF THE MONOAMINE  

OXIDASE B ENZYME 
Tana Tandarić,a,* Alja Prah,b,c Jernej Stare,b Janez Mavri,b Robert Vianelloa 

a Laboratory for the Computational Design and Synthesis of Functional Materials, Division of Organic 
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b Laboratory for Computational Biochemistry and Drug Design, National Institute of Chemistry, 
Hajdrihova 19, SI-1001 Ljubljana, Slovenia 

c Faculty of Pharmacy, University of Ljubljana, Aškerčeva Cesta 7, SI-1000 Ljubljana, Slovenia 
* tana.tandaric@irb.hr 

Monoamine oxidase B (MAO B) is a flavoenzyme[1] responsible for the regulation of levels 
exogenic and endogenic amine in the human body, including amine neurotransmitters in the 
brain, which is why it represents a crucial pharmacological target for treating Parkinson's and 
Alzheimer's diseases. This computational investigation elucidates the mechanism of the 
irreversible MAO B inhibition with clinical propargylamine inhibitors, rasagiline and selegiline,[2] 
and their derivatives desmethyl-selegiline and methyl-rasagiline. The quantum-chemical 
analysis within the cluster model showed that this reaction proceeds in three steps, with the 

rate-limiting abstraction of the inhibitor's α-methylene H– 
anion by FAD in the first step.[3] 

The obtained results are in excellent agreement with 
experimental observations. The proposed mechanism is 
further characterized by the Empirical Valence Bond 
approach on the entire enzyme structure, whereas 
molecular dynamics simulations identified residues crucial 
for the binding. The offered insight provides important 
guidelines for the development of new and more effective 
MAO B inhibitors.[4] 

Acknowledgements. We thank the University of Zagreb Computing Centre (SRCE) for granting 
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4-AMINOQUINOLINES, A PRIVILEGED PHARMACOPHORE  
- FROM ANTIMALARIALS TO INHIBITION OF CHOLINESTERASE - 

Dejan Opsenica,a,b Anita Bosak,c Ana Matošević,c Katarina Komatović,d Nikola Marakovićc 

a University of Belgrade - Institute of Chemistry, Technology and Metallurgy, Njegoševa 12, 11000 
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c Institute for Medical Research and Occupational Health, Ksaverska cesta 2, 10000 Zagreb, Croatia. 
d University of Belgrade - Faculty of Chemistry, Studentski trg 12-16, 11158 Belgrade, Serbia 
* dopsen@chem.bg.ac.rs 

Quinoline heterocycle is one of the few privileged scaffold[1,2] that express a broad spectrum of 
biological activity. 4-Aminoquinolines (4-AQ), an important sub-group of quinoline family, was 
primarily boosted in the middle of the 20th century as replacement of quinine, and were the first-
line defenders for the treatment of malaria for decades. However, discover that 4-AQ based 
compounds exhibit wide biological activity that influenced many biochemical processes,[3,4] 
placed this pharmacophore in the centre of drug repurposing programs.[5]  

Although it is known that quinoline influenced degradation of Alzheimer β/A4 amyloid precursor 
protein[6] and that inhibits human erythrocyte membrane AChE, just recently more detailed 
investigation of 4-AQ as potentially active agents are reported. As part of our broader research 
in this field,[7] we investigate 4-AQ as reversible inhibitors of AChE and BChE. We synthesized a 
series of derivatives that differs in the structure of diamino alkyl- or aryl-side chain and 
substitution on the terminal amino group. Starting from the corresponding 4-chloroquinoline 
and using different alkyl- or aryl-diamines corresponding 4-aminoquinolines were obtained. 
Further modifications of terminal amino-group produced final derivatives that were examined 
as inhibitors of cholinesterase’s activity. We found that length of the side chain, conformation 
flexibility and substitution of aryl-group influenced the inhibitory capacity of AChE and BChE and 
selectivity as well. Other details will be discussed. 

Acknowledgements. The authors would like to thank Croatian Science Foundation (GrantIP-2020-02-
9343) and Ministry of Education, Science and Technological Development of the Republic of Serbia (Grants 
No.451-03-9/2021-14/200026 and 451-03-9/2021-14/ 200168). 

REFERENCES 

[1] P. Schneider, G. Schneider, Privileged Structures Revisited, Angew. Chem. Int. Ed., 2017, 56, 7971 –7974. 
[2] M. E. Welsch, et al., Privileged Scaffolds for Library Design and Drug Discovery, Curr. Opin. Chem. 

Biol., 2010, 14, 347–361. 
[3] J. Konstantinović, et al., New Steroidal 4‑Aminoquinolines Antagonize Botulinum Neurotoxin 

Serotype A in Mouse Embryonic Stem Cell Derived Motor Neurons in Postintoxication Model J. 
Med. Chem., 2018, 61, 1595−1608. 

[4] L. Senerovic L., et al., (2019) Quinolines and Quinolones as Antibacterial, Antifungal, Anti-
virulence, Antiviral and Anti-parasitic Agent In: Donelli G. (eds) Advances in Microbiology, 
Infectious Diseases and Public Health. Advances in Experimental Medicine and Biology, vol 1282. 
Springer, Cham., https://doi.org/10.1007/5584_2019_428. 

[5] V. M. Patila, et al., A systematic review on use of aminoquinolines for the therapeutic management 
of COVID-19: Efficacy, safety and clinical trials, Life Sciences, 2020, 254, 117775 

[6] G. L. Caporaso, et al.,Chloroquine inhibits intracellular degradation but not secretion of Alzheimer 
B/A4 amyloid precursor protein, Proc. Natl. Acad. Sci. USA,1992, 89, 2252-2256 

[7] A. Bosak, et al., Structural aspects of 4-aminoquinolines as reversible inhibitors of human 
acetylcholinesterase and butyrylcholinesterase Chem.-Biol. Interac., 2019, 308, 101–109. 

SL-29 



 

27th CROATIAN MEETING OF CHEMISTS AND CHEMICAL ENGINEERS 
27. HRVATSKI SKUP KEMIČARA I KEMIJSKIH INŽENJERA 

5–8 October 2021, Veli Lošinj, Croatia 
 

 

62 

AMIDINO-SUBSTITUTED BENZAZOLES: PROMISING 
ANTITRYPANOSOMAL AND CYTOSTATIC AGENTS 

Valentina Rep,* Silvana Raić-Malić 

University of Zagreb, Faculty of Chemical Engineering and Technology, Marulićev trg 19, 10000 Zagreb, 
Croatia 

* vrep@fkit.hr 

Cancer, an uncontrolled, rapid and pathological proliferation of cells, is the second leading cause 
of death, with more than 18 million cases worldwide annually. On the other hand, human African 
trypanosomiasis (HAT) is a life-threatening, neglected tropical disease, with around 60 million 
people at risk in 36 sub-Saharan African countries. The current drugs used to treat HAT, are toxic 
and not always effective due to the appearance of drug-resistance.[1,2] In continuation of our 
scientific research based on the development of aromatic amidines as DNA-binding ligands, 
cytostatic and antitrypanosomal agents,[2–5] we have designed and synthesized novel amidino-
substituted benzazole derivatives. Design of novel amidino derivatives was focused on 
diversification of three regions of target molecules: type of amidino substituent on left-hand 
side and type of aromatic and aliphatic substituents on right-hand side of a molecule, as well as 
central heterocycle from benzimidazole to benzothiazole to modulate biological properties.  
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COOPERATION OF PROFESSIONAL ASSOCIATIONS  
OF THE CROATIAN CHAMBER OF ECONOMY WITH SCIENCE  

IN THE FUNCTION OF RAISING THE COMPETITIVENESS  
OF THE ECONOMY 
Gordana Pehnec Pavlović 

Croatian Chamber of Economy, Nova cesta 3–7, 10000 Zagreb, Croatia 
gpehnec@hgk.hr 

The new EU legislation, Green Deal and low-carbon strategy, the new European Industrial 
Strategy, Chemical Sustainable Strategy as well as the new Action Plan for Circular Economy 
present great challenge to industry which ask for changes. Major changes to the industry is going 
towards digital, green and the sustainable economy. The accomplishment of this challenging 
task should be tackled in collaboration with the scientific community, which should help further 
develop the industry and help make it sustainable and competitive in the European and global 
market. The Croatian Chamber of Economy and professional associations which are active there 
are willing and able to assist between two interested party and to help our industry to become 
more competitive and sustainable.  
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EFFECT OF CONTROLLED CRYSTALLIZATION ON THE IONIC AND 
ELECTRONIC CONDUCTIVITY IN PHOSPHATE GLASSES 

Sanja Renka,a,* Mallaurie Foucaud,b Teodoro Klaser,c Petr Kalenda,d Petr Mošner,d  
Andrea Moguš-Milanković,a Ana Šantić,a 
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c Faculty of Science, University of Zagreb, Bijenička cesta 32, 10000 Zagreb, Croatia 
d Faculty of Chemical Technology, University of Pardubice, Studentska 573, 53210 Pardubice, Czech 

Republic 
* srenka@irb.hr  

Glass-ceramics are advanced functional materials that contain crystalline phase(s) embedded in 
a glass matrix. Their electrical properties can be modified by tuning the nature and amount of 
phase(s) that crystallize in the glass upon the heat-treatment. This study shows how 
crystallization influences the mobility of electrons(polarons) and sodium ions in binary WO3-P2O5 
and Na2O-WO3-P2O5 glasses, respectively.  

The parent 60WO3-40P2O5 and 40Na2O-50WO3-10P2O5  (in mol%) glasses were prepared by 
conventional melt-quenching technique and were subsequently heat-treated at temperatures 
above their glass transition temperature and at their crystallization temperature (700 °C, 800 °C 
and 935 °C for 60WO3-40P2O5 glass and 400 °C and 490 °C for 40Na2O-50WO3-10P2O5 glass) for 
various times (from 1 to 24 hours). The electrical properties of prepared glass-ceramics were 
investigated by impedance spectroscopy in a wide frequency (0.01 Hz – 1 MHz) and temperature 
(-30 °C – 250 °C) range while structural properties were evaluated by X-ray powder diffraction 
(XRPD) and SEM-EDS analysis. In the case of 60WO3-40P2O5 glass, heat-treatments from 700 °C 
to 935 °C induced evolution of structure from amorphous to the structures with dominant 
W2O3(PO4)2 and minor WO3 crystalline phases. The electrical conductivity of amorphous sample 
prepared at 700 °C decreased in comparison to the parent glass due to the rearrangement of 
the glass network upon heating which accompanies breaking of the bonds in the tungsten 
clusters which consequently impedes transport of polarons Nevertheless, with further increase 
in heat-treatment time and temperature a significant rise in conductivity was observed as a 
consequence of crystallization of conductive W2O3(PO4)2 and WO3 phases. The highest 
conductivity was obtained for glass-ceramic prepared at 935 °C for 24h where rapid electron 
transport occurs through WO3 crystallites (Figure 1). On the other hand, 40Na2O-50WO3-10P2O5 

sample heat-treated at 400 °C remained amorphous with similar ionic conductivity as the parent 
glass, whereas treatment at 490 °C resulted in partially crystallized sample with slightly lower 
conductivity (Figure 1). Here, the glass-ceramic was found to contain Na2W2O7 crystallites 
embedded in amorphous glassy matrix. In the crystalline Na2W2O7 phase, sodium ions move 
between interstitial positions of corner-sharing WO6 octahedral and WO4 tetrahedral due to 
which their mobility is slower and hence overall ionic conductivity of the glass-ceramic lower. 
Therefore, in contrast to the electronically conductive binary tungsten-phosphate glass in which 
the crystallization produces a significant increase in conductivity, the crystallization processes in 
sodium tungsten-phosphate glass have a negative effect on the mobility of sodium ions causing 
a decrease in ionic conductivity in glass-ceramics. 
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Figure 1. (a) electronic conductivity in 60WO3-40P2O5 parent glass and prepared glass-ceramics 
and (b) ionic conductivity in 40Na2O-50WO3-10P2O5 parent glasses and prepared glass-ceramics 

as a function of heat-treatment time and temperature. 
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DESIGN OF NANOCARRIERS TO REDUCE SYSTEMIC TOXICITY OF 
ANTITUMOR AGENTS: DOXORUBICIN CASE STUDY 
Ivana Vinković Vrček,a,* Željko Debeljak,b,c Emerik Galić,d Nikša Drinković,e  

Nazende Gűnday-Tűreli,f Emre Tűreli,f Vedran Micek,a Nikolina Kalčec,a  
Dario Mandić,b Dunja Gorup,g Marija Ćurling 

a Institute for Medical Research and Occupational Health, Zagreb, Croatia 
b University Hospital Osijek, Osijek, Croatia 
c JJ Strossmayer University of Osijek, Faculty of Medicine, Osijek, Croatia 
d JJ Strossmayer University of Osijek, Faculty of Agrobiotechnical Sciences, Osijek, Croatia 

e Polyclinic Drinković, Zagreb, Croatia  
f MyBiotech GmbH, Industriestraße 1B, 66802 Überherrn, Germany 

g University of Zagreb, School of Medicine, Zagreb, Croatia 
* ivinkovic@imi.hr 

The application of nanoparticles (NPs) has enormous potential for increasing the efficiency of 
drug and gene delivery, while decreasing the unwanted toxic effects, especially in developing 
antitumor drugs.[1,2] One of the very effective agent against a wide range of malignancies is 
doxorubicin (DOX) that is also characterized by low selectivity leading to severe side effects, like 
cardiotoxicity that limit its long-term use and prevents optimal benefits for the patient.[3] This 
study evaluated the metabolic alterations in liver, kidney and heart of animals induced by 
innovative DOX nanoformulation compared to conventional and liposomal formulation that are 
already in clinical use. Imaging mass spectrometry (IMS) was used to simultaneously record the 
intensities of numerous m/z signals that correspond to different metabolites' contents in tissue 
sections. Metabolites and pathways associated with the administration of different DOX 
pharmaceutical formulations were compared to the metabolic alterations described in the 
literature. Obtained results indicated the value of nanotechnology to open up opportunities for 
the development of safe and efficient drug nanoformulations.  

Acknowledgements. This study was financially supported by the “Research Cooperability“ Program of the 
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Operational Programme Efficient Human Resources 2014-2020 (grant HRZZ-PZS-2019-02-4323) and by 
the European Regional Development and Croatian Ministry of Science fund under the Operational 
Programme “Competitiveness and Cohesion 2014 – 2020” (grant KK.01.1.1.02.0015.) 
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SYNTHESIS OF MALEIC BASED POLYMERIC ADDITIVES AND 
THEIR INFLUENCE ON THE LOW-TEMPERATURE PROPERTIES OF 

DIESEL AND BIODIESEL FUEL 
Ivan Pucko*, Mislav Mišetić, Marko Racar, Fabio Faraguna 

Faculty of Chemical Engineering and Technology, University of Zagreb, Marulićev trg 19, Zagreb, 
Croatia 

* ipucko@fkit.hr 

Fuel properties change significantly with temperature, so at low temperatures diesel and 
biodiesel/diesel blends tend to form paraffin waxes, which can clog the supply channels and 
completely block the operation of the motor. Even though many different fuel additives have 
been developed, which meet the current requirements for use, this issue cannot be considered 
resolved and more demanding requirement are expected in the coming period. In our work, six 
different polymeric additives based on maleic anhydride were synthesized by radical 
polymerization and their influence on the low-temperature properties of diesel and biodiesel 
fuels was examined. The polymers were synthesized in different molar ratios of starting 
monomers - maleic anhydride (MA) and vinyl acetate (VA) in molar ratios MA/VA = 50/50 and 
80/20. The functionalization of the polymer molecules was done with three different alcohols in 
which the anhydride ring was opened, and the alkyl chain of the alcohol was attached to the 
polymer. By using different alcohols, the influence of alkyl chain length of alcohols on the 
solubility of the polymer additive in the fuel and the properties of the added fuel was evaluated. 
The purity of the polymer additives was monitored by Fourier-transform infrared spectroscopy 
(FTIR) and proton nuclear magnetic resonance (1H NMR) spectroscopy. Molecular weight 
distribution and molecular weight averages of prepared additives were determined with gel 
permeation chromatography (GPC) and the thermal properties of MAVA additives and their 
mixtures with fuels were examined by differential scanning calorimetry (DSC). Standard test for 
low-temperature properties performed according to ASTM D 5950 for the pour point (PP) and 
EN 115 for the cold filter plugging point (CFPP) have shown that PP improved up to 21 °C in diesel 
and up to 3 °C in biodiesel. 

 

Figure 1. Purification process of MAVA copolymers: -a) evaporated product after synthesis, b) 
product dissolved in THF, c) precipitation with hexane and d) pure MAVA 
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INVESTIGATION OF CORRELATION BETWEEN DIFFERENT 
SACRIFICIAL AGENTS AND PHOTOELECTROCHEMICAL 

PROPERTIES OF TiO2-BASED CATALYSTS FOR H2 GENERATION  
Klara Perović,* Hrvoje Kušić, Marin Kovačić, Ana Lončarić Božić, Marijana Kraljić Roković 

Faculty of Chemical Engineering and Technology, University of Zagreb, Marulićev trg 19, 10000 Zagreb, 
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The limited supply of nonrenewable energy sources requires the use of alternative fuels, such 
as hydrogen (H2). One of the ambitious ways to obtain it is photocatalysis, which uses a 
semiconductor material(s) and sunlight or artificial light to split water and produce H2. The most 
studied material, TiO2, cannot be activated by visible light, so it is of critical interest to combine 
it with visible light responsive photocatalytic materials, such as sulfide-based as well as carbon-
based materials to decrease the band-gap and reduce the high charge recombination rate. 

Since the splitting of pure water is a low efficiency process, higher H2 production efficiencies 
should be achieved by enriching the water with various electron donors that act as sacrificial 
agents and consume holes to prevent the charge carrier recombination. In this work, the effect 
of different volume ratios (5-20 vol%) of sacrificial agents (methanol, ethanol, ethylene glycol, 
and triethanolamine) on the photoelectrochemical properties of the as-prepared TiO2/SnS2/GO-
RGO nanocomposite with different GO-RGO contents was systematically investigated.  

The electrochemical performance of the fabricated working electrodes was analyzed by linear 
sweep voltammetry, electrochemical impedance spectroscopy, Mott-Schottky analysis and 
open circuit potential (OCP) measurements. The experimental application of the listed 
techniques allowed the calculation of the electron lifetime, charge recombination rate, flat band 
potential (EFB) and visible light response of the tested components. Considering the obtained 
values, triethanolamine (TEOA) in high volume fraction (more than 10 %) was found to be the 
most suitable for the use in H2 production. Omitting the electron donors used has a great impact 
on reducing the photocatalyst efficiency. Regardless of the sacrificial agents used, the presence 
of GO-RGO in all tested materials enabled more efficient charge separation with lower charge 
carrier recombination compared to the pure components. 

Acknowledgements. This study has been fully supported by the Croatian Science Foundation under the 
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NOVEL LOW-COST SYNTHESIS OF TRANSPARENT BaTiO3-TiO2 
NANOTUBE HETEROSTRUCTURES FOR PHOTOCATALYSIS 
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Titanium (IV) oxide, a semiconducting metal oxide praised by the scientific community for its 
chemical and mechanical stability and non-toxicity, has found its way into a vast array of uses 
ranging from pigments, food additives, ceramics, cosmetics, self-cleaning surfaces, batteries, 
photocatalysis, photovoltaics, sensors etc.[1] The implementation of TiO2 in photocatalysis has 
been extensively researched, especially nanostructured TiO2, that has almost completely shifted 
the scientific focus off of bulk TiO2 because of the large increase in its specific surface, in other 
words surface to volume ratio. Consequently, nanostructuring TiO2 results in increased numbers 
of photo-induced reactions, light absorption, photogenerated carrier density, photoreduction[2] 
and facilitates increased contact of the material with its surroundings.[3] 

To further improve photocatalysis, different nanomaterial modifications can be used e.g. 
doping, and surface modifications like bilayer or heterostructure formation. Heterostructure 
formation on TiO2 has been thoroughly researched and ranges from expensive variants involving 
noble metals like Au,[4] Ag[5] or Pt,[6] and much cheaper alternatives like Cu[7] or metal oxides like 
CuO[8] and ZnO.[9] Another interesting alternative to expensive noble metals is a perovskite 
semiconductor: barium titanate, BaTiO3 (BTO), a synthetic material usually used in electronic 
components, but recently there have been shown promising results regarding heterostructures 
with TiO2, precisely in perovskite solar cells,[10] relative humidity sensors[11] and photocatalysis[12] 
showcasing the shear versatility of this material. 

In this presenation we will show the preparation steps in a novel, low-cost and simple method 
of synthesizing BTO-TiO2 heterostructures and the results of the photocatalytic degradation of 
diclofenac under UV/Vis irradiation. Transparent TiO2 nanotube arrays were prepared by 
anodizing magnetron sputtered Ti thin films on conductive FTO covered glass and the BTO layers 
were prepared by spin coating Ba(OH)2 solutions on top of nanotubes and annealed to promote 
Ba2+ and TiO2 interactions. The structural properties of the samples were investigated using X-ray 
diffraction (XRD), scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy 
(EDS). 

Acknowledgements. We acknowledge the Croatian Science Foundation (projects: “Nanocomposites 
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DESIGN OF EXPERIMENTS FOR PHOTOLYTIC AND 
PHOTOCATALYTIC DEGRADATION OF 5 PHARMACEUTICALS IN 

WATER  
Danilo Bertagna Silva,a,* Gianluigi Buttiglieri,b Bruna Babić,a Goran Smoljanić,c  

Danijela Ašperger,a Sandra Babića  

a University of Zagreb, Faculty of Chemical Engineering and Technology, Trg. Marulića 19, 10000, 
Zagreb, Croatia 

b Catalan Institute for Water Research (ICRA), Carrer Emili Grahit 101, 17003, Girona, Spain 
c University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Ivana Lučića 5, 10000 

Zagreb, Croatia 
* dsilva@fkit.hr 

Pharmaceuticals and their degradation by-products are ubiquitous in water bodies, particularly 
in the effluent of wastewater treatment plants, but also in the environment.[1] Studies show 
that, even in small quantities, these substances can cause adverse acute and chronic effects in 
aquatic life and humans.[2] 

A great number of works have been investigating parameters which influence kinetic rates of 
pollutant degradation using UV-LEDs but there is a lack of literature evaluating proper 
photoreactor design and its impact on reaction rates. In this study, a full factorial Design of 
Experiments (DoE) approach was used to investigate the simultaneous degradation of 5 
different pharmaceuticals in water by photolysis and photocatalysis. An initial solution 
containing 2 mg/L of each compound (ciprofloxacin, trimethoprim, sulfamethoxazole, venlafaxine 
hydrochloride, and desvenlafaxine) was illuminated with a lab-scale UV-LED photoreactor (150 
mL) for 1 hour. The significance of 4 independent categorical variables (table 1) and their 
combined effect on each compound’s rate of degradation and the effluent Total Organic Carbon 
(TOC) and toxicity by Vibrio fischeri was analysed.   

Table 1. Independent DoE variables 

Independent coded variables –1 +1 
Matrix (A) MQ water Tap water 
LEDs wavelength (B) 274 nm (UVC) 365 nm (UVA) 
Catalyst presence (C) No Yes 
Duty Cycle (D) 0.50 1.00 (continuous) 

 

The results show that every compound was degraded differently in each of the treatments. 
Anyway, the effect BC (combining the LED wavelength and catalyst presence) was relevant to all 
of them. The degradation was enhanced either with UVA in the presence of the catalyst or with 
UVC in the absence of the catalyst. This can be explained by the light screening effect of the 
catalyst,[3] which hinders the photolytic degradation route when UVC is used. For longer 
wavelengths, in the case of UVA, the screening effect was smaller. Additionally, only 
ciprofloxacin was degraded by UVA photolysis alone, so the radical production routes created 
by the catalyst led to a faster degradation. The matrix factor (A in table 1) was the most 
prominent regarding TOC abatement. This highlights the importance of adequate pretreatments 
to optimize light-based processes and avoid light screening and radical scavenging related to the 
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effluent matrix and content.[4] The Vibrio fischeri toxicity evaluation showed that lower 
wavelengths (UVC) helped reducing the toxicity of the initial solution, but attention should be 
payed to the fact that experiments with UVA generally increased the toxicity levels. This can be 
explained by the formation of degradation by-products. Many reports in the literature 
concerning the chosen pharmaceuticals, in fact, call the attention to the formation of toxic 
substances after the treatment.[5,6,7] 

Acknowledgements. This project has received funding from the European Union’s Horizon 2020 research 
and innovation programme under the Marie Skłodowska-Curie grant agreement No 81288 (NOWELTIES), 
Joint PhD Laboratory for New Materials and Inventive Water Treatment Technologies, Harnessing 
resources effectively through innovation. 
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MASS CONCENTRATIONS OF CARBON POLLUTANTS AT  
A TYPICAL STREET CANYON LOCATION 

Ranka Godec, Martina Šilović Hujić, Ivana Jakovljević, Zdravka Sever Štrukil, Suzana Sopčić 

Environmental Hygiene Unit, Institute for Medical Research and Occupational Health, Ksaverska c. 2, 
10000 Zagreb, Croatia 

Narrow city streets engulfed by tall buildings are favourable to a general effect of a “canyon” in 
which pollution accumulates strongly on a relatively small area because of weak or inexistent 
ventilation. The most important anthropogenic sources of primary particulate matter in cities 
are exhaust and non-exhaust emissions from road traffic as well as incomplete fuel combustion 
(diesel and gasoline) but they can also originate from resuspension from street surfaces. PM1 
(particulate matter with an aerodynamic diameter under 1 µm) mass concentration and its 
chemical composition depend strongly on meteorological factors (i.e., low ambient 
temperatures, temperature inversions), traffic, as well as street geometry. Especially in a canyon 
type street, the exhausts of motor vehicles accumulate and harm travellers, which are directly 
exposed to the atmosphere. Long and short-term exposure to ambient air pollution can trigger 
acute, chronic illness (cardiovascular diseases and asthma) or infectious diseases, preterm birth, 
earlier mortality and adverse neuropsychological effects. The aim of this study was to determine 
and compare levels of elemental carbon (EC), organic carbon (OC), total carbon (TC), water 
soluble OC (WSOC), polycyclic aromatic hydrocarbons (PAHs) and levoglucosan (LVG) mass 
concentrations and black smoke index (IBS) in PM1 particles between the colder (January-March) 
and warmer (April-June) part of the year at one street canyon location in the centre of Zagreb 
during 2019.  

Daily samples of airborne particles were collected on pre-fired quartz fibre filters from January 
to June 2019. PM1 mass concentrations were determined gravimetrically. Samples were 
analysed for OC, TC, WSOC and EC with thermal/optical transmittance method (TOT) using a 
EUSAAR_2 protocol, PAHs with high performance liquid chromatograph (HPLC) with a 
fluorescence detector and time programmed changes in excitation and emission, levoglucosan 
with high-performance anion-exchange chromatography with pulsed amperometric detection 
(HPAEC-PAD) while IBS was determined with the Smokestain reflectometer EEL43M.   

Preliminary measurements showed seasonal variations of mass concentrations for carbon 
species in PM1. The higher concentrations were observed during the cold periods of the year, 
while lower concentrations were recorded during the warmer period. Data analysis indicate that 
carbon content in particulate matter may be influenced by traffic and traffic jams due to the 
increased number of traffic lights and vehicles standing with engines running. The reducing 
particle concentration could be due to vehicles standing more than moving and raised less dust 
from the road itself. Therefore, a lower temperature during wintertime favours the 
condensation of organic compounds onto pre-existing particles and higher OC mass 
concentrations and OC content in PM1.  

Acknowledgements. These measurements were conducted within the internal scientific project “Organic 
content of PM1 particle fraction” funded by the Institute for Medical Research and Occupational Health 
(PI: R. Godec). 
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DSC ANALYSIS OF SUBMILLIMETER MICROPLASTICS FROM 
ADRIATIC SEA 

Irina Pucić,a,* Vlado Cuculić,b Željko Kwokalb 

a Division of Materials Chemistry, Ruđer Bošković Institute, Bijenička c. 54, 10000 Zagreb, Croatia 

b Division for Marine and Environmental Research, Ruđer Bošković Institute, Bijenička c. 54, 10000 
Zagreb, Croatia 

* pucic@irb.hr 

Microplastics (MP) is a widespread pollutant that originates from plastic debris accumulating in 
the environment. It mostly ends up in the ocean and other bodies of water. There it may become 
a vehicle for transport of various substances including toxic trace metals. By definition MP 
consists of particles that are less than 5 mm in length,[1] but a great part is of submillimeter 
dimensions. While larger MP particles can be easily analyzed by various common techniques, 
submillimeter ones are difficult to handle and separate, making even qualitative analysis 
challenging.  

MP constituents are mostly semicrystalline polymers[1] like polyethylene, (LDPE and HDPE), 
polypropylene, (PP), poly(ethylene terephthalate), (PET), polystyrene (PS), poly(vinyl chloride), 
(PVC) and polyamide (PA). Differential scanning calorimetry (DSC) is a fast and relatively simple 
method of thermal analysis routinely used for polymer identification. If melting and/or 
crystallization (transformation) temperatures and heats are known quantitative analysis is 
relatively simple. MP polymer transformation temperatures differ sufficiently so qualitative 
analysis is relatively straightforward even for mixed polymers. However, even for virgin 
polymers the heats are not a single value but a range[2] that can be further extended by a number 
of factors. In case of MP  environmental degradation changes transformation heats to an 
unknown extent. 

The studied marine MP samples were collected in Stupica Mala bay at Žirje island. The goal of 
the presented study was to assess how much reliable information can be acquired on 
submillimeter fraction of MP (250 μm - 1 mm) by DSC. Larger MP particles collected in the same 
area and treated in the same manner were used as references along with virgin polymers. The 
peak temperatures in DSC thermograms revealed that the studied MP consists exclusively of 
polyolefines, (LDPE, HDPE and PP) and their blends. Since the measured samples contained MP 
particles of various composition some peak overlapping could not be avoided what made full 
quantification unreliable. Still, semiquantitative results were acceptable.  

Acknowledgements. This work has been supported in part by Croatian Science Foundation under the 
project lP-2019-04-5832. 
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INFLUENCE OF REACTION PARAMETERS ON THE SYNTHESIS OF 
FATTY ACID PROPYL, ISOAMYL AND OCTYL ESTERS AND THEIR 
APPLICATION PROPERTIES IN BLENDS WITH MINERAL DIESEL 

Mia Gotovuša,a Mihovil Medić,a Iva Žuvić,a Marko Racar,a Jelena Parlov-Vuković,b  
Marija Tirić Unetić,b Lucija Konjević,b Fabio Faragunaa 

a Petroleum and Petrochemical Department, Faculty of Chemical Engineering and Technology, 
University of Zagreb, Marulićev trg 19, Zagreb, Croatia 

b INA – Industrija nafte d. d., Refining and Marketing, Central Testing Laboratory, Lovinčićeva ul. 4,  
10000 Zagreb, Croatia 

* mgotovusa@fkit.hr 

Biodiesel is a renewable fuel obtained via transesterification reaction from triglycerides 
(vegetable oils or animal fats) and alcohol with a catalyst. Therefore, the structure of biodiesel, 
as well as its properties, depends on the structure of fatty acids and alcohols it derives from.[1] 
Here, fatty acid propyl, isoamyl and octyl esters were synthesized from different feedstocks 
(sunflower oil, rapeseed oil, animal fat) and corresponding alcohols (propanol, isoamyl alcohol 
and octanol) with KOH as the catalyst. Furthermore, the reaction parameters that influence the 
biodiesel conversion (reaction temperature, time, molar ratio of the reactants and weight 
fraction of the catalyst) were also investigated, analyzed and optimized. The results showed that 
the biodiesel conversion largely depends on two parameters – molar ratio of the reactants and 
the weight fraction of the catalyst. In addition, different biodiesel-diesel mixtures were prepared 
to assess the influence biodiesel has on the application properties of mineral diesel, e.g. density, 
viscosity, cold filter plugging point and lubricity. For instance, lubricity results showed a 
reduction in wear scar diameter with the increase of fatty acid propyl esters in these biodiesel-
diesel blends. Finally, it was concluded that biodiesel, no matter what its origin was, could serve 
as an appropriate substitute to mineral diesel, up to 10 vol%.  

Acknowledgements. This research was conducted within the Project of the Croatian Science Foundation 
Development of functional biofuels and (bio)additives and characterization of blends with mineral fuels 
(FunBioFA, UIP-2019-04-5242). 
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RECOVERY OF BIOACTIVE PHENOLIC COMPOUNDS FROM 
BIOLOGICALLY TREATED GRAPE POMACE BY TEN  

FILAMENTOUS FUNGI 
Gordana Šelo,a Ana-Marija Dukarić,a Ana Bucić-Kojić,a Marina Tišma,a Mirela Planinića,* 

a Faculty of Food Technology Osijek, Josip Juraj Strossmayer University of Osijek, Franje Kuhača 18, 
31000 Osijek, Croatia 

* Mirela.Planinic@ptfos.hr 

Grape pomace (GP), a by-product of the wine industry, was used as a substrate for the 
production of value-added products through the cultivation of the following filamentous fungi 
under solid-state fermentation conditions: Trametes versicolor TV6 (TV6), Trametes versicolor 
TV8 (TV8), Trametes versicolor AG613 (TV AG613), Trametes gibbosa (TG), Phanerochaete 
chrysosporium (PC), Ceriporiopsis subvermispora (CS), Pleurotus eryngii (PLERI), Ganoderma 
lucidum (GL), Ganoderma resinaceum (GR) and Humicola grisea (HG). Screening of the individual 
phenolic compound profiles was performed before and after biological treatment during 15 
days. 

The aim was to investigate the influence of biological treatment on the recovery of 
hydroxybenzoic acids, hydroxycinnamic acids, flavan-3-ols, flavonols, procyanidins and stilbene 
from GP. The results showed that from the above groups of phenolic compounds, the following 
individual phenolic compounds stood out with increasing extractability after biological 
treatment: ellagic acid (EA), o-coumaric acid (o-CoA), gallocatechin gallate (GCG), kaempferol 
(KA), procyanidin B1 (PB1) and resveratrol (RES), whose concentrations in the untreated initial 
sample were 34.65 µg/gdb, 4.43 µg/gdb, 291.57 µg/gdb, 10.22 µg/gdb, 304.27 µg/gdb and 46.07 
µg/gdb, respectively. The concentrations of EA and o-CoA after biological treatment with CS and 
TV AG613 were 303.72 µg/gdb and 33.36 µg/gdb (t = 15 d), while the concentrations of GCG, KA, 
PB1 and RES were 1064.70 µg/gdb, 45.25 µg/gdb, 633.16 µg/gdb and 69.65 µg/gdb after biological 
treatment with PLERI (t = 10 d for GCG and KA, t = 2 d for PB1, t = 5 d for RES). 

Acknowledgements. This work was supported by the European Regional Development Fund (ERDF) 
[Grant KK.01.1.1.04.0107]. 
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SOLVENT TOLERANCE OF HALOHYDRIN DEHALOGENASES 
Nevena Milčić,a Martina Sudar,a Zvjezdana Findrik Blažević,a Maja Majerić Elenkovb 
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Halohydrin dehalogenases (HHDHs, EC 4.5.1.-) are compelling candidates for industrial 
applications due to their selectivity and diversity, but poor substrate solubility and hydrolytic 
instability in aqueous medium make these biotransformations limited and unfavourable.[1] The 
introduction of organic solvents (OSs) into the reaction medium may minimize these effects, but 
at the same time decrease enzyme activity and stability. Activity of HheC from Agrobacterium 
radiobacter AD1 was determined in the presence of a wide OSs range. Correlation between OSs 
logP values and concentrations of half-inactivation (C50) was observed for water-immiscible 
solvents (Figure 1).[2] Additionally, activity during incubation with selected OSs was monitored 
during 72 h for HheC and thermostable variant ISM-4.[3] Results obtained reveal that ISM-4 
variant is a robust and powerful ally for synthesis in more harsh conditions and a promising 
candidate for further experimentation in the direction of industrial implementations. 

 

Figure 1. Dependence of C50 on logP for water-immiscible solvents. 

Acknowledgements. This work was financially supported by the Croatian Science Foundation (HrZZ, IP-
2018-01-4493). 
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PRODUCTION OF HYDROLYTIC AND LIGNOLYTIC ENZYMES 
DURING CULTIVATION OF Trametes versicolor ON BREWER’S 

SPENT GRAIN  
Anđela Zeko-Pivač, Anja Bošnjaković, Mirela Planinić, Ana Bucić-Kojić, Marina Tišma* 

University of Josip Juraj Strossmayer Osijek, Faculty of Food Technology Osijek, F. Kuhača 18, 31000 
Osijek, Croatia 
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Brewer’s spent grain (BSG) is a by-product of the brewing industry produced in large quantities 
worldwide. It plays an important role in the circular bioeconomy based on innovative solutions 
for waste utilization in the new production cycles.  

In this work, BSG was used as a substrate for the production of hydrolytic enzymes (xylanase, 
invertase, β-glucosidase, cellulase) and lignolytic enzymes (laccase, manganese peroxidase, 
lignin peroxidase) by fungal solid-state fermentation by Trametes versicolor. Fermentation was 
carried out for 15 days and enzyme activities were measured daily. 

T. versicolor proved to be a good producer of xylanase (V.A. = 514 U/mL, t = 15 d), invertase (V.A. 
= 225 U/mL, t = 10 d) and β-glucosidase (V.A. = 4.4 U/mL, t = 12 d), while low activities of cellulase 
were detected (V.A. = 0.079 FPU/mL, t = 10 d). The highest activities of laccase (V.A. = 174 U/L) 
and manganese peroxidase (V.A. = 140 U/L) were detected after the 10th day of fermentation, 
while lignin peroxidase activity was below the measurability limit. Chemical analysis of the BSG 
after treatment shows its high potential for application in food and feed industry, biogas 
production or production of value-added products (lactic acid, xylitol, ferulic acid, p-coumaric 
acid, poly-3-hidroxybutyrate, natural red pigment, ascorbic acid, citric acid, volatile fatty acid, 
cordycepin). 

Acknowledgements. This work was supported by the European Regional Development Fund (ERDF) 
[Grant KK.01.1.1.04.0107]. 
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CAN MECHANICAL RESPONSES OF FLEXIBLE CRYSTALS BE 
CONTROLLED AND DELIBERATELY DELIVERED?  

Marijana Đaković 

Department of Chemistry, Faculty of Science, University of Zagreb, Horvatovac 102a, 10000 Zagreb, 
Croatia, mdjakovic@chem.pmf.hr 

The ability of molecular crystals to respond to external stimuli through a variety of mechanical 
responses has recently started to attract attention of a wider scientific community due to their 
potential application in emerging technologies. But to be in a position to implement 
mechanically responsive materials in smart devices a precise control of their responses is 
needed, and for that purpose a deep understanding of underlying principles leading to a 
targeted response is a necessity. Despite a growing number of literature reports, the rationale 
behind the flexible responses has not yet been quite understood.  

With this in mind, we opted for a systematic approach, and focused on crystalline 1-D 
coordination polymers as those emerged as ideal model systems for exploring structural 
prerequisites for delivery of a specific mechanical output due to the preorganization of their 
molecular subunits. In this contribution, a number of families of 1-D coordination polymers 
displaying a whole spectrum of mechanical responses will be presented and mechanical outputs 
rationalized against the key structural features. In addition, several custom-made experiments 
that allowed a distinction between finely separated mechanical events will be demonstrated 
and complemented with a number of the state-of-the-art techniques for characterization and 
quantification of flexible responses.[1–3] 

Acknowledgements. This work has been fully supported by the Croatian Science Foundation under 
project „From form to function: Mechanically flexible crystalline materials with controllable responses“ 
(IP-2019-04-1242). 
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HOMO- AND HETEROMETALLIC OXALATO-BRIDGED 
COORDINATION POLYMERS: STRUCTURAL, MAGNETIC AND 

ELECTRICAL PROPERTIES 
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Coordination polymers are extensively studied due to a large variety of topologies and structures 
giving rise to a plethora of physical and chemical properties, which are often related to their 
intrinsic porous character and rich host-guest chemistry, making them archetypes of 
multifunctional molecular materials. The oxalate group, C2O4

2, due to its various coordination 
modes towards the metal centres as well as its ability to mediate magnetic interactions between 
paramagnetic metal ions, certainly represents an excellent tailoring tool as evidenced by large 
number of oxalate-based transition-metal species of different nuclearity, connectivity and 
dimensionality. Furthermore, these systems are mostly negatively charged and therefore can be 
combined with functional molecular cations in order to afford complex salts combining 
cooperative magnetism with a second property of interest. 

Proton conductivity is recently regarded as a new functionality of the coordination polymers. 
The simplest method to introduce proton carriers is to include counterion such as hydronium 
(H3O+), ammonium [NH4

+, (CH3)2NH2
+,...] or anion (SO4

2−), resulting in the charged compounds. 
The counterions form the H-bonding with the guest water or the framework, representing the 
continuous H-bond network with efficient proton conduction.  

In our research we focus on structural properties of novel homo- and heterometallic oxalate-
bridged coordination polymers reflected on their magnetic and electrical behaviours: one-
dimensional exhibiting antiferromagnetic spin chains of the host anions [FeIIICl2(C2O4)]n

n−, 
whereas the alkyl ammonium counterions [(C2H5)(CH3)2NH+ or (C2H5)2(CH3)NH+] and the guest 
molecules give rise to high room-temperature proton conductivity, and two polymorphs 
containing two-dimensional honeycomb layers [FeII

2(C2O4)3]n
2n−, which are bridged by 

paramagnetic [Cu(H2O)(terpy)]2+ cations (terpy = 2,2′:6′,2″-terpyridine), ultimately giving three-
dimensional network showing long-range magnetic order and strong dependence of electrical 
conductivity on the relative humidity revealing proton conduction mechanism. 

Acknowledgements. This work has been supported by the Croatian Science Foundation under the project 
IP-2019-04-5742. 
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MOLECULAR FERROELECTRICS BASED ON BICYCLIC AMINE 
CATIONS AND CHLOROCOBALTATE(II) ANIONS 

Lidija Androš Dubraja,* Marko Dunatov, Andreas Puškarić 

 Division of Materials Chemistry, Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb, Croatia 
* Lidija.Andros@irb.hr 

Solid–solid phase transition compounds with electric, magnetic, and thermally switchable states 
usually provide an effective strategy for the design of functional materials such as ferroelectric 
materials, nonlinear-optical switches, and switchable dielectric devices. Among these 
properties, ferroelectric behaviour is particularly desirable because it is possible to switch 
rapidly between different states by an external electric field. The most widely used materials for 
ferroelectric applications are mainly pure inorganic oxides such as BaTiO3, LiNbO3, and PbZr1–

xTixO3, due to their superior electric properties, high thermal stability and phase transition 
temperature. Recent studies have shown that ferroelectric metal-organic molecule based 
materials are a promising candidates to replace the predominant lead-based ferroelectrics.[1,2] 
The strategy in design of molecular ferroelectrics frequently relies on rotating polar globular 
ionic molecules, such as 1-azabicyclo[2.2.2]octane (ABCO), as they can be readily reoriented in 
response to an applied electric field and induce ferroelectric polarization. In attempt to prepare 
new molecular ferroelectric systems different bicyclic amine cations, including simple 
derivatives of globular ABCO molecule (O-ABCO = 1-azabicyclo[2.2.2]octan-3-one; COOH-OH-
ABCO = 3-hydroxy-1-azabicyclo[2.2.2]octane-3-carboxylic acid) and more complex chiral natural 
alkaloids with ABCO fragment (Q= quinine; Cnd = cinchonidine) have been used in reactions with 
chlorocobaltate(II) anions. A series of complexes of the formula ACoCl3 (A = O-ABCO, COOH-OH-
ABCO, Q, Cnd) has been prepared. By using the combined techniques of variable-temperature 
powder X-ray structural analyses, differential scanning calorimetry, impedance spectroscopy, 
and polarization-voltage measurements, we revealed exciting structural and electric properties 
in this series of compounds.  

Acknowledgements. Financial support from the Croatian Science Foundation (UIP-2019-04-7433) 
is gratefully acknowledged. 
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MAGNETIC AND ELECTRICAL FEATURES OF 1D AND 3D 
OXALATE-BRIDGED COORDINATION POLYMERS  
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Krešimir Molčanov,a Marijana Jurića,* 
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* Marijana.Juric@irb.hr 

The design and synthesis of new materials with targeted physical properties represents an 
operative area of research for materials scientists. The combination of magnetic oxalate-based 
coordination polymers with organic/inorganic functional cations provides a suitable approach 
for designing hybrid magnetic materials exhibiting multifunctional properties. The oxalate 
moiety, C2O4

2, acts as a linker between metal centers, with various possibilities of coordination 
to metal centers yielding open structures with dimensionalities ranging from 0 to 3. A property 
of oxalate ions that has been of specific interest is their ability to mediate electronic effects 
between paramagnetic metal ions. Proton conductivity is a new performance of the 
coordination polymers since they could provide required proton-conducting pathways, mostly 
by introducing (i) the guest molecules and counterions or acids into the voids, creating 
complicated hydrogen-bonded networks; (ii) other functional groups which can improve the 
acidity and hydrophilicity of the organic ligands and thus form an efficient proton transport 
pathway.  

Three novel oxalate-bridged coordination polymers have been synthesized using [Cr(C2O4)3]3 as 
building block: 1D homometallic {[Mn(bpy)(C2O4)]·1.5H2O}n (1) (bpy = 2,2'-bipyridine) and 
heterodimetallic {[CrCu3(bpy)3(CH3OH)(H2O)(C2O4)4][Cu(bpy)Cr(C2O4)3]·CH2Cl2·CH3OH·H2O}n (2), 
as well as 3D heterotrimetallic {[CaCr2Cu2(phen)4(C2O4)6]·4CH3CN·2H2O}n (3) (1,10-
phenanthroline), and their structural diversity is reflected onmagnetic and electrical properties 
which have been studied. The Mn-chains of 1 are antiferromagnetic; 2 shows the existence of 
antiferromagnetic oxalate-bridged Cu2+ dimers, which are independent from the oxalate-
bridged Cu2+ and Cr3+ ions interacting ferromagnetically; 3 displays dimeric behavior, with Cu2+ 
and Cr3+ ions coupled ferromagnetically. Further, polymers 1 and 3 exhibit lower electrical 
conductivity at RT in comparison to compound 2.[1] 

Acknowledgements. This work has been supported by the Croatian Science Foundation under the project 
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PREPARATION AND CHARACTERIZATION OF  
DIAMONDOID ESTERS 

Nataša Burić,* Marina Šekutor 
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Zagreb, Croatia 
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Diamondoids are cage-shaped hydrocarbons that have a spatial arrangement of their carbon 
atoms resembling the diamond crystal lattice. Diamondoids possess terminal hydrogen atoms 
suitable for derivatization and they can therefore be efficiently functionalized since their CH and 
CH2 cage positions differ markedly in their reactivity. Thus, functionalized diamondoids find 
application in medicine, material science, nanotechnology, supramolecular chemistry, etc. [1,2] 

It has also been shown that these bulky, non-polar organic 
molecules create self-organized structures when deposited 
on metal surfaces due to London dispersion interactions. 
[3,4] Herein we present a new series of diamondoid esters 
that we prepared with a future goal of their application in 
nanomaterial design. More specifically, the prepared 
compounds will be deposited on various carrier surfaces to 
explore the relationship between structure and self-
organization. Such monolayers will be analyzed using 
scanning tunneling microscopy and computational tools.  

Acknowledgements. This project was supported by the Croatian Science Foundation (UIP-2017-05-9653). 
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Figure 1. Schematic 
representation of the prepared 

diamondoid esters 
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SYNTHESIS OF COUMARIN, RHODANINE AND 
THIAZOLIDINEDIONE DERIVATIVES IN DEEP EUTECTIC SOLVENTS 

VIA KNOEVENAGEL CONDENSATION 
Melita Lončarić, Martina Jakovljević Kovač, Mario Komar, Maja Molnar* 

Josip Juraj Strossmayer University of Osijek, Faculty of Food Technology Osijek, Franje Kuhača 18, 
31000 Osijek, Croatia 

* maja.molnar@ptfos.hr  

Environmental pollution has led to the development of numerous methods in organic synthesis that 
are considered as green and environmental friendly. The application of deep eutectic solvents (DESs) 
in organic synthesis is considered a green method due to avoidance of organic solvents and toxic 
catalysts. Recently, DESs, due to their properties (thermal stability, low vapor pressure, 
biodegradability, nonflammability and component for their preparation are very cheap and easily 
available), are increasingly replacing conventional solvents. Many compounds are synthesized for 
the purposes of the pharmaceutical, food and many others industries.  

In this work three groups of compounds are synthesized, namely coumarins, rhodanines and 
thiazolidinediones. All compounds are synthesized in DESs via Knoevenagel condensation. Initially, 
model reaction was performed in 20 various DESs at 80 °C in order to find the best reaction media 
for each compound group. DESs are based on choline chloride (ChCl) as hydrogen bond acceptor and 
20 other components in role of hydrogen bond donors. According to the highest yields obtained, it 
turned out that ChCl:urea, ChCl:acetamide and ChCl:N-methylurea are the best reaction medias for 
synthesis of coumarine, rhodanine and thiazolidinedione derivatives, respectively. Coumarine, 
rhodanine and thiazolidinedione derivatives (Scheme 1) were successfully synthesized and isolated. 
Coumarins are obtained in the yields from 6 to 98 %. The yields of synthesized rhodanine and 
thiazolidinedione derivatives were in the range 51–99 % and 21–90 %, respectively.  

 
Scheme 1. Synthesis of coumarin, rhodanine and thiazolidinedione derivatives via Knoevenagel 

condensation 
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2- AND 2,7-SUBSTITUTED PYRIDINE PYRENES DERIVATIVES AND 
THEIR DNA/RNA INTERACTIONS 
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Todd B. Marder,b Marta Košćak a,* 
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Pyrene is one of the most frequently studied fluorophore due to its environmental emission 
sensitivity and tendency to excimers and exciplexes formation.[1] 1-, 3-, 6- and 8-substituted 
pyrenes are already well known, while 2- and 7-substituted ones are less researched while 
possesing very interesting photophysical properties. Planar structure of pyrene allows “aromatic 
stacking” with nucleobases, also intercalation between DNA/RNA basepairs[2] and possibility of 
groove binding.[3] Our preliminary studies indicated strong interactions of cationic analogues 
(1M and 2M) with ct-DNA,[4] mainly based on intercalation. Only the monocation 1M showed a 
pronounced fluorescent selectivity between various DNAs and RNAs, in contrast to the less 
selective 2M. Neutral, monopyridine analogue 1 binds to DNA upon protonation at pH 5 
(biorelevant because of tumor tissues acidity), with increase in pyrene excimer emission. Biological 
studies on the lung tumor cell line (A549) indicated for 1, 1M, and 2M a significant increase in 
cytotoxicity upon illumination, which was explained by the singlet oxygen generation and the 
consequent intense action of ROS species. New compounds with an intense fluorescent response 
and photo-induced bioactivity are promising candidates for new theranostic agents.[5] 

 

Scheme 1. Structures of studied of 2- and 2,7-substituted pyridine pyrenes. 
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AVENUE TO FACILE MEDIUM-SCALE PRODUCTION OF 
GRAPHENE QUANTUM DOTS AND GRAPHENE NANOSHEETS  
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Graphene quantum dots (GQDs) and graphene nanosheets (GNs) have attracted significant 
attention for a wide range of applications due to their unique physicochemical properties. 
Numerous top-down and bottom-up methods for GQDs/GNs have been reported, however they 
are limited to the small-scale preparation and necessity for the use of harsh solvents, 
complicated synthetic processes and long reaction time.[2] Mechanochemistry is emerging as an 
environmentally benign alternative for medium and large-scale graphene production, fulfilling 
principles of Green Chemistry.[3] Herein we describe several different routes for a single and few 
layer GQDs and GNs medium-scale production and its potential application in printable 
conductive inks. 
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AIRBORNE DESERT DUST IN THE NORTHERN ADRIATIC AREA  
(CROATIA): DIFFERENT SOURCES 
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During the project ECOMOBILITY, whose aim was to estimate the impact of ship traffic on air 
quality in Rijeka,[1] two particular weekly samples were collected, during the first and the 
thirteen week of sampling, i.e. S01 and S13, respectively. Both samples have similarities 
regarding species characteristic for desert dust contribution, but HySplit analyses excluded 
Saharan desert to be the source of the S01 sample. Unlike Saharan dust, this sample had high 
contribution of fine and ultrafine particles (>50 % and 9.8 %, respectively), as well as secondary 
inorganic (sulphates, ammonium) and organic (water soluble organic compounds- WSOC) 
aerosols. 

 

Figure 1. a. Contribution of coarse, fine and ultrafine fractions to PM; b. fractional profiles of 
S01, S13 and other samples. S01 shows big difference in fine and ultrafine fractions 

Detailed synoptic situation and HySplit backward trajectories pointed out Syrian desert as the 
source of this sample. Although the Saharan dust episodes, mostly in precipitation, are well 
known in the Northern Adriatic area, this is the first time to indicate Syrian desert as a source of 
airborne particulates. This assumption was confirmed with chemical species characteristic for 
Syrian desert, i.e. higher content of potassium from K- feldspar and phosphates. 
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