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Abbreviations 

  

 PL – Plenary Lecture  

 SL – Section Lecture   

 O – Oral Presentation    

 P – Poster Presentation 

 

Topics 
 A – Education and History 

 B – Spectroscopy, Molecular Structure, Physical Chemistry of Plasma 

 C – Kinetics, Catalysis  

 D – Nonlinear Dynamics, Oscillatory Reactions, Chaos 

 E – Electrochemistry  

 F – Biophysical Chemistry, EPR investigations of Bio-systems  

 G – Organic Physical Chemistry 

 H – Material Science 

 I – Photochemistry, Radiation Chemistry, Photonics 

 J – Macromolecular Physical Chemistry  

 K – Environmental Protection, Forensic Sciences, Geophysical Chemistry,  

  Radiochemistry, Nuclear Chemistry 

 L – Phase Boundaries, Colloids, Liquid Crystals, Surface-Active  Substances 

 M – Complex Compounds 

 N – Food Physical Chemistry 

 O – Pharmaceutical Physical Chemistry 
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DETECTING INTERMEDIATE STATES IN LIGAND-PROTEIN 

INTERACTIONS USING EDGE-EXCITATION SPECTROSCOPY 
 

A. Clayton  

 
 Optical Sciences Centre, Department of Physics and Astronomy, School of Science, 

Computing and Engineering Technologies, Swinburne University of Technology, 

Hawthorn, Melbourne, Australia 

 (aclayton@swin.edu.au) 

 

ABSTRACT 
The formation of ligand-protein complexes is fundamental to all processes in living cells. 

Drug-protein interactions are important from an academic and clinical perspective, since 

these serve to interfere with deleterious ligand-protein interactions. The way that drugs 

(or ligands) find reaction partners is through random collisions in solution. It follows that 

all ligand-protein interactions must have transient intermediates, since every collision 

cannot lead to a perfectly aligned complex. However, these are difficult to detect since 

they are only fleeting and have a low population. We have recently proposed to use a 

classical spectroscopic technique, called edge-excitation or red-edge excitation 

spectroscopy, to detect these intermediates. The approach is based on the idea that 

absorption spectrum of a light-absorbing-drug immersed in a protein will have a 

distribution of interaction energies that also results in a distribution of absorption energies 

(inhomogeneous broadening). Excitation at the peak of the absorption band excites drugs 

in the most populated state. However, excitation at the very red-edge of the absorption 

band will excite drugs in a less populated, but distinctly different environment. Provided 

environmental relaxation is slow, compared to the lifetime of the excited-state, these 

different states can be detected by a shift in the fluorescence spectrum as the excitation 

wavelength is tuned to the red part of the absorption. In this presentation, I plan to outline 

the theory behind this approach for protein-ligand interactions and give examples from 

our own laboratory. 
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ADVANCED OXIDATION PROCESSES OF COUMARIN BY 

HYDROXYL AND HYDROPEROXYL RADICALS: COMBINATION 

OF TRADITIONAL ANTIRADICAL MECHANISMS IN ORDER TO 

OBTAIN LESS TOXIC PRODUCTS 
 

Z. Marković 

 

Institute for Information Technologies, Department of Science, University of Kragujevac, 

Jovana Cvijića bb, 34000 Kragujevac, Serbia 

ABSTRACT 
Antioxidants can express their activity through several reaction mechanisms such as 

hydrogen atom abstraction (HAA), single electron transfer followed by proton transfer 

(SET-PT), sequential proton loss electron transfer (SPLET), and radical product 

formation (RAF). Additionally, two new mechanisms, hydrogen atom abstraction - 

radical-radical coupling (HAA-RRC) and radical adduct formation - hydrogen atom 

abstraction (RAF-HAA) were proposed as possible reaction pathways between two 

radicals (HO•, HOO•) and coumarin derivatives. Thermodynamic and kinetic parameters 

were investigated in order to explain the plausibility of these mechanisms. The 

thermodynamically and kinetically preferred mechanism of these reactions was RAF-

HAA, with the highest reaction rates obtained for the position C3 of 1. It is important to 

emphasize that examined mechanistic pathways lead to the formation of stable and less 

toxic products. 
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EXTENDING FLUORESCENCE CORRELATION SPECTROSCOPY 

TO IMAGING: QUANTITATIVE SCANNING-FREE CONFOCAL 

MAPPING OF THE CELLULAR DYNAMICS AND LOCAL 

ENVIRONMENT OF MOLECULES IN LIVE CELLS 
 

S. Oasa 1, A. J. Krmpot 2, S. N. Nikolić 2, L. Terenius 1, R. Rigler 3 and V. Vukojević 1  

 
1 Center for Molecular Medicine (CMM, L8:01), Department of Clinical Neuroscience 

(CNS), Karolinska Institute, 17176 Stockholm, Sweden (vladana.vukojevic@ki.se) 
2 Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, 

Serbia 
3 Department of Medical Biochemistry and Biophysics (MBB), Karolinska Institutet, 

17177 Stockholm, Sweden  

 

ABSTRACT 
Fluorescence Correlation Spectroscopy (FCS) is an advanced, time-resolved quantitative 

analytical method with single-molecule sensitivity that can measure the concentration and 

size of molecules and characterize their interactions in solution and in live cells. 

However, the very same feature that gives FCS its ultimate, single-molecule sensitivity – 

the tiny observation volume element (OVE) that is about (0.2 – 1.0)10-15 dm3, confers a 

serious limitation – restricted field of view. With the advent of new technologies [4], we 

have extended FCS to imaging by massively parallelizing the number of independent 

observation volume elements, and have integrated massively parallel FCS with 

Fluorescence Lifetime Imaging Microscopy (mpFCS/FLIM) to enable quantitative 

scanning-free confocal mapping of the cellular dynamics and local environment of 

molecules in live cells. In my lecture, I will present an overview of this development and 

give examples of important applications. 

mailto:vladana.vukojevic@ki.se
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SPATIO-TEMPORAL DYNAMICS OF REACTION FRONTS IN 

RADIAL GEOMETRIES 
 

A. De Wit 

 

Nonlinear Physical Chemistry Unit, Université libre de Bruxelles 

CP231, Campus Plaine, 1050 Brussels, Belgium 

Anne.De.Wit@ulb.be 

 

ABSTRACT 

Motivated to understand how mineralisation reactions can transform CO2 dissolved in 

water into solid carbonate precipitates in the framework of Carbon Capture 

and Sequestration (CCS) techniques, we study both experimentally and theoretically the 

properties of calcium carbonate precipitates in radial flow conditions. We find that the 

amount and spatial distribution of the solid phase depends on the injection flow rate and 

concentrations. To understand the properties in advection conditions of the related A+B--

>C fronts, we derive the temporal scalings of the evolution of the front position, reaction 

rate, width of the reactive zone and amount of product formed. We further discuss how 

the radial geometry of injection can change the properties of chemical fronts with regard 

to the rectilinear case. 

mailto:Anne.De.Wit@ulb.be
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KINETIC INSTABILITIES IN ELECTROCATALYTIC SYSTEMS: 

THE EFFECT OF SURFACE STRUCTURE, REACTION 

MECHANISM, AND EFFICIENCY 
 

H. Varela  

 

São Carlos Institute of Chemistry, University of São Paulo 

POBox 780, 13560-970, São Carlos, SP, Brazil. (hamiltonvarela@usp.br) 

 

ABSTRACT 

Many hydrogen-carriers have been considered for the direct use in fuel cells and also in 

the electrochemical reform, where they are oxidized instead of water at lower potentials 

to produce clean hydrogen. Understanding the mechanism and the intricate role played by 

the reaction parameters in the electro-oxidation of small organic molecules (SOM). 

Common to most of such reactions is the spontaneous emergence of self-organized 

phenomena mainly in the form of potential and current oscillations. Herein we will 

discuss some aspects of the oscillatory electro-oxidation of small organic molecules on 

platinum and platinum-based surfaces. After a brief overview, the following aspects will 

be explored: the influence of surface structure on the oscillatory dynamics, the reaction 

mechanism, and efficiency of practical devices under oscillatory regime. 
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NONLINEAR BEHAVIOR OF CHLORATE BASED SYSTEMS - 

CLOCK REACTIONS AND OSCILLATIONS 
 

R. B. Faria1, E. V. Monteiro1, R. T. P. Sant’Anna2 and R. O. Pires1  

 
1Federal University of Rio de Janeiro, Institute of Chemistry, 

 21941-909 Rio de Janeiro, RJ, Brazil (faria@iq.ufrj.br) 
2Instituto Federal de Educação, Ciência e Tecnologia do Rio de Janeiro-IFRJ, 

20270-021, Rio de Janeiro, RJ, Brazil 

 

ABSTRACT 
The use of chlorate has produced new systems that show nonlinear behavior in acid 

aqueous solutions. They are the chlorate-iodine, ozone-iodine-chlorate, chlorate-nitrous 

acid-iodine, chlorate-nitrous acid-iodide, and chlorate-iodide clock reactions. The first 

and last of these need UV light to show clock behavior. In addition to these, the chlorate-

nitrous acid-iodine-iodide system shows simple mode oscillations, mixed mode 

oscillations, quasiperiodicity, and bursts in flow regime. Simulation of this oscillating 

reaction has shown several nonlinear behaviors, including some patterns, at the best of 

our knowledge, never seen before. In this way, we consider that chlorate based systems, 

associated with iodine and nitrogen species, opened a new window to explore nonlinear 

behaviors in solution, including the observation of new patterns of oscillations. 

mailto:faria@iq.ufrj.br
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COLLECTIVE SYNCHRONIZATION OF ELECTROCHEMICAL 

OSCILLATOR NETWORKS 
 

I. Z. Kiss 

 

Department of Chemistry, Saint Louis University, 3501 Laclede Ave, St Louis, MO 

63103, USA  

 

ABSTRACT 
Synchronization is an emergent phenomenon where oscillatory systems can adjust their 

dynamics due to the presence of interactions. With a population of oscillators, networks 

can be formed, where the coupling strengths are distributed among nodes. Here, we will 

focus on synchronization phenomena that occur among the collective motions of 

subnetworks. For example, close to the onset of oscillations, theoretical studies showed 

that a pair of identical oscillators typically exhibit in-phase synchronization with phase 

attractive (usually positive) coupling. Then, small heterogeneities typically destroy this 

synchrony by first slightly increasing the phase difference and generating nearly in-phase 

synchronization. Here, we explore a mechanism by which a network of oscillators with 

small frequency heterogeneities can exhibit nontrivial, e.g., anti-phase synchronization or 

desynchronization, while, under similar conditions, with a pair of oscillators only nearly 

in-phase synchronization is possible. The synchronization of two groups of 

electrochemical oscillators is investigated during the electrodissolution of nickel in 

sulfuric acid. The oscillations are coupled through combined capacitance and resistance, 

so that in a single pair of oscillators (nearly) in-phase synchronization is obtained. The 

internal coupling within each group is relatively strong, but there is a phase difference 

between the fast and slow oscillators. The external coupling between the two groups is 

weak. The experiments show that the two groups can exhibit (nearly) anti-phase 

collective synchronization with small nonlinearities, and desynchronization (or chimera) 

with large nonlinearities. Such systems exhibit nontrivial dependence on heterogeneities, 

for example, it is shown that heterogeneities, counter-intuitively, can induce 

synchronization and that certain aspects of the dynamics can be decoded only by 

hypernetwork interactions. The results provide a framework for applications of collective 

phase synchronization in modular networks where weak coupling between the groups can 

induce synchronization without rearrangements of the phase dynamics within the groups. 
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Co and Ni MODIFIED Pd-Al2O3 CATALYSTS FOR METHANE 

COMBUSTION-A SHORT REVIEW 
 

S. Todorova1, An. Naydenov2 and Al. Larin3  

 
1 Institute of Catalysis, Bulgarian Academy of Sciences, Acad. G. Bonchev St., bl. 11, 

1113 Sofia, Bulgaria, 
2Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, Acad. G. 

Bonchev St., bl. 11, 1113 Sofia, Bulgaria, 
3Department of Chemistry, Moscow State University, GSP-2, Leninskie Gory, Moscow 

119992, Russia 

 

ABSTRACT 
Methane is a major Greenhouse Gas (GHG) that accounts for 14% of the world’s total 

amount of GHG emissions, originating mainly from agriculture, coal mines, land fields, 

wastewater and oil and gas facilities. The catalytic combustion of methane is one of the 

ways to decrease the emission level of the CH4. The Pd/Al2O3 is one of the most active 

catalysts in the reaction of complete methane oxidation. The main drawback is the rapid 

deactivation, due to the transformation of PdO in Pd. In order to reduce its deactivation, 

promoters of various oxides are usually added. In this paper, we give a brief review of the 

literature data regarding the influence of cobalt and nickel additives on the catalytic 

activity of Pd/Al2O3 in the complete oxidation reaction of methane. A review also 

presents our results in this area and some of our recent data concerning the modification 

of Pd/Al2O3 simultaneously with cobalt and nickel are presented. the palladium catalyst 

can be improved by the addition of transition metal oxide 
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THE AMYLOID Β PEPTIDE: BIOPHYSICAL STUDIES OF 

INTERACTIONS, STRUCTURE CONVERSIONS AND 

AGGREGATION 

 
A. Gräslund 

 

Department of Biochemistry and Biophysics, Stockholm University, 

SE-10691 Stockholm, Sweden 

 

ABSTRACT 

The amyloid-β (Aβ) peptide (39-42 residues) is one major component of the neuritic 

plaques in the brains of Alzheimer´s disease (AD) patients. It is possible to study the 

peptide self-aggregation process (“amyloid formation”) on a molecular level in vitro 

using a variety of biophysical and biochemical methods. Here I will show some results 

using mainly fluorescence and NMR spectroscopy. We have also recently been using 

native mass spectrometry. The amyloid process from unstructured peptide monomer, via 

oligomeric states to structured fibrils, can be followed in time, regarding secondary 

structures and kinetics. The oligomers of different sizes are generally considered to be the 

most cell toxic states. Modulation effects on the molecular amyloid process induced by 

e.g. metal ion interactions in vitro or designed anti-amyloidic peptides in live cells and in 

vitro can be studied. One can also use the knowledge from such studies to develop new 

AD diagnostic methods based on blood serum, and possibly also in the future to develop 

new therapeutic strategies for the disease. 
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IMPORTANCE OF FEEDBACK LOOPS AND RHYTHMICITY IN 

NEUROENDOCRINE SYSTEMS 
 

Ž.Čupić 

 

University of Belgrade, Institute of Chemistry, Technology and Metallurgy - National 

Institute of the Republic of Serbia, Department of Catalysis and Chemical Engineering, 

Belgrade, Serbia 

 

ABSTRACT 

All biological systems are in the complex oscillatory dynamic states. This rhythmicity is 

a consequence of nonlinear feedback loops that are inherent in them and underlay their 

high sensitivity and responsiveness to external perturbations. Nonlinear feedback loops 

enable efficient control over dynamic physiological states at the organism level helping it 

to survive sudden stressful perturbations. 

The particular attention will be focused on neuroendocrine systems, more precisely, the 

hypothalamic-pituitary-adrenal axis and the hypothalamic-pituitary-thyroid axis that are 

main subject of our investigations in the longer period. They are characterized by 

rhythmic dynamics with two characteristic periods, circadian (~ 24 h) and ultradian (20 

min – 120 min), which allows living organisms to quickly adjust their neuroendocrine 

activity to fluctuations in their surroundings and/or their internal physiology. 

Our numerical simulations based on models with nonlinear feedback loops were used 

to illustrate the ability of timely response towards various perturbations. Obtained results 

may be used as foundation to explain dynamic states found in medical practice and 

biomedical experiments. Moreover, new level of understanding achieved at this step 

would be potentially useful in defining new strategies for treatment of various dynamical 

diseases. 
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A BRIEF HISTORY OF TIME IN CHEMISTRY  
 

G. S. Yablonsky  

 

McKelvey School of Engineering, Department of Energy, Environmental and Chemical 

Engineering, Washington University in St Louis, 1 Brookings Dr., St Louis MO 63130, 

USA 

(gy@wustl.edu) 

 

 

 

                                                                                      “The only reason for time is so that 

                                            everything doesn’t happen at once” 

                                                                                       Albert Einstein 

 

ABSTRACT 

Chemistry is a science about the change of substances, and this change is occurred in 

time.  

In the paper, an evolution of the concept of “chemical time” is presented.  Milestones 

in introducing this concept into chemistry are described, in particular a special role of the 

discovery of catalysis and development of chemical kinetics. Different meanings of 

“chemical time” are explained: (1) “external time” of the chemical system, i.e., temporal 

scale of our observations; (2) “internal”, or “intrinsic” time; (3) “residence” time. It will 

be done an attempt to distinguish time as a framework for demonstrating the chemical 

transformations and time as a manifestation of the chemical complexity. Three epochs 

(‘waves’) of chemical dynamics are presented:  

1) the epoch of discovery of main laws of chemical transformations which is attributed 

to names of Guldberg-Waage, van’t Hoff and Arrhenius (1860-1900s);  

2) the epoch of studying the complex chemical mechanisms (Wegscheider, Semenov 

and Hinshelwood, 1900-1950s) during which concepts of the catalytic cycle and chain 

reaction have been formulated;  

3) the epoch of developing the mathematical framework of chemical complex 

reactions (1960-2000s). That time the focus was done of non-linear dynamics including 

the multiplicity of steady states, oscillatory and chaotic behavior. 

The present state-of-the-art in studies of chemical temporal behavior are shown using 

recent results on pulse-response technique in heterogeneous catalysis, i.e., Temporal 

Analysis of Products (TAP)-approach, or ‘Chemical Calculus’. Also, the summary of 

‘Joint Kinetics’ studies is presented, i.e., the recently developed paradigm, which focuses 

on the analysis of special kinetic trends and invariants. 
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NONLINEAR DYNAMICS AND DETERMINISTIC CHAOS IN SOIL 

MICROBIAL ACTIVITY 
 

N.A. Vasilyeva and A.A. Vladimirov  

 

Dockuchaev Soil Science Institute, Pyzhevsky per., 7, biuld. 2,  

119017 Moscow, Russian Federation. (nadezda.vasilyeva@gmail.com) 

 

ABSTRACT 
We applied cross-scale approach to model soil C with differential equations, starting 

from a microscale system of reaction-diffusion PDE with diffusion chaos solutions, 

demonstrate their application to describe experimental data of soil aggregate formation 

around roots and heterotrophic respiration as a result of complex patterns of microbial 

activity. In this approach the irregular dynamics of biomass with temperature and 

moisture was shown to be the possible key to increasing amplitude of uncertainty in 

experimental data. We upscaled them to local long-term equations (ODE) to describe 

decadal-scale field experiments, and further upscale to regional projections of carbon 

balance in a climate change scenario. 
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Al AND Ga HETEROSTRUCTURES ON SiO2/SiC/Si(111) 
 

A.G Silva1,*, J. Fonseca1, T.Bendikov2, Z. Li3 and K.Pedersen4 

 
1NOVA School of Science & Technology, New University of Lisbon, Campus da Caparica, 

2829-516, Portugal (acs@fct.unl.pt)* 
2Weizmann Institute of Science, Herzl St 234, Rehovot, Israel. 

3Physics and Astronomy Department, Aarhus University, Nordre Ringgade 1, 8000 

Aarhus C, Denmark. 
4Aalborg University, Fredrik Bajers Vej 7K, 9220 Aalborg, Denmark. 

*Corresponding and presenting author acs@fct.unl.pt 

 

ABSTRACT 
Electronic structure 90 nm of SiC grown on Si(111) synthetized on Si(111) by the method 

of atom substitution and its surface oxidation layer have been studied by XPS and by 

high-resolution high-surface sensitive photoelectron spectroscopy induced by 

synchrotron radiation. The results show that a Si-enriched surface is formed and a native 

SiO2 is formed on SiC. Argon sputtering effects and depth analysis of SiO2/SiC/Si(111) 

by XPS and heating effects at low temperatures studied by synchrotron core-levels and 

valence band spectroscopies will be presented and discussed. After low temperature 

treatment of SiO2/SiC (111) Al and Ga were deposited, independently, by e-beam 

evaporation and all processes were followed in-situ by core-levels high-resolution high-

surface sensitive synchrotron photoelectron spectroscopy. The results obtained showing 

the formation of layers and structures of Al2O3, Ga2O3 and intermediate oxides, as initial 

atomic interfaces, will be presented and discussed.  

mailto:acs@fct.unl.pt
mailto:acs@fct.unl.pt
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HOW OSCILLATORY CHEMISTRY COMPUTES AND WHAT ONE 

CAN DO WITH IT 
 

J. Perez-Mercader1,2 

 
1 Department of Earth and Planetary Sciences and Origins of Life Initiative 

Harvard University, Cambridge, MA 02138, United States 

(jperezmercader@fas.harvard.edu) 
2 Santa Fe Institute, 1399 Hyde Park Rd., Santa Fe, NM 87501, United States 

 

ABSTRACT 
Every problem in computing can be cast as decision problems of whether strings of 

symbols are in a language or not. In computer science, computations and language 

recognition are carried out by three main classes of automata, the most complex of which 

are the Turing machines. In the artificial, computation today is mostly electronic while 

living systems compute using biochemistry. Chemical reactions are the ultimate 

materially implemented recognition machines. Without using biochemistry and thinking 

of chemical reactions as molecular recognition machines, the full range of chemical 

automata can be realized in one-pot, table-top chemical reactors. From the simplest, 

Finite automata using a precipitation reaction, to the most complex, the Turing machine, 

which require non-linear chemistry. Illustrating the above we will discuss the 

construction and operation of a Turing machine built with the Belousov-Zhabotinsky 

(BZ) chemical reaction using a single pot. We will also discuss some of the applications. 

The potential of native chemical automata is enormous and the practical challenges they 

present are important but assailable. 
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BIOCOMPATIBILITY OF CONDUCTING POLYMERS 
 

P. Humpolíček 

 

Tomas Bata University in Zlín, tř. Tomáše Bati 5678, 760 01 Zlín, Czech 

Republic 

 

ABSTRACT 
The prime challenge facing cardiac tissue engineering – one which has not yet been 

satisfactorily overcome – is how to achieve the maturation of cardiomyocytes derived 

from stem cells. In such maturation, a number of material properties of the used 

substrates, as well as biological cues play, an important role. The anisotropy, electro-

conductivity, piezoelectricity, surface chemistry, and stiffness of the substrate, as well as 

its responsivity to external electrical and mechanical stimuli, are the crucial material 

properties supporting maturation. The preparation of composites combining at least some 

of these properties is, however, a challenge for material scientists.   

The presentation will focus on the biological properties of various forms of conducting 

polymers, which can bring electro-conductivity and stimuli-responsivity into the 

composites. Special attention will be paid to two conducting polymers, polypyrrole (PPy) 

and polyaniline (PANI). The cytotoxicity of these two polymers will be discussed and 

compared, especially in the context of their form and residual impurities. The coating of 

various substrates by conducting polymers is the most applicable form. The coatings can 

be further functionalized to get a bioactivity, e.g. to inhibit blood coagulation [3] or to 

allow the cardiomyogenesis and neurogenesis of stem cells. The bioactivity of pristine 

coating can be partially modified, but more efficient way is the preparation of composite 

systems combining the synthetic conducting polymers with biopolymers. To achieve this, 

the preparation of films in colloidal dispersion mode seems to be the most effective 

approach. Using this approach, the highly cytocompatible films, allowing for example the 

cardiomyogenesis of human induced pluripotent stem cells can be prepared. The colloidal 

dispersion can be used even to prepare scaffolds, for example with matrix made of 

sodium hyoluronate. The presented versatility of conducting polymers, in terms of their 

form, modifications and ability to use for preparation of composites, is the clear evidence 

of their applicability. 
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MEMBRANE RHEOLOGY THEORY OF TARGETID RELEASE 

MATERIALS  
 

M.B. Plavšić1, 2 and M.M. Plavšić3, 4  

 
1 Engineering Academy of Serbia, Kneza Miloša 9, plavsic@tmf.bg.ac.rs 

2 University of Belgrade, Belgrade 

3The Academy of Applied Technical Studies Belgrade 
4University of Niš, Faculty of Technology, Bulevar Oslobodjenja 124 Leskovac 

milankaplav@gmail.com  

 

ABSTRACT 
The lecture presents our theory on lipid membrane rheological properties, based on 

nowadays understanding of cell cytoplasm membrane structure, and its analogies with 

liposome vesicles. Other analogies with targeted drug delivery products of different 

materials, are analyzed in terms of both, applied but also fundamental, physicochemical 

aspects, they share with nowadays materials science and industrial design, so are 

presented as well. Understanding membrane structure and properties is a broad field, 

from simple medical vesicles up to virus interactions and cancer healing.  We point to 

unusual soft matter science aspects of membranes, requiring that “first has to be analyzed 

complex polymer structures, to be able to appreciate some simple but, elegant biological 

solutions in the Nature”  
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ABSTRACT 
Magnetic Nanoparticles (MNPs) are unique complex objects whose physical properties 

differ greatly from their parent massive materials. In fact, the magnetic properties are 

particularly sensitive to the particle size, being determined by finite size effects on the 

core properties, related to the reduced number of spins cooperatively linked within the 

particle, and by surface effects, becoming more important as the particle size decreases. 

MNPs have generated much interest because of their possible applications in high density 

data storage, ferrofluid technology, catalysis, environmental technology, and biomedicine 

(e.g., drug delivery, contrast enhanced MRI). To synthetize Magnetic nanocomposites 

(MN) represent an additional tool to further tuning physical properties of MNPs, 

obtaining new multifunctional materials. MN consist in a magnetic core embedded in 

shell/matrix that may be composed of polymers, mesoporous structures (e.g., silica, 

zirconia, zeolites, metalorganic framework) or even molecules. Shell/matrix can have 

magnetic properties and in this case properties of MN rely even more strong on the 

interplay between those of the constituent components. When the individual components 

themselves, are complex systems belonging for examples to the family of correlated 

electron oxide with exotic physical properties, it becomes non-trivial and extremely 

fascinating to customize the properties of these bi-magnetic nanocomposites. Based on 

this framework, this communication will focus on the design of MN highlighting that 

means to control the matter at the nanoscale, correlating magnetic properties, micro- and 

meso-structure and molecular coating. Some recent results on synthesis of magnetic 

nanocomposites and their application in energy (e.g., permanent magnets, 

thermoelectricity), biomedicine, catalysis and other technological field will be discussed.  
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ABSTRACT 

Carbon dots (CDs) with size less than 10 nm have recently triggered great attention in the 

research of material science and biomedical engineering due to their unique properties such as 

small size, excellent photoluminescence (PL), high water-dispersity, biocompatibility, 

nontoxicity and abundant surface functionalities. In this presentation, I will discuss about the 

diverse preparations and characterizations of different types of CDs. 

I will also discuss about various applications of the CDs developed in our lab. (1), 

recently, in vivo experimental observations suggested that plenty of CDs developed in our 

group could cross the BBB to enter the CNS of zebrafish and rats with different 

mechanisms; (2), thanks to the abundant carboxyl groups on the surface, CDs prepared with 

carbon nanopowder could be conjugated with transferrin and two anticancer drugs to 

construct a triple-conjugated drug delivery system. The system showed a synergistic 

effect on the treatment of glioblastoma brain tumor; (3), our study has shown that CDs 

prepared with carbon nanopowder bind to calcified bone structures of live zebrafish larvae 

with high affinity and selectively. These observations support a novel and revolutionary 

use of CDs as highly specific drug delivery carrier; (4), CDs have constantly shown the 

capability to inhibit beta-amyloid (A§) secretion and fibrillation, which exhibits a great 

potential of CDs as an effective nanomedicine and drug nanocarrier to treat Alzheimer’s 

disease (AD); (5) a pilot study showed a versatile nanocarrier could be assembled via the 

direct conjugation between distinct CDs to fulfill multitasks. 
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ABSTRACT 

This paper presents a short biography of Lars Onsager. Onsager was practicing an 

independence of mind that later blossomed into a deep scientific originality. Lars was a 

genius at developing theories in physical chemistry, but he had little talent for teaching. 

He was one of those scientists who would have adorned any age. 
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ABSTRACT 

This paper presents a short biography of Fritz Haber. Haber researched in the field of 

thermodynamics, electrochemistry and gas reactions. Haber was a great physicist. He 

received the Nobel Prize for the synthesis of ammonia. The process of obtaining 

ammonia is necessary for the production of synthetic fertilizer, but also for creating 

explosives. This explosive was used by Germany in the First World War. 
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ABSTRACT 

Saul Dushman was a Russian-American physical chemist. He was a man with scientific 

knowledge and human kindness. Dushmanʼs scientific interests and contributions covered 

a wide range of subjects, including the production and measurement of high vacuum, 

vacuum tubes, unimolecular reactions and force, electron emission phenomena, 

phototubes, electrical discharges in gases at low pressures, light sources, quantum 

mechanics, atomic structure, electron emission. 
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ABSTRACT 

The characteristics of space and time propagation of a detonation wave in laser-induced 

plasma (LIP) were investigated using optical emission spectroscopy. The plasma was 

generated in aqueous aerosol by means of a 10.6 µm CO2 laser. The Balmer series Hα 

line Stark widths and Doppler redshifts were measured to estimate the plasma electron 

density spatial distribution and parameters of laser-supported detonation wave (LSDW) 

that arises. We found that the LSDW may carry up to 45% of the laser pulse energy. The 

amount of energy and space propagation geometry of the LSDW depends on the mode in 

laser focuses on a target.    



PHYSICAL CHEMISTRY 2022 

 

 28 

B-02-SL 

 

 

MACTANAMIDE AND LARICIRESINOL AS RADICAL 

SCAVENGERS AND Fe2+ ION CHELATORS – A DFT STUDY 
 

A. Amić  

 

University of Osijek, Department of Chemistry, 

 Ulica cara Hardijana 8/A, 31000 Osijek, Croatia. (aamic@kemija.unios.hr) 

 

ABSTRACT 
Two natural polyphenols, mactanamide (MA), isolated from marine fungi, and 

lariciresinol (LA), one of the main active ingredients in many traditional medicinal 

plants, were studied in silico in order to understand their radical scavenging potency. A 

DFT based kinetic estimation of •OOH radical scavenging potency of MA and LA was 

performed. Calculations were performed by using Gaussian 09 program package. For 

geometry optimizations and frequency calculations, the M05-2X functional and the 6-

311++G(d,p) basis set were used. The influence of pentyl ethanoate and water was 

calculated using SMD solvation model. For calculations regarding rate constants of 

studied reactions, Eyringpy program was used. Kinetic analysis indicates that MA and 

LA have nearly equal action via PCET mechanism in lipid media. Also, kinetic analysis 

indicates O−H bond breaking as much faster than C−H bond breaking. Contribution of 

C−H bond breaking is negligible in comparison with O−H bond breaking, contrary to 

recent claims. Predicted potency of both compounds is not able to protect biological 

molecules from oxidative damage in lipid media. In other words, in lipid media MA and 

LA have no potential to suppress •OOH radical damage. However, in aqueous media, 

scavenging potency of phenoxide anions of MA and LA via SET mechanism is much 

higher and may contribute to protection of lipids, proteins and DNA from •OOH radical 

damage. Also, phenoxide anions of MA and LA in water have potential to chelate 

catalytic Fe2+ ion. In this way, they may contribute to suppressing formation of •OH 

radicals via Fenton-type reactions. Direct radical scavenging and metal chelation could be 

rarely operative in vivo because of MA and LA presumed mostly very low achievable 

concentrations in systemic circulation. 
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ABSTRACT 

In this study, mycelium of fungus Phycomyces blakesleeanus was exposed to soluble 

toxic form of selenium, selenite (Se+4), to examine its ability to reduce it to nanoparticles. 

Red coloration appeared after only a few hours of incubation with 10 mM Se+4 indicating 

formation of selenium nanoparticles (SeNPs). SEM-EDS confirmed pure selenium NPs 

with an average diameter of 57 nm, which indicates to potentially very good medical, 

optical and photoelectric characteristics. Raman spectroscopy showed several structural 

forms of SeNPs formed in the extracellular space with a monoclinic Se8 chain as the most 

represented, and the other observed forms were trigonal Se polymer chain, Se8 ring and 

Se6 chain structures. 



PHYSICAL CHEMISTRY 2022 

 

 30 

B-04-P 

 

 

SELENITE METABOLISM IN THE MYCELIUM OF THE FUNGUS 

PHYCOMYCES BLAKESLEEANUS  
 

M. Žižić 1, M. Stanić 1, G. Aquilanti2, T. Cvetić Antić 3, N. Todorović 4, 

 M. Živić 3 and J. Zakrzewska 5 

 
1 University of Belgrade, Institute for Multidisciplinary Research, 

Kneza Višeslava 1, 11030 Belgrade, Serbia 
2 Elettra Sincrotrone Trieste S.C.p.A., Basovizza, Trieste, Italy 

3 University of Belgrade, Faculty of Biology,  

Studentski trg 12-16, 11000 Belgrade, Serbia 
4 Institute for Biological Research “Siniša Stanković”, University of Belgrade  

Bulevar despota Stefana 142, 11000 Belgrade, Serbia 
5 Institute of General and Physical Chemistry,  

Studentski trg 12-16, 11000 Belgrade, Serbia (jzakrzewska@iofh.bg.ac.rs) 

 
ABSTRACT 

In this study, mycelium of fungus Phycomyces blakesleeanus was exposed to soluble 

toxic form of selenium, selenite (Se+4), with the aim of determining the flow and products 

of its biotransformation. Selenite is reduced to Se0 in the form selenium nanoparticles 

(SeNPs) and Se-2 in the form of methylated volatile selenides. Low concentrations of Se+4 

in the mycelium form RSSeSR type compounds, which could be a step in the process of 

SeNPs formation, or incorporation of Se into metabolites such as Se-amino acids. 
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ABSTRACT 
This paper evaluates the possibilities of the original LIBS (Laser Induced Breakdown 

Spectroscopes) laboratory setup for the elementary analysis of human tooth tissues and 

tooth restorations. For that reason, samples of the teeth restored with amalgam and 

composite fillings were analyzed. In addition, the possibility of heavy metal diffusion 

from restoring materials into healthy tooth tissues was also examined. Plasma was 

induced by the TEA CO2 laser in the air under atmospheric pressure. Optical emission 

spectra with sharp and well-decomposed spectral lines and a negligibly low background 

were obtained. The results of the elemental analysis showed the presence of various trace 

elements in the tooth tissues (P, Ca, Mg) as well as within restorations such as Zn, Cu, 

Ag, Hg. The analysis also showed that cement successfully blocked diffusion from 

restoring materials (amalgam and composite) into the dentine below. Obtained 

preliminary results led to the conclusion that this alternative and cost-effective LIBS 

system can find application as a useful tool for further research on laser-induced plasma 

in dentistry. 
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ABSTRACT 
In this paper, the application of laser-induced plasma spectroscopy based on an infrared 

TEA CO2 pulsed laser for quantitative analysis of major inorganic elements in coal is 

presented. Calibration standards were prepared by mixing and pressing into pastille 

appropriate amounts of reference rock and graphite material. A time-integrated spatially 

resolved measurement method was used for the construction of the univariate calibration 

curve of the elements of interest. The intensities of the measured analytical lines were 

normalized by the carbon line, with the obtained calibration curves showing good 

linearity in a wider range of concentrations up to 1% for Al and 3% for Si. The regression 

coefficients ranged from 0.955 to 0.993, depending on the element. Sufficiently low 

limits of 2.4 to 25 ppm for the analyzed metals and 61 ppm for Si were obtained.  



PHYSICAL CHEMISTRY 2022 

 

 33 

B-07-P 

 

 

DETERMINATION OF NICKEL, COBALT, AND CHROMIUM IN A 

SODA-LIME GLASS BY USING LIBS BASED ON PULSED IR 

LASER 

 

A. Šajić1, D. Ranković1, M. Savić2, J. Savović2 and M. Kuzmanović1 

 
1 University of Belgrade, Faculty of Physical Chemistry, Studentski trg 12-16, 11000 

Belgrade, Serbia. (miroslav@ffh.bg.ac.rs) 
2 University of Belgrade, INN Vinca, Mike Petrovića Alasa 12-14, 11001 Belgrade, 

Serbia. 

 

ABSTRACT 
This work presents a study of the applicability of laser-induced breakdown spectroscopy 

(LIBS), based on Infrared Transversally Excited Atmospheric CO2 pulsed laser (TEA 

CO2), to determine nickel, cobalt, and chromium in a window glass samples. Estimated 

limits of detection (LODs) for Ni, Co, and Cr, were 2.1, 3.2, and 0.4 ppm, respectively. In 

addition, two main plasma parameters, electron number density and temperature, were 

determined to characterize the laser-induced plasma. The electron number density (Ne) 

was determined from the measured Stark width of the Al I 396.15 nm line, and the 

intensity ratio of two atomic iron lines (342.71 nm and 344.06 nm) was used to determine 

the excitation temperature (Texc). The obtained values were Ne= 8.3·1016 cm-3 and Texc= 

7700 K. 
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ABSTRACT 
6-Hydroxydopamine is a dopamine analog and a neurotoxin used to induce the 

destruction of neurons which leads to effects similar to those in Parkinson’s disease. The 

experimental spectra (IR, Raman, UV-Vis, and NMR) of 6-OHDA were obtained and 

assigned. Several common functionals were used in conjunction with the 6-311++G(d,p) 

level of theory for the optimization of the structure. The highest resemblance with 

experimental structure was observed after the optimization at the M06-2X/6-

311++G(d,p) level of theory. Three stable conformers with various intramolecular 

interactions were optimized and their relative stability was discussed. The IR and Raman 

spectra were also well reproduced. The correlation coefficients in NMR spectra were 

above 0.998 with a low mean absolute error. In the electronic spectrum, two bands were 

observed and theoretically reproduced, with a discrepancy in one of them explained by 

the electron density distribution of included orbitals and solvent effect. 
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ABSTRACT 
Optical profilometry was used to determine the surface damage during the chemical 

analysis of a bone sample using laser-induced plasma spectroscopy (LIBS). The main 

goal was to assess the capability of LIBS for depth profile analysis. The LIBS 

configuration was based on a transversally excited atmospheric carbon dioxide (TEA 

CO2) laser operating in a multimode regime. The typical dimension of the focused beam 

spot on the target was 1.1 x 0.7 mm. For laser pulse energy between 100 and 140 mJ, the 

ablation rate for the first pulse hitting the undamaged bone surface spot ranged from 6 to 

10 μm. The ablation depth per pulse slowly decreased with the increasing number of 

consecutive laser shots applied at the same target position. 
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ABSTRACT 
Electron spin resonance (ESR) spectroscopy was used for the characterization of product 

obtained by the prolonged autoxidation of hydroquinone in alkaline aqueous solution. 

ESR spectra recorded at different microwave power settings revealed that investigated 

sample contains at least two free radical species with different microwave power 

saturation behavior. Computer simulations of ESR spectra recorded at low microwave 

power levels and ESR spectra obtained by the subtraction of ESR spectra recorded at 

different microwave power levels enabled the calculation of g-values and  indicated big 

dissimilarity in anisotropy between two radical species Microwave power saturation 

characteristics of different radical species suggests that both slightly anisotropic carbon 

centered radicals with high degree of unpaired spin delocalization and highly anisotropic 

p-semiquinone radicals in polymeric matrix are present in investigated sample. 
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ABSTRACT 

Determining the complex vibrational groups for each Raman spectrum band due to 

substantial bands overlapping was a challenge of many researchers. Using an example of 

fairly complex organic molecule of indigo carmine, this work exemplifies the application 

of Facio software in order to give an illustration of deconvolution of complex indigo 

carmine Raman bands. Moreover, this work yields a better agreement of the Raman 

spectrum calculated of indigo carmine and experimental ones compared to the literature 

data. This fact makes the work important in terms of singling out the vibrational groups 

types in a molecule for each band in the Raman spectrum.  
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ABSTRACT 
This contribution introduces a novel method for solving mass action type rate equations 

based on polynomials. To obtain bounded curves, time scale transformations are 

introduced, which map the positive real numbers into the interval between 0 and 1 in a 

way that the polynomial nature of the ordinary differential equations is conserved. Two 

systems are used to test the performance of the method. The first is a series of two 

consecutive reactions in which the first process is first order, and the second process is 

second order. The second system is an oligooscillatory system with three reactions that 

contains an autocatalytic step and produces three extrema on the kinetic curve of one of 

the species in it. The results show that kinetic curves calculated by the developed method 

are in excellent agreement with the actual kinetic curves with using polynomial of degree 

lower than 10 for the first method, whereas employing higher-order polynomials is 

necessary in the second system. 
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ABSTRACT 

Alumina-based catalysts are widely used in chemical and petrochemical industries due to 

the unique properties of alumina including high thermal stability and large specific 

surface area, which are important for the dispersion of active components. A classic 

example of such catalysts operating at high temperatures is three-way catalysts applied 

for purification of vehicle exhaust gases. Since the temperature of these gases can be 

significantly elevated, the catalysts undergo sufficient deactivation during the operation 

runs.  

All this motivates both the researcher and manufacturers to search for efficient ways 

to prevent the deactivation processes or to regenerate the spent catalysts. On the other 

hand, there is a growing interest to the systems with low loading of the precious metals in 

a highly dispersed state, showing a superior activity in CO oxidation. Among them, 

palladium and rhodium are still considered as the most active components. For such 

systems, the detectable content of these metals after the real operation runs (or simulated 

aging procedures) diminishes significantly. Thereby, an adequate analysis of the aged 

catalyst using traditional experimental techniques seems to be complicated or even 

impracticable task.  

In general, the drastic aging conditions can initiate a number of deactivation 

processes of the active components deposited on γ-Al2O3 and La or Zr doped γ-Al2O3 

commercial supports, such as migration, agglomeration, and bulk diffusion. Recently, the 

methods of UV-vis and luminescence spectroscopies were found to be informative for 

diagnostics of rhodium and palladium concentration and state, thus giving the possibility 

to follow any changes taking place during the aging procedures. 

The use of bimetallic catalysts was proven to be a prospective approach to improve 

the thermal stability of the initial high-dispersed state of the active metals due to the 

strengthened metal-metal and metal-support interactions. For the bimetallic Pd-Rh/La-

Al2O3 system containing 0.12 wt.% Pd and 0.08 wt.%Rh, a strong metal-metal interaction 

enhances the resistance of palladium towards agglomeration at high temperature and 

prevents diffusion of rhodium ions into the bulk of the support.  

In the report, particular attention will be paid to the state of lanthanum in the La-

Al2O3 systems during the hydrothermal treatment under mild conditions, which simulate 
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the slurrying and washcoating procedures. An agglomeration of the highly dispersed 

La2O3 particles weakly bonded with the alumina during such a treatment leads to the 

formation of LaAlO3 after the calcination in a temperature range of 800–1100 °C. The 

luminescence technique proposed in the present report is considered as a powerful tool to 

estimate the amount of LaAlO3 species, starting from such a low concentration as 0.1 

wt.%. The agglomeration process of the La2O3 particles serves as an indicator of the 

possible formation of new phases, which can include as lanthanum as active metals, thus 

affecting the properties of the catalyst in a whole. 
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ABSTRACT 
Catalytic degradation of Tartrazine in the presence of Oxone® activated by Co-supported 

chitosan-derived carbon-montmorillonite as catalyst was investigated. The catalyst was 

synthetized using impregnation-carbonization method. The carbonization temperature 

was 500 °C. The catalytic experiments were performed at different temperatures in range 

from 25 °C to 40 °C in order to determinate kinetics parameters. The kinetics data 

showed best fit with the first-order kinetics model. The activation energy of the 

investigated degradation process was calculated according to the Arrhenius equation. 
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ABSTRACT 
This work investigated the kinetics of the glucose oxidation reaction on the carbon paste 

electrode modified with aluminum pillared clay-supported cobalt (CP-CoAP) in alkaline 

solution. Cyclic voltammetry and double-step chronoamperometry methods were 

employed for determining the kinetic parameters such as the charge transfer coefficient, 

the catalytic rate constant, and the diffusion coefficient. The obtained results confirm that 

the CP-CoAP can be considered as a competitive electrode material for glucose 

oxidation. 
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ABSTRACT 
High performance liquid chromatography with diode-array detection (HPLC-DAD) was 

employed for studying the autoxidation of caffeic acid in aqueous solutions at two 

different pH values (7.4 and 8.4) in the absence of metal ions and in the presence of 

Mg(II) ions. Obtained results showed that both pH value increase and presence of Mg(II) 

ions greatly enhanced caffeic acid autoxidation rate. Kinetic parameters for investigated 

autoxidation processes were obtained by assuming pseudo-first order kinetics and showed 

that autoxidation rate was much more influenced by the presence of Mg(II) ions than by 

the pH value increase from 7.4 to 8.4. Having in mind that Mg(II) ions are omnipresent in 

living organisms and environment, obtained results are important because they show that 

conditions applied during storage and/or processing of consumer products with relatively 

high content of caffeic acid as an important natural antioxidant may have strong influence 

on  their quality. 
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ABSTRACT 
Acid activated montmorillonite was impregnated with Co2+ ions, calcined at 450 °C, and 

used as catalyst for Oxone® activation in catalytic oxidative degradation of nicotine. 

Catalytic tests were performed in temperature range from 30 C to 60 C in order to 

obtain kinetic data. Kinetic study at different temperatures showed that catalytic 

degradation of nicotine corresponded to the first-order kinetic model. The activation 

energy of the investigated degradation process was determined by applying Arrhenius 

equation. 
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ABSTRACT 
g-C3N4/titanate heterojunction nanocomposite (CN-NW) was prepared by pyrolysis of 

melamine and titanate nanowires. The photoefficiency of the prepared nanocomposite 

was tested in simultaneous photocatalytic degradation of two dyes, cationic - Methylene 

blue (MB), and anionic - Orange G (OG). The results revealed that in the single-dye 

system, the catalyst showed higher degradation activity toward MB dye compared to OG 

dye. In the binary-dye system, the presence of OG dye did not affect the degradation 

efficiency of MB dye, while the presence of the MB dye influenced the beginning and 

efficiency of OG degradation. 
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ABSTRACT 
Platinum doped titanate catalysts were synthesized via alkaline hydrothermal method, 

followed by incipient wetness impregnation method and temperature programmed 

reduction (TPR). The effects of sacrificial agents on the photocatalytic activity of 

platinum doped titanate catalysts were studied in water splitting/alcohol photoreforming 

process under simulated solar light irradiation. Mechanism of photocatalytic reactions 

were elucidated by additional experiments performed using temperature-programmed 

desorption/mass spectrometry (TPD/MS). The applied alcohols (methanol, ethanol and 1-

propanol) have shown enhanced hydrogen production rate in water 

splitting/photoreforming. Decreasing hydrogen production rate were observed in order 

methanol>ethanol>1-propanol (with achieved 11.6, 12.5, and 5.9 mmol g-1 h-1, 

respectively) due to the decrease in carbon atoms in alcohol carbon chain. 
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ABSTRACT 

α-Amylase from Bacillus paralicheniformis (BliAmy) is a highly efficient raw starch 

digesting enzyme. Starch is an inexpensive source of many food industrial products. 

Naturally occurring clay are non-toxic, environmentally friendly and inexpensive. 

Therefore, immobilization of BliAmy by adsorption on three differently modified 

bentonites was studied. Modifications included common Na-exchange procedure, acid 

activation, and alkali activation. The modified clays were characterized by X-ray powder 

diffraction, mercury intrusion porosimetry and the points of zero charge were determined. 

The adsorption of the enzyme was significantly influenced by the type of modification of 

bentonite, being the highest for the acid-activated bentonite with the highest porosity. On 

the other hand, the highest enzyme activity for immobilized α-amylase was obtained with 

alkali-modified bentonite (98 U/g), suggesting it as a good candidate for immobilization 

of α-amylase for application in the food industry. 
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ABSTRACT 
The 2 µm fraction of Wyoming clay rich in montmorillonite was pillared with aluminum. 

Obtained pillared clay was impregnated with different cobalt loadings using the incipient 

wetness impregnation method followed by calcination at 450 °C. The obtained materials 

were previously fully characterized. The synthesized materials were investigated as 

catalysts in catalytic oxidation of organic water pollutant, tartrazine, in the presence of 

Oxone®. Oxone® was a precursor of sulfate anion radicals. The effect of the different 

cobalt loadings on the reaction kinetics was investigated. The pseudo-first order kinetic 

model was found to be the most appropriate to fit the experimental data of all 

investigated catalysts under defined experimental conditions. The presence of Co3O4 as 

defined crystalline phase reduces the efficiency of cobalt-supported aluminum pillared 

clay in Oxone® activation and consequently oxidative tartrazine degradation.  
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ABSTRACT 
Cobalt-doped alumina catalyst was synthetized using the sol-gel method, gelled and 

calcined at 500 °C. The synthesized material was previously fully characterized. Cobalt-

doped alumina was tested as catalysts in an Orange G degradation in the presence of 

Oxone®. Oxone® is a precursor of radicals and the role of the investigated catalyst was to 

activate its decomposition. Sulfate ion radicals act as oxidizing species in dye 

degradation reaction. The influence of the mass of the catalyst and the reaction 

temperature was investigated. The catalyst mass and temperature increase were beneficial 

for the dye degradation rate. The pseudo-first order kinetic model was found to be the 

most appropriate fit for experimentally obtained data. The adsorption of the dye on Co-

doped alumina was also tested, and it was found to be negligible. The investigated 

catalyst was found to be effective for Orange G degradation in the presence of Oxone®. 
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ABSTRACT 
Chemical garden-like structures can be grown in a flow-driven system by injecting acidic 

chitosan sol into an alkaline solution. Tubular hydrogel is formed via sol-gel transition 

along the wall of the reaction vessel, where the interplay of adhesive and buoyant forces 

yields various forms of surface instabilities. The selection of wrinkling, creasing and 

folding patterns can be governed by solution composition, orientation, and injection rate. 

In a different scenario, a single drop of fueled chitosan solution can lead to the formation 

of hydrogel beads that can self-propel on the liquid. The dynamics of the chitosan boats 

are controlled by the polymer concentration and the amount of the infused fuel.  
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ABSTRACT 
Hydrogels, hydrogel composites and hydrogel based polymeric oscillators, as drug 

delivery systems, tissue engineering and immunomodulatory therapies, are emerging cost 

effective solutions for a broad range of conditions. Revolving around hydrogel porous 

structure which can serve as a drug reservoir but also scaffold for cells to migrate into, 

these versatile materials are attracting interest of a broader range of scientific 

communities. Work presented here focuses on biocompatible chitosan based hydrogels fit 

for drug delivery, immunomodulatory therapy and tissue engineering applications. 

Studies discussed include injectable, implantable and transdermal formulations. 

Relevance of in vitro and in vivo biocompatibility studies as well as biodegradation 

strategies is also discussed. Approaches towards controlled and prolonged drug dosing 

are explored and most recent data shared. Going further into complex drug dosing 

schedules, hydrogel based polymeric oscillators are also showcased. Pulsatile gels are 

primarily associated with only two research groups worldwide, Yoshida’s research group, 

Tokyo University and the Novakovic research group, Newcastle University. The ultimate 

aim in linking oscillatory chemical systems with polymer science is the development of 

useful materials and devices that otherwise would not be feasible. The vision includes 

fully self-oscillatory materials, materials that act life-like, materials that are able to carry 

and dispense their content in predefined rhythms, and materials which can generate 

environment which favors cell self-assembly into functional tissues. 
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ABSTRACT 

The explanation of the Bray-Liebhafsky oscillations does not involve radical reactions. 

On the other hand, the oxygen produced oxidizes the iodide and its mechanism involves 

radical reactions. This oxidation can have a significant effect on the oscillations. The 

proposed model also explains the complicated kinetics of iodine oxidation by hydrogen 

peroxide. 
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ABSTRACT 
Continuous tracing of the gas evolution in two iodate containing chemical oscillators, 

Bray-Liebhafsky (BL) and Briggs-Rauscher (BR) was performed. Recently developed 

cheap and user friendly experimental setup was additionally adapted in order to enable 

monitoring of higher gas pressures. It has been noticed that gas evolution dynamics are 

noticeably different in mentioned oscillatory reactions implicating differences in 

developing autocatalytic processes in these oscillators. 
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ABSTRACT 
Anodic polarization has been applied on the electrochemical system: copper/1M 

trifluoroacetic acid, by potentiostatic method with the applied current interrupt method. 

The electrode potentials were selected to be in the oscillatory region and the region of 

stable steady states at 0.310 V and 0.250 V, respectively. Results are presented to show 

that the applied current interrupt technique doesn’t affect the stability of the investigated 

system. However, the applied technique induced the high frequency sustained oscillation 

(4.5 Hz) in the oscillatory region. Furthermore, it was observed that the current interrupt 

technique provokes oscillatory character of the applied potentials. This rater unusual 

behavior might be interpreted as a proof of oscillatory behavior of the “real” potential of 

the working electrode (the double-layer potential). The oscillatory behavior of the electric 

current and the electrode potential, displayed together, showed attractors that look like 

limit cycles. 
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ABSTRACT 
Indigo carmine (InC) is broadly used blue dye in different industrial area. This work aims to 

obtain analytical curves for determination of InC in aqueous solutions. For such as purposes, two 

methods were used: UV/VIS spectrophotometry and the kinetic method based on Briggs-

Rauscher (BR) oscillatory reaction, and compared in terms of methods sensitivity which 

expressed as limit of detection (LOD) and limit of quantification (LOQ). To the best of authors’ 

knowledge, as candidate for proposed analytical method, the BR oscillatory reaction was applied 

for the first time to InC quantification. The results obtained show that kinetic method using BR 

oscillatory reaction has a quite lower LOD and LOQ making this method more acceptable to 

determine an unknown concentration of InC dissolved in water, compared to UV/Vis 

spectrophotometric method. 
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ABSTRACT 

Possible further development or perspectives of a developed theory of electroviscoelasticity 

including the formerly presented concepts, may be oriented toward one important question of the 

classical limit of quantum mechanics. A question is: is a quantum mechanics applicable at 

macroscopic level? This question resulted during the research of complex systems by the end of 

the last century. According to the developed strategy, the proposition appeared is: if the 

macroscopic physical systems are only the special case of quantum-mechanical systems, for 

example, like in von Neumann’s theory of the measurement problem, then it is possible to 

observe, under specified conditions, their quantum mechanical behavior. Does the theory of 

electroviscoelasticity, formerly developed, could be useful in discussion and/or further 

elucidation related to the problems of the experimental and theoretical status of decoherence? As 

a consequence, further, natural, deeper, connections between the status of decoherence and 

behavior of the, open macroscopic quantum systems are to be discussed. Hence, open 

macroscopic quantum systems are quantum subsystems, that is, open quantum systems that are in 

inevitable permanent interaction with other physical systems, which may be named environment.  
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ABSTRACT 
In this paper stoichiometric network analysis was used to investigate stability of 

oscillatory chemical reaction model known as autocatalator in the presence of diffusion. 

Stability of the model was evaluated in the case of homogenous system as well as in the 

presence of diffusion. Based on the results of stability analysis, the conditions required 

for system to exhibit diffusion driven instabilities (Turing patterns) were derived.  
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ABSTRACT  

The previously proposed stoichiometric model of the Hypothalamic-Pituitary-

Adrenal (HPA) axis activity that took into account arginine vasopressin (AVP), has 

been further developed to emulate ultradian oscillations of corticotropin-releasing 

hormone (CRH) and AVP. With this aim, additional coupling of HPA consisting 

hormones was introduced into this model by reaction between CRH and cortisol 

(CORT). How additional coupling of hormones affects HPA axis ultradian 

dynamics and reflects on ultradian oscillations of AVP and CRH concentrations 

was examined by using numerical simulations and bifurcation analysis. Results 

show that the rate constant of newly incorporated reaction alone is sufficient to be 

adjusted only for CRH to exhibit oscillations with optimally prominent amplitudes. 

Also, oscillation frequencies of CRH were found to be in accordance with findings 

in the literature under all investigated conditions. 
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ABSTRACT 
Subject of this study is mathematical modelling of pH responsive anionic hydrogels, with 

the ultimate aim to generate a model which can be used in place of experimental 

investigation. Proposed model is based on coupling Poisson–Nernst–Planck (PNP) 

equation with momentum equation and therefore accounts for both distribution of ionic 

species and mechanical deformation of a hydrogel. Simulation study using proposed 

model shows increase in hydrogel swelling with the increase in pH. 
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ABSTRACT 

Our study is focused on experimental observations of NADH oscillations and nonuniform 

stationary states in glycolytic oscillatory reaction. Glycolysis occurs using yeast extract 

and glucose solution reaction in a two coupled cells system with reciprocal peristaltic 

pumping. Enzymatic reaction is measured in two UV-vis spectrophotometers, specifically 

340nm for NADH. We report occurrence of anti-phase oscillations of NADH and 

nonuniform stationary state induced by set of chemical and physical perturbations. 

Transitions between oscillations and nonuniform stationary states can be used in area of 

chemical computing. 
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E – Electrochemistry  
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ABSTRACT 

Phosphate molybdenum bronze (MoPB) and phosphate tungsten bronze (WPB) were 

synthesized and used as support for rhenium. Rhenium-modified bronze samples were 

applied at the surface of the glassy carbon electrode and tested for hydrogen evolution 

reaction. The electrodes were investigated by cyclic voltammetry and linear sweep 

voltammetry. The influence of carbon black on the electrochemical activity of starting 

bronze and Re-modified bronze samples was tested.  
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ABSTRACT 
Redox properties of one hydrophobic spin probe 3-(acetoxymethoxy)carbonyl-2,2,5,5-

tetramethyl-pyrrolidine-N-oxyl (AM-CxP) and corresponding water-soluble compound, 

3-carboxy-2,2,5,5-tetramethyl-pyrrolidine-N-oxyl (3-CxP) were evaluated using 

electrochemical and EPR methods. The electrochemical behavior of two spin probes was 

investigated by cyclic voltammetry in phosphate buffer solution. The voltammograms of 

both compounds exhibited a single redox couple related to nitroxyl radical. EPR 

spectroscopy revealed that 3-CxP is less susceptible to reduction by Ascorbate than AM-

CxP, nevertheless, both spin probes exhibit a great potential for in vivo applications. 
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ABSTRACT 
Carbon black (Cabot Corporation) was activated using three different activators: sulfuric 

acid, sodium hydroxide and hydrogen peroxide. The electrochemical activity of activated 

carbon black was investigated in acidic solution by cyclic voltammetry and linear sweep 

voltammetry. The effect of anodic potential limit on the activity and stability of activated 

carbon black electrode in the hydrogen evolution region was evident. The highest activity 

for hydrogen evolution reaction was recorded for carbon black activated with hydrogen 

peroxide. 
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ABSTRACT 

Co-W based coatings, obtained by electrochemical co-deposition were tested as possible 

catalysts for the hydrogen evolution reaction and application in alkaline electrolyzers. All 

investigated coatings were deposited on a nickel base from citrate and tartrate electrolytic 

baths. Both composition and morphology of obtained coatings are strongly dependant on 

electrodeposition bath type and applied deposition current density. Tungsten content for 

all investigated electrodes was in the range of ~11at.% to ~25at.%. Based on the recorded 

polarization curves it can be concluded that all tested coatings showed better catalytic 

activity compared to pure nickel electrode. The most catalytically active electrode, 

designated CoW1:2tar100, was obtained by precipitation from tartrate bath at a 

deposition current density of -100 mAcm-2. It has ~350 mV more positive E300 value 

(Evs.Hg/HgO at j=-300mAcm-2) than Ni electrode. Tafel analysis of polarization curves 

this electrode revels Heyrovsky step in HER mechanism as rate determining.  
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ABSTRACT 
Increasing the share of green hydrogen, produced from renewable electricity, in overall 

hydrogen production is much needed if we want to lower the carbon footprint in the 

future. In order to achieve this, it is necessary to improve the technology of alkaline 

electrolysis and make it more efficient and low-cost. In this paper we used Brewer's 

theory of inter-metallic bonds as a starting point. Through a technologically simplified in 

situ activation process, we added ionic activators based on Co and Mo to increase the 

energy efficiency of alkaline electrolysis by reducing energy consumption for hydrogen 

production. The projected increase in the catalytic activity of the d-metal combination, 

even higher than that of the precious metals, has been met and a 15% reduction in energy 

consumption (REC) for the hydrogen produced has been achieved.   
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ABSTRACT 

This work yields in the examination of potentially cathode material for aqueous Zn-ion 

batters. LiMn2O4, which is used in commercial organic Li-ion batteries is replaced with 

ZnMn2O4 in this work. Due to the presence of Mn3+ ions, the dissolution of them occurs 

in electrolyte decomposing to Mn4+ and Mn2+. To overcome this issue, 1 ml of 1M 

Mn(NO3)2 aqueous solution was added into 10 ml of aqueous solution of ZnCl2 to 

achieve an equilibrium between Mn2+ ions in the material and ones in an electrolyte. The 

results obtained showed that a higher capacity was obtained when 1 ml of 1M Mn(NO3)2 

was added into 10 ml of aqueous solution of ZnCl2.  
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ABSTRACT 

The mean ionic activity coefficients of NaCl in a ternary system 

were determined using electromotive force measurements 

(EMF) at T = 298.15 K. For EMF measurements, a cell of the type Na–ISE, 

, AgAgCl was employed with NaCl ionic strength 

fractions y = (0.3012; 0.5011; 0.7706) in the range of total ionic strength of the solution I 

= (0.0701 – 0.9315) mol·kg-1. The Extended Pitzer model was used to analyze 

experimental data for the mixed electrolyte solution, and good agreement between 

experimental and calculated values of thermodynamic properties was found with a 

standard deviation of the fit of 10-3 order.  
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ABSTRACT 
Although titanium dioxide nanoparticles (TiO2 NPs) have broad biomedical applications, 

in the diagnostics and treatment of various brain diseases, previous reports indicated their 

possible neurotoxic effects. In order to reduce the harmful effects of commercially 

available TiO2 NPs, our study was focused on testing possible mitigating consequences 

of TiO2 NPs surface modifications with salicylic acid (SA) or 5-amino salicylic acid (5-

ASA). Obtained results showed that 14 days following the acute oral intake all 

investigated NPs affected neurological functions and brain-to-body weight ratio, 

promoted oxidative stress and disrupted purinergic signaling in adult rat brain to different 

extents. Overall, although TiO2/SA NPs and TiO2/5-ASA NPs diminished some of the 

neurotoxic effects of bare TiO2 NPs in particle-specific manner, none of the tested 

modifications completely alleviated them. 
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ABSTRACT 
Titanium dioxide nanoparticles (TiO2 NPs) are commonly used in various industrial and 

consumer products, including cosmetics, pharmaceuticals, food and beverages, etc. Since 

bare TiO2 NPs pose a risk to reproductive health, we compared their toxic effect to effect 

of TiO2 NPs surface-modified with salicylic acid (TiO2/SA NPs) or 5-amino salicylic 

acid (TiO2/5-ASA NPs) in female rats 14 days after acute oral treatment. In rat ovaries, 

oviducts, and uterus, bare TiO2 NPs and TiO2/SA NPs promoted acute toxicity along with 

the hormonal imbalance, irregular estrous cycle, swelling of the genital organs that 

increased organ-to-body mass ratio accompanied with prooxidative shift in redox status. 

The observed effects were less pronounced in TiO2/5-ASA NPs-treated rats. According to 

the presented results, surface-binding of 5-ASA, but not SA are able to suppress the toxic 

effects of bare TiO2 NPs in rat female reproductive system. Further studies are necessary 

to confirm these assumptions. 
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ABSTRACT 
Multiple sclerosis (MS) is an inflammatory disorder of the central nervous system (CNS) 

characterized by infiltration of lymphocytes that leads to myelin damage and 

neurodegeneration. The complex interaction between CNS-infiltrating immune cells 

(CNS-IIC) and astrocytes is an important contributor to the disease progression. Here, we 

investigate how naïve astrocytes respond to autoreactive immune cells present in the CNS 

at different stages of the disease. For this purpose, CNS-IICs were isolated from the 

spinal cords of rats with experimental autoimmune encephalomyelitis at onset, late-onset 

and the peak of the disease. Naïve astrocytes, isolated from the spinal cords of wild-type 

rat pups, responded to brief bath application of CNS-IIC by robust elevation of 

intracellular Ca2+ independently of the disease stage. Our data suggest that direct contact 

between astrocytes and CNS-IICs induces Ca2+ changes in astrocytes and points to the 

new aspect of cell-cell interactions in the propagation of neuroinflammatory response in 

CNS autoimmunity. 
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ABSTRACT 
Investigating membrane properties of plants is a challenging task, considering that 

success of experiments is highly dependent on the possibility to isolate metabolically 

active protoplasts that can withstand membrane current recordings. The aim of the 

present work is to obtain viable protoplasts derived from root cells of Pisum sativum that 

can be used for the whole-cell patch-clamp. We designed the procedure of the pea 

protoplasts isolation that delivers stable protoplasts with preserved membrane integrity 

suitable for electrophysiological experiments. We applied a custom approach for patch-

clamping protoplasts using a microscope with a movable microscope stage. We recorded 

prominent inward and prominent outward types of membrane current profiles of 

protoplasts. Obtained data indicate that optimized isolation protocol and custom system 

for patch-clamping, can be applied to study membrane properties of root protoplasts.  
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ABSTRACT 

Cytotoxicity assessment in vitro of three Wells-Dawson polyoxometalates (POMs) as 

contrast-enhancing staining agent (CESA) candidates: parent Wells-Dawson POM α2-

K6P2W18O62
.14H2O (parent WD), monolacunary Wells-Dawson POM α2-

K10P2W17O61
.20H2O (lacunary WD), and 1:2 hafnium(IV)-substituted Wells-Dawson 

POM K16[Hf(α2-P2W17O61)2]·19H2O (Hf-WD 1:2), was carried out on healthy non-target 

human blood cells. Whole blood samples were treated with these POMs (1-100 µM) for 4 

and 24 h at 37 °C. The results showed a time-dependent decrease of the peripheral blood 

mononuclear cell (PBMC) viability for all investigated polyoxotungstates. The 4 h 

treatment induced a significant cytotoxic effect only for the higher concentrations of Hf-

WD 1:2, whereas 24 h exposure resulted in a concentration-dependent alteration of the 

cell viability. The most potent cytotoxic activity was obtained for Hf-WD 1:2 inducing a 

decrease of the cell viability from 25 to 45% compared to the corresponding control.  The 

weakest effect was observed for parent WD, which resulted in no statistically significant 

difference in PBMC viability in respect to the control at the concentration of 1 µM. 

Finally, parent WD, lacunary WD, and Hf-WD 1:2 could not be considered safe from a 

cytotoxic point of view, thus further more extensive toxicity studies are needed. 
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ABSTRACT 

The aim of this study to assess in vitro prooxidative properties of three polyoxometalate 

(POM)-based species that were found as potential contrast-enhancing staining agents for 

micro-computed tomography (microCT) to visualize kidney and bone tissues: parent 

Wells-Dawson POM α2-K6P2W18O62
.14H2O (parent WD), monolacunary Wells-Dawson 

POM α2-K10P2W17O61
.20H2O (lacunary WD), and 1:2 hafnium(IV)-substituted Wells-

Dawson POM K16[Hf(α2-P2W17O61)2]·19H2O (Hf-WD 1:2). Thus, reduced glutathione 

(GSH) concentration, as a major antioxidant to prevent reactive oxygen species (ROS) 

attack and an indicator of oxidative stress, was followed in human plasma after 24 h 

exposure to the POMs within the concentration range 1-100 µM at 37 °C. The promising 

contrast agents exhibited various prooxidative properties. Parent WD did not 

significantly influence GSH level, thus prooxidative properties could not be associated 

with this POM species. On the contrary, Hf-WD 1:2 exposure resulted in a significant 

decrease in GSH concentration in human plasma compared to untreated control. 

Accordingly, Hf-WD 1:2 might be regarded as a prooxidant agent that could cause 

oxidative stress and consequent toxic occurrences. Nevertheless, additional studies on 

other relevant oxidative stress parameters are needed to confirm this assumption. 
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ABSTRACT 

In this study, prooxidative properties of three Wells-Dawson polyoxometalates (POMs) 

previously reported as promising contrast-enhancing staining agents for micro-computed 

tomography (microCT): parent Wells-Dawson POM α2-K6P2W18O62
.14H2O (parent 

WD), monolacunary Wells-Dawson POM α2-K10P2W17O61
.20H2O (lacunary WD), and 

1:2 hafnium(IV)-substituted Wells-Dawson POM K16[Hf(α2-P2W17O61)2]·19H2O (Hf-

WD 1:2), were evaluated in vitro. In this aim, malondialdehyde (MDA) level, as an 

indicator of prooxidant action and lipid peroxidation, was determined in human plasma 

after 24 h treatment with the POMs in the concentration range 1-100 µM at 37 °C. The 

results demonstrated that the studied POMs did not induce an increase in plasma lipid 

peroxidation level compared to the corresponding control. Thus, it could be concluded 

that the investigated POM-based contrast agent candidates for microCT are not 

sufficiently potent prooxidants capable to cause membrane damage and consequent toxic 

occurrences.    



PHYSICAL CHEMISTRY 2022 

 

 79 

F-08-P 

 

 

MODEST PROTECTIVE EFFECTS OF PROGESTERONE 

TREATMENT IN HIPPOCAMPUS OF MALE RATS SUBMITTED 

TO CEREBRAL HYPOPERFUSION 
 

I. Guševac Stojanović1, J. Martinović1, M. Zarić Kontić1, N. Mitrović1, Z. Stojanović2, 

 I. Grković1 and D. Drakulić1 

 
1Department of Molecular Biology and Endocrinology, VINČA Institute of Nuclear 

Sciences-National 

Institute of thе Republic of Serbia, University of Belgrade, Belgrade, Serbia. 

(igusevac@vin.bg.ac.rs) 
2Institute of Technical Sciences of SASA, University of Belgrade, Knez Mihailova Street 

35/4, 11000 Belgrade, Republic of Serbia. 

 

ABSTRACT 

In the brain, three isoforms of nitric oxide synthase (NOS) regulate production of nitric 

oxide (NO), a signalling molecule with a role in cerebral blood flow regulation. 

Depending on the stimulus, NO exerts dual nature, from neuroprotective to 

neurodestructive. Given the scarcity of literature data on the involvement of nitrosative 

stress indicators in the rat hippocampal response to 7-day lasting progesterone (P4) 

treatment following permanent occlusion of both common carotid arteries, we assessed 

NO level and protein expressions of endothelial nitric oxide synthase (eNOS, including 

its total (t-eNOS) and phosphorylated at Ser1177 isoform (p-eNOS Ser1177)). According to 

obtained results, elevated NO levels occurred due to activity of other NOS forms since 

eNOS expressions were similar between experimental groups. Although NO level was 

downscaled it was still elevated in occluded animals treated with P4, showing modest 

anti-nitrosative effect of this potent steroid in the hippocampus. 
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ABSTRACT 

Clinical data points out that adolescent stress significantly raises susceptibility to mental 

illness not only in adolescents, but also later in life, due to stress-related changes in brain 

development. One of the mediators of this process could be the gut microbiota, 

considering its wide range of effects on the physiology. In this work, we demonstrated 

that the effects of adolescent stress can be conveyed by fecal microbiota, since the fecal 

transplantation from mice underwent adolescent stress induced depressive- and anxiety-

like behavior in adolescence as well as in adulthood. This implies the important role of 

gut microbiota in brain development and pathogenesis of depression. 
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ABSTRACT 
Leaning stems of woody plants form reaction wood, in hardwood trees termed tension 

wood. Tension wood contains more cellulose and less lignin and it is anatomically 

different from normal wood. Fourier-transform infrared (FTIR) spectroscopy showed that 

there was no difference in lignin content in segments of bent trees compared to the 

controls, but the higher amounts of cellulose, xylan, and xyloglucan were observed in 

bent trees, corresponding to the rearrangements in the cellulose/xyloglucan network. 
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ABSTRACT 

Fluorescence, a type of luminiscence, is the emission of light of a longer wavelength than 

the absorbed light of a substance in gas, liquid or solid chemical system. The question is: 

which organic substances might be expected to exhibit fluoroscence, or under what 

condition do certain organic molecules show fluoroscence. A simple quantum process, 

where an absorbed light quantum is again emitted as a light of somewhat different 

frequency is rather the exception than the rule, as a large number of organic molecules 

which absorb in the visiable or in the near ultra-violet region of the spectrum do not show 

fluoroscence. 

1,4-Dihydropyridines (1,4-DHPs) and 1,2-dihydropyridines (1,2-DHPs) with 

appropriately substituted electron-withdrawing groups at 3- and 5-positions are among a 

few of the  small molecule-based organic fluorophores with optimal photophysical 

properties suitable for biological and medical researches. Recently, we have successfully 

synthesized a series of new 1,4- and 1,2-DHPs from aliphatic or differently substituted 

aromatic amines and propiolic ester. Because of their fluorescence potential, we 

developed efficient, simple and cheap method that allowed us to rapidly synthesize a 

large number of DHPs in a short time. The fluoroscence ability of 1,4-DHPs and 1,2-

DHPs was also examined in detail. 
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ABSTRACT 
In this research quantitative structure–property relationship (QSPR) modeling was 

applied for the prediction of autoignition temperatures (AIT) of organic compounds. 

Monte Carlo optimization method was used for the development of conformation-

independent QSPR model based on descriptors from SMILES notation and the local 

molecular graph invariants. Various statistical methods were utilized for the 

determination of developed models’ quality, robustness, and predictability, and according 

to obtained results model is considered as good. Obtained QSAR model had following 

statistical parameters: R2 = 0.8175; CCC = 0.8996; Q2 = 0.8155; S = 44.9; MAE = 35.5 

and F = 1496 for training set; R2 = 0.8734; CCC = 0.9233; Q2 = 0.8681; S = 38.7; MAE = 

29.7 and F = 745 for test set. The molecular fragments obtained from SMILES notation 

and associated to the increase/decrease of the examined activity were defined. Presented 

methodology can be used for the prediction of unknown AIT of organic compounds.  
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ABSTRACT 
We have performed theoretical calculations at the density functional theory (DFT) level 

in order to evaluate substituent effect on energy barrier of termally allowed disrotatory 6 

electrocyclization of polysubstituted 1-azatriene leading to 1,2-dihydropyridines (1,2-

DHP). This reaction was assumed to constitute one possible route to 1,2-DHP in the 

course of the reaction between an amine and propiolic ester. 
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ABSTRACT 

Our previous work showed that the barriers to rotation (G‡) around the CC double bond 

of the selected thiazolidine derivatives 1-2 could be an excellent parameter to quantify 

the push–pull effect of these compounds and other similar systems under reliable solvent 

conditions studied. Since the G‡ are slightly affected by the solvent polarity, to better 

elucidate this, we herein correlated the calculated barriers to rotation with the CC bond 

lengths of the ground state structures (GS) 1-2. Thus, the obtained excellent linear 

correlations confirmed our previous concussions and expectations. 
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ABSTRACT 

The results of our previous works showed that the barriers to rotation (G‡) around the 

CC double of the selected thiazolidine derivatives 1-2 can be successfully employed to 

quantify the push–pull effect of this and similar systems. Moreover, the enthalpy–entropy 

effect has been recently recognized as the main factor that enables the use of the G‡ to 

quantify their push–pull effect under solvent conditions. As we showed previously, the 

barriers to rotation slowly decrease with the increase of the solvent polarity. Thus, to 

answer in which functional relationship they are, we plotted here the G‡ against the 

dielectric constants (r) of the solvents tested (CHCl3, DMSO, and water, respectively). 

The obtained excellent logarithmic correlations, achieved for all compounds studied, 

confirmed our previous concussions and expectations. 
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ABSTRACT 
This study aimed to investigate the influence of ZrO2, Bi2O3 and SrF2 added as 

radiopacifying agents (30wt.%) into calcium silicate/hydroxyapatite-based dental cement 

on its physical and biological properties. Among investigated cements, the mixture 

containing Bi2O3 had the highest values of elastic modules and toughness, similarly to 

control – mineral trioxide aggregate (MTA). SEM analysis of all hydrated cements has 

shown that bioactive calcite and tobermorite phases were formed. Crystal violet assay 

showed that pure (undiluted) extracts of experimental cements did not affect cell 

viability, while MTA exhibited an extremely cytotoxic effect on L929 cells. In 1:4 

dilutions all experimental mixtures significantly increased cell proliferation potential 

after 72h in comparison to untreated cells and MTA, which cytotoxic effect diminished 

with dilutions. Further studies are needed to determine which radiopacifyer has the most 

desirable properties for adequate dental cement fabrication. 
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ABSTRACT 
The aim of this study was to investigate the properties of experimental calcium aluminate 

(CA) dental cement, synthesized from CaO×Al2O3 and CaCO3. Calcium silicate (Portland 

cement, PC) served as a control. The elastic modulus and maximum stress obtained using 

the universal testing machine showed that CA has greater mechanical resistance than the 

control PC. Scanning electron microscopy (SEM) analysis of cements specimens before 

and after soaking in phosphate buffer saline showed that hydrated cements exposed 

crystal particles of calcite and new aluminum containing phases on their surfaces, 

suggesting their bioactive potential. Biocompatibility of the CA dental cement was 

evaluated by observing L929 cells morphology using phase-contrast microscopy. Cells 

treated with CA extract preserved their structural integrity without any changes in cell 

morphology, but with a slightly inhibited proliferation rate after 24h treatment, while PC 

induced changes typical for cell death. 
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ABSTRACT 

In this study, we investigated the interaction between 12-tungstophosphoric acid (WPA) 

and graphene oxide (GO) in their nanocomposite based on changes in surface chemistry 

and adsorption capacity of methylene blue. The methods used in this study enabled better 

understanding of the type and amount of oxygen surface groups present on GO surface 

and their behavior once in contact with WPA. Two methods of functional group 

modification were selected: chemical titration (NaOH, Na2CO3, NaHCO3) and thermal 

treatment (T=450 oC, in Ar), while adsorption capacity of methylene-blue was used as an 

indicator for monitoring the changes of surface chemistry. Titrations showed presence of 

functional groups of different acidity on pristine GO and that WPA strongly influences 

this parameter. Color adsorption has shown that functional groups of GO have a positive 

effect, since their removal reduces the adsorption capacity of the material. In the case of 

nanocomposite, the presence of WPA is beneficial since adsorption capacity is improved 

compared to the starting GO. Also, it can be concluded that titration improves the 

adsorption capacity, while thermal treatment completely blocks the adsorption properties 

of the composite. 
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ABSTRACT 
Sorbents synthetized by chemically modified wood by aluminum were tested for removal 

of textile dye Reactive Blue 19 dye. The influence of different solvents polarity and 

protic/aprotic nature, such as: acetone, ethanol, ether, hexane, and methanol, were 

analyzed and the best sorbent with the highest removal efficiency of dye was determined. 

The highest dye removal percentage (100%) and the shortest sorption time (less than 10 

min) was achieved for the sorbent synthesized in less polar solvent - hexane. Also, the 

optimal sorption process conditions for dye removal using the best sorbent, such as: pH, 

sorbent dose and dye concentration, were examined. The optimal pH was 2.0 with 2.0 g 

dm-3 sorbent dose. Also, wood-aluminum sorbents possess other benefits, such as: 

mechanical stability, easy synthesis, biocompatibility, which all make it excellent 

ecologically and economically solution for water treatment of textile dyes. 
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ABSTRACT 
The iron-bearing material from wood sawdust was prepared as a catalyst for the 

degradation of organic pollutants by a heterogeneous Fenton-like process. The materials 

were thoroughly characterized by several techniques: SEM/EDX and BET surface area 

and pore size distribution. The use of this modified material will optimize the 

heterogeneous Fenton-like process economics since they are unexpensive, abundant and 

require only minimal modifications. The new catalyst can be potentially utilized as a 

universal catalyst for the degradation of different kinds of organic pollutants in water 

using solar light as an environmentally friendly and low-cost energy resource. 
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ABSTRACT 
In this study, the removal of Reactive orange 16 (RO16) by layered double hydroxide 

(MgCoAl-LDH) was investigated. MgCoAl-LDH material was synthesized by the 

coprecipitation method assisted by ultrasound. MgCoAl-LDH was used for sorption 

removal of textile dye RO16, chosen as one of the most used reactive dyes. The solution 

pH was found to strongly influence the uptake of RO16 by MgCoAl-LDH. Moreover, it 

was found that sorption capacity increased with decrease pH. The sorption capacity of 

MgCoAl-LDH sorbents was tested using various concentrations of RO16 in the range 

from 50 to 200 mg dm-3 in water. The amount of the sorbed dye at equilibrium (qe) of 

MgCoAl-LDH was 240.96 mg g-1.  
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ABSTRACT 
In this study, surface modification of the graphite plate electrode induced by laser 

irradiation treatment is presented. The electrode was irradiated in air and argon 

atmosphere using the Nd:YAG laser. Surface modifications were analyzed by 

profilometric measurements. The influence of irradiation atmosphere on electrochemical 

active surface of graphite electrode was observed using cyclic voltammetry. The results 

indicate that electrochemical active surface area of graphite electrode was increased using 

laser irradiation, and highest value was obtained by laser irradiation in air atmosphere. 

These cognitions can be useful for application of laser-treated electrode in environmental 

chemistry for detection or removal of organic pollutants. 
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ABSTRACT 
This paper presents a comparative analysis of kinetic parameters of oxygen evolution 

reaction (OER) on stainless steel (SS), nanocomposites PbO2-GNR (lead dioxide–

graphene nanoribbons) and SnO2-MWCNT (tin dioxide-multi wall carbon nanotube) 

anodes in a sodium sulphate electrolyte. Linear sweep voltammetry (LSV) and Tafel 

plots analysis were used to determine kinetic parameters (Tafel slopes, exchange current 

density (jo), and the potential for OER). Experimental results indicate that the highest 

electrocatalytic activity to OER shows SS, followed by SnO2-MWCNT and PbO2-GNR 

electrode. From these results, it can be predicted that metal oxide-carbon based electrodes 

can be useful for electrochemical treatment of organic pollutants from textile, communal 

or industrial wastewaters. 
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ABSTRACT 
Zeolite based materials are commonly used for carbon capture, as they exhibit 

satisfactory efficiency in adsorption and desorption of carbon dioxide (CO2). On the other 

hand, strong water chemisorption is also a known property of zeolites, so the irreversibly 

bound water vapor represents a potential problem in CO2 capturing devices. In this 

contribution, adsorption of CO2 and water on a composite zeolite/carbon material was 

compared, with a potential application in CO2 capture. Water and CO2 adsorption 

properties based on DFT calculated adsorption energies on various crystalline materials 

were estimated, thus searching for the novel materials that could be more efficient than 

zeolite in terms of better selectivity for CO2 and less affinity for water. 
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ABSTRACT 

Recycling of polymer materials is a promising way of plastic waste reduction and 

production of compounds that reduce oil-based materials dependence. This paper 

represents synthesis of waste PET-based plasticizer obtained by esterification of PET 

depolymerization products (glycolisate) and levulinic (bio-renewable chemical). 

Depolymerization of the waste PET was performed using diethylene glycol. 

Morphological and structural analyses confirmed successful depolymerization of waste-

PET, as well as esterification of the obtained product with levulinic acid. Good chemical 

resistance and mechanical properties, e.g. elongation at break of 65% and tensile strength 

of 50 MPa, of recycled PVC modified with synthesized waste-PET based plasticizer 

proved that depolymerization and modification of waste-PET represent one efficient 

solution for plastic waste recycling.  
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ABSTRACT 

The present work represents hydrogel as a composite based on sodium alginate and 

mesoporous SBA-15. The hydrogel was obtained by modifying mesoporous SBA-15 by a 

microencapsulation method of the SBA-15 in the sodium alginate matrix. The solution of 

CaCl2 provided a gelation complex of sodium alginate/SBA-15 in a rigid gel-like 

structure. The sodium alginate/SBA-15 hydrogels beads of about 3 mm diameter were 

prepared. Composite material was characterized by using powder X-ray diffraction, 

scanning electron microscopy and energy dispersive X-ray analysis. This composite 

material may have potential application in removal of metal ions – pollutants from 

aqueous solutions. 
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ABSTRACT 
The possibilities of obtaining nanoparticles of non-oxide ceramic powders of silicon 

nitride (Si3N4) by the method of carbothermal reduction and nitriding of diatomaceous 

earth, a natural bio-amorphous raw material of low crystallinity, were investigated in this 

paper. Activated carbon was used as a carbon source. In order to obtain better quality 

Si3N4 powder in a faster and more efficient way, commercial α-Si3N4 powder was 

introduced into starting mixtures. The starting mixtures of diatomaceous earth, activated 

carbon, and differnt amounts of commercial α-Si3N4 powder (5, 10, 15, and 20) wt.% 

were thermally treated for 2 h at 1350 and 1450 ºC. The obtained powders were 

characterized by the following methods: X-ray diffraction (XRD), infrared spectroscopy 

with Fourier transform (FTIR) and scanning electron microscopy (SEM). 
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ABSTRACT 
In this study, bi-layered hydrogel nanocomposites, based on gold nanoparticles (AuNPs) 

embedded in poly(N-isopropylacrylamide) (PNiPAAm) and poly(vinyl alcohol) (PVA) 

hydrogel were developed. PNiPAAm with AuNPs represents an active, while PVA 

represents a passive layer. Crosslinking of polymer matrix with stable 3D structure was 

obtained by the combination of freeze-thaw and radiolytic methods, while nanoparticles 

were synthesized using the seed-mediated approach. The UV-Vis absorption spectra and 

TEM measurements confirm the presence of spherical AuNPs, with a diameter of 30 nm. 

The influence of AuNPs on the swelling/deswelling behavior and on volume phase 

transition temperature (VPTT) in distilled water was investigated. The obtained results 

showed that values of network and diffusion parameters increase with the incorporation 

of AuNPs and that the swelling transport mechanism is a non-Fickian transport. 
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ABSTRACT 

In this paper, geopolymer (GP) samples were obtained by alkali activation of metakaolin 

(MK) as a solid precursor and then thermally treated at 900C. During the synthesis of 

geopolymer samples, amorphous phases are formed, which was confirmed by X-ray 

powder diffraction (XRD). After heat treatment of GP samples, new crystalline phases 

appeared in all tested samples. Fourier transform infrared spectroscopy (FTIR) confirmed 

characteristic bands of the Si-O and O-Si-O groups at 1007 cm–1 in thermally treated 

samples. In addition to structural analysis, morphological analysis was performed by 

SEM analysis. Due to the change of concentrations of  NaOH solution as a component of 

the alkali activator, the change of structure and morphology of thermally treated 

geopolymer samples was noticed. 
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ABSTRACT 
Four multicomponent iron-based alloys with different chemical composition, 

Fe40Ni40B12Si8, Fe72Ni8Si10B10, Fe73.5Cu1Nb3Si15.5B7, Fe79.8Ni1.5Si5.2B13C0.5 (index-at.%), 

were prepared by melt quenching on a cold rotating disc. The structure and thermal 

stability of the alloys were examined by XRD and DTA, respectively. Corrosion behavior 

of the alloys in different media, including 0.5M NaOH, NaCl and HCl, was studied by 

electrochemical measurements. The chemical composition and microstructure were 

shown to influence considerably the corrosion behavior of the alloys in various 

environments. 
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ABSTRACT 
In present study, 2,3-dicarboxypropane-1,1-diphosphonic acid-coated magnetite 

nanoparticles (Fe3O4–DPD MNPs) were evaluated for their theranostic application using 

different methods. The magnetic hyperthermia efficiency of the Fe3O4–DPD MNPs was 

investigated in saline solution with ionic strengths between 0.05 and 1.0 mol dm-3. For a 

better understanding of hyperthermia, the behavior of Fe3O4–DPD MNPs under a non-

alternating magnetic field was studied, and the transparency of the sample was measured. 
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ABSTRACT 
Performance of the TiO2 nano-objects in various applications is mainly determined by 

their size and crystalline structure which can strongly vary depending on a route of 

synthesis. Using a simple sol-gel synthesis we prepared a nanoparticulate TiO2 sample 

and subjected it to slow and fast heating protocols to obtain the final product. The 

calcined samples were experimentally characterized by X-ray diffractometry (XRD), 

Fourier transform infrared (FTIR) and UV-VIS spectroscopy. It was found that thermally 

treated samples contained mixture of crystalline TiO2 phases, and that heating speed 

strongly affected the phase composition of the prepared samples, as well as their optical 

properties. The band gap energy values were found to be lower in the fast heated 

samples. 
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ABSTRACT 
This contribution considers the state of the art of nanomembranes/quasi-two-dimensional 

materials as the emerging building blocks for nanophotonics, nanoplasmonics and optical 

metamaterials. Nanomembranes may be defined as freestanding or free-floating 

structures thinner that 100 nm (down to monatomic thickness) and with giant lateral 

aspect ratios of at least several orders of magnitude. The interest in nanomembranes 

received an additional boost with the emergence of different families of two-dimensional 

monatomic and monomolecular structures, including graphene, MXenes, phosphorene, 

etc. The confinement of the structure along the perpendicular direction results in a 

multitude of novel physical (electrical, optical, even mechanical), chemical and other 

properties. These newly discovered properties are frequently unexpected and more often 

than not even counterintuitive. Yet, nanomembranes are ubiquitous in nature, since lipid 

bilayer structures represent an unavoidable biological building block – the cell 

membrane, thus ensuring the existence of the life as we know it. Similar to the biological 

structures, the usefulness of synthetic nanomembranes becomes vastly greater with their 

functionalization (inclusion of nanofillers, layering, three-dimensional sculpting, additive 

and subtractive patterning – even including the formation of artificial ion channels, ion 

pumps and nuclear pore complexes similar to biological ones). Since we are not limited 

to the Nature toolbox, we can use unconventional materials and methods to impart 

various properties not met in biological membranes, for instance plasmonic or 

metamaterial behavior. Here we give a broad overview of techniques and methodologies 

used to produce synthetic freestanding or free-floating nanomembranes and to 

functionalize them in order to achieve the novel properties. Further we focus on the 

existing applications of nanomembranes in nanophotonics, plasmonics and optical 

metamaterials and some of their particular uses, e.g. ultrasensitive chemical or biological 

sensors. We conclude that, even though technologically still in their nascence, 

nanomembranes open a vast new field for applied research with potentials to introduce 

some functionalities of living structures into nanooptics and other fields of physics and 

chemistry, and in certain cases even to exceed them. 
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ABSTRACT 

The microwave (MW) irradiation approach is an eco-friendly, rapid and convenient way 

to produce advanced polymer nanomaterials in high yield at desirable temperatures. In 

the conventional MW approach, MW irradiation rises the bulk temperature to a 

maximum set point quickly and then the MW power automatically switches off. The MW 

enhancement of polymer reactions only occurs during application of MW energy. 

Conventional MW methods have rarely been used to synthesise conducting polymers 

(CPs). Recently, our research group introduced an ultrafast and simple enhanced MW 

approach, for the first time, to produce high yield advanced polyaniline (PANI) based 

materials at ambient temperature. In contrast with classic chemical synthesis (CS), for 

which the reaction duration can be several hours or even days, application of microwaves 

can greatly reduce the reaction duration so that product can be obtained in just 5 min with 

ca. 76 % yield in the form of nanostructured PANI. The enhanced MW approach keeps a 

constant reaction temperature over extended time intervals enabling a continuous flow of 

MW energy into the system. During simultaneously applying irradiating microwaves, the 

steady amount of energy can be transmitted to the reaction mixture, while preserving a 

constant temperature by externally cooling the reaction vessel. In this way, enhanced 

MW approach can be used to fine-tune CP synthesis reaction conditions, directing the 

morphological and structural properties of PANI based materials. 

In this study, we successfully prepared composite products of PANI and chitosan 

(Chs) of different molecular weights. The oxidizing agent potassium iodate (KIO3) was 

used, as it is suitable for scalable bulk production of PANI based composites, achieving a 

good quality product for a wide range of polymer synthesis parameters. The physical 
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integration of PANI/Ch composites was confirmed using FTIR and SEM analysis. 

Visible differences in morphology for the resulting MW PANI/Ch or CS PANI/Ch 

composites were noted depending on the molecular weight of Ch used for synthesis, this 

finding can be used to tune composite properties toward particular application. All 

PANI/Ch composites had greater antibacterial efficacy against both Gram-positive and 

Gram-negative bacteria than pure Ch or PANI. This suggests that the interaction between 

PANI and Ch in CS or MW prepared composites was able to advance the bactericidal 

efficacy of both polymers. Understanding the factors which affect the formation of PANI 

nanofibers in the composite using enhanced MW approach, together with the findings 

based on CS approach can help tuning PANI formation conditions toward the particular 

properties of PANI composites for various applications.  
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ABSTRACT 
Conducting polymers exhibit the semiconducting and metallic properties of p-conjugated 

molecular systems while keeping the mechanical and processing characteristics of 

polymers. The objective of this work is to study and understand the mechanism of 

conductivity in the copolymers of conducting polymer poly(3-hexylthiophene) grafted 

with charged poly(acrylic acid) acid (P3HT-g-PAA). The length and the density of the 

grafts, and the length and mobility of the polymer backbone are critical parameters that 

affect the flexibility and morphology and, consequently, the electrical properties of a 

graft copolymer.  

Intermolecular interactions and molecular dynamics in dedoped conducting graft 

copolymer P3HT-PAA were investigated by solid-state NMR. Specifically, the relaxation 

measurements are used to probe spin dynamics by studying low - and high-frequency 

molecular and chain motion (from tens of kHz to hundreds of MHz). The relaxation 

measurements of the grafted polymer backbone versus the not grafted polymer backbone 

allow insights into the degree to which the grafting altered the physical properties of the 

polymer. The time constants T1(
13C) (carbon spin-lattice relaxation time), T2(

1H) (proton 

spin-spin relaxation time), T1ρ
*(13C), and T1ρ(

1H) (carbon and proton rotating-frame 

relaxation) reveal the spin interactions and dynamics at the sub-micron level. Fourier 

Transform Infrared Spectroscopy (FTIR) and X-Ray Diffraction (XRD) allowed further 

detailed insight into the structural changes of the doped copolymer caused by charged 

PAA side chains grafted onto P3HT. 

 



PHYSICAL CHEMISTRY 2022 

 

 112 

J-03-P 

 

 

THE INFLUENCE OF TiO2 NANOPARTICLES ON VISCOELASTIC 

PROPERTIES AND THERMO-OXIDATIVE STABILITY OF 

POLYURETHANE NETWORK 
 

J. V. Džunuzović 1,2, I. S. Stefanović 2, E. S. Džunuzović 3, S. J. Brzić 4 and C. Marega 5  

 
1 University of Belgrade, Institute of Chemistry, Technology and Metallurgy, Center of 

Excellence in Environmental Chemistry and Engineering, Njegoševa 12, 11000 Belgrade, 

Serbia. 
2 University of Belgrade, Institute of Chemistry, Technology and Metallurgy, 

Njegoševa 12, 11000 Belgrade, Serbia. (ivan.stefanovic@ihtm.bg.ac.rs) 

3 University of Belgrade, Faculty of Technology and Metallurgy, Karnegijeva 4, 11100 

Belgrade. 
4Military Technical Institute, Ministry of Defense, Ratka Resanovića 1, 11000 Belgrade. 
5University of Padova, Department of Chemical Sciences, via Marzolo 1, 35131 Padova, 

Italy. 

 

ABSTRACT 
In this study, unmodified TiO2 nanoparticles (NPs) and TiO2 NPs surface modified with 

lauryl gallate were incorporated into polyurethane (PU) network, based on Boltorn® 

aliphatic hyperbranched polyester of the second pseudo generation (BH-20) as 

crosslinking agent and polycaprolactone (PCL) as soft segment (SS). The influence of the 

applied TiO2 NPs on viscoelastic properties and thermo-oxidative stability of the 

prepared PU/TiO2 nanocomposites (NCs) were investigated by dynamic mechanical 

analysis (DMA) and thermogravimetric analysis (TGA), respectively. DMA results 

revealed that addition of unmodified and modified TiO2 NPs led to the increase of glass 

transition temperature of SS, decrease of the glass transition temperature of hard 

segments and crosslinking density of PU network. According to the obtained results, 

PU/TiO2 NC loaded with TiO2 NPs surface modified with lauryl gallate has better 

thermo-oxidative stability than pure PU and PU/TiO2 NC prepared with unmodified TiO2 

NPs.  
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ABSTRACT 

Polyurethane/organoclay nanocomposites (PUNs) based on 4,4’-diphenylmethane 

diisocyanate (MDI) and 1,4-butanediol (BD) as the components of the hard segments 

(HS) and α,ω-dixydroxyethoxy propyl poly(dimethylsiloxane) (EO-PDMS) as the part of 

the soft segments (SS), were prepared by in situ polymerization. Nanocomposites, having 

different HS content (10 and 20 wt%), were prepared using 1 wt% of organomodified 

montmorillonite clay (Cloisite 30B®) as nanofiller. Morphology of clay nanoparticles and 

mechanical properties of PUNs were investigated by XRD analysis and tensile test 

measurements, respectively. The obtained XRD results revealed that clay nanoparticles 

were completely delaminated and well dispersed as intercalated or partially exfoliated 

layers in the polymer matrix. XRD also confirmed that prepared PUNs have amorphous 

character. Prepared PUNs have good mechanical properties, which allow them to be used 

for different purposes, such as elastomers, coatings, adhesives, etc. 
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ABSTRACT 
Polyurethane/TiO2 nanocomposites (NCs) were fabricated from environmentally friendly 

polyurethane (PU) network, based on polycaprolactone (PCL) and Boltorn® aliphatic 

hyperbranched polyester of the second pseudo generation (BH-20) as crosslinking agent, 

and unmodified and surface modified TiO2 nanoparticles (NPs). The surface modification 

of TiO2 NPs was done with lauryl gallate. The chemical structure of the prepared 

PU/TiO2 NCs was studied by Fourier transform infrared spectroscopy (FTIR), while their 

amorphous nature was confirmed by X-ray diffraction (XRD). The influence of type and 

content of the applied TiO2 NPs on swelling properties in toluene and tetrahydrofuran 

(THF) and on water absorption of the prepared PU/TiO2 NCs were investigated. The 

obtained results revealed that swelling behavior depends on the used solvent, while 

percentage of absorbed water decreases with increasing content of TiO2 NPs and it is 

generally lower in NCs prepared with modified TiO2 NPs.  
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ABSTRACT 
Chitosan is a widely investigated biopolymer with a broad spectrum of biomedical 

applications, such as wound dressings, tissue engineering and drug delivery systems, due 

to its excellent biocompatibility and biodegradability. Vanillin is a natural aldehyde, 

identified as a bio-based crosslinking agent which can simultaneously improve the 

physical, mechanical and antioxidant properties of chitosan-based materials. Herein, 

vanillin-crosslinked chitosan scaffolds were synthesized by the freeze-drying method. 

Different types of scaffolds were prepared by using low and medium molecular weight 

chitosan. The interactions established between chitosan and vanillin were studied by FT-

IR spectroscopy. Furthermore, swelling ratio, porosity and degradation were investigated, 

and the effect of various molecular weights of chitosan was evaluated. The results 

indicated that scaffolds with medium molecular weight chitosan have a high potential to 

be applied as the material for biomedical use. 
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ABSTRACT 
In this report, magnetic porous polymer functionalized with pentaethylenehexamine (mP-

PEHA) was tested as CO2 sorbent. The sorbent mP-PEHA was characterized by Fourier 

transform infrared spectroscopy in ATR mode (FTIR-ATR), scanning electron 

microscopy (SEM) and mercury porosimetry. CO2 adsorption was determined using a 

pulse gas chromatographic method. At optimal adsorption conditions (20 °C), the CO2 

sorption capacity reached 10.8 ml CO2/g (0.48 mmol CO2/g). Temperature-programmed 

desorption (TPD) experiments were conducted to calculate the activation energy of CO2 

desorption. Low activation energy (18.34 kJ/mol) and high desorption rate, with a stable 

uptake in five adsorption/desorption cycles, suggest mP-PEHA as potentially excellent 

sorbent for CO2 absorption. 
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ABSTRACT 
Kinetic, equilibrium and thermodynamic of arsenate sorption onto magnetic polymer 

sorbent based on glycidyl methacrylate were investigated. The maximum sorption 

capacity of 0.59 mg/g was obtained. The experimental data were analyzed by seven 

kinetic models and eight isotherm models. Nonlinear regression method was used to fit 

the data to the kinetic and isotherm models. Thus, two error functions; coefficient of 

determination and Chi-square statistic test were applied to evaluate the sorption data. It 

was shown that arsenate sorption obeys the pseudo-second-order model with evident 

influence of pore and film diffusion. The Freundlich and all three-parameter isotherm 

models proved to be the best representatives of arsenate sorption. Thermodynamic studies 

implied endothermic and spontaneous process in nature. 
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ABSTRACT 
Magnetic macroporous poly(glycidyl methacrylate-co-trimethylolpropane 

trimethacrylate) nanocomposite was synthesized by suspension copolymerization. The 

obtained nanocomposite was characterized by Fourier transform infrared spectroscopy 

(FT-IR), mercury porosimetry and scanning electron microscopy (SEM). Such magnetic 

nanocomposite was applied as sorbent for a dispersive solid-phase microextraction 

(DSPME) for aniline preconcentration from water samples. The parameters affecting the 

microextraction were optimized. The screening of DSPME parameters was determined 

using Plackett-Burman design (PBD). For the optimization of the most important factors 

Central Composite Design (CCD) was used. The analysis of the results showed that the 

pH value and temperature of desorption were the most significant factors. 
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ABSTRACT 
The long standing issue of the unusual impacts of glucose on cell membrane H+-ATPase 

activity is revisited, using nowadays computer protein modeling methods, extensive 

experimental data acquired in the large amount on ATPase enzymes, and theories on 

enzyme autoinhibition processes. Based on conformational calculations, possible role as a 

trigger, in oscillatory enzyme activities is proposed for glucose, together with analyses of 

configurations of its conjugates with this so important polymer molecule.  
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ABSTRACT 
The mechanism of both, formation of the supramolecular structures from two protein 

molecules in living systems, and of the impact of its formation on well-known 

phenomena of mass and heat transport, are consider starting from fundamental aspects of 

polymer conformational principles. Some new approaches to the inhibition processes, for 

the enzymes involved to those complex structure activities, are proposed.    
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ABSTRACT 

One of the most important decontamination techniques is considered to be adsorption. It 

is fast, simple, low-cost with many opportunities to modify the initial materials after 

appropriate synthesis routes etc. Numerous adsorbent materials are prepared the last years 

having as ultimate scope to remove some pollutants especially from contaminated waters 

(effluents originated from industries). But the composition of each type of effluents is 

varying. Dyes, heavy metals, pharmaceutical compounds are some major components of 

industrial wastewaters. In the last years, polymers attracted many researchers employing 

with adsorption technique, because of their excellent properties. Researchers proceeded 

with that and achieved even more effective polymeric adsorbents making some 

modification to initial polymeric chains in order to enhance the adsorption capacity and 

improve the rigidity, preparing many polymeric composites. The present lecture 

summarizes the application of a synthesized cross-linked and grafted zwitterionic 

chitosan derivative to the removal of a mixture of five anti-inflammatory compounds 

from aqueous matrix. An effective bio-based adsorptive material was synthesized using 

2-(methacryloyloxy)ethyl]dimethyl-(3-sulfopropyl)ammonium hydroxide as monomer. 

According to the functional groups of derivative and adsorption efficiency of chitosan 

(the polymeric substrate used), results indicated a high adsorption ability of tested 

material for disposal of the certain remedies from aqueous systems. Parameters like the 

pH of the solution, the initial concentration of the compounds, the temperature and the 

contact time between the novel, bio-based adsorptive material and the target compounds 

proved to affect the process. The optimum pH appears to be pH=4 and adsorption was 

ascribed to various electrostatic interactions that may take place between the adsorptive 

material and the drug affected by the functional groups, and the substituents of 

molecules. For adsorption isotherms, it was found that the Langmuir equation provided a 

better fitting than the Freundlich equation. Increase of temperature favours the adsorption 

capacity of the new material while 180 min were found to be the time required for the 

process to be completed. Also, the cost process might be negatively affected by a series 

of factors, thus additional research identifying the critical attributes and analyzing their 

financial potential is crucial. This study describes the total cost of ownership (TCO) 

model settings, equations and input data as well as the result and discussions. This 

constitutes the first time that the total cost of ownership has been applied for adsorption 

and photocatalysis at lab scale. A TCO synthesis model was employed to provide 
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quantitative estimates on the actual need and economic potential of recipes. The 

importance of looking beyond the synthesis process and making use of a safe by design 

approach during the design process has been highlighted. A thorough financial 

assessment is required for the calculation of indirect costs, considering they impose a 

significant economic burden. The research considered costs related to capital and 

operation. For the adsorption cycle, those steps (and their costs) are the actual adsorption, 

regeneration, desorption, acid wash and material recovery. Both cases revealed that labor 

and accident costs account for 80% of the synthesis TCO. For this material energy and 

maintenance cost was insignificant. This study stressed the importance of a practical 

implication. It forms the basis of a TCO model that will be employed across a number of 

adsorbents. 
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ABSTRACT 

The use of the floating aquatic plant Lemna minor as a bioindicator of freshwater 

pollution with potentially toxic elements (PTE) has many advantages, including 

accessibility, high biomass, rapid growth and reproductive rate. In this study, L. minor 

was sampled from the Begej River in the urban area of Zrenjanin and used to determine 

the PTE pollution of the river near the former successful textile factory, in the navigable 

part of the river. The concentrations of different PTEs in Begej water and L. minor 

samples were determined. The results showed that L. minor can accumulate the analyzed 

PTEs in extremely high concentrations, in the following order: Fe> Cr> Ni> Mn> Ti> 

Zn> Mo> Cu> Co> As> Pb> Cd> V> Ag. Moreover, they indicate that the plant can be 

considered a hyperaccumulator of Ni and Cr. Despite the low concentration of the 

analyzed PTEs in the Begej water, the results of L. minor indicate presumably periodic 

pollution of the surface of the river by anthropogenic activities. 
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ABSTRACT 
From June 2018 to 2020, 87 soil samples were collected from 10 locations in the National 

Park Đerdap, region of Donji Milanovac. The radionuclide content (Bq kg-1) in collected 

soil was: for 40K 80.6-1005; 238U 7.4-60.2 and 232Th 5.3-13.1. The apsorbed dose rate in 

air (nGy h-1) on the territory of NP Đerdap is in the range of 18.5 to 98.8, with an average 

value of 53.6.  Values of the external gamma dose were in the range of expected values 

and close to the average values in the world. The mean value of the annual effective dose 

in the region Donji Milanovac is 0.066 mSv and is lower than the mean value in the 

world.  
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ABSTRACT 
Along with the European Union's aspiration to double the rate of circular material use in 

the next decade, the search for acid mine drainage (AMD) remediation agents among 

waste materials and by-products is increasingly intense. Manganese removal from acidic 

effluents is particularly challenging due to the high pH values necessary for its 

precipitation. This study explores the effectiveness of alternative calcium phosphate 

materials obtained by treating crushed animal bones at different temperatures. The 

calcination of bones at 1000°C is beneficial for Mn separation from acidic effluents, 

bringing equilibrium pH to a neutral value, but sulfate ions commonly present in AMD 

significantly suppress Mn removal by such sorbent. The materials produced at 400°C-

800°C proved to be more favorable Mn sorbents in acidic solutions with high sulfate 

content. All tested bone-derived materials, including the commercial bone char, proved to 

be more effective than synthetic hydroxyapatite. 
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ABSTRACT 
Bioleaching is an environmentally-friendly approach for the extraction of useful metals 

from low-grade ores and secondary mineral materials.  

The object of this paper was to examine the possibility of microbiological solubilisation 

of copper from ore dump by Acidithiobacillus sp. B2. 

Leaching experiments were performed by the shake flask testing technique at 28 oC, 

during two-week period. The percentage of the copper leached at the 
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ABSTRACT  
The mutual interaction of metal ions (lead, zinc and copper) on removal efficiency in 

binary and ternary systems, by biosorbent based on alkali treated apricot shells (Prunus 

armeniaca L.) was examined. The evaluation was done in batch system at two metals 

concentrations: 0.2 and 0.5mmol/ dm3. Tested biosorbent exhibited preferential uptake of 

lead in a multimetal systems. It is evident that mutual inhibition exists in all multimetal 

systems, but systems containing lead ex-hibited extreme inhibition toward copper and 

zinc ions. Process of sorption depends not only on specific chemistry of each metal, their 

affinity toward binding sites and the type of metal binding onto biosorbent, but also on 

sorbent chemical and morphological characteristics. In multimetal systems, tested sorbent 

showed preferential sorption orders: Pb (II)>Cu (II)>Zn (II). 
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ABSTRACT 

Extensive use of organophosphate pesticide malathion led to its abundant presence in the 

environment. An additional concern is its transformation to the more toxic form, 

malaoxon, due to environmental conditions. Malathion and malaoxon omnipresence in 

water and soil raise the need to explore efficient procedures for their elimination. We 

used bio-waste material as an adsorbent for two pesticides. The kinetics and efficiency of 

the malathion and malaoxon adsorption on the low-cost bio-waste material obtained from 

non-treated spent coffee grounds were investigated. The results showed that the 

experimental data are a good fit with the pseudo-second-order model. The calculated rate 

constants were 0.108 g mg−1 min−1 and 4.343 g mg−1 min−1 for 1 mg mL-1 and 10 mg mL-

1 of adsorbent, respectively. It was shown that 1 g of investigated material is capable of 

adsorbing up to 40.76 mg of malathion. A satisfactory agreement of experimental results 

with the Freundlich isotherm model suggests the multilayer adsorption on the 

heterogeneous surface. Adsorption efficiency of investigated adsorbent for malaoxon was 

higher than for malathion.  
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ABSTRACT 

In this study, the adsorption capacity and removal efficiency of lead using various metal-

oxide materials from aqueous solution have been analyzed. Two SiO2-based materials, 

natural (loam) and synthesized (metal-oxide heterostructures – MOH) were investigated. 

The characterization of these samples was performed using X-ray powder diffraction 

(XRD) and Fourier-transform infrared spectroscopy (FTIR). Adsorption tests were 

performed in a batch system by varying the mass of tested materials. The highest 

adsorption capacity for Pb2+ was achieved using 5 mg of MOH (166.6 µg g-1), while the 

removal efficiency using the optimal mass (10 mg) of MOH and loam was 99.3 and 94.2 

%, respectively. Based on the obtained results, it was concluded that the synthetic 

material has higher adsorption capacity and removal efficiency than the natural material 

for the selected ion. 
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ABSTRACT 

Using two types of industrial waste materials (yarns and fly ash), adsorbents for 

removing heavy metal ions from water were obtained. To improve the adsorption 

efficiency of cotton and cotton-polyester yarns, modification using fly ash and sodium 

alginate as a binder, was applied. Characterization of materials was performed by 

Scanning electron microscopy and Fourier transform infrared spectroscopy, while the 

concentration of lead and cadmium ions was determined using atomic absorption 

spectroscopy. The modification of the material has contributed to an increase in the 

adsorption efficiency of lead and cadmium by up to twice in comparis onto the 

unmodified materials. It was found that the kinetics of the metal adsorption process can 

be better described by a second-order pseudo model. The results showed that by 

combining two types of industrial waste, cotton and cotton/polyester yarns and fly ash, 

highly efficient adsorbents for removing lead and cadmium from aqueous solutions are 

obtained.  
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ABSTRACT 
Different natural fibers and yarns (hemp, flax, and cotton), obtained as a waste from 

textile industry, were used for the removal of methylene blue from aqueous solution. In 

attempt to increase the adsorption efficiency, examined fibers and yarn were modified by 

sodium hydroxide solution. Characterization of examined samples was performed by 

scanning electron microscopy and Fourier transform infrared spectroscopy. It was shown 

that applied modification caused the differences in the distribution of hemicelluloses in 

the structure of examined fibers and fibers in yarn, inducing the changes in morphology 

and surface chemistry. These changes slightly improved the adsorption properties of 

hemp fibers, while in the case of cotton yarn modification had a negative effect on 

methylene blue adsorption. Nevertheless, adsorption efficiency of these waste fibers and 

yarns highly increase with the pH of the solution, enabling their utilization for methylene 

blue removal from wastewaters. 
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ABSTRACT 
Researches in the field of nanotechnology indicate the possibility of the development and 

application of bionanocomposites based on clay minerals and biopolymers as promising 

materials for the removal of pollutants from contaminated water. Therefore, this study is 

based on an examination of the effect of intercalation of starch or cationic starch with 

kaolin clay or diatomaceous earth on the adsorption properties of the obtained materials 

for the removal of anionic and cationic dyes from aqueous solutions. Structural 

characterization of the obtained materials was performed by Fourier transform infrared 

spectroscopy while the morphology of the samples was determined by Scanning electron 

microscopy. The removal efficiency of methyl orange and crystal violet dyes was tested 

in a batch system, while the dye concentration after the adsorption process was 

determined by UV-VIS spectrophotometry. It was found that modification of cationic 

starch with clay and diatomaceous earth improved the efficiency for removing crystal 

violet dye from an aqueous solution.  
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ABSTRACT 
Xanthates are the most widely used reagents in flotation processing of the sulfide ores, 

and, therefore largely present in tailings. Since xanthates pose certain toxicity and 

numerous negative effects from the ecological point of view it is very important to find a 

proper solution for their removal from the wastewater. In this study, xanthate absorption 

by using raw as well as modified waste slag as promising adsorbents was investigated 

with a focus on the impact of the pH value of the polluted water on the efficiency of the 

overall process. The raw waste slag showed poor performance removing only ~ 13 % of 

the xanthates, while the modified waste slag was significantly better adsorbent and 

removed ~ 99 % of xanthates. The results showed that the best adsorption capacity for 

ethyl xanthate modified slag was obtained at pH 9-10 (12 mmol/g). The obtained result 

for modified slag adsorption capacity is a good starting point for future research in the 

field of removal of xanthates from aqueous solutions. 
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ABSTRACT 

Organophosphate pesticides are primarily used in agriculture despite their high 

neurotoxicity to humans and the environment. Malathion is used in agriculture as a means 

of controlling the development of pests, but also in the protection of public health, to 

control mosquitoes and lice. However, this organophosphate compound is hazardous to 

human health. We used wood-waste-derived activated porous carbon material as an 

adsorbent for malathion removal from water. The kinetics of the malathion adsorption 

process on investigated carbon material at different temperatures was studied. The results 

showed that the experimental data are a good fit with the pseudo-second-order model. 

The calculated rate constants were 0.009 and 0.007 g mg−1 min−1 at 20 and 40 °C, 

respectively. The equilibrium was reached after 60 minutes at both investigated 

temperatures. It was shown that 1 g of the studied material could adsorb up to 186.22 mg 

of malathion at 20 °C.  
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ABSTRACT 
The chemical components in tea have received great interest because they are related to 

health. In this study the content of five heavy metals including Cu, Fe, Mn, Zn and Ni 

were determined by atomic absorption spectrometry on samples of herbal teas: Quercus 

cortex, Gentianae radix, Althaeae radix, Uvae ursi folium and Glycyrrhizae radix 

collected from Šabac's market, Serbia. Based on the obtained content of the metals in the 

analyzed herbal teas, estimated daily intake (EDI) was determined. Both target hazard 

quotient (THQ) and hazard index (HI) were employed to assess the potential health risk 

of studied metals in teas. The herbal tea samples analysed contain essential heavy metals 

(Cu, Fe, Mn, Zn) and probably essential in trace (Ni) and could contribute to the daily 

dietary requirements. The THQ from 7.76·10−4 to 5.75·10-1 and HI from 0.1059 to 0.6151 

values for tea samples were lower than 1, suggesting that consumption of tea would not 

cause significant health risks for consumers. 
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ABSTRACT 
Widespread use of organophosphate pesticide malathion raises the need to develop 

efficient procedures for its elimination from the environment. We used biowaste-derived 

carbon material as an adsorbent for malathion. It was shown that 1 g of investigated 

material is capable of adsorbing 18.34 mg of malathion at 25°C. A satisfactory agreement 

of experimental results with the Freundlich isotherm model suggests the multilayer 

adsorption on the heterogeneous surface. 

mailto:npotkonjak@vin.bg.ac.rs


PHYSICAL CHEMISTRY 2022 

 

 138 

K-16-P 

 

 

REMOVAL OF PHARMACEUTICAL RESIDUES FROM AQUEOUS 

SOLUTION BY DOPED CRYOGELS MATERIALS 
 

A. Krstić1, I. Bracanović1, P. Batinić2, D. Vasić-Anićijević1,  

Dj. Katnić1 and A. Kalijadis1 

 
1University of Belgrade, Vinca Institute of Nuclear Sciences - National Institute of the 

Republic of Serbia, Mike Petrovića Alasa 12-14, Belgrade, Serbia   
2Institute of Medicinal Plants Research "Dr Josif Pancic", Tadeuša Koščuška 1,11000 

Belgade, Serbia 

E-mail: aleksandar.krstic@vinca.rs 

 

ABSTRACT 

The aim of this work was a synthesis of nitrogen and sulfur co-doped carbon cryogel 

(CCNSs) (with nominal concentrations of 2 and 6 wt.%), as well as pristine carbon 

cryogel (CC). Samples were tested for removal of pharmaceutical residues 

carbamazepine (CBZ) and naproxen (NPR) which are recognized as water contaminants. 

Composition and surface characterization were performed by elemental and BET 

analysis. Kinetics and equilibrium adsorption studies were investigated using a batch 

experimental approach. Effect of pH of pharmaceutical solution on adsorption efficiency 

was also investigated. Determination of pharmaceuticals was performed by the UPLC 

technique coupled with a PDA detector. Obtained results showed that by 

functionaliziation of carbon materials through the doping/co-doping, it is possible to 

improve their adsorption characteristics which was the goal of this work.  
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ABSTRACT 

Chemometric techniques were used to analyze the quality of groundwater data sets. 

Thirteen water quality parameters:  T °C, pH, EC, the cations Na+, K+, Ca 2+ and Mg 
2+,the anions Cl-, SO4,

2- NO3
¯

,
 PO4 

3- , Total N, Toatal P and eight trace elements Pb, As, 

Ni, Cu, Cd, Hg, Zn and Cr were measured at 12 different key sampling sites for the 

winter period of 2017. Cluster Analysis (CA) grouped the sample sites into two clusters 

based on the similarities of the characteristics of the groundwater quality. Factor analysis 

(FA) was applied on the log-transformed data sets and allowed the identification of a 

reduced number of factors with hydrochemical meaning. The results showed severe 

pollution with EC, Total N, NO3
¯

, SO4,
2-, Cd, and Pb whereby anthropogenic origin of 

these contaminants was indicated. The pollution comes from scattered point sources 

(industrial effluent) and diffuse source agricultural activity. These samples may not be 

suitable for human consumption; the water quality belongs to class III/IV (contaminated). 

The concentrations of the other parameters did not exceed the guidelines (WHO and 

MWQ) for safe water. The results of the chemical analyses showed that the groundwater 

in the alluvial area of Danube River near Kostolac Basin, Serbia is generally of chemical 

quality suitable for domestic or agricultural use at most of the tested locations; water 

quality of class II. 
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ABSTRACT 

The aim of this paper is to determine the impact of Power Plants and Mines Kostolac, 

(TE-KO) on the quality of soil in the surrounding environment. The investigation 

included the surface soil layer that was sampled and tested during 2017. A total of 20 

samples of Kostolac soil were analyzed for the content of 8 heavy metals: Cu, Pb, Cd, Zn, 

Hg, As, Cr and Ni. The analyses were carried out by atomic absorption 

spectrophotometer technique according to the EPA method and the following conclusions 

were made: Kostolac coal ash affects the quality of the surrounding soil in terms of Ni 

and Cu as evidenced by the strong correlation of the Ni-Cu pair (r = 0.88). The 

anthropogenic origins of Pb, and Cd elements were addressed due to energy plants 

activities. Except that, in the area surrounding the analyzed area there is a network of 

local roads with active traffic, maybe as well response to high valeas of Pb and Cd. The 

negative correlation between Hg and other heavy metals could be the occurrence of a 

different causal factor, or a different source of the soil contamination, unburned coal 

residues and mineral fertilizers.   Microelements (Cr, Zn and As) were mostly of a 

geological origin. The results suggested that most of the variations could be explained by 

a set of natural inputs and anthropogenic pollution. Among the investigated elements, Ni, 

Cd, and Hg showed a higher potential ecological risk, than the other metals. Determined 

indices for the researched heavy metals indicate that some sampling sites do have a 

moderate ecological risk to the environment in these areas.  
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ABSTRACT 
The research was focused on the examination of level of 90Sr, as one of the most toxic 

radionuclides of artificial origin, in spring waters from the yards of selected monasteries 

from the territory of the Republic of Serbia, as well as the Montenegro, considering that 

their radiological quality assessment has not been confirmed so far. After collection and 

appropriate chemical-analytical treatment of samples, the 90Sr activity concentration was 

determined by beta spectrometry method. Knowing the level of 90Sr activity in drinking 

water is extremely important because it allows comparison with the recommended value, 

above which it is assessed whether the presence of the radionuclide in drinking water 

poses a risk to human health, which requires protection measures or remedial measures to 

improve water quality in accordance with the requirements for the protection of human 

health from the point of view of protection against ionizing radiation. 
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ABSTRACT 
This work discusses the appearance mechanism and structure of a transient phase state in 

the gas-liquid layers of organic systems forming near a solid surface at evaporation-

condensation process in terms of IR and DFT study. Due to its ambiguous phase spectral 

characteristics, this state resembles a supercritical fluid that forms at high temperature 

and pressure and represents both gas and liquid. Under ambient conditions, these layers 

represent an intermediate stage of the gas-liquid phase transition. Similar transformations 

caused by supramolecular and variable spatial arrangement of organic liquids play a 

crucial role in the heterogeneous catalysis.     

The substituted methane, ethane, silane, and aromatic organic systems have been 

selected because they are involved in many preparative and technological processes, 

where the transient phase state phenomenon might provide the reaction mechanism. 

Besides, this selection allows to evaluate the role of different intermolecular bonding 

types in the near-surface transformation. 

The experimental approach to the gas-liquid layers preparation and its investigation by 

IR spectral methods includes four possible pathways: 1) evaporation into a small and 

enclosed space of an optical cell at ambient temperature combined with a compression-

expansion procedure; 2) evaporation by heating between optical windows in a wide 

temperature range from 320 to 400 K; 3) compressing a liquid with an optical material 

(KBr) into a solid matrix; 4) low-temperature films freezing-defrosting procedure in a 

wide temperature range from 20 to 200 K. 

IR study of the methane systems (CCl4, CHCl3, CH2Cl2, CH3I, CH3NO2, CH3CN, 

CH3OH) has revealed the formation of the transient phase state with dual gas-liquid 

properties provided by different cluster shapes of the molecular system. Transformations 

of a similar state in the silane systems (SiCl4, SiHCl3, SiH2Cl2) lead to a significant 

change in their properties, particularly, in the considerably growing resistance to an air 

oxidation. 

IR data for the substituted ethane systems (1,2-C2H4Cl2, 1,1,2-C2H3Cl3, 1,1,2,2-

C2H2Cl4) show that the evaporation-generated layers have both liquid and gas phase 

properties like in methane systems. Presumably, this transient state is integrated into the 

spatial arrangement of the liquid bulk due to the intermolecular hydrogen bond. 

IR data for aromatic systems (C6H6, C4H4O, C4H4S) also indicate the near-surface 

transformations that can be assigned to the transient phase formation. The behavior of 

this state reminds the disintegrating of the aromatic rings’ stack arrangement in the gas-

liquid systems.  
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DFT modeling of the transient state formation and transformations shows that it 

possibly appears due to the mobile molecular clusters’ appearance not only in the liquid, 

but in the gas phase as well. These clusters have different structure accompanied by 

halogen–carbon or halogen–silane interactions, classic hydrogen bond formation, or 

intermolecular π-bonding as in aromatic systems.  

All of the above leads to the conclusion that at the condensation-evaporation process 

of the organic liquids, the transient phase state with the dual gas-liquid properties forms 

near a solid surface. The most significant property associated with the formation of these 

layers is the activation of the initial components, bypassing the stage of a complex 

formation with a catalyst. This state to some extent can be considered as a fluid-like 

system forming at ambient conditions. 
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NEW MACROCYCLIC Cu(II) COMPLEXES WITH 

LEUCINE/ISOLEUCINE CO-LIGANDS   
 

M. Antonijević Nikolić1, B. Dražić2 and S. Tanasković2 

 
 1Academy of Applied Studies Šabac, Department for Medical, Business and 

Technological Studies, Šabac, Serbia (nikanto@ptt.rs) 
2 Faculty of Pharmacy, University of Belgrade, Belgrade, Serbia. 

 

ABSTRACT 
Two new bridged dinuclear Cu(II) compounds of tpmc (N,N',N'',N'''-tetrakis(2-

pyridylmethyl)-1,4,8,11-tetraazacyclotetradecane) and co-ligands L-leucine or L-

isoleucine have been synthesized and characterized. The complexes were prepared in the 

reaction [Cutpmc](ClO4)4∙6H2O and aminocarboxylates. The complexes were 

characterized by elemental analysis (C, H, and N), molar electrical conductivity and 

spectral methods (UV/vis and FTIR). The analytical data of the complexes show the 

formation of binuclear complexes with the proposed formula [Cu2(L)tpmc](ClO4)4, L=L-

leucine (1) and L=L-isoleucine (2). The spectroscopic data suggested that the tpmc is 

coordinated to Cu(II) through eight N donors and amino carboxylate ligands via their 

carboxylate ion moieties.  
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ABSTRACT 

The NH···O interactions for coordinated ammonia and ethylenediamine were compared. 

The results have shown that in crystal structures coordinated ammonia have more 

pronounced tendency to build bifurcated interactions than coordinated ethylenediamine. 

The calculations revealed that coordinated ethylenediamine has stronger interaction due 

to higher electrostatic potential on interacting atom and less side repulsive interaction.  
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ABSTRACT 
Ruthenium complexes have attained attention in the scientific literature as promising 

anticancer agents due to their lower toxicity to healthy cells, increased selectivity, lower 

resistivity, and antimetastatic properties. A novel Ru(II) complex, [Ru(η6-cym)Cl2(1-

NNHNH2)], was obtained from p-cymene Ru(II) dimer with 1-naphthylhydrazine (1-

NNHNH2) under mild conditions. The structure of the compound was confirmed by the 
1H NMR, IR, and Raman spectroscopies. The spectrofluorometric measurements were 

employed to study the binding affinity toward transport proteins. It was shown that this 

process occurs spontaneously, with the change in Gibbs free energy of reaction being -30 

kJ mol-1. It is assumed that π-π interactions are the dominant ones between the 

surrounding amino acids and p-cymene/naphthalene moieties of the title compound. 
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ABSTRACT 
Piano-stool ruthenium(II) complexes with aromatic ligands are promising candidates as 

antitumor compounds. The novel binuclear ruthenium(II) complex with a 1-

napthtylhydrazine (1-NNHNH2) ligand, [{Ru(η6-cym)Cl}2(μ-1-NNHNH2)(μ-Cl)]PF6 is 

described in this contribution from the structural point. The crystallographic structure was 

obtained by X-ray crystallography and described. The Hirshfeld surface analysis was 

performed to obtain quantitative parameters for the stabilization interactions between 

various contact atoms. The importance of intermolecular hydrogen bonds was shown. 

The optimization of structure at the B3LPYP level of theory with a 6-31+G(d,p) basis set 

for ligand and LanL2DZ for ruthenium(II) was done based on the experimental structure. 

The most prominent bonds were compared and the applicability of chosen level of theory 

was shown. The interactions of title compound with bovine serum albumin, a model of 

transport protein, were investigated by spectrofluorometry. The binding process is 

spontaneous, with the change in Gibbs free energy being around -30 kJ mol-1 for the 

investigated temperature range. 
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ABSTRACT 
Infant nutrition is essential for their growth and development. This research aims to 

determine the total antioxidant capacity of the infant food for preterm infants and indicate 

adequate methods for testing the quality and biological value of milk and infant food. The 

total antioxidant capacity (TAC) was determined in human milk and an infant formula for 

premature infants. The determination of the total antioxidant capacity was made using 

cyclic and differential pulse voltammetry, potentiometry and electron paramagnetic 

resonance spectroscopy. The results of three comparative electrochemical methods 

indicate that human milk has a higher antioxidant potential compared to infant formula, 

which contributes to better physiological development of the child. Fenton-based electron 

paramagnetic resonance spectroscopy method provides additional insight into TAC 

analysis, whereby a carbon-centered radical and an ascorbyl radical are formed in infant 

food. All methods can be used to determine TAC, since the results obtained individually 

with each method follow the same trend. 
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ABSTRACT 
Apple pomace flour (APF) obtained by dehydration of minimally processed apple 

pomace and subsequent grinding represents a rich source of dietary fibers (DF) and 

polyphenolics. The nutritional, physical and structural property of APF was further 

enhanced by fluid-bed granulation with inulin and pectin (10% w/w). Maltodextrin (5% 

w/v) was used as a binder. Chosen prebiotics additionally improve ratio of carbohydrates 

to DF and consequently the anti-obesity effect of APF while its transformation into dust-

free granules can enable easier manipulation, consumption or compression into tablets. 

Significantly improved flowability of granulated mixtures was confirmed. Particle size 

increased up to 3 times compared to starting material. Carr index decreased from 27.5 to 

16.8 and 28.6 to 21.9 while the Hausner ratio from 1.38 to 1.20 and 1.40 to 1.28 for APF 

mixture with inulin and pectin, respectively. An increase in glass transition temperature 

along with a water activity decrease implied better storability.  
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ABSTRACT 
Positive effects of moderate wine consumption in individuals with cardiovascular 

disease, hypertension, diabetes, and cancers have been shown in numerous 

epidemiological and clinical studies. This research examined the phenolic content of 

commercial and two clonal Merlot wines as well as their biological potential. The 

obtained results indicated that all analyzed samples were a good source of phenolic 

compounds. Cytotoxicity assay on melanoma (A375) and cervical (HeLa) cancer cell 

lines have shown that all analyzed wines inhibited the growth of human cancer cells in 

vitro with differing susceptibility among tested cell lines. Clonal wines in the volume 

ratio of 10 and 20% showed to be more efficient anti-proliferative agents than 

commercial wine regarding the A375 cells. This could be connected with higher total 

phenolic content in clonal wines. The effect of all analyzed samples on the A375 cells 

was greater compared to HeLa cell line.   
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ABSTRACT 

At the industrial scale level, minimally processed tomato and carrot pomace was 

subjected to dehydration below 55 °C, stabilization, and grinding to desired particle size 

without heating. Tomato and carrot pomace flour (TPF and CPF) with low content (≤ 

7%) and water activity (aw) (0.4), as well as the temperature of glass transition (Tg) 

significantly above the standard temperature of storage (39 ºC), was further analyzed as a 

source of nutrients lacking in the modern diet. Proximate composition was determined. 

Very high content of dietary fibre (DF) was confirmed, while carbohydrate content was 

significantly lower than in apple pomace flour (APF). The ratio of carbohydrates to DF 

proved that TPF (0.3) and CPF (1.0) addition can lower the glycaemic index and/or 

glycaemic load of various food formulations. High content of polyphenols, as well as 

prominent antioxidant activity, determined upon in vitro digestion additionally confirm 

the high potential of TPF and CPF in food fortification. In addition, TPF can be claimed 

as high in protein. 
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ABSTRACT 
This work considers possible uses of fruit-based waste for the production of valuable 

chemicals and biofuel precursors through recycling by thermochemical conversion. Slow 

pyrolysis of Goji berry mesocarp (GBM) as sugar-rich feedstock was investigated using 

simultaneous thermal analysis (STA) measurements in non-isothermal conditions. 

Results reveal that pyrolysis of GBM represents a promising route to obtain important 

key platform chemical - 5-hydroxymethylfurfural (5-HMF). It was found that 

autocatalytic dehydration of fructose (in a presence of Lewis acids) is responsible for 

production of 5-HMF at a low heating rate (5.0 K/min) with a maximum 5-HMF 

theoretical yield of 63.20 %. Higher heating rates (10.0 and 15.0 K/min) trigger fructose 

autogenesis behavior which opens the transferability channel to glucose engagement for 

5-HMF theoretical high yield production. 

 



PHYSICAL CHEMISTRY 2022 

 

 156 

N-06-P 

 

 

ANTIRADICAL ACTIVITY OF NEW STRAWBERRY CULTIVAR 

EXTRACTS INCORPORATED INTO LIPOSOMES – AN EPR 

STUDY 
 

Đ. Nakarada 1, D. Milosavljević 2, J. Milivojević 3, J. Dragišić Maksimović 2 and M. 

Mojović 1 

 
1University of Belgrade, Faculty of Physical Chemistry, 

 Studentski trg 12-16, 11000 Belgrade, Serbia. (djura@ffh.bg.ac.rs) 
2University of Belgrade, Institute for Multidisciplinary Research, Kneza Viseslava 1, 

11030 Belgrade, Serbia,  
3University of Belgrade, Faculty of Agriculture, Nemanjina 6, 11080 Belgrade, Serbia  

 

ABSTRACT 

Strawberries are rich in various health-promoting compounds. A particularly high yield 

of these molecules could be extracted using methanol which is unfortunately harmful to 

living beings. To surpass the problem of solvent toxicity, in this paper, we have 

incorporated methanol extracts of two novel strawberry cultivars into liposomes. Our 

results show that both extracts possess significant antiradical activity towards hydroxyl 

and DPPH radicals, unaltered by lipids from liposome membranes. These results indicate 

that otherwise toxic extracts could easily be turned into a promising pharmaceutical 

product. 
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ABSTRACT 
Food waste is becoming a burning issue intertwined with various other environmental 

problems that require urgent attention. Citrus waste comprises a large portion of the total 

food waste generated upon production of juices, jams and essential oils. Its disposal into 

the soil presents an environmental threat, due to high oxygen and nitrogen consumption, 

and CO2 emission upon degradation by a soil microbiome. Bearing in mind that citrus 

waste is composed of very valuable compounds, their extraction may help in the 

reduction of generated biowaste. However, extraction procedures need to be optimized in 

order to reduce their impact on the environment. In the present study, we suggest a 

microwave-assisted method for pectin isolation from red orange peels by using citrate 

solution as a “green” alternative extraction agent. The results indicate that this procedure 

gives high yields of low-esterified, negatively charged pectin, that may be a suitable 

candidate for a variety of applications. 
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ABSTRACT   

Insomnia is a highly prevalent sleep disorder affecting 33-50% of adult population. Z 

drugs arose as suitable insomnia treatment due to binding selectivity and 

pharmacokinetic, with reduced potential for abuse and lower affinity for tolerance and 

withdrawal syndrome. Zaleplon binds selectively to the α1 subunit of the γ-aminobutyric 

acid receptor (GABAAR) and, as positive allosteric agonist, increases the efficacy of 

GABAAR channel opening. Although been on the global market for a long time, 

molecular studies related to Zaleplon and other Z drugs are scarce. We examined GABA 

level across the rats’ prefrontal cortex (PFC) and hippocampus (HIP) and expression of 

synaptic GABAAR α1 subunit in these brain regions following 5-days Zaleplon treatment. 

Increased GABA and GABAAα1 levels were observed in the HIP while in the PFC 

GABA were unchanged and GABAAα1 level decreased. This region-specific effect and 

potential cross-talk between GABA and other signaling will be further examined. 
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ABSTRACT 

Cytotoxicity and prooxidative properties evaluation of three Wells-Dawson 

polyoxotungstates that were published as potential contrast-enhancing staining agent 

(CESA) candidates for micro-computed tomography (microCT): parent Wells-Dawson 

POM α2-K6P2W18O62
.14H2O (parent WD), monolacunary Wells-Dawson POM α2-

K10P2W17O61
.20H2O (lacunary WD), and 1:2 hafnium(IV)-substituted Wells-Dawson 

POM K16[Hf(α2-P2W17O61)2]·19H2O (Hf-WD 1:2), was carried out in vitro. Oxidative 

stress indicators, reduced glutathione (GSH) and malondialdehyde (MDA) levels were 

determined in human blood plasma after 4 and 24 h treatment with the selected 

polyoxotungstates, within the concentration range 1-100 µM at 37 °C, and 

polyoxotungstate-induced cytotoxicity was assessed by monitoring cell viability in 

peripheral blood mononuclear cells (PBMCs). The results demonstrated that each of the 

studied promising CESAs resulted in a decrease of human PBMC viability in 

concentration- and time-dependent manner, and Hf-WD 1:2 exhibited the strongest 

cytotoxic properties inducing up to 50% decrease of the cell viability related to 

corresponding control. However, only Hf-WD 1:2 might be considered a potential 

prooxidant that resulted in a significant decrease of human plasma GSH level, whereas 

none of the investigated polyoxotungstates did not cause membrane lipid damage. 

Conclusively, parent WD, lacunary WD, and Hf-WD 1:2 could not be considered safe 

primarily from a cytotoxic point of view, thus more extensive in vitro and in vivo studies 

are needed for the toxicological profile assessment of the studied promising CESA 

candidates for the soft tissue visualization using microCT.  
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ABSTRACT  

Benzodiazepine alprazolam is used for treatment of anxiety, panic and sleep disorders. 

Prolonged alprazolam action on GABAergic signaling indirectly induces adaptive 

changes in other neurotransmission circuits in the brain including glutamatergic 

neurotransmission contributing to commonly observed side effects. Excitatory amino acid 

transporters 1 and 2 (EAAT1/2) are two major glutamate transporters in the brain 

responsible for glutamate uptake and regulation of its synaptic level. Therefore, the aim 

was to investigate potential effects of prolonged ALP treatment on protein expression of 

EAAT1/2 in hippocampus of adult male Wistar rats as well as in vitro in isolated 

astrocytes. Results indicated increased protein expression of EAAT1 in vivo as well as in 

vitro while EAAT 2 was decreased in both conditions. These findings provide strong 

evidence for modulation of glutamatergic neurotransmission that may contribute to side 

effects of prolonged alprazolam (benzodiazepine) treatment. 
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ABSTRACT 
The apparent ionization constants (pKa*) of raloxifene have been determined 

potentiometrically in methanol–water mixtures (45% - 55% wt/wt) and the pKa values 

(pKa1=7.21±0.02, pKa2=7.86±0.02, pKa3=9.97±0.04) which define the ionization in 

aqueous media were obtained by extrapolation of the pKa* values to 0% of methanol. 

Obtained pKa values were assigned to corresponding ionization centers. On the basis of 

the ionization constants determined in this study distribution of raloxifene equilibrium 

forms have been calculated. 
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ABSTRACT 
The ionization constants (pKa) of ceftazidime, third generation cephalosporin, were 

determined by potentiometry. Ceftazidime is an ampholyte with four ionizable centers, 

three acidic centers (two carboxyl groups and amide group) and one basic center 

(aminothiazole). Potentiometric determinations were performed at 25 °C and constant 

ionic strength of 0.1 M (NaCl). Experimental data were analyzed by computer software 

Hyperquad and four pKa values were derived: pKa1 2.55; pKa2 3.94; pKa3 4.54 and pKa4 

7.55. According to the obtained pKa values distribution diagram as a function of pH was 

constructed and distribution of the ceftazidime equilibrium forms was calculated at a pH 

values of biopharmaceutical significance (pH 1.2, 4.5, 6.8 and 7.4). In addition, based on 

the chemical structure of ceftazidime the order of ionization were suggested. 
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ABSTRACT 
Living cells exhibit multiple ion channel proteins and malfunction of these channels 

underlies numerous diseases. Channelopathies include diseases of the nervous, 

cardiovascular, respiratory, endocrine, urinary, and immune system. Currently, ion 

channels represent the second-largest target for existing drugs. Here, using the whole-cell 

patch-clamp technique, we explored the epinephrine effect on membrane ionic currents in 

glioma C6 cells. We demonstrate that epinephrine specifically evokes an increase of C6 

cells outward ionic currents that is stable within 10 min, while it does not affect inward 

currents. Our results thus provide fine resolution and time frame for targeting ion channel 

activity that is crucial in pharmacological investigations.  
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ABSTRACT 
Development of magnetic nanoparticles (MNPs with excellent heating abilities, yet easy 

to be radiolabeled, suitable for dual magnetic hyperthermia/radionuclide cancer therapy is 

still a challenge. Aiming to explore MNPs as potential theranostic nanoagent, we used 

phosphates (IDP and IHP) and phosphonates (MDP and HEDP) coated Fe3O4 magnetic 

nanoparticles (MNPs). The magnetic hyperthermia efficiency of MNPs was evaluated in 

an alternating magnetic field at 30 mT and 397 kHz. Phosphate-coated MNPs were 

radiolabeled with 177Lu in a reproducible high yield (99.1% for Fe3O4–IDP MNPs and 

99% for Fe3O4–IHP MNPs, while the radiolabelling yield of phosphonate-coated MNPs 

was 78.7 % for 177Lu-MDP MNPs and 75.0 % for 177Lu-HEDP MNPs. In vitro stabile 

radiolabeled nanoparticles in saline and HSA were obtained. Overall, in vitro stability as 

well as heating ability indicate that biocompatible radiolabeled phosphate and 

phosphonate MNPs exhibit promising potential as a theranostic nanoagent. 
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ABSTRACT 
Doxycycline as adjuvant therapy to conventional chemotherapy has shown promising 

results in cancer therapy. We aimed to examine the capability of 177Lu-labeled 

doxycycline hyclate, as anticancer agent. Doxycycline was radiolabeled with beta-

emitting radioisotope 177Lu. Complex formation and DNA interaction was investigated 

electrochemicaly.  Biodistribution of 177Lu-doxycycline was examined in CT26 colon 

carcinoma tumor bearing mice. Radiolabeling yield was over 99%. 177Lu-doxycycline 

was stable in vitro in saline and human serum over 72 h. Non-radioactive Lu-doxycycline 

complex formation was demonstrated electrochemically as well. Tumor accumulation of 
177Lu-doxycycline after 3 h was 2.88±0.85% ID/g. 177Lu-doxycycline complex, due to its 

excellent electrochemical and biological characteristics, and significant accumulation in 

the tumor, is suitable for further in vivo studies to investigate its potential use in cancer 

treatment.  
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ABSTRACT 
Ziprasidone (ZIP) is the second generation antipsychotic drug with unique G-protein-

coupled (GPCR) receptor binding profile. It is a highly lipophilic and unstable 

compound. Our group developed and validated the single liquid chromatographic (LC) 

system for simultaneous determination of ZIP and its five main impurities (IMPs) and we 

modelled the Quantitative Structure Retention Relationship (QSRR) of the additional ten 

compounds including unknown detected degradant.  One of two  proposed structures 

were confirmed by  UPLC-MS/MS study. The further characterisation of unknown  

degradant was performed with NMR studies as un versatile tool for characterisation of 

each compound and it is presented. Through several experiments which consists of 

investigation of chemical shitfs in NMR spectra of ZIP degradation products the structure 

of unknown degradant was proposed and confirmed as in previous experiments. 
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ABSTRACT 
Ketamine emerged recently as a novel and highly effective anti-depressant drug. 

However, the effects of ketamine, although rapid and robust, are transient and may 

involve the unwanted side effects. Thus, the enhancement of ketamine-based anti-

depressive therapies is essential. Ketamine action depends on opioid signaling and kappa 

opioid receptor (KOR) inhibition can have antidepressive effect. In this study, the 

combined ketamine and KOR antagonist norbinaltorphimine (NorBni) treatment 

augmented the anti-depressant effects of ketamine in the cumulative unpredicted stress 

(CUS) mouse model of depression. The combined treatment had a bidirectional effect on 

mTOR and JNK signaling pathways in the striatum (STR), one of the brain structures 

implicated in the pathology of depression. These results strongly suggest that the 

simultaneous modulation of glutamate and opioid signaling can improve the anti-

depressive effects of ketamine.  
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ABSTRACT 

The main goal of this work was the elucidation of the binding interactions between 

bovine serum albumin (BSA) and methionine coated silver nanoparticles (AgNPs) under 

physiological like conditions using fluorescence spectroscopy techniques. The quenching 

of BSA’s tryptophan fluorescence has occurred at the concentration-dependent manner. 

The linear shape obtained for Stern-Volmer plots and its larger slope at higher 

temperatures indicated mixed static and dynamic quenching mechanisms. The values of 

quenching constants, Ksv and the bimolecular quenching rate constants, kq, pointed out 

the existence of binding interactions between BSA and AgNPs. The binding constants, K, 

with values around 1 × 104 M-1, indicated low to moderate binding interaction with one 

binding site. Determined thermodynamic parameters ΔHo  < 0, ΔSo < 0  and ΔGo < 0 at 

different temperatures pointed out spontaneous processes, where hydrogen and van der 

Waals interactions play a major role in the binding.  
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ABSTRACT 

The goal of this work was to investigate the inhibitory potency of three derivates of 2-

phenyl-1,2,3,4-tetrahydroisoquinoline (THIQ) with different substituents at C3 and C4 

positions, namely 65P,71P and 66P, toward two cholinergic enzymes, acetyl and 

butyrylcholinesterase. The screening test showed that only compound 65P possesses 

inhibition activity higher than 50 % at 10 μM concentration toward both enzymes. The 

inhibition potency obtained at 10 μM of THIQ was correlated with differences in THIQ’s 

structures in order to predict the structure-activity relationship. It was found that the 

introduction of the methoxy group at positions C3 and C4 led to decreased inhibition 

potency, while the removing of fluorine atom from the benzene ring increases selectivity 

toward acetylcholinesterase. The IC50 value gained during the evaluation of inhibition 

activity of 65P indicated strong inhibition potency of this compound, while Hill’s 

coefficient ~ 1 indicated the non-existence of cooperativity and one binding site on both 

enzymes clearly indicating that THIQ could be promising therapeutic drugs in the 

treatment of Alzheimer’s disease.  
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ABSTRACT 

The aim of this study was to investigate the inhibition potency of two Zr-based POMs, 

(Et2NH2)10[Zr(PW11O39)2]·7H2O and (Et2NH2)8[(α-PW11O39Zr-(μ-OH)(H2O))2]·7H2O, 

named POM1 and POM2 respectively, against acetylcholinesterase, in order to evaluate 

their anti-Alzheimer potential. Additionally, the effect of net POMs’ charge and the 

number of Zr atoms on the inhibition potency was evaluated. In the POMs’ concentration 

range from 1 × 10-3 - 1× 10-10 M, sigmoidal-shaped concentration-dependent curves for 

the inhibition of acetylcholinesterase activity were observed for both POMs. The IC50 

values indicated inhibition potency with IC50 (2.07 ± 0.65) × 10-5 M and (3.82 ± 0.58) × 

10-5 M for POM1 and POM2, respectively. The obtained negative values of Hill’s 

coefficient, 0.69 ± 0.07 for POM1 and 0.63 ± 0.11 for POM2 indicate negative 

cooperativity, while POMs’ net charge and the number of Zr atoms influenced the 

inhibition. The obtained results suggest that selected POMs show potential to be further 

developed into more potent anti-Alzheimer Zr-based POM drugs.  
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ABSTRACT 
Controlled drug delivery systems are of great interest in modern science and medicine. 

This study was oriented towards encapsulation of synthetic lignin (DHP) into alginate 

beads and investigation of its release kinetic. Encapsulation was achieved by the 

ionotropic gelation method. In vitro release profiles were fitted into four release kinetic 

models (zero-order, first-order, Higuchi, and Korsmeyer-Peppas).  According to the in 

vitro release, data alginate beads showed initial burst release followed by prolonged 

release. The best correlation was found for the Korsmeyer-Peppas model (R2 = 0.948), 

with an n value lower than 0.43, indicating the DHP transport mechanism was controlled 

by quasi-Fickian diffusion. This delivery system could be promising for chronic wound 

care and antibacterial treatment. 
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ABSTRACT 
This study investigated acridine and its derivatives (9-chloroacridine and 9-

aminoacridine), heteroaromatic compounds, as potential anticancer agents supported on 

FAU type zeolite Y. Samples were characterized with the Fourier-transform Infrared 

spectroscopy, while spectrofluorimetry was employed for drug quantification. To 

investigate the effects of the tested compounds on cell viability, in vitro the 

methylthiazol-tetrazolium (MTT) colorimetric technique against human colorectal 

carcinoma (cell line HCT-116), was used. Zeolite structure remained unchanged during 

drug impregnation and derived drug loadings were 17.9 mg/g for acridine, 21.4 mg/g for 

9-chloro- and 18.7 mg/g for 9-aminoacridine. The highest release of µM concentrations 

and favourable kinetics was established for zeolite-supported 9-aminoacridine. 

Cytotoxicity results are well correlated with the pH-dependent release study, giving 

promising results for applicative purposes. 
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ABSTRACT 
A novel and favorable antibacterial agent as a combination of copper nanoparticles 

(CuNPs) and polypyrrole (PPy) is presented. By simple in situ polymerization method, 

copper/polypyrrole (Cu/PPy) nanocomposite with spherical CuNPs, around 25 nm in 

diameter, uniformly dispersed throughout PPy matrix with granular morphology, was 

characterized and subjected to determination of antibacterial activity toward bacteria 

Escherichia coli and Staphylococcus aureus. Knowing that when acting alone, CuNPs 

and PPy have already shown antimicrobial responce, their mutual and synergetic 

engagement against bacteria in this survey is somewhat expected. After a twenty-four-

hour interaction with S. aureus, already 2 ppm of Cu/PPy with only 9.45 wt% content of 

Cu is acting almost completely cidal, with 99.17% of bacterial growth inhibition. Such 

nanocomposite could easily find application in water disinfection, soil sterilization and 

food preservation. 

 


