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Invited Lecture I

Raman Microscopy of Microalgae: New Challenges and Opprotunities in the World of
Photosynthetic Microorganisms
P. Mojzeša*, Š. Moudříkováa, J. Pilátováb, L. Gaoc, L. Nedbalc, K. Bišovád, A. Solovchenko e
a

Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5, CZ-12116 Prague 2, Czech Republic
b
Faculty of Science, Charles University, Viničná 5, CZ-12844 Prague 2, Czech Republic
c
Forschungszentrum Jülich, Wilhelm-Johnen-Straße, D-52428 Jülich, Germany
d
Centre Algatech, Institute of Microbiology, CAS, Opatovický mlýn, CZ-379 81 Třeboň, Czech Republic
e
Faculty of Biology, Moscow State University, Leninskie Gori 1/12, 119234, GSP-1, Moscow, Russia
*mojzes@karlov.mff.cuni.cz

Autotrophic microalgae use sunlight, carbon dioxide, and inorganic nutrients to biosynthesize complex
organic compounds. Algae represent a large group of phylogenetically diverse organisms adapted to live at
different, often extreme habitats, and capable of producing various substances that may be used as renewable
raw materials. To better understand the peculiarities of their metabolism, as well as for efficient search and
phenotyping of new strains suitable for industrial use, methods
allowing rapid detection, simultaneously with imaging and
quantification of various biomolecules directly within the intact cells
are more than desirable.
Confocal Raman microscopy, the method combining molecular
specificity of vibrational spectroscopy with the spatial resolution of the
confocal optical microscopy, may be a method of choice for
investigation and rapid chemical mapping of various microorganisms
Nevertheless, its routine applicability to photosynthetic microorganisms, especially microalgae, has long been hindered by a strong
autofluorescence of photosynthetic pigments interfering with Raman
spectra. Recently, we have developed a simple methodology [1] for fast
and efficient suppression of the chlorophyll fluorescence, which opens
the door wide into this exciting but little-explored field.
Besides the simultaneous detection, visualization, and
quantification of already known compounds [1, 2], conventional
Raman microscopy based on commercially available Raman
microscopes can be of great help for identifying the real chemical
nature of various intracellular structures [3, 4], frequently visualized by
electron microscopy but still of unknown or questionable molecular
composition. In such a way, inclusions found in some microalga were
Figure 1 Video image and Raman
identified as crystalline guanine [3]. Similarly, enigmatic particles
maps
highlighting
different
embedded into the plastids of extremophilic Arctic microalga
cellular structures of a microalga
Cylindrocystis were for the first time identified as polyphosphate
Desmodesmus quadricauda based
granules [4]. As Raman spectra are sensitive also to isotopic labeling,
on their chemical composition.
Raman microscopy can be useful for metabolic studies at a single-cell
Plastides (A), starch (B), cell wall
level, representing thas less laborious alternative to nanoscale mass
(C) and lipid bodies (D).
spectrometry [5].
Recent progress in the application of confocal Raman microscopy in algal research will be presented and
demonstrated using our original research results. Advantages and perspectives, but also limitations and pitfalls of
the method will be pointed out and discussed.
Acknowledgements
This work was supported by the Charles University Grant Agency (grant No. 796217), and the Czech Science
Foundation (grant No. 17-06264S).
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Invited Lecture II

Synthesis of New Heterocycle-Containing Compounds and Their Use as Potential Drugs
D. Maliňáka,b*
a

University of Hradec Kralove, Faculty of Science, Department of Chemistry, Rokitanskeho 62,
500 03 Hradec Kralove, Czech Republic
b
University Hospital in Hradec Kralove, Biomedical Research Centre, Sokolska 581,
500 05 Hradec Kralove, Czech Republic
*david.malinak@uhk.cz

Heterocycles are part of many compounds that are currently used as drugs in the treatment of various
diseases. Many disinfectants, organophosphorus poisoning antidotes, antitumor agents or vaccine adjuvants can
be classified among heterocyclic molecules.
Disinfectants are antimicrobial agents that are applied to destroy microorganisms on the surface of non-living
or living objects. The quaternary ammonium salts (QAS) belong to the group of cationic surfactants valuable in
the broad range of applications. This subgroup of cationic surfactants, composed of a hydrophilic quaternary
nitrogen moiety and a hydrophobic long alkyl chain, is used mainly for disinfectant and antiseptic means [1].
Other group may be the antidotes of organophosphorus poisoning. Nerve agents are organophosphorus
compounds (OPNs) with enhanced toxicity due to their irreversible inhibition of the essential enzyme
acetylcholinesterase (AChE; EC 3.1.1.7) which is crucial in the control of neurotransmission in synapses. The
related enzyme butyrylcholinesterase (BChE; EC 3.1.1.8) is inhibited by OPNs as well [2]. OPNs can be divided
into two groups, the older series known as G-agents (e.g. sarin) and more environmentally persistent family of
V-agents (e.g. VX). The reactivating oximate compounds (e.g. pralidoxime, obidoxime, asoxime (HI-6)) have
endowed with a high nucleophilic character able to cleave P-O bond and to replenish AChE activity [3].
Heterocyclic compounds which act as antitumor agents may be found too. The photothermal cancer therapy
using cationic gold nanorods (GNRs) stabilized by quaternary ammonium salts (QAS) have a great potential to
enhance conventional cancer treatment as it promises the effective eradication of cancer cells including cells
resistant to radio- and chemo-therapy and the stimulation of antitumor immune response. Because the
cytotoxicity of the conventional alkanethiol-QAS compounds limits their applicability in medicine, the current
need is to prepare compounds similar properties but with lower cytotoxicity than alkanethiol-QAS [4].
Some compounds containing heterocycles can be used as the adjuvants in vaccines. The toll-like receptor 4
(TLR4) is one of the most important membrane-bound receptors in the whole pattern recognition receptors
(PRR) family. It is responsible for identification of lipopolysaccharides (LPS) from Gramm negative bacteria
and plays a key role in a nonspecific inflammatory reaction. This makes TLR4 a very interesting target for
therapeutic interventions. TLR4 ligands could be beneficial in the development of novel vaccines, new
therapeutic approaches to autoimmunity or inflammatory reactions [5].
We have synthesized and evaluated in vitro many heterocycle-containing compounds that could be used as
potential disinfectants, organophosphorus poisoning antidotes, antitumor agents or vaccine adjuvants.
Acknowledgements
This work was supported by the Czech Science Foundation (no. 15-11776S, 16-13967S, 18-01734S), University
of Hradec Kralove (Faculty of Science, no. VT2019-2021), by the Ministry of Health of the Czech Republic
(NV15-31847A).
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___ Invited Lecture III

Prenatal and Early Postnatal Exposure to Total Hg and MeHg
I. Uhnákováa*, M. Ursínyováa, V. Mašánováa, L. Palkovičová Murínováb, H. Patayováa,b, K.
Rausováb
a

b

Slovak Medical University, Faculty of Medicine, Limbova 12, Bratislava, Slovak Republic
Slovak Medical University, Faculty of Public Health, Limbova 12, Bratislava, Slovak Republic
*iveta.uhnakova@szu.sk

In critical periods of prenatal and early postnatal development, fetuses and children are particularly sensitive
to the harmful effects of mercury, especially in the form of methylmercury [1].
The aim of this study was to evaluate the relationships between prenatal and early postnatal exposure to total
mercury (THg) and methylmercury (MeHg) and potential factors of maternal exposure. Cord blood and human
milk samples were collected from 142 mother-child pairs in selected localities of the Slovak Republic. At the
same time, interviewer-administered questionnaires were used to collect information on the potential
determinants of prenatal and postnatal Hg exposure.
Determination of THg in cord blood and human milk was realised directly using the amalgamation technique
of atomic absorption spectrometry (AMA-254, Altec, CR). Levels of MeHg in cord blood were measured by gas
chromatography inductively coupled plasma mass spectrometry (Trace GC Ultra, XSeries 2 ICP-MS, Thermo
Scientific, UK), according to the analytical procedure and conditions reported elsewhere [2]. The limits of
detection were 0.077 µg/L of cord blood and 0.051 µg/kg of maternal milk for THg, and 0.053 µg/L of cord
blood for MeHg (as Hg).
The median THg concentrations in cord blood and milk were 0.822 µg/L and 0.245 µg/kg, respectively. The
median MeHg concentration in cord blood was 0.391 µg/L. The bivariate analysis revealed significant positive
correlations between THg in cord blood and maternal education (p = 0.009), the number of dental amalgam
fillings (p = 0.034), and consumption of canned fish (p = 0.049). MeHg in cord blood significantly increased
with maternal age (p = 0.007), total fish consumption of the mother (p = 0.039), and consumption of sea fish and
shellfish (p < 0.001). Fish eaters had significantly higher concentrations of MeHg in cord blood than non-fish
eaters (median: 0.41 vs. 0.27 µg/L, p = 0.030). THg in maternal milk was positively associated with the parity (p
= 0.036) and number of amalgam fillings (p < 0.001). Mothers with at least one amalgam filling had
significantly higher THg concentrations in milk than mothers free of amalgam fillings (median: 0.28 vs. 0.11
µg/kg, p = 0.001).
The best predictor of MeHg concentrations in cord blood was found to be sea fish and shellfish consumption,
while concentrations of THg in cord blood and maternal milk increased with the number of dental amalgam
fillings.
Acknowledgements
This study was funded by the project of the Ministry of Health of the Slovak Republic No. 2007/07-SZU-03 and
supported by the Norwegian Financial Mechanism, the EEA Financial Mechanism, and budget of the Slovak
Republic (project SK0020). Furthermore, our study was supported by the project “Center of Excellence of
Environmental Health”, ITMS No. 26240120033, based on the support of Operational Research and
Development Program financed from the European Regional Development Fund.
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_Invited Lecture IV

Transition Metal Complexes with Non-Steroidal Anti-inflammatory Drugs - Structures
and Properties
J. Moncoľa*
a

Institute of Inorganic Chemistry, Technology and Materials, Slovak University of Technology in Bratislava,
Radlinskeho 9, SK-81237 Bratislava, Slovak Republic
*jan.moncol@stuba.sk

Transition metal complexes containing non-steroidal anti-inflammatory drugs (NSAIDs) have been the
subject of many research papers and reviews. We are studding also some transition metal complexes with
NSAIDs as ligands. Main part our research of transition metal complexes with NSAIDs are focusing two groups:
a) copper(II) salicylate complexes, b) mainly copper(II) and manganese(II) fenamate complexes. The aim of our
group is to understand the coherence between structure on the one hand and biological activity on the other.
The aim of our group is to understand the coherence between structure on the one hand and biological activity on
the other. The structural properties are focused on the study of crystal structure, supramolecular networks formed
by hydrogen bonds, the study of intermolecular interactions (Scheme 2), Hirchfeld surfaces analysis [1] and
experimental study of charge densities [2]. The study of biological activity is focused on the study of SODmimetic activity [3-6], interaction of metal complexes with DNA and albumin [5,6], DNA cleavage activity
[5,6], and testing of anticancer activities [6].

Scheme 1 Proposed orientation of aryl substituents of three copper(II) fenamate complexes with 1,10phenthroline in their interactions with DNA.
Acknowledgements
This work was supported by Scientific Grant Agency (VEGA Project 1/0639/18) and Research and Development
Support Agency (APVV-16-0039 and APVV-18-0016).
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Inorg. Chim. Acta 455 (2017) 298-306.
[4] M. Puchoňová, S. Matejová, V. Jorík, I. Šalitroš, Ľ. Švorc, M. Mazúr, J. Moncol, D. Valigura, Polyhedron
151 (2018) 152-159.
[5] L. Kucková, K. Jomová, A. Švorcová, M. Valko, P. Segľa, J. Moncol, J. Kožíšek, Molecules 20 (2015) 21152137.
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Copyright ÚCHV 2019

Strana 10

ISBN 978-80-8152-784-5

New Trends in Chemistry, Research and Education 2019 at the Faculty of Science
of P. J. Šafárik University in Košice

INVITED LECTURES

Invited Lecture V
Ferrates for an Unpolluted Environment

J. Híveša*, K. Kerekeša, M. Gála, E. Kubiňákováa
a

Department of Inorganic Technology, Slovak University of Technology in Bratislava,
812 37 Bratislava, Slovakia
*jan.hives@stuba.sk

The high oxidation potential of ferrate may result in the most effective oxidizing agent. In contrast to
chlorination, no harmful by-products are found in water after its utilization. It was confirmed that ferrate are able
to effectively degrade even very stable inorganic and organic pollutants. The oxidation of organic pollutants and
microorganisms was accompanied by the disinfection properties of ferrate.
In recent years, interest in ferrate(VI) has increased significantly. Ferrate(VI) is a strong, non-toxic oxidant with
almost no harmful by products [1]. It is potentially an environmental friendly cleaner for both waste water and
drinking water treatment. Therefore, effective means of the preparation of ferrate become a challenging task for
several research groups all over the world. Several methods have been developed to produce ferrate. Among
them, electrochemical mean of the synthesis of ferrate is considered as a “green” method because no harmful and
expensive chemicals are usually used to oxidize Fe(0) to Fe(VI). One of the most important tasks is the
elucidation of the reaction mechanism of the ferrate production. Conditions for the large scale electrochemical
preparation of ferrate in low temperature molten media can be tuned according to the individual steps of the
reaction mechanism. The influence of parameters such as the temperature and the composition of reaction
mixture, anode material, and current density on the mechanism of ferrate preparation during transpassive
electrochemical dissolution of iron based electrodes are addressed. Two electrochemical methods, cyclic
voltammetry (CV) and electrochemical impedance spectroscopy (EIS) were used to characterize this process.
The number of exchanged electrons during transpassive iron dissolution was also determined and the reaction
mechanism was proposed [2].
In this study the electrochemical preparation of ferrate(VI) in strong alkaline environment at elevated
temperatures is described. Various hydroxide solutions, anode materials and potentials were used. The
characterization of electrode reactions by cyclic voltammetry and electrochemical impedance spectroscopy is
also discussed [3].
The second part of this contribution was to monitor an interaction of ferrates (VI) with bacteria from natural
water sources. Effect of ferrates (VI) was studied experimentally (i) on cyanobacteria species Anabaena
flosaquae, (ii) on real samples of surface water from natural water source Šaštín-Gazárka with occurrence of
cyanobacteria, (iii) on cyanotoxin microcystin-LR which is the most common toxin produced by cyanobacteria.
In addition, the used potassium ferrates were prepared electrochemically way. Purity of used ferrate (VI) was
measured by UV-Vis spectrophotometry and also changing of pH values for ferrate (VI) solutions with different
concentration was specified as a function of the time. Moreover, the work includes summarization of
cyanobacteria pollution in natural water sources in recent years, impact on environment and possible water
treatment technologies for removing of cyanobacteria and its toxic compounds. Based on the results from the
optical microscope, the significant degradation rate of cyanobacteria cell was proved at low ferrate (VI)
concentration (5 mg.dm-3). Ferrate (VI) also changes the structure of microcystin-LR and its produces non-toxic
by-products after the reaction. Ferrates (VI) seem to be perspective and ecologic solution for problems with
cyanobacteria outbreak in natural water sources [4].
Acknowledgements
This work was supported by the Slovak Research and Development Agency under the contract APVV 17 0183
and by the Ministry of Education, Science, Research and Sport of the Slovak Republic for project
VEGA 1/0343/19.
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Invited Lecture VI

Sensor for the Impedimetric Detection of Influenza Virus
M. Gála,*, A. A. Dunajováb, K. Tomčíkováa
a

Slovak University of Technology, Faculty of Chemical and Food Technology, Department of Inorganic
Technology, Radlinského 9, 812 37 Bratislava, Slovakia
b
Church High School of st. Cyril and Methodius, Švermova 10, 069 01 Snina, Slovakia
* miroslav.gal@stuba.sk

Early diagnostics of infection requires an efficient and fast diagnostic test, showing high sensitivity,
simplicity and economic viability. The aim of this research was to develop sensitive, selective and robust
impedimetric biosensor using screen printed GC electrodes based on the interaction with monoclonal antibodies.
In order to characterize biosensors and describe their basic properties electrochemical impedance spectroscopy
(EIS) was used. Three electrode system with K3Fe(CN)6 as an electrochemical probe were utilized. The quality
of biosensors was checked by the relative charge transfer resistance differences ∆Rct compare to the bare
electrode. The sensor was firstly tested only in the ideal buffered solution. Then the performance of optimized
sensor was also check in defibrinated horse blood [1-3].
Limit of detection (LOD) and the sensitivity of the sensor (slope of the linear dependence of ∆Rct on
logarithm of the virus proteins concentration) with and without of human serum albumin (HSA) in buffered
solution and horse blood was also determined. The lowest sensitivity was observed in the case of the sensor
without HSA. LOD was the best in the case of the sensor without HSA in the buffered solution. In the horse
blood sample LOD was almost 1 000 times worse than in previous case, however still good enough to be
comparable with ELISA test.
Acknowledgements
This research was supported by the Slovak Research and Development Agency under the contract No. APVV–
17-0149 and Scientific grant agency of the Ministry of Education of the Slovak Republic and of Slovak
Academy of Sciences VEGA 1/0343/19.
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Invited Lecture VII

Encapsulation of AChE Reactivators by Cucurbit[7]uril: A Potential Improvement of
Biological Barriers Penetration
R. Andrýsa*, A. Klusoňováa, M. Lísaa, J. Žďárová-Karasováb
a

Department of Chemistry, Faculty of Science, University of Hradec Králové, Rokitanského 62,
50003 Hradec Králové, Czech Republic
b
Department of Toxicology and Military Pharmacy, Faculty of Military Health Sciences Hradec Králové,
University of Defence, Tychonova 1, Praha, Czech Republic
*rudolf.andrys@uhk.cz
The acetylcholinesterase (AChE) is an enzyme which has an important role in neurotransmission. Its
inhibition leads to accumulation of neurotransmitter acetylcholine in synapses resulting in continuous
stimulation of cholinergic pathways throughout the central and peripheral nervous system [1]. Many pesticides
and other organophosphate based substances (e.g. nerve agents cyclosarin, sarin or VX) inhibit this enzyme and
thus constitute a very dangerous group of substances for human health. The most effective AChE reactivators
work on the basis of the oxime functional group. However, those oximes are known for low penetration through
the blood-brain barrier [2] and effective trans-membrane transport system is of high interest. Cucurbit[n]uriles
have demonstrated the ability to form complexes with oximes and transport various compounds through the
biological barriers [3]. However, there is only very limited information on the kinetic parameters of the
formation of these complexes and their stability in physiological fluids.
The aim of this study was to develop a suitable analytical method for determination of the stability and
concentration of cucurbit[7]urile complexes with oximes in biological fluids and tissues.
Acknowledgements
This work was supported by the project 18-08937S sponsored by the Czech Science Foundation.
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Lecture I

Chemical Laboratory Practice Innovation with Direct Cooperation of Potential
Employer
Z. Vargováa*, R. Oriňakováa, M. Almášia, R. Serbina, R. Varháča,
M. Ganajováa, J. Dinajováb, P. Chovanc, M. Dzurac, Š. Bovad
a

Institute of Chemistry, Faculty of Science, P. J. Šafárik University, Moyzesova 11, SK-041 54 Košice, Slovakia
b
Company Duslo, a.s. production operation Strážske, Priemyselná 720, SK-07222 Strážske, Slovakia
c
Institute of Forensic Science of Slovak Republic Police Corps, Department of Natural Sciences Research and
Criminal Identification in Košice, Kuzmányho 8, 041 02 Košice
d
BovaCHEM, s.r.o., Garbiarska 14, 048 01 Rožňava, Slovak Republic
*
zuzana.vargova@upjs.sk

The current society requirements need close interconnectedness between children's and young education
process and the labour market, namely in industry and services. These life areas have considerable demands on
future workers, mainly for the processing of information, including numerable literacy, mathematical literacy
and skills to solve problems. In addition, they must also have "generic" skills such as, interpersonal
communication, autonomy and ability to learn.
Therefore chemical educational institutes should also respond for these requirements. The subjects of
practical education in the area of natural education are crucial for the readiness and applicability of graduates in
the labour market. Based on these requirements, in cooperation with employers, we innovate practical lessons at
bachelor level in following study fields, inorganic, analytical, physical chemistry and biochemistry, focusing on
the requirements of practice.
At the conference, we will present the diagnostic procedures used in company DUSLO, a. s., production
operation Strážske, the analytical and expertise procedures used in Institute of Forensic Science in Košice, some
analytical procedures used in Slovak army (titrations – potentiometric, complexometric - CaO, MgO
determination, calcite analysis, analysis of gunshot residues after shooting from firearm, Pb, Cd, Cu, Al
determination by UV-VIS, determination of active chlorine and determination of total alkalinity of
decontamination agent by titrimetry) that were established into Inorganic, Analytical and Physical chemistry
laboratory practices. Moreover, the chemical and physico-chemical methods that are essential for visualization of
dactyloscopic traces used in the Institute of Forensic Science of Slovak Republic Police Corps, Section of
Dactyloscopy, were introduced to Biochemistry laboratory practice.
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Molecular Aspects of Hydrophobicity at the Nanostructured Surfaces
A. Oriňaka*, J. Mackoa, R. Oriňakováa, N. Podrojkováa
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There were done three types of hydrophobicity study at nanostructured surfaces:
 Microstructured Silver deposited surfaces
 Random deposited Nickel nanostructured surfaces
 Highly ordered nanostructures of Silver and Nickel
Principally hydrophobicity at nanostructured surfaces can be calculated according equation 1:

cos 𝜃𝑟𝑜𝑢𝑔ℎ = 𝑟 cos 𝜃𝑓𝑙𝑎𝑡

(1)

Where r is the roughness factor defined as ratio of the actual surface area to its horizontal projection for Wenzel
model.
The results obtained from measurements at microstructured surfaces showed that formation of the silver
microparticles was related to number of current pulses, while the duration of one current pulse played only a
minor effect on the final surface microparticle geometry and thus on the surface tension and hydrophobicity. The
conventional geometry of the silver particles has been transformed to the fractal dimension D. The surface
hydrophobicity depended predominantly on the length of the dendrites not on their width. Both parameters can
be applied in future applications in living cells adhesion prediction and spectral method selection. Silver films
with microparticle geometry showed a lower variability in final surface hydrophobicity when compared to
nanostructured surfaces.
An intensive gain of surface hydrophobicity has been observed on the differently polar polymer layers spincoated directly on the previously prepared nanostructured nickel surface to form nanohybrids. Nanostructured
nickel layer has been prepared by electrochemical deposition to form polyhedral crystalline
nanostructure.Hydrophobicity extension of nanohybrid surfaces increased nearly linearly with decreasing
polarity of single polymers applied and maximum increase in hydrophobicity value obtained was 32%. Novel
nanohybrid surfaces functionality has been tested on the different cells adhesion. The results showed cell
adhesion followed with an inhibition of the living cells spreading and proliferation on declared nanostructured
nickel-polymer nanohybrid surfaces.
Highly ordered, well-aligned, Ni and Ag nanorod arrays could be prepared by templated electrochemical
deposition and retain nanometer-scale features from the template. Wetting data showed that the most
hydrophobic material was Ag surface with aspect ratio 10 and a polycrystalline structure with dominant face
orientation (111). The surface hydrophobicity increased from Ni AR 1 to Ag AR 10 where the contact angle
about 150˚ was measured. Ni nanorod surfaces had lower hydrophobicity and nanorods with a low aspect ratio
had a reduced wetting. Thus surface energy decreased with an increase in planar density. The combination of
nanoscale surface geometry and crystallographic plane orientation features could provide important surfaces
with modulated hydrophobicity, repellent effects to cells adhesion, and antimicrobial functions as well as selfcleaning processes. Surface energy was calculated from crystallographic planes of crystal models as given at
Figure 1.

Figure 1 Models of Ag and Ni crystals of aligned nanorods.
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Synthesis and Biological Activity of Proflavine Diureas
L. Janoveca*
a
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Slovak Republic
*ladislav.janovec@upjs.sk

Acridine and its derivatives are well known as DNA intercalators. Proflavine 1 is a small molecule that
intercalates into DNA and interacts with human telomeric G–quadruplex DNA. All these abilities make
proflavine an interesting target for medical chemistry. Using an in silico approach to elucidate a structure–
activity relationships, a new series of 3,6-disubstituted acridine derivatives with promising antiproliferative
activities has been designed and synthesized [1,2].

Figure 1 The structure of proflavine 1 and its derivatives 2.
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Lecture IV

Anticancer Heterocyclic Compounds with DNA-binding and Topoisomerase Activity
M. Kožurkováa*
a
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*maria.kozurkova@upjs.sk

Heterocycles are key structural components of many anticancer drugs. One example of a widely available
drug group with heterocycles ring used in cancer therapy is the family of agents known as acridine derivatives.
During the last decade, a number of acridine analogs have been developed by modifying the position and the
nature of the substituent on the acridine core. These agents have been studied in detail and have been found to
possess multitarget properties which operate by interfering with the essential biological functions of DNA and
inhibiting topoisomerase (Topo) enzymes which regulate topological changes in DNA [1,2].
DNA is generally the primary intracellular target of anticancer drugs, so the interaction between heterocyclic
compounds and DNA can cause damage in cancer cells and block cell division, thereby resulting in cell death. A
fuller study of the interaction of pharmaceutical heterocyclic agents with DNA is also essential for understanding
their mode of action and the structural specificity of their binding reactions. Interaction between small molecules
and DNA provides a structural guideline in the effective design of new drugs. It would be of use in the synthesis
of new and improved drug entities with more selective activity, greater clinical efficacy and lower toxicity [3].
The development of DNA topoisomerase inhibitors as cancer chemotherapeutic agents is currently an active
area of research. Topoisomerase is responsible for controlling the topology of DNA and plays a critical role in
DNA metabolism. Its activity is an essential element of DNA replication and chromosome segregation. There are
two classes of topoisomerases, type I and type II. Topo I acts by making a transient break in one strand of DNA,
whereas Topo II introduces transient double-stranded breaks into the DNA structure. Agents which have been
found to inhibit the activity of Topo II are divided into two distinct groups: catalytic inhibitors and poisons.
Many clinically useful antineoplastic agents act by inhibiting Topo II, and several analogues which inhibit Topo
I are currently undergoing clinical trials [4-6].
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Drug Discovery Today from the Standpoint of Organic Chemist
J. Imricha*
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*jan.imrich@upjs.sk

Organic synthesis currently produces large numbers of new compounds in laboratories around the world.
Nevertheless, new, superior medicines are difficult to find and market. Many developed and developing
countries are investing heavily in studying the preparation and biological efficacy of new drug candidates, as
evidenced by a large number of scientific articles on bioorganic and medical chemistry in European journals
originating in China, India, South America and the Middle East. Today, the world's major manufacturers are
concentrating on the production and sale of pharmaceuticals, reducing their own research capacities
(laboratories, medical chemists, costs) and outsourcing synthesis to universities and partners. The author wants
to illustrate in the lecture the results of the working group at UCHV PF UPJS in Kosice from chemistry of
acridine derivatives as DNA intercalators, pharmacophores and fluorophores and show the possibilities for
organic chemists to work with biochemists, biologists and physicians in finding candidate structures for new
drugs.
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Lecture VI

Basic Red 12 as a Highly Potent Dye Used in Analytical Chemistry
R. Serbina*, Y. Bazeľ
a

Department of Analytical Chemistry, Faculty of Science, Pavol Jozef Šafárik University in Košice, Šrobárova
2, 04180 Košice, Slovak Republic
rastislav.serbin@upjs.sk

Basic red 12 (BR12) 1,3,3 – trimethyl – 2 - [3 - (1,3,3-trimethyl-1,3-dihydroindol -2 - yliden) -propyl1,3dienyl]-3H-indolium chloride is an organic agent belonging to the organic basic dyes. It’s commonly used as a
pigment in industry. At our department we showed other potential of this dye. BR12 is highly potent analytical
agent for determination of some very important analytes (f. e. diclofenac, some surfactants, Au, Pd, Pt and
other).
Best results were achieved by speciation and determination of platinum. It is known that Pt usually occurs
in aqueous solutions in the form of anions, mostly the chloride acid complexes [PtCl 6] 2- and [PtCl4] 2-, which
differ in reaction activity. This allows the use of a polymethine agent BR12 in order to make such anions
extractable as ion associate (IA). Relevant IA are highly effective analytical tools for AAS speciation of
microamounts of platinum.
The principles of the developed method for Pt speciation are the different conditions needed for the formation
and extraction of Pt(IV) and Pt(II) ion associates with SCN- and BR12 agent. The conditions found for IA
formation and extraction have enabled the proposing of a new Pt(II) and Pt(IV) speciation process. These species
can be reliably determined simultaneously at concentration ratios from 1:5 to 5:1. Moreover, the IA of platinum
with BR12 can be extracted with toluene up to a volume ratio of aqueous and organic phases of V aq:Vorg = 50:1.
This fact for Pt determination means decreasing the limit of detection from 7.1 µg L-1 to 0.3 µg L-1.
The method was applied for Pt determination in a model and real samples.
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Lecture VII

The Heterobimetallic Cu(II)/Mn(II) Complexes with Trans-1,8-cyclam Derivatives as
the Compounds for the Study of the Magnetocaloric Effect
J. Kuchára*, E. Samoľováb, M. Maďar c
a
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b
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c
Department of Inorganic Chemistry, Charles University, Prague, Czech Republic
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Magnetic phenomena associated with thermal effects have recently become relevant not only for solving
fundamental problems in magnetism and solid-state physics, but also for technological applications [1]. One
such phenomenon is the magnetocaloric effect that can be used in the thermal study of magnetic properties of
compounds, or for practical use, for example in magnetic refrigerators. There are several ferrimagnetic
complexes in which the magnetocaloric effect was observed [2, 3]. It was predicted by Kahn et al. that systems
based on one dimensional bimetallic chains with alternating Cu(II) and Mn(II) atoms participating in
antiferromagnetic (AFM) exchange interaction should show ferrimagnetic behavior [4, 5], and this prediction has
been confirmed in many complexes [6, 7].
Our recent research is focused on the preparation and characterization of low dimensional heterobimetallic
compounds using macrocyclic ligands based on 1,4,8,11-tetraazacyclotetradecane (cyclam) in the copper(II)
coordination sphere with Mn(II) containing anions. It is well known that copper(II) forms with this class of
ligands complexes with appreciable kinetic and thermodynamic stability. This makes them convenient for the
use of complex-as-ligand strategy by the preparation of bimetallic complexes. Prepared compounds can be
regarded as chain-like alternating-spin systems and the ground state of ferrimagnetic chains is of ferromagnetic
(FM) nature with non-zero spontaneous magnetization. However, excitations are of AFM type [8] leading to the
formation of magnetization plateaus and a large change of the magnetic entropy at the field-induced quantumcritical points [9]. Therefore such compounds can be interesting for the study of magnetic phenomena associated
with magnetocaloric effect.
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Nowadays the industrial production of copper takes the second place after aluminum one. This is due to the
application of copper in the production of cables, electrical conductive installations, heat exchangers, etc. It is
the basic component of brass, bronze, copper-nickel and other alloys, which are characterized by good corrosion
resistance in air, high electrical conductivity, ductility and sufficient strength.
Thiazolylazonaphthol dyes are the representatives of a very promising class of organic compounds and they can
be applied for the control of copper content in various objects. During the last decade they were investigated
thoroughly for their further application as optical recording materials and future medicine against cancer.
It was found that a new organic reagent1-[(5-(3-Nitrobenzyl)-1,3-thiazol-2-yl)diazenyl]naphthalen-2-ol
(NBnTAN) react with a Cu(II) ions in an acidic medium, the spectrum of the reagent have a absorption
maximum at 491 nm, in the presence of Cu(II) ions the maximum at 491 nm decreases and a new maximum at
585 nm appears. The color of the reagent changes from the red to blue (see Fig.1).
Sequential injection analysis (SIA) is a novel approach to process analysis and laboratory assays.
During the analytical sequence, an automatic pump or a syringe is used to aspirate the carrier, reagents, and
sample into the holding coil, and then push them into the reaction coil and toward the detector. A computer
controls the functions of each component (see Fig. 2).
A new opportunity for the selective SIA spectrophotometric method for the determination of Cu (II) ions is
shown.

Figure 1 Molecular absorbance spectra of
NBnTAN in the absence and presence of Cu2+ ions;
2.27∙10-5 mol∙L-1 NBnTAN; 1.0∙10-4 mol∙L-1 Cu2+,
0.10 mol∙ L-1 HCl.

Figure 2 Schematic view of the sequential injection
manifold for the spectrophotometric determination of
Cu(II) ions.
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Unexpected Behavior in LC Chiral Separations on Immobilized Polysaccharides Chiral
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Polysaccharide based chiral stationary phases (CSPs) belong to the group of most universal commercially
available sorbents for enantioseparations in liquid chromatography for their very broad enantioselectivity. The
mechanism of chiral recognition on these CSPs on molecular level is still obscure due to the complexity of their
structure.
In this work, the effect of varying column temperature on the separation of selected compounds was
investigated on three different immobilized polysaccharides CSPs in the range from -15 to 50 °C. It was found
that chromatographic parameters decreased with increase of temperature for most analytes and CSPs as usual.
Moreover, unexpected behavior, increased retention and resolution with increasing temperature was observed in
some cases. In order to clarify this anomalous behavior further studies are needed.
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A simple and rapid HPLC method was developed for the separation and determination of selected sedative
drug enantiomers in pharmaceutical formulations with using of amylose-based chiral stationary phase (CSP).
This CSP together with cellulose-based were found to be the most useful polysaccharides in enantioseparations
and proved their excellent chiral recognition ability toward a wide range of racemates [1]. The influence of
mobile phase composition, flow rate, and column temperature were evaluated to optimize the separation process.
The enantiomer elution order was also determined. The optimized HPLC method was consequently validated
with emphasis on linearity, limit of detection (LOD), limit of quantification (LOQ), accuracy, precision, and
robustness. The proposed method was successfully applied to analysis of different tablet formulations.
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Supercritical fluid chromatography (SFC) has become a well-established technique for fast and efficient
separation of diverse chiral compounds in the past few years. SFC usually employs a supercritical mobile phase
(MP), mostly CO2-based, which results in higher diffusivity and lower viscosity than liquid chromatography
(LC) MPs. Consequently, higher flow rates can be used without losing resolution or efficiency, thus reducing
column-equilibration and analysis times, and enabling a higher throughput. Moreover, CO2 is characterized as
inexpensive, non-flammable and non-toxic compared to organic solvents. Different organic modifiers, usually
some alcohols, and basic or acidic additives added to the main MP component CO2 are used to enhance the
eluting power towards polar compounds. As a result, SFC methods can be considered environmentally friendly
and less expensive compared to LC, due to a lower consumption of organic solvents and above-mentioned
properties of carbon dioxide [1,2].
Most of the chiral stationary phases (CSPs) initially developed for LC are suitable for enantioseparation in
SFC. Modern SFC systems offer compatibility with contemporary CSPs packed with sub‐3 μm fully or
superficially porous particles [3]. In this work, such short columns (50 mm long) based on polysaccharides and
macrocyclic glycopeptides chiral selectors were successfully used for fast enantioseparation of diverse important
biologically active compounds.
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Meropenem (Fig. 1) is a highly active carbapenem antibiotic used in the treatment of a wide range of serious
infections, such as intra-abdominal infections and lower respiratory tract infections. Meropenem is a recently
developed carbapenem antibiotic, similar to imipenem, with a wide spectrum of activity against Gram-positive
and Gramnegative bacteria, including Pseudomonas aeruginosa and anaerobes [1].

Figure 1 Meropenem.
Inadequate antibiotic treatment is one of the most important independent variables affecting the overall
mortality of the critical ill patients [2]. It is shown, that fast and adequate anti-infective therapy significantly
reduces the mortality of intensive care patients with severe life-threatening infections [3]. For the
implementation of local and national antibiotic stewardship strategies there is an ever-increasing demand for
antibiotic therapeutic drug monitoring (TDM), which has therefore received a lot of attention in recent years [4,
5].
The liquid chromatography/tandem mass spectrometry method (HPLC-MS/MS) for determination of
meropenem in human plasma has been developed and validated. Simple protein precipitation procedure was used
for sample preparation. Chromatography was performed on an HPLC column Luna Phenyl-Hexyl, 3.0 μm; 2.0 ×
50 mm (Phenomenex, Aschafenburg, Germany) at 30 °C column temperature with a flow rate of 0.3 mL.min -1
and a gradient consisting of A (water + 0.1 formic acid) and B (methanol/acetonitrile 8/2, v/v + 0.1 formic acid)
solutions. Gradient elution was performed starting with 99% A for one minute and then decreasing A linearly to
10% over six minutes. Conditions were hold for one minute and then A was increased again to 99% and hold for
two minutes. The sample injection volume was set on 5 µL and the autosampler temperature at 5 °C.
Electrospray ionization in positive mode (ESI+) was applied with a source temperature of 300 °C and an ion
spray voltage of 5500 to generate ions [M+H]+. The limit of detection (LOD) and limit of quantification (LOQ)
were set at 0.05 and 0.5 mg.L-1, respectively.
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Parabens are effective preservatives mainly used in cosmetic products, food and drugs due to their great
antimicrobial effect, low cost and high stability. In terms of chemical structure, parabens are esters of phydroxybenzoic acid (Fig. 1). Their antimicrobial activity increases with the alkyl chain length, but their
solubility decreases correspondingly [1].

Figure 1 Chemical structure of parabens.
In this work, a chromatographic separation of metyl-, ethyl-, propyl-, and butylparaben mixture was
developed. Chromatographic analysis was performed on Shimadzu LC 20 Prominence (Kyoto, Japan) equipped
with two LC-10AS pumps, Degasys DG-2410 degasser, CTO-10A oven and SPD-10A UV detector. Nucleosil
120-5 C-18 analytical column (250 x 4 mm; 5 µm) from Macherey Nagel (Germany) was thermostated at 28°C.
The mobile phase consisted of acetonitrile-water (65:35; v/v) with flow rate 1 mL min -1. The volume of injected
sample was 25 µL. The UV detector was set to the wavelength 254 nm. LC LabSolutions software was used for
the evaluation of analyses. The retention times of parabens (n=3) under these chromatographic conditions are
given in Table 1.

Parabens
Methylparaben
Ethylparaben
Propylparaben
Buthylparaben

Table 1 Retention times of parabens
tR (min.)
1.
2.
3.
2.507
2.496
2.511
2.892
2.896
2.884
3.355
3.350
3.336
4.012
4.015
4.004

t̅R
2.505
2.891
3.347
4.010

Parabens belong to the group of xenoestrogens, compounds with estrogenic activity. For this reason, their use
must be strictly controlled. Various analytical methods and procedures are used for the pre-treatment of samples,
especially extraction and microextraction methods [2,3].
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Waste oils are defined as all mineral, synthetic lubricating or industrial oils which are no longer suitable for
the uses for which they were originally intended [1]. They come from a wide range of sources such as
transportation, industry, construction and include both lubricating oils and industrial oils [2]. Waste oils contain
a number of pollutants that blend in during their use and may present different risks in the process of
regeneration and, therefore, ultimately reduce the amount of processable oil. According to this fact, it is
necessary to monitor not only the output parameters after the regeneration process, but also the input parameters
of waste oils prior to the regeneration itself.
This work deals with the initial analysis of waste oils which is necessary to assess the suitability for their
regeneration into fuel oils. The main objective was to identify possible risks in the process of oil regeneration
directly in the plant, focusing on the foaming of oils. During the regeneration of oils, foaming reduces the
amount of recovered waste oil and sequentially causes economic losses to the companies involved in the process.
In order to define possible causes of this undesirable phenomenon, we performed the initial physico-chemical
characteristics of foaming and non-foaming samples of waste oils. Representative samples of waste fuel oils
were taken for analysis. A total of 6 representative samples of foaming oils, 6 samples of non-foaming oils and 3
samples of fuel oils were taken. Parameters such as the contents of water, ash, mechanical impurities, and
viscosity were determined for individual samples entering the regeneration and were processed according to
valid Slovak technical standards. In addition to these parameters, we also performed elementary analysis of
individual samples using X-ray fluorescence energy-dispersive spectrometry and observed the differences in
spectra using the absorption spectroscopy in the infrared region by ATR technique. For better understanding of
the process of enriching the oils with pollutants in their use, we used EDX and FTIR methods to study the
foaming and non-foaming oil samples and also three samples of unused oils.
Results of performed analyses did not directly confirm the dependence of foaming on determined parameters.
The results partially confirmed that the foam stability which, according to J. Stopka [3], grows with increasing
viscosity. This was proved on the waste oil sample with the highest viscosity which established the highest foam
stability and continuous foaming in the foaming test. Element analysis of non-foaming samples showed that the
non-foaming samples contained elements that were not included in the foaming samples, but their content was
too low to influence the foaming. The results of element analysis prove the efficiency of the regeneration itself
since the amount of elements in fuel oils decreased. The oil part in regenerated samples contained nor potassium
nor silicone which were both present in all waste oil samples. We also observed higher proportion of
hydrocarbon base (CH2) in fuel oil samples. The element analysis also confirmed that all elements except for
sulfur, zinc, calcium and phosphorus come from the utilization of oils. Foaming of waste oils is influenced by a
number of factors such as its history (type of oil, source of processing), physico-chemical properties (viscosity,
density, surface tension), content of organic and inorganic components in various admixture forms (additives,
degradation products), as well as the mutual physico-chemical influences of the mixing of waste oils (individual
shipments contain oil from different sources). The determination of the relationship between the physicochemical parameters of oils from individual sources and the foaming requires longtime study, since there are
often many cases of unexplained and unexpected foaming.
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The aim of this work was to perform the systematic study of three selected carbocyanine dyes. We decided to
study and compare the spectral, protolytic and redox properties of 1,1’,3,3,3’,3’-hexamethylindocarbocyanine
chloride (HIC); 1,1’,3,3,3’,3’-hexamethylindodicarbocyanine iodide (HIDC) and 3,3’-diethyloxadicarbocyanine
iodide (DODC). We studied the solvatochromic effect of 31 organic solvents to the molar extinction coefficient
and to the position of absorption/emission maximum wavelength. The absorption spectra were recorded by using
the double pass optical immersion probe as an effective and powerful tool instead of classical cuvettes. All
observed absorption spectra were deconvoluted into 4 elementary gauss contributions and subsequently were
analyzed in detail by applying the multiparameter Kamlet-Taft and Catalan solvent scales. The protolytic
properties were studied by spectrophotometric titrations with using a single pass optical immersion probe and
measuring a large number of experimental points for accurate estimation of protonation and hydrolysis constants.
The effect of some solvents, temperature, and viscosity in glycerol solutions on the fluorescence spectra were
also studied and the results were compared between dyes. The redox properties were studied by
cyclic voltammetry and kinetic spectrophotometric methods by using of some inorganic oxidative reagents based
on their ability to decolorize the dye solution based on redox processes.

Figure 1 General structure of carbocyanine dyes (A); methanolic solutions of HIC, HIDC, DODC;
(B) absorption band deconvolution (C) and HIC solutions in water-left and glycerol-right excited
by 532 nm laser pointer (D).
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Metal-organic frameworks (MOFs) represent a class of inorganic-organic hybrid materials constructed from
metal ions or clusters and organic linkers to form porous polymeric frameworks with interesting properties. Due
to their structural and functional diversity, large surface area, porosity and affinity toward various guest
molecules, MOFs have been tested as materials for a different applications. Alkaline earth metal-organic
framerowks (AE-MOFs) represent a subgroup of MOFs, which contain in the structure metal ions of Be, Mg, Ca,
Sr or Ba. Due to the high affinity of mentioned metals to carbon dioxide and hydrogen, AE-MOFs are designed
and investigated primarily as gas adsorbents.
In our study a series of four novel microporous AE-MOFs containing methanetetrabenzoic acid (H4MTB)
with composition {[Ca4(μ8-MTB)2]∙2DMF∙4H2O}n (1), {[Ca4(μ4-O)(μ8-MTB)3/2(H2O)4]∙4DMF∙4H2O}n (2),
{[Sr3(μ7-MTB)3/2]·4DMF·7H2O}n (3) and {[Ba3(μ7-MTB)3/2(H2O)6]·2DMF·4H2O}n (4) has been succesfuly
prepared and characterized. Two different phases of calcium(II) MOFs were sythesized and single crystal X-ray
diffraction (SC-XRD) showed that in compound 1 there are opening with sizes of 18.3 × 8.4 Å2, but they form
isolated cages (closed pores) with entrace openings of 0.7 × 0.5 Å2. Compound 2 is formed from
cyclotetranuclear cluster [Ca4(μ4-O)(μ2-COO)8(H2O)4] with 2D channels and sizes 12.4 x 9.4 Å2 propagating
along a and b axes and CaF2 topology. Strontium MOF 3 contains 2D channels with sizes of 15.5 × 5.0 Å2 and
5.8 x 3.5 Å2 (along a and b axes) and barium framework 4 contains 1D channel system with sizes of 10.7 × 8.7
Å2 propagating along c axis. The framework stability and thermal behaviour of prepared materials were
investigated using thermal analysis (TGA) and high energy powder X-ray diffraction (HE-PXRD). Measurement
results confirmed the stability of the frameworks after thermal activation. Prepared novel AE-MOFs were tested
as adsorbents for different gases such as nitrogen, argon, carbon dioxide and hydrogen. Nitrogen and argon
measurements showed that the activated samples (denoted with ´) exhibit BET surface area of 103 m 2.g-1 (N2)
and 126 m2.g-1 (Ar) for 2´, 320 m2.g-1 (N2) and 358 m2.g-1 (Ar) for 3´ and 4´ adsorbs only limited amount of N2
and Ar. It could be noted, that all prepared compounds adsorbs carbon dioxide with storage capacities from 3.92
to 2.41 wt.% at 20°C and 1 atm. Activated materials display high hydrogen uptake of 3.65 wt.% for 2´, 2.17
wt.% for 3´ and 1.80 wt.% for 4´ at -196°C and 800 Torr. see Figure 1). The measured adsorption isotherms of
CO2 and H2 are shown in Figure 1.

Figure 1 Adsorption isotherms of a) carbon dioxide at 20°C and b) hydrogen at -196°C.
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Mesoporous material SBA-15 was functionalized with different polar and nonpolar groups: 3-aminopropyl,
(SBA-15-NH2), 3-isocyanatopropyl (SBA-15-NCO), 3-mercaptopropyl (SBA-15-SH), methyl (SBA-15-CH3)
and phenyl (SBA-15-Ph). The resulting surface grafted materials were investigated as matrices for controlled
drug delivery. Anticancer lung agent, pemetrexed was selected as a model drug and loaded in the unmodified
and functionalized SBA-15 materials. Materials were characterized by elemental analysis, infrared spectroscopy,
transmission electron microscopy, nitrogen adsorption/desorption analysis, small angle X-ray scattering and
thermogravimetry. It was shown that surface modification has an impact on both encapsulated drug amount and
release properties. Release experiments were performed into two media with different pH: simulated body fluid
(pH = 7.4) and simulated gastric fluid (pH = 2). In general, the effect of pH was reflected by the lower release of
pemetrexed under acidic conditions (pH = 2) compared to slightly alkaline saline environment (pH = 7.4). The
release rate of pemetrexed from propylamine–, propylisocyanate– and phenyl–modified SBA-15 was found to be
effectively controlled by intermolecular interactions as compared to that from pure SBA-15, SBA-15-SH, and
SBA-15-CH3, that evidenced a steady and similar release. The highest release was observed for methyl–
functionalized material whose hydrophobic surface accelerates the pemetrexed release. The data obtained from
release studies were fitted using various kinetic models to determine the pemetrexed release mechanism and its
release rate. The best correlations were found for Korsmeyer–Peppas and Higuchi models.

Figure 1 SBA-15 material with surface modified groups (X = 3-aminopropyl, (SBA-15-NH2), 3isocyanatopropyl (SBA-15-NCO), 3-mercaptopropyl (SBA-15-SH), methyl (SBA-15-CH3) and phenyl (SBA15-Ph)) and after encapsulation of PEM (red particles).
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MOFs are extended crystalline structures wherein metal cations or clusters of cations (“nodes”) are connected
by multitopic organic “linker” ions or molecules forming micro-/mesoporous frameworks. Because of the
extraordinary degree of variability of both their organic linkers and their nodes, enormous surface areas, and
convenient functionalization procedures, MOFs have potential applications in many areas, such as gas storage
and separation, heterogeneous catalysis and drug delivery [1]. Among numerous useful features of microporous
MOFs, gas storage and separation are by far the most intensively explored properties because of their broadly
tuneable surface area, pore volume, pore size, and shape.
Our design strategy is to build new porous MOFs from ternary systems containing Zn(II) ion, N-donor
ligands (cyclam derivatives) and carboxylic acid. As carboxylic acid we chosen tetrahedral-shaped
methanetetrabenzoate (MTB4-) linker, which has an ideal spatial arrangement for the creation of 3D structures. It
is well known, that tetraazamacrocycles having equatorial amine donors coordinated to the central metal ions
and axial sites opened for incoming bridging “linkers” are advantageously used for the construction of new
coordination polymers. In this sense and in the first step of our investigation we have used macrocyclic blocking
ligand cyclam (CYC = 1,4,8,11-tetraazacyclotetradecane) as the building block in the synthesis, in addition to
MTB4-. We have prepared a novel four-fold interpenetrated MOF with composition {[Zn 2(μ4-MTB)(κ4CYC)2]·2DMF·7H2O}n (1) [2] and diamond-like topology. After the activation, the compound 1 represents a
stable porous framework with a surface area (644 m2.g-1), high sorption capacity to CO2 (10.5 wt.% @ 1 atm,
0°C) and the highest H2 uptake (1.27 wt.% @ 800 Torr, -187°C) among the MTB4- compounds. In the present
step of our design strategy is to decrease the interpenetration degree in 1 by incorporation of cyclam derivatives
to obtain MOFs with larger surface areas and higher sorption capacities for technologically important gases.
To control the degree of interpenetration in 1, we have prepared derivatives of cyclam molecule with
different bulky pendant arms. The first reaction step leads to the protected derivate, which was prepared by
reacting formaldehyde and cyclam as starting reagents. In the second step, the protected cyclam was dissolved in
CH3CN and 2.5 equiv. of an alkyl-/aryl-halide (methyl-, allyl-, benzyl-, propylphenyl-, 4-tertbutyl-benzyl-,
naphthyl-, cyclohexyl- and adamantyl-) were rapidly added to yield the new disubstituted macrocycle having two
non-adjacent quaternary nitrogen atoms. Due to their ionic character, compounds are insoluble in CH3CN and
precipitates were isolated by filtration. High yields for desired trans-products were obtained and no cisdisubstituted macrocycle was detected, which indicates a strong selectivity for trans disubstitution. The final
reaction step was deprotecting of the secondary amine groups by reduction with NaBH4, leading to tetrasubstituted cyclam derivatives. All prepared compounds were characterized using 1H and 13C NMR and will be
used in the preparation of novel MOFs.
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A system based on mesoporous silica material was studied as a potential pH-sensitive drug delivery system
for the antineoplastic agent 5-fluorouracil (5-FU). This system is composed of SBA-15-type porous structure
(hexagonal) functionalized with aromatic primary amines (N-ANI) and β-cyclodextrin molecules (β-CD) that are
used as nanovalves.
Starting from the synthesis and characterization of SBA-15 material, the successful functionalization of NANI groups was evidenced using thermogravimetric measurements (ngrafted = 1.26 mmol/g). Textural properties
of functionalized samples were investigated using low angles XRD, TEM, and nitrogen sorption measurements
that allow us to conclude that even if a decrease was observed in terms of specific surface area (- 50%) and
porous volume (- 25%), the whole porous structure was preserved and available for drug molecules. Then, the
loading of the drug 5-FU in pure SBA-15 and SBA-15_N-ANI was studied from a thermodynamic point of view
via the construction of adsorption isotherms and calorimetric measurements. For both solids, adsorption
isotherms are of Langmuir type. The affinity of 5-FU molecules (linked to the slope of isotherms at low
concentrations) towards both solids is weak. Calorimetric measurements evidenced a weak constant enthalpies of
adsorption for both solids (ΔH = -3/-4 kJ/mol). Finally, the only difference observed between both solids lies in
the maximum adsorbed amounts of 5-FU determined both experimentally (7.3.10-4 mol/g vs 4.2.10-4 mol/g); this
difference is linked to the difference in specific surface area. The maximum loading of 5-FU determined from
both the adsorption isotherm and thermogravimetric measurements for the N-ANI functionalized porous material
was 55 mg/g.
The pH-sensitive release of 5-FU from SBA-15_N-ANI solid, using β-CD molecules as nanovalves, was
finally investigated in static and dynamic conditions: it was shown that there was almost no release of 5-FU at
pH = 7.4 whereas more than 80% of adsorbed 5-FU was progressively released at pH = 5. The modeling of the
5-FU release was successfully done using both first order and Higuchi models. The cytotoxicity tests were
performed using human glioma U87 MG cells. The results demonstrated that the 5-FU did not induce cell death
at the studied concentration if applied into cell culture media. However, when it was delivered into the cells by
SBA-15_N-ANI_5-FU_ β-CD it possessed significant cytotoxic effects.
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Over the past three decades, MOFs (Metal-Organic Frameworks) have been an intensively studied group of
materials due to their many potential applications [1]. The structure of these compounds is polymeric and
consists of metal ions/metal clusters as inorganic nodes which are bridged by organic ligands as linkers. In this
group of porous materials has been formed interesting subgroup call-as MPFs (Metallo-Porphyrinic
Frameworks), consist of the organic part composed of derivatives of porphyrin molecules. These are bind to
frameworks with robust polymeric skeleton, high thermal stability and porosity, which are used in applications
such as gas storage and separation, heterogeneous catalysis, photocatalysis and photodynamic therapy [2].
Presented work is focused on porous coordination polymer {[Pr 4(H2TPPS)3]·nH2O}n (H6TPPS = 4,4 ′, 4 ″, 4
″′ - (porphyrin-5,10,15,20-tetrayl)tetrakisbenzenesulfonic acid)), which was prepared by hydrothermal synthesis
and characterized using a wide range of analytical techniques: infrared spectroscopy, UV/VIS spectroscopy,
thermogravimetric measurements, elemental analysis, single crystal structure analysis (SXRD). Single crystal Xray diffraction showed three-dimensional open porous framework constructed by mutually staggered TPPS
ligands as showed figure 1. Pr(III) ions are arranged in 1-D polymeric chains propagating along c
crystallographic axis with Pr-Pr distance 4.984 Å and shortest distance between Pr(III) within the cavity is
15.393 Å. The framework contains three crossing cavities propagating along all crystallographic axes with sizes
approximately 4.9 x 10.4 Å2 and 9.7 x 5.1 Å2. Infrared spectroscopy confirmed the presence of water and TPPS
ligand. Thermogravimetric analysis showed, that porous complex undergoes to dehydratation process after
heating to 100°C and dehydrated form{[Pr 4(H2TPPS)3]}n is than highly thermally stable up to 350°C. There are
tree decomposition steps on TG, the first step with a weight loss of 8% until 180°C represents exluding of lattice
water. In the second step the decomposition of organic linker occured and the final product of thermal
decomposition was PrO2. The activated porous complex was subjected to adsorption measurements of various
gases which showed that the compound can be used as an effective adsorbent in the separation of CO2 from N2.
MPF adsorbs only limited amount of N2 at -197°C, but surprisingly compound adsorbs CO2 at 0°C with maximal
storage capacity of 46.9 cm3.g-1 corresponding to 2.09 mmol.g-1.

Figure 1 Ilustration of synthesis MPF.
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For thousands of years, silver in ionic or metal form has been used in the medical field for the treatment of
burns, ulcers and bacterial infections because it has antimicrobial effects and it accelerates wound healing [1]. In
20th century, when new modern antibiotics were found, pathogenic microorganisms gradually developed
resistance against them. This increasing drug resistance encourages scientists to search for new forms of
treatment against pathogenic microorganisms. Over the last decades, it has been found that antimicrobial
silver(I) ions need to be appropriately coordinated with ligands to develop more stable antimicrobial and
anticancer compounds. Silver(I) complexes are extensively studied with NHC- ligands; N-, P-donor ligands;
carboxylate ligands or with mixed ligands [2, 3, 4].
The aim of our experimental work was to prepare and characterize stable silver coordination compounds
based on amino acids L-alanine (L-Ala) and L-phenylalanine (L-Phe). We used potentiometric titration of amino
acid ligands L-Ala and L-Phe to design crystallization conditions, when we studied the formation of complex
silver particles in aqueous solution. We also focused on NMR titrations, to measuring 1H and 13C NMR spectra
of amino acid ligands L-Ala and L-Phe and Ag +: L-Ala and Ag +: L-Phe systems.
After designing the crystallization conditions, we synthesized {[Ag4(HAla)4(NO3)3]}n (NO3) and {[Ag (Phe)]}n
complexes , and we studied the formation of complex silver particles in the solid phase by infrared spectroscopy,
X-ray structure analysis, elemental and thermal analysis.
Antibacterial, antifungal and anti-yeasts activity of these complexes were studied and compared with
commercially-used drug, silver sulfadiazine. Moreover, cytotoxic activity against different cell lines was
evaluated and DNA binding to calf thymus DNA through UV-Vis and ﬂuorescence quenching experiments were
investigated.
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Over the last decades, the development of controlled drug delivery systems, which led to prolonged
efficiency of the drugs, has been in the focus of interest in the scientific community. A series of drug carriers
have been synthesized including carbon nanotubes [1], hollow silicas nanoparticles [2] or mesoporous silicas [3].
A great advantage of mesoporous silica materials is that these materials can be easily modified by various
functional groups, leading to the decreasing release rate of the drug from the porous matrix. Moreover, the
organic functionalization of the mesoporous silica materials can influence their biocompatibility.
In the present work we study the possibility of the delivery of pemetrexed by surface modified mesoporous
silica SBA-15 with functional groups with different polarity (methyl- (MET), aminopropyl- (MAM) and N1(propyl)diethylenetriamine-) (TAM), see Fig. 1). The textural characteristics of the samples were determined by
nitrogen adsorption/desorption measurements. The BET surface area of SBA-15 sample was 1254 m2.g-1 and
after modification the decrease of textural properties was observed. Corresponding surface areas decrease when
ligand became more bulky: 1093 m2.g-1 (SBA-15-MET), 502 m2.g-1 (SBA-15-MAM) and 235 m2.g-1 (SBA-15TAM). Moreover, the successful modification was also confirmed by infrared spectroscopy, TEM and
quantification was provided by thermogravimetry. Pemetrexed (PEM) was encapsulated into unmodified and
grafted SBA-15 materials and drug release studies were performed into two different media, in a simulated
gastric fluid (pH = 2) and in a simulated body fluid (pH = 7.4). The amount of the drug adsorbed/released was
monitored by UV/VIS spectroscopy in defined time intervals. It was shown, that amounts of the released
pemetrexed from mesoporous silica SBA-15+PEM and modified silica samples SBA-15-MET+PEM, SBA-15MAM+PEM and SBA-15-TAM+PEM after 72 h were different and strongly depends on the polarity of the
surface.

Figure 1 TEM image of prepared SBA-15 material and ligands used for surface modification.
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Over the last two decades, metal–organic frameworks (MOFs) have received great attention and the number
of compounds reported is still growing, which is mainly due to their amazing structures and various pore
topologies, accessible cages and their potential applications in different fields, such as gas storage, separation,
ion-exchange and catalysis [1]. Among these, ion-exchange processes are considered as the post-synthetic
parturient technique as it can achieve dominant applications.
The aim of our work, was to synthesized lithium exchanged metal-organic frameworks for hydrogen and
carbon dioxide storage. In our design strategy, we have prepared three porous cationic MOFs with compositions
{(DMA)[Mg(FOR)3]}n (1), {(DMA)[Co(TAD)]}n (2) and {(DMA)[Zn(BTC)]·DMF}n (3) which contain
dimethylammonium ions (DMA) in their structures for stabilization of the frameworks. Polymeric skeletons are
build form carboxylic linkers with different sizes, from the simplest formate (FOR) through 1,2,3-triazole-4,5dicarboxylate (TAD) and the largest linker, benzene-1,3,5-tricarboxylate (BTC). In the synthesized samples,
DMA ions were exchanged by lithium ions. It is known, that lithium ions have high affinity to hydrogen
molecules and therefore these ions were selected in ion exchange process. The ion exchange process in prepared
materials was monitored by infrared spectroscopy, PXRD and thermogravimetry and the amount of incorporated
lithium ions into the frameworks was investigated by atomic absorption spectroscopy. In the case of compound
1, the ion exchange did not take place because the material during lithium exchange process at laboratory
temperature decomposed. The exchange process in the compound 2 did not proceed at laboratory temperature
and at higher temperatures material was hydrolysed, or Co(II) ions were oxidized. Successful ion exchange
occurred only in the compound 3, in which different amounts of Li+ ions were stored depending on the
concentration of the lithium ions in solution. Two samples with composition {Li0.7[Zn(BTC)]}n (3a) and
{Li1.0[Zn(BTC)]}n (3b) with different content of Li+ ions were prepared. Prepared lithium exchanged compounds
were tested as adsorbents for carbon dioxide and hydrogen and corresponding isotherms are depicted in Fig. 1.
Compounds adsorb carbon dioxide with maximum storage capacity of 15.5 cm 3.g-1 for 3a and 17.0 cm3.g-1 for
3b at 20°C and 750 Torr and hydrogen storage capacity of 77.4 cm3.g-1 for 3a and 85.1 cm3.g-1 for 3b at -196°C
and 800 Torr.

Figure 1 Adsorption isotherms of a) carbon dioxide and b) hydrogen over lithium exchanged samples 3a and 3b.
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The paper informs about further education of chemistry teachers in accordance with the research performed
at the Department of Didactics of Chemistry at Faculty of Science of P. J. Šafárik University in Košice (Table
1). It informs about the forms, strategy, and content of education in order to fulfill the requirements for the
“Framework for 21st Century Learning“. This framework represents the core of basic knowledge, the 21st
century themes, skills for learning (critical thinking, solving problems, communication, collaboration), skills
for life (responsibility, autonomy, flexibility), and skills relating to ICT. All these areas are connected with
assessment to measure understanding of the core of basic knowledge and content of 21st century themes,
computer and digital literacy, the development of learning and life skills [1]. In the assessment it is necessary
to use modern technologies in order to increase efficiency and reduce the time-consuming.
Table 1 Framework for 21st Century Learning in the Further Education of Chemistry Teachers
Forms of Education/
Areas within
Framework for 21st
Century Learning
Core of Basic
Knowledge

21st Century Themes

Chemistry Teachers Club
“Changes in Chemical
Nomenclature of Organic
Chemistry” – Lecturer: doc.
RNDr. Miroslava Martinková,
PhD. (Date: 01. 02. 2018)
“Nanomaterials for Biomedical
Applications” – Lecturer: prof.
RNDr. Renáta Oriňáková, DrSc.
(Date: 21. 03. 2018)
“Vitamins – Small Molecules
with Great Effect” – Lecturer:
doc. RNDr. Mária Kožurková,
PhD. (Date: 21. 03. 2018)

project “IT Academy –
Education for the 21st
Century“

“Formative Assessment in
the Theme the
Transformation of
Substances”
Mgr. Svetlana Mitrová
Innovative education for
school teachers in
programs:

Life Skills
Learning and
Innovation Skills
Information, Media and
Technology Skills

Assessment for the 21st
Century

Attestation Thesis for the
1st and 2nd Attestations in
years 2018/2019- examples

“Formative Assessment in
Chemistry Teaching” –
Lecturers: doc. RNDr. Mária
Ganajová, CSc., RNDr. Ivana
Sotáková, Ph.D. (Date: 23. 11.
2018)

1. Teaching chemistry
with a focus on the
development of digital
and scientific literacy at
secondary school (33
participants)
2. Teaching chemistry
with a focus on the
development of digital
and scientific literacy at
high school (30
participants)

“Teaching Model Using
Formative Assessment
Tools in the Thematic Unit
Water and Air”
Mgr. Martina Majirská
“SATL Method in
Chemistry Teaching”
Mgr. Renáta Kovaľová
Using ChemSketch
Program in Teaching
Organic Chemistry
Mgr. Jozef Balina
“Formative Assessment in
Chemistry Teaching”
Mgr. Zuzana Vilgová
“Formative Assessment in
7th Grade of Secondary
School”
Mgr. Mária Vojtková
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DNA is one of the central components of cellular machinery and storage unit of genetic information. It plays
key roles in replication, transcription, protein-coding and cell integrity as well as in carrying the genetic
blueprint for inheritance. As the carrier of genetic information, the DNA double helix interacts with many
natural ligands during the cell cycle and is amenable to such intervention in diseases such as cancer biogenesis.
Chalcone scaffold ((E)-1,3-diphenylprop-2-en-1-one) retains an attention among the researchers due to its
wide variety of biological activity. The biological activity of chalcones includes cancer-preventative effects, antiinflammatory activity, antibacterial activity, antituberculosis activity, antidiabetic activity, antioxidant activity,
antimicrobial activity, antiviral activity, antimalarial activity, neuroprotective effects, and others [1, 2]. The
indole moiety is one of the most widespread heterocycles in the naturally occurring and synthetic bioactive
compounds including anticancer agents. This study introduced four newly synthesized chalcone derivatives:
1-(1-methoxy-1H-indol-3-yl)-3-(2,4,6-trimethoxyphenyl)prop-2-en-1-one (1),
1,3-bis-(1-methoxy-1H-indol-3-yl)-prop-2en-1-one (2),
1-(1-methoxy-1H-indol-3-yl)-3-(4-bromophenyl)prop-2-en-1-one (3),
1-(4-fluorophenyl)-3-(1-metoxy-1H-indol-3-yl)prop-2-en-1-one (4).
The interaction with calf thymus DNA (CT DNA) through UV-VIS, circular dichroism and fluorescence
quenching experiments was studied. The quenching of DNA–Hoechst 33258 (HO) fluorescence for 1–4 suggests
that they are able to displace Hoechst 33258 from the DNA–HO complex and they can interact with CT DNA as
groove binding agents. The binding parameters were calculated using the Stern-Volmer equation from which we
have obtained Stern-Volmer constants for CT DNA in the range of 1,46 - 4,50 × 104 M-1. The nuclease activity
test and topoisomerase I inhibitory assay were performed using electrophoretic methods.
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Many natural substances potentially useful in therapy and diagnosis show poor aqueous solubility, which
limits their utilization. Hypericin (HY), naturally occurring naphthodianthrone studied as potential
photosensitizer in photodynamic therapy (PDT) and photodiagnosis (PDD) of oncological diseases, is also the
case [1]. It is insoluble in water and well soluble in certain organic solvents, e.g. dimethylsulfoxide (DMSO).
There are many approaches to solve the problem of insufficient hydrophilicity, one of which is hydrotropy.
Compared to HY, on the other side of solubility spectrum there is extremely hydrophilic antiallergic drug,
cromolyn (DSCG), which also acts as hydrotrope and can solubilize many hydrophobic substances, including
HY, in aqueous environment [2]. Utilization of DMSO in in vitro and especially in vivo experiments is not
favorable for potential interference with cell-based assays, possible toxicity and environmental risks [3].
Therefore, we propose utilization of DSCG as hydrotropic solubilizer for HY.
In observed molecular ratio of 1:12,000 HY to DSCG, it is able to solubilize HY in aqueous environment. In
the presence of HT-29 cell suspension, DSCG (1.8 mmol L-1) has considerably enhanced HY (150 nmol L-1)
interaction with HT-29 cells leading to HY fluorescence emission increase with half-time approx. 2 min
compared to 29 min for sample without DSCG. Study on HT-29 cell line showed, that DSCG also significantly
improved accumulation of HY in the cells compared to DMSO (p˂0.05). No significant difference of total
reactive oxygen species (ROS) production was observed for HY dissolved in DMSO and DSCG. Yet, singlet
oxygen generation by HY dissolved in DSCG water solution in studied molecular ratio was confirmed. We also
clarified, that DSCG does not possess antioxidant activity towards ABTS and galvinoxyl free radicals. DSCG
also significantly enhanced cytotoxicity of photoactivated HY compared to DMSO (p˂0.05). This study
demonstrated the ability of DSCG as hydrotrope for HY to enhance effectiveness of HY-PDT compared to
organic compound DMSO.
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Cytochrome c (cyt c) is a multifunctional heme protein found primarily in the mitochondria, where it carries
out an electron-transfer process that drives cellular respiration. The multifunctionality of this protein is due to its
conformational flexibility in its oxidized state and native folded state [1]. An alternative biological function of
cyt c is its role in initiating apoptosis after it is released into the cytosol.
Cyt c is located in the intermembrane space, where it is exposed to hydrogen peroxide produced by
respiratory chain complexes. All heme proteins are sensitive to oxidation by hydrogen peroxide. The oxidative
inactivation (modification) of heme proteins seems to be mechanism-based, where the protein itself is used an
electron source. The initial radical generation occurs at the heme moiety and gives rise to the formation of
protein radicals [2]. We were interested in which parts of the protein were most affected by this oxidation. We
analyzed hydrogen peroxide-induced conformational changes of cyt c by absorbance and circular dichroism
spectroscopies and modification of its primary structure by mass spectroscopy using MultiCASI/CID method.
Increasing the concentration of hydrogen peroxide causes gradual oxidation of the individual parts of the
primary structure of the cyt c and heme prosthetic group. The oxidized cyt c amino acid residues are in close
proximity to the heme. The oxidation we observe is strictly limited to only three amino acids: Met80 and two
tyrosines, Tyr67 and Tyr74 (Fig. 1). All three amino acids are evolutionarily conserved residues in the cyt c
sequence that support the basic structural and functional properties of the protein. Met80 is an axial Fe heme
ligand providing, together with His18, a suitable redox potential for electron transport in the respiratory chain.
Tyr67 and Tyr74 assist in the formation of the hydrogen network thereby modifying the redox properties and
peroxidase activity of cyt c. The question regarding the modification of these amino acids from a physiological
point of view remains open.

Figure 1. The structure of cytochrome c denoting oxidized parts of primary structure: heme prosthetic group
(green) and methionine and tyrosines (red).
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The Hofmeister series ranks the ability of ions to influence a variety of protein properties and processes in
aqueous solutions. Based on their efficiency to precipitate proteins, anions are arranged as follows: SO42- >
HPO42- > F- > CH3COO- > Cl- > Br- > NO3- > I- > ClO4- > SCN-. Interestingly, not only precipitation but also
function- and structure-related characteristics of proteins turned out to be ion-dependent. This phenomenon, also
called Hofmeister effect, led us to investigated the catalytic properties (represented by K M and Vmax) and thermal
stability (expressed as transition temperature, Ttrs) of alcohol dehydrogenase (ADH) in the presence of
Hofmeister series anions (we have used the ones indicated in bold in the upper arrangement). ADH (EC 1.1.1.1)
is an oligomeric enzyme that catalyzes oxidation of alcohol to corresponding aldehyde according to the scheme:
CH3CH2OH + NAD+  CH3CHO + NADH + H+. One of the products, NADH, has an absorption band with λmax
of 340 nm that allowed us to monitor the course of the reaction and calculation of KM and Vmax values. Ttrs values
were calculated from the thermally-induced conformational changes by means of spectrofluorimetry. Our results
show that the effect of anions on the investigated parameters is in accordance with the order of anions in the
series. KM values of ADH catalyzed reaction increase in the order SO42- < CH3COO- < Cl- < Br- = ClO4- < SCN(Figure 1, upper left). Similar (although reversed) linear dependence of T trs values on anion position in the series
was observed (Figure 1, lower left). This observation confirms significant destabilization effect of anions on the
right from the chloride anion in the series. Finally, V max values show a bell-like dependence on the anion position
(Figure 1, right). This might indicate the impact of anions on the ADH active site rigidity/flexibility as earlier
shown with another enzyme (NADH oxidase) from the same class [1]. The presented work provides essential
information on how ADH overall stability and its active site behavior is modified by the presence of anions.
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Indole phytoalexins are antimicrobial and antioxidative products of the metabolism of higher plants of the
family Brassicaceae (syn. Cruciferae), absent in healthy tissues or present only in insignificant amounts that
accumulate rapidly in response to biotic (pathogen infection) or abiotic elicitor (heavy metals, UV radiation) [1].
Indole phytoalexins show a wide range of biological activities (antifungal and antibacterial effect [2,3],
antitrypanosomal potencies [4], cancer chemopreventive properties and an antiproliferative effect against human
cancer cell lines [5-7]).
We have developed a convenient syntheses of the cruciferous phytoalexin (S)-()-spirobrassinin (1) and its
(±)-2´-aminoanalogues 2 (Scheme 1). Stereoselective synthetic method for the preparation of (S)-spirobrassinin
(1) have been achieved from functionalized brassinin derivative 3 via oxidative cyclization using PCC or CrO3
as an oxidizing agent and subsequent removal of the chiral auxiliary. An efficient one-pot synthesis of (±)-2´aminoanalogues of spirobrassinin and 1-methoxyspirobrassinin 2 was described through CrO3-mediated
spirocyclization of corresponding thioureas 4. The antiproliferative activity results revealed that final synthesized
aminoanalogues containing CF3 moiety exhibited significant potencies on our panel.
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Scheme 1 Synthesis of (S)-()-spirobrassinin and its (±)-2'-aminoanalogues.
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Over the years iminosugars have gained importance due to their potential biological properties including
anticancer, antiviral, and antidiabetic activities as well as their impressive glycosidase inhibitory profile.
Naturally occurring iminosugars are classified into five structural classes based on the ring systems:
polyhydroxylated pyrrolidines, piperidines, indolizidines, pyrrolizidines, and nortropanes [1]. Swainsonin
isolated from Swainson canescens and castanospermin extracted initially from the seeds of Castanospermum
australe were the first indolizidine iminosugars exhibiting strong inhibition towards α-manosidases and αglucosidases, respectively [2].
Although stereochemistry of these natural products is critical for their biological activity, exact structuteactivity relationship is still unclear. Synthesis of new unnatural polyhydroxylated indolizidine iminosugars could
lead to compounds with improved biological properties.

Figure 1 Retrosynthesis.
In keeping with our earlier work, we herein present synthesis of precursors for novel unnatural
polyhydroxylated indolizidine alkaloids starting from known aminoderivative prepared from D-glucose [3]. Two
independent synthetic strategies were developed (Fig. 1).
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The fused- or spiro-β-lactone-γ-lactam framework represents the characteristic structural motif that has been
identified as the important pharmacophore of salinosporamides [1], omuralide [2] and oxazolomycins, including
their structurally related analogues [3]. All these aforementioned compounds demonstrate interesting biological
properties such as antibacterial, antiviral and cytotoxic activity [1-3].
We would like to present here an approach towards spiro-β-lactone-γ-lactam synthons 1 and ent-1 as the similar
structural motif found in oxazolomycins [3].
In order to obtain this bicyclic framework 1 and ent-1, the ring closing metathesis, highly diastereoselective
reduction of a double bond and the formation of a β-lactone skeleton were involved as the key transformations.
The final products were evaluated regarding their ability to alter the viability of cancer cells.

Figure 1 Retrosynthetic strategy towards spiro-β-lactone-lactam derivatives 1 and ent-1.
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FTY720 (also known as fingolimod, 1) (Fig. 1) is a novel immunomodulatory drug [1] that has been
developed by Fujita and co-workers [2,3] as more potent and less toxic synthetic analogue of the naturally
occurring immunosuppressant myriocin 2 (Fig. 1) [2,3]. In vivo studies revealed that FTY720 is stereospecificaly
phosphorylated by sphingosine kinase 2 (SphK2) to produce exclusively (S)-enantiomer and in the
corresponding mono-phosphate form functions as an agonist through four S1P receptors (S1P1,3,4,5) [3]. In 2010,
FTY720 was approved by FDA as an orally active agent for the treatment of relapsing forms of multiple
sclerosis [1].
We present here the preparation of FTY720 analogues 3 and 4 with the integrated azobenzene switches (Fig.
1). The synthetic strategy relies on the formation of triphenylphosphonium salts 5 and 6, the polar fragment 9,
and the subsequent coupling of these two segments by means of a Wittig olefination. The additional objective of
our work is a study of the photochromic properties of the obtained derivatives 3 and 4.

Figure 2 Retrosynthetic analysis of FTY720 analogues.
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Jaspine B (also known as pachastrissamine, Fig. 1) is a naturally occurring sphingolipid molecule that has
been isolated independently from the two natural sources [1]. Jaspine B demonstrates outstanding cytotoxicity on
a large number of human cancer cell lines with IC50 values in the sub-micromolar range [2]. A Japanese research
group [3] revealed that jaspine B, as well as its stereochemical congeners, inhibit sphingosine kinases (SphKs).
Since 2006 many strategies regarding jaspine B-related analogues have been published in the literature due to
recovery of the novel and more potent candidates interfering with ceramide catabolism in malignant cells [4].
Reported strategies pursued the following aspects: (i) variations at the tetrahydrofuran core and (ii) modifications
at the hydrophobic region with respect to chain lengths and character of substituents (Fig. 1) [4].
In this work we present the stereoselective approach towards isomeric jaspine B aza-analogues 1 and 2
(Fig. 1). Our developed strategy relies on the application of a sequential Overman rearrangement of bisimidate 3
and an olefin cross-metathesis reaction of substructures 4 and 5 as the key transformations.

Figure 1 Retrosynthetic analysis towards aza-analogues 1 and 2.
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The interest in organocatalysis has increased in the last few years and becomes powerful tool in organic
synthesis. Use of small organic compounds as catalyst give rise to extremely high enantioselectivities in various
reactions [1]. Molecules derived from Cinchona-alkaloids such as quinine or quinidine produced impressive
results in enantioselective catalytic reactions [2].
We decided to construct a Cinchona-alkaloid derivative 1 bearing a thiourea group and carbohydrate part in
the structure (Scheme 1). D-Ribofuranose skeleton of 1 can control enantioselectivity in catalysed reactions and
provide better enantiomeric excess (% ee). Due to good yields and enantioselectivities in Michael addition of
cyclohexanones and aldehydes to nitroolefins catalyzed by different Cinchona-based thioureas [3], we decided to
study similar catalyzed reactions. Herein, we focus on study of organocatalytic properties of Cinchona-derived
catalyst 1 in Michael additions of substituted β-nitrostyrenes.

Scheme 1 Michael addition of nitrostyrenes catalyzed by thiourea catalyst 1.
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Molecular photoswitches are molecules that can reversibly be converted from one state, or isomer, into
another with light. Therefore, the properties of these functional molecules, and potentially the properties can be
changed at will. Today, photoswitches provide invaluable tool for a large variety of applications in the field of
chemistry and material science [1]. N-acylhydrazones are novel, yet underexploited class of photochromic
molecules.
Inspired by the work of Lehn [2], Aprahamian [3] and Hecht [1] we focused our attention on Nacylhydrazones containing antracene core. We synthesized a library of these potent photoswitches, bearing
different substituents (Figure 1) and examined its spectral properties by NMR (Figure 2), UV/vis spectroscopy
(Figure 3) and computational methods in solvents of different polarities (DMSO, acetone, methanol,
acetonitrile). The isomeric interconversion was most pronounced in DMSO solution, and is consequence of
mutual effect of solvent and light. All findings acquired by experimental methods were in excellent agreement
with those obtained by computational methods.
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Figure 1 Structures of new antracene ring containing N-acylhydrazones.

Figure 2 Light induced isomerisation of derivative 1 in DMSO detected by 1 H NMR spectra (a) and UV/vis
spectra (b).
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The aim of this study was preparation new hybrid cholinesterase inhibitors [1] which combine tacrine and
indole and evaluate their biological activity [2]. The indoles are non-substituted or substituted at position 1 with
methoxy and Boc groups. Tacrine and indole skeleton are linked by an alkyl chain with thiourea group. All
compounds were tested for their inhibitory activity on human AChE/BChE, as well as in vitro PAMPA-bloodbrain barrier (BBB) analysis was also evaluated. The Ellman´s method [3] was used to determine inhibition
kinetics and IC50 values. Among these compounds, tacrine-indole hybrids 5c displayed excellent inhibition of
hAChE; the IC50 value of 24.8 nM is approximately 20 times higher than that of tacrine and 605 times higher
than that of 7-MEOTA. The most potent inhibitor of hBChE, tacrine-indole hybrids 6d, showed an IC50 value of
38.6 µM. The vast majority of tacrine-indole hybrids with values of permeability coefficient Pe over 4.0×10-6
cm.s-1 are considered as ligands with high probability to cross BBB.
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Figure 1 Structure of tacrine-indole hybrids.
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To meet the ever-growing demands for portable electronic devices and electrical vehicles, low cost and ecofriendly lithium-sulphur (Li-S) batteries are as one of promising candidates, having attracted considerable
attention owing to their high theoretical capacity (1672 mAh/g) and the gravimetric energy density above
2500 Wh/kg [1, 2]. Before commercialization of these batteries, it is necessary to solve a number of problems.
Conversion of sulphur to Li2S and back without settling soluble polysulphides at the anode is very complicated
process, which leads to a decrease of capacity. The volume expansion of sulphur during cycling (conversion of
sulphur to Li2S) is about 80 %. The consequence of the volume expansion is big stress on the cathode and
capacity decrease [3].
In this paper we have prepared electrodes with three various aluminium foils as current collectors.
Al foil A has thickness 0.25 μm and carbon coating, foil B 0.32 μm and carbon surface modification and foil C
0.28 μm without carbon coating. Galvanostatic cycling was performed at various C-rates. Capacity retention
during galvanostatic cycling for S + Super P + PVDF on particular Al foils are displayed in Figure 1.
The measurement was started by cycling by 0.2 C for 20 cycles. Next step was cycling by 0.5 C (5 cycles) and
then the discharge/charge current was raised to 1 C for 5 cycles. It is clearly seen, that applied current collector
considerably affects properties of battery. Electrode with Al foil A had the highest capacity at all C-rates.

Figure 1 Comparison of discharge capacity changes of S + Super P+ PVDF on different Al foils.
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Degradation behavior of biodegradable metals in the human body environment has to be studied to a great
extent. The number of developed degradable materials based on pure iron is increasing every year [1]. In order to
design Fe-based scaffold with appropriate characteristics it is crucial to know what corrosion processes are
ongoing during the biodegradation. Electrochemical measurements could provide an insight into the corrosion
mechanism. Suitable electrolyte choice is therefore crucial for investigating systems as close to real body
environment as possible. Changes in pH, presence of different ions and other factors influence resulting
corrosion behavior of metallic implant and metal release. Hanks´ solution, DMEM (Dulbecco's Modified Eagle
Medium) or PBS (Phosphate Buffered Saline) are often used to mimic real conditions. However, none of these
does contain proteins that are naturally present in the human body fluids. In our work we have investigated the
influence of the model protein (Bovine Serum Albumin, BSA) on the metallic implant degradation performance.
20 gL-1 of BSA was added to the Hanks´ solution. Corrosion rate and mechanism were studied using polarization
tests, electrochemical impedance spectroscopy measurements and various microscopic methods. The difference
in the both corrosion rate and way was observed when iron sample was studied in the pure Hanks´ solution and
Hanks´ solution with the addition of BSA.

Figure 1 Schematic representation of the proposed BSA influenced corrosion mechanism of iron-based
biomaterial associated with the metal-protein chelation.
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Gold is frequently used and well-studied electrode material for the development of nonenzymatic glucose
sensors due to its great catalytic properties. The main advantage of gold is the ability to detect glucose in both
neutral and alkaline solution. According to this, a novel, highly stable, selective, and sensitive non-enzymatic
glucose sensor based on gold was developed by simple and effective modification procedure. The modification
of gold microelectrodes by electrochemically deposited gold nanoparticles resulted in increase of surface area up
to 37 %. The nanostructured surfaces of the gold microelectrodes obtained by different modifications were
studied by confocal microscopy, atomic force microscopy, and scanning electron microscopy. The gold
nanoclusters exhibited great electrocatalytic properties toward glucose with a wide linear range from 0.5 to 50
mM, with a limit of detection 218 μM, and sensitivity of 185.2 mA mM −1cm−2. Moreover, the modified
microelectrodes display good reproducibility, stability, and selectivity in the presence of poisoning compounds.
Due to the small dimensions of gold microelectrodes and a very small volume of the sample, the microelectrodes
make a contribution to miniaturisation of the system.

Figure 1 Cyclic voltammograms for different glucose concentrations on the bare gold electrode (A): Cyclic
voltammograms for 10mM glucose on different gold surfaces (B). Linear dependences of peak current on
glucose concentration fitted by linear function (C).
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Insulin is a polypeptide hormone, plays an important role in controlling the blood glucose level within the
normal range (3–8 mmol/L). It´s produced by β-cells located in the pancreatic islets of Langerhans. There is a
variety of analytical methods used for insulin determination which can be classified into two main groups,
immune and non-immune. The main disadvantages of these methods are long-lasting analysis and low sensitivity
[1]. The main advantages of electrochemical assays for insulin determination demonstrate a wide linear
concentration range, a low limit of detection, high sensitivity, and inexpensive instrumentation [2]. This work
deals with electrochemical determination of insulin on screen printed carbon electrodes (SPCEs) modified by
carbon nanotubes (CNTs), chitosan and zinc nanoparticles (ZnNPs). The morphology of ZnNPs/chitosanCNTs/SPCEs was studied by scanning electron microscopy (SEM) and the amount of deposited Zn on the
electrode surface was determined by EDX analysis. The mechanism of insulin oxidation on ZnNPs/chitosanCNTs/SPCE was studied by the cyclic voltammetry method (CV), where cyclic voltammogram of 2 μM insulin
in 0.1 M NaOH and PBS was generated. In cyclic voltammogram of 2 μM insulin in 0.1 M NaOH and PBS 2
oxidation peaks were observed. The first anodic peak at the potential E = 0.3 V appertained to oxidation of Zn to
ZnO. Analysis of the second oxidation peak at the potential E = 0.75 V demonstrated adsorption of insulin on
ZnNPs/chitosan-CNTs/SPCE. The analytical characteristics of ZnNPs/chitosan-CNTs/SPCE were also
determined using CV. Linear concentration range was 0.5 μM – 20 μM, limit of detection was found to be 3.93
μM and sensitivity was 0.0140 mA/μM. The influence of interferences (ascorbic acid, glucose, sucrose and uric
acid) with the concentration corresponding to their physiological concentration in human blood was also studied
by CV in PBS. There was no infulence of interferents on insulin determination observed. Therefore,
ZnNPs/chitosan-CNTs/SPCE can be considered as a suitable sensor for electrochemical determination of insulin
in the human blood.

Figure 1 Process of modification of ZnNPs/chitosan-CNTs/SPCE.
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Zeolites are part of actively studied materials, nowadays, because of their wide application such as: synthesis
catalysts, gas filters or additives to building materials. Even though their application range is wide and still
growing zeolites are still considered to be undesirable even wasteful material in most quarries. In the latest year,
began research on using zeolites as carries for slow release fertilizers because of their high affinity to NH4+
during ion-exchange. Slow release fertilizers are one of the solutions for decreasing the burden on the soil while
still maintaining its maximum yield. Slow release fertilizers do not require significant changes in infrastructure
and technologies compared to conventional ones. Additionally, by decreasing the amount of cycles that are
required for fertilizing, during the season, fuel costs are reduced. Slow release or controlled release fertilizer
works by slowing down the rate of release of fertilizing agents to the soil, therefore it is possible to control the
process.
Natural zeolite is not suited to be used in preparation of slow release fertilizer because of high amount of
undesirable metal cations and other impurities in its structure. Benefit of natural zeolite is that it contains high
amount of alkali and alkali earth metal cations, mainly K+, that can as well serve as fertilizer. Preparing synthetic
zeolites for use in fertilizers with contemporary processes and technologies is uneconomical, therefore it is better
to use low-cost process to modify/activate natural zeolite. Activation of zeolite, to be used as material in slow
release fertilizers, is done by treating the natural zeolite in salt solution with cation from salt having low affinity
to zeolite and acid solution. Finally, activated zeolite is enriched by fertilizing agent.
During activation, the resulting zeolite is mostly affected by how effectively can selected acid remove cations
from zeolite structure. During enrichment the resulting amount of fertilizing agent in zeolite is determined by
few factors such as: temperature, contact time, stirring, zeolite amount, initial concentration of NH4+ and pH of
the solution. Effect of these factors can be explained by adsorption isotherms (Langmuir, Freundlich, LangmuirFreundlich)[1], [2], kinetic (pseudo-first order, pseudo-second order, Weber-Morris, Bangham, Elovich)[3]–[5]
and diffusion (“self” diffusion, Maxwell-Stefan)[6] models. Based on the results of mentioned models it is
possible to characterize behavior of finalized zeolite in different conditions during preparation and use.
Additionally, it is possible to design optimal method for producing the fertilizer.
Zeolite has much lower conductivity in water solution than fertilizing agents, in the form of NH4+ and surplus
alkali and alkali earth metal cations, in its structure. Therefore, it is possible to study release properties of such
fertilizer with conductivity, in water column, over time measurements. Slow release zeolite fertilizer prepared by
the mentioned process shows comparable and when combined “membrane” was used even better properties than
commercially available slow release fertilizers.
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The main interest of present study is to find an iron-based biomaterial that corrodes more rapidly than
a pure iron. We examined the iron-zinc oxide composite materials prepared by spark plasma sintering a mixture
of iron micropowder and 1.0 or 5.0 wt.% zinc oxide nanopowder. Composite samples were tested for corrosion
and for EIS measurements. Electrochemical impedance spectroscopy (EIS) is non-destructive and sensitive
electrochemical technique, to study corrosion processes at the interface between the sample surface and the
electrolyte. The formation of corrosion products and their influence on the surface properties and the corrosion
process can thus be monitored.
EIS measurements were performed before corrosion and after 8 weeks corrosion in Hank's solution.
The interface between the electrode and the electrolyte can be described using equivalent electrical circuits.
To evaluate the EIS and the modeling of the measured curves of the samples were used equivalent circuit
[R(Q1 (RCTQ2))], in which R expresses the electrolyte solution resistance, RCT is a counter-charge transfer
between the metal and the products of corrosion, Q is a capacitive element which represents the non-ideal
capacitive behavior related to the electrical doublelayer. After prolonged corrosion, the sample surface changes,
porosity increases and the resulting corrosion product layer covers almost the whole sample surface. There was
observed only one apparent loop, indicating the corrosion product might merge to one layer. The results show
that the corrosion process and corrosion products have a great influence on the resistance and degradation of our
samples. For Fe-ZnO material the resistance values are up to 7000  before corrosion and up to 20 000  after
long-term corrosion. The increased resistance leads to the samples behave more than insulators. The SEM
images show the evident layers of the corrosive products on the sample surface.
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Figure 2 Nyquist curves of Fe-ZnO after 8 weeks

Figure 3 SEM Fe+1ZnO a) before corrosion b) after corrosion
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Metallic biomaterials are widely used in current medical practice to replace or repair failing tissue. The
presence of a permanent device may cause severe negative effects and require re-intervention in the long-term.
Biodegradable materials represent new generation of bioactive materials which dissolve as new tissue is formed
and allow the gradual load transmission to the bone. Iron and iron-based alloys have exhibited several
characteristics that make them suitable for orthopaedic applications, especially for the applications where strong
mechanical support during the bone healing process is needed. Open cell foams, made on a base of reticulated
polyurethane foam, possess a suitable structure to enable bone cells and blood vessels to be incorporated,
overcome the stiffness mismatch between the bone and the implant material and demonstrate controlled
degradation after implantation.
Cellular structures were prepared by the impregnation dip coating method of polyurethane foam with a
suspension formed of carbonyl iron powder in ultrapure water with gelatin. The foam impregnation was carried
out for 24 h. Then the prepared structures were sintered in a tube furnace. At first, the formed material was held
at 450 ◦ C for 2 h in a nitrogen atmosphere. The final structure was obtained by sintering at 1120 ◦C for 1 h in a
reduction atmosphere, resulting in the full removal of the polyurethane foam. Iron foams in form of cylinders
were coated with polyethylene glycol 4000 through a sol-gel process. The mechanical properties of the porous
iron materials with polyethylene glycol (PEG) coating were evaluated depending on the time of immersion in
simulated body fluid.

a)

b)

Figure 1 SEM image of iron-based open cell foams:
Fe (a), Fe+PEG (b).
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Transient electronics have gained considerable attention in fields of biomedicine. There is a need for transient
implantable devices, which entirely or partially dissolve under physiological conditions after completing a given
task. The use of these devices is in monitoring conditions, treatment of transient diseases and drug delivery
systems. A biodegradable energy source must be developed to provide onboard powering of transient system [1].
The ideal power source should be biocompatible, satisfy device power requirements during the lifetime of device
and degrade into non-toxic products [2]. Magnesium (Mg) and iron (Fe) may be considered as suitable materials
for biodegradable batteries due to their biocompatibility and low cost. Magnesium can be alloyed with other
metals (Al, Zn) to combat corrosion [3]. Encapsulation with biodegradable polymers can improve lifetime and
performance of biodegradable batteries [1].
The functionality of battery composed of magnesium alloy AZ31B and iron electrode was examined. The
Mg/Fe battery was in a two-electrode configuration with Mg as the anode and Fe as the cathode. In all
measurements, Hank solution was used as electrolyte. Galvanostatic charge and discharge ran at different current
levels and in the potential window 0 V to 1.5 V. Figure 1 shows the discharge performance of Mg/Fe cells at
various current rates.
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Figure 1 The discharge performance of Mg/Fe battery at different current levels.
Acknowledgements
This work was supported by the projects APVV-16-0029 of the Slovak Research and Development Agency and
VEGA 1/0074/17 of the Slovak Scientific Grant Agency.
References
[1] M. Tsang et. al, Microsys. Nanoengin. 1 (2015) 15024.
[2] M. Tsang et. al, MEMS. (2014) 358-361.
[3] V. Edupuganti, R. Solanki, J. Power Sources. 336 (2016) 447-454.in: Experiments in teaching and learning
natural sciences (Ciesla, P., Michniewska, A., ed.). Pedagogical University of Krakow, Krakow, pages 51–
70.

Copyright ÚCHV 2019

Strana 57

ISBN 978-80-8152-784-5

New Trends in Chemistry, Research and Education 2019 at the Faculty of Science
of P. J. Šafárik University in Košice

SESSION 6

Physical Chemistry

Study of Polymeric Coating Influence on the Degradation Behaviour of Fe/P
Biomaterials
M. Petrákováa*, R. Oriňakováa, A. Oriňaka
a

Department of Physical Chemistry, Institute of Chemistry, Faculty of Science, P. J. Šafarik University in
Košice, Moyzesova 11, 040 01 Košice
*martina.petrakova@student.upjs.sk

In the field of biomaterials used in the medical applications, new materials and procedures that are essential
for the successful introduction of such an implant are continually being investigated. Many potential implants are
susceptible to damage due to biological interaction, which largely limits the choice of the appropriate biomaterial
[1]. Implants are made of metallic, ceramic, composite or polymeric materials. Metals and metal matrix
composites include high value of ductility and mechanical strength, what makes them the most suitable materials
for orthopedic use [2].
This work is dedicated to iron-based degradable biomaterials, which occupy a significant place in the field of
biodegradable medical implants. The work deals with the preparation and testing of the degradation behaviour of
iron-based cellular materials. The samples were prepared by powder metallurgy method from the phosphated iron
powder. To improve the properties of phosphated iron-based samples, their surface was modified with the
polymeric PEG (polyethylene glycol) coating. The cellular Fe-0,5P samples were coated with a polymeric layer
of PEG with a concentration 10 wt. %. Corrosion properties of coated and uncoated samples were studied using
an anodic polarization method in Hanks´ solution.
In vitro corrosion testing was performed in simulated body fluids. During 4,8, and 12 weeks all samples were
monitored to study polymeric coating influence on behavior of biomaterials. The corrosion rate of PEG coated
samples was higher than uncoated. We also observed that with the increasing time, the corrosion rate slowed,
regardless of the coating of the sample.

Figure 3 Potentiodynamic polarization curves of Fe/P and Fe/P with PEG containing measured in Hank's
solution.
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In recent years, scientists have been increasingly involved in the preparation and characterization of
plasmonic substrates for Surface Enhanced Raman Spectroscopy. In our work, we focus on using colloidal
lithography in order to prepare the nanostructured surface with desired geometry on the nanoscale. One
possibility is to use colloidal lithography to prepare nanostructured surface for SERS applications, is
combination with physical vapor deposition of noble metal films [1]. We prepared silver films over the 300, 500,
700 and 900 nm polystyrene nanospheres with thickness corresponding to d/20, d/10, d/5 and 3d/10, where d is
the diameter of the polystyrene nanospheres. Based on the experimental conditions were calculated FDTD
simulations to prove enhancement of Raman signal on the prepared nanostructures. The highest analytical
enhancement factor was observed on the sample prepared from 500 nm PS nanospheres with 50 nm Ag film and,
where its value is ~ 8,6.104. Decreasing signal enhancement for other Ag film thickness is probably caused by
the unconnected Ag cup for the Ag thickness 25 nm and due to relatively low occurrence of hot spots for the
samples with 100 and 150 nm Ag films.

Figure 1 Silver films over the 300, 500, 700 and 900 nm polystyrene nanospheres with thickness corresponding
to d/20, d/10, d/5 and 3d/10, where d is the diameter of the polystyrene nanospheres.
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In order to prevent an increase in the concentration of carbon dioxide in the atmosphere and to decrease its
negative effect on the temperature of the Earth, various chemical methods of its processing are being developed.
One of them is hydrogenation, where methanol is the main product. Due to the high chemical stability and
activation energy of CO2, specific catalysts are needed. The main catalysts used in methanol synthesis are Cu,
ZnO and Al2O3 (CZA) catalysts. ZnO increases catalyst life by removing acidic sites in the alumina phase,
preventing the conversion of methanol to dimethyl ether. However, CZA catalysts exhibit low CO2
hydrogenation activity due to the formation of water and the strong hydrophilic nature of alumina [1]. Therefore,
the selectivity still needs to be enhanced.
Promising structures are core-shell nanoparticles that can inhibit unwanted secondary reactions, such reverse
Water-gas-shift reaction. In addition, the reaction mechanism is not fully investigated for some types of
interfaces and can be supplemented by currently highly desired simulations.
The present paper is focused on ZnO@CuO core-shell nanoparticles and their use in hydrogenation of carbon
dioxide. Nanocatalysts are prepared by a two-step sol-gel synthesis (fig. 1). The prepared nanoparticles are
characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM) and used in catalytic
hydrogenation of CO2 to investigate the effect of ZnO/Cu on methanol formation. The results will be compared
with simulations of the ZnO/CuO interface to better understand the reaction mechanism and methanol formation.

Figure 1 Synthesis of ZnO@CuO core-shell nanoparticles.
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Chemical denudation is a major morphological factor in the development of the Karst relief. To monitor it in
time, there are used many different methods, predominantly indirect, based on detecting the mineralization of the
karbaceous waters. Direct methods are rarely used, one option is based on precise weight loss measurements. We
observed the intensity of the chemical denudation (corrosion) in the territory of the Slovak karst in two areas,
Silica Plateau and Jasovská Plateau. The plates are located close to the village of Háj (Moldava nad Bodva) and
the Silica Glacier (the village of Silica). On each site, we placed three pads on the surface, after three at a depth
of 20 and 50 cm, due to the possibility of accidental errors or damage in 2016. As part of our work we have
produced a series of platelets from local material (wetterstein limestone). We focused on comparing the weight
loss and chemical composition of original and our platelets. By calculating the weight loss during seasonal
changes, we measured corrosion intensity, we discovered large differences between the plates. In the area of
Jasovská plain in 2017, there was the weight loss of original platelets on average 0.0439 g/year, while the same
year in the area of Silica plain it is only 0.0245 g/year. The differences in increments and values of corrosion
could be related to different climatic conditions and the different physico-chemical properties of the soil, in
particular its pH, CaCO3 content and humus content. To carry out the geochemical analysis, we have taken the
necessary quantity of rocks from each of the relevant areas to which the plates were placed. We milled the
limestone plates to a fine powder on a vibrating mill LE 102/1 from MTA KUTESZ. The fine powder was
weighed to 0.0001 g on a Mettler Toledo type analytical balance. The complexometric titration was used for
determination the calcium and magnesium carbonate. Content of iron oxides and other impurities such as Zn, Mn
and Pb by was determined by atomic absorption spectrometry. The purest limestone, which contains up to 98%
CaCO3, is found on the Silická plain. The CaCO3 content is a strong sample almost equal to the Chinese sample
of 97% CaCO3. The least clear sample from Jasovská plain contains only 90% CaCO3. The result of our analysis
of chemical composition confirmed the result of thermal analysis of sample decomposition at 1000 ˚C. Thus,
they are relatively very pure limestone. Non-negligible residue that could not be dissolved i.e. the unspecified
percentage may be aluminosilicates. Gams performed an analysis of the chemical composition of the sample
from Lipica [1], which has the same composition as the original sample from IRCK staff. This only confirms the
accuracy of our measurement results.
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Combustion of fossil fuels currently produces high levels of greenhouse gases that cause global warming.
One way to reduce the carbon dioxide content of the atmosphere is to replace these fossil fuels with renewable
energy sources. Hydrogen is a very good energy carrier because it can provide clean energy, since its combustion
produces only water vapor. However, hydrogen is currently produced by steam reforming methane. This process
generates not only hydrogen but also a large amount of carbon dioxide. This reaction not only produces
greenhouse gases, but also the hydrogen produced in this process contains a high amount of impurities. Catalytic
decomposition of methane is another promising option to produce cleaner hydrogen.
Thermal decomposition of methane is a reaction used to produce high purity hydrogen. It is a simple reaction
in which methane decomposes into hydrogen gas and solid carbon. Since the products are in different phases,
there is no need for further separation and such a saturated hydrogen is highly pure. However, this reaction
requires a high temperature to run. Various catalysts are used to lower the temperature and increase the
efficiency of the reaction. Several studies indicated that nickel, cobalt and iron are the most commonly used
transition metals in the preparation of methane decomposition catalysts due to the electron configuration and
their physical properties [1-2]. Pd and NiFe2O4 nanoparticles deposited on a SiO2 support exhibit high activity
even at very low temperatures. The aim of our work is to prepare a catalyst based on nickel and silicon, which
could be used as a catalyst for thermal decomposition of methane.
In our study, a liquid mixture with uniformly dispersed Pd nanoparticles and Ni and Fe metal oxides was
prepared. The mixture of these nanoparticles was deposited on a SiO2 support. In this way, the two types of
nanoparticles can obtain a coordinated distribution so that each Pd nanoparticle can be separated from each other
by metal oxide nanoparticles around it and vice versa as we can see from figure 1. This coordinated distribution
creates a sufficient interface between Pd nanoparticles and metal oxides, where oxygen mobility significantly
increases catalytic activity. Thus, the catalyst achieves high activity and sintering resistance. Prepared catalysts
will be studied in terms of their structure and catalytic activity. Catalytic activity will be studied by pyrolysis gas
chromatography in the temperature range 300-500 ° C.

Figure 4 The distribution scheme of Pd and NiFe2O3 nanoparticles on SiO2 support.
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Diabetes mellitus can be considered as one of the most widespread disease in the world [1]. Currently, third
generation of glucose enzymatic sensors is used for diabetes diagnostics. These sensors display some drawbacks
arising from dependency of used enzyme on pH, humidity and temperature. Thus a construction of highly
sensitive, small, rapid, selective, accurate and cost-effective non-enzymatic electrochemical sensor for glucose or
insulin determination is called for [2]. This work deals with the influence of polymer membrane on
electrochemical determination of insulin on screen printed carbon electrode (SPCE) modified by NiO
nanoparticles (NiONPs), multi walled carbon nanotubes (MWCNTs) and chitosan. The stability during
electrochemical measurements, analytical characteristics like limit of detection (LOD), wide linear range, and
sensitivity of nanomodified SPCE with and without chitosan were compared. These measurements confirmed the
positive influence of polymer membrane on insulin determination because screen printed carbon electrode
modified by combination of NiONPs, MWCNTs and chitosan displayed wide linear range 0.05 µM – 5 µM,
excellent sensitivity of 0.31 mA/µM and low limit of detection 0.26 µM. This sensor can be considered as the
suitable candidate for future electrochemical sensor for insulin determination in human blood.

Figure 1 Modification of screen printed carbon electrode.
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