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 Předseda-

jící/ chairman 
Přednášející/ 
lecturer 

Název/  
prezentation title  

8:55 Zahájení 2. dne konference „Seminář studentů 2022“ 
Opening of the 2nd day of Annual conference  "Seminar of Students 2022"  

9:00-9:20 
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Beran 
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PŘESTÁVKA NA KÁVU  A ZÁKUSEK (Coffee break) 
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HYBRID ACID CATALYSTS PREPARED 
VIA GRAFTING TRIMETHYLSILYL GROUPS 
ONTO ALUMINOSILICATES SYNTHESIZED 

BY NON-HYDROLYTIC SOL-GEL

Bc. Lucie Leonová 

Mgr. Aleš Stýskalík, Ph.D., 
Ing. Petr Sazama, Ph.D.  

Hybrid materials based on aluminosilicates are extensively studied for their enhanced 
catalytic performance. Organic groups can change acidity, hydrothermal stability, and 
porosity. It was shown that non-hydrolytic sol-gel (NHSG) provides highly homogeneous 
and porous aluminosilicates exhibiting superior activity and long-term stability in ethanol 
dehydration [1]. Subsequently, the ethylene selectivity was improved by one-pot 
incorporation of organic groups [2]. Interestingly, this approach did not display the direct 
influence on hydrophobicity in alcohol dehydration in contrary to other reports [3]. 

This work presents post-synthetically modified NHSG aluminosilicate catalysts (fully 
inorganic) prepared via grafting trimethylsilyl groups onto their surface. The trimethylsilyl 
loading was controlled via a temperature-vacuum pretreatment of aluminosilicate 
samples and evaluated by 29Si MAS NMR measurements. Structure, porosity, acidity, 
and hydrophobicity of NHSG-prepared catalysts were followed by MAS NMR studies, N2 
physisorption, FT-IR-pyridine analyses, and water adsorption. Moreover, 
aluminosilicates were tested in a gas-phase fixed-bed catalytic reactor in ethanol 
dehydration and in a batch reactor in aminolysis of styrene oxide. 

References: 

[1] A. Styskalik, V. Vykoukal, L. Fusaro, C. Aprile, D.P. Debecker, Appl. Catal. B
Environ. (2020) 118926.
[2] A. Styskalik, I. Kordoghli, C. Poleunis, A. Delcorte, Z. Moravec, L. Simonikova, V.
Kanicky, C. Aprile, L. Fusaro, D.P. Debecker, J. Mater. Chem. A 8 (2020) 23526–23542.
[3] R. van Grieken, J.A. Melero, G. Morales, J. Mol. Catal. A Chem. 256 (2006) 29–
36.

The work has been financially supported by the Czech Science Foundation under the 
project GJ20-03636Y. 



VÝUKOVÉ AKTIVITY REALIZOVANÉ 
TÝMEM PEXED V ÚSTAVU FYZIKÁLNÍ 

CHEMIE J. HEYROVSKÉHO AV ČR 
POHLEDEM VĚDY I DIDAKTIKY 

Lukáš Šimaňok 

Ing. Květoslava Stejskalová, CSc. 

Tématem prezentace bude seznámení posluchačů s popularizačními a vzdělávacími 
aktivitami realizovanými týmem PEXED (Popularization EXperimental EDucation) v 
prostorách ÚFCH JH v uplynulých letech a to jak ve formě prezenční, tak distanční 
(vlivem pandemie SARS-COV-2019). Budou představeny obecně veškeré aktivity 
vývíjené týmem a specificky vybrána jedna konkrétní vzdělávací akce, na které bude 
demonstrován její průběh s přínosem pro vzdělávání dané cílové skupiny.  
V další části bude nastíněna problematika vzdělávání dnešních žáků a studentů, 
zaměřená hlavně na udržování pozornosti a zapamatování si vyučované látky, včetně 
návrhu řešení představených problémů.  
Toto téma analyzuji a zpracovávám nejen z pohledu začínajícího vědce ale i didaktika v 
rámci svého bakalářského studia Pedagogické fakulty Univerzity Karlovy. 

References: 
Vzdělávací projekt Tři nástroje [online]. Praha, 2012. 
Dostupné také z: https://3nastroje.cz/detail.php?p=1 

https://3nastroje.cz/detail.php?p=1


RUTHENIUM COMPLEX OF 
IBUPROFEN AS A POSSIBLE 
CYTOSTATIC AGENT AND ITS 

UNEXPECTED DECARBOXYLATION 

Václav Ráliš 

Supervisor:  Jiří Pinkas

Several ruthenium Cp* arene complexes were prepared as a possible cytostatic 
compounds. To our suprise, we have observed an unexpected decarboxylation of 
zwitterionic complex (I), which was initialy prepared as a possible anticancer compound. 
This complex evolves readily carbon dioxide yielding [η6-(1-ethyl-4-
isobutylbenzene)(Cp*)Ru]+. Reaction occurred even at room temperature (in solid  
phase  or  as  a  solution  in  DMSO),  if  heated  the  conversion  is  done  within 
minutes. The mechanism of this reaction will be discussed. 
Products were identified by NMR spectroscopy (1H, 13C), mass spectroscopy  
(ESI-MS) and FT-IR spectroscopy. 
Considering the possibility for optimalisation of this reaction to catalytic use, we realize 
the importance of this discovery with regard to disposal of expired pharmaceuticals,  
which  is  a  matter  of  great concern  in  context  of  environmental pollution. Ibuprofen 
loses its both pharmaceutical activity and toxicity when decarboxylated to 1-ethyl-4-
isobutylbenzene. 

References: 
1    Shvydkiy, N.V.; Perekalin, D.S. Coord. Chem. Rev. 2020, 411, 213238. 2 Andini, S.; 
2    Bolognese, A.; Formisano, D.; Manfra, M.; Montagnaro, F.; Santoro, L.  
Chemosphere 2012, 88, 548-553.   

Acknowledgement: This project was funded by an internal grant of J. Heyrovský Institute 
of Physical Chemistry of the CAS (993621). 



STRUCTURAL AND CATALYTIC PROPERTIES 
OF LIPASE CALB

Karolína Fárníková 

Mgr. Ing. Eva Krupičková Pluhařová, Ph.D. 

Lipases are enzymes from the class of hydrolases. Their biological function is to digest 
fats in small intestine1,2. In addition, they can function in organic solvents and thus, they 
can be utilized as catalysts of synthesis in various industrial processes. One of them is 
transesterification3, chemical reaction used to form unique esters. By means of classical 
molecular dynamics simulations and combined quantum mechanics – molecular 
mechanics (QM/MM) calculations, we focused on two main structural features of lipase: 
the lid and the active site. 
The lid is an amphiphilic loop4 covering the active site which can be open or closed 
depending on the solvent polarity. Our simulations quantify the lid-opening under various 
conditions and give insight into interactions between relevant parts of the protein.  
The active site is composed of three different amino acids (serine, histidine and 
aspartate), that facilitate the chemical reaction. Our QM/MM calculations provide details 
of the mechanism of the transformation.  

References: 
1. Kodíček, M., Valentová, O. & Hynek, R. Biochemie, chemický pohled na biologický

svět. (VŠCHT Praha, 2018).
2. Verger, R. ‘Interfacial activation’ of lipases: Facts and artifacts. Trends Biotechnol.

15, 32–38 (1997).
3. Kitamoto, Y., Kuruma, Y., Suzuki, K. & Hattori, T. Effect of Solvent Polarity on

Enantioselectivity in Candida Antarctica Lipase B Catalyzed Kinetic Resolution of
Primary and Secondary Alcohols. J. Org. Chem. 80, 521–527 (2015).

4. Adlercreutz, P. Immobilisation and application of lipases in organic media. Chem.
Soc. Rev. 42, 6406–6436 (2013).



EFFECT OF MACROMOLECULAR 
CROWDING ON ENZYME 

STRUCTURE AND KINETICS  

Adam Nori 

Mgr. Ing. KRUPIČKOVÁ 
PLUHAŘOVÁ Eva, Ph.D. 

Living cells contain large amounts of macromolecules, thus their environment is crowded. 
However, proteins are frequently studied in vitro and in silico in unrealistically dilute 
solutions. The macromolecular crowding effect (MCE) on enzyme structure and kinetics 
is obvious but underappreciated. As such we will focus on 2 enzymes: yeast alcohol 
dehydrogenase (YADH) and glutamate dehydrogenase (GDH), whose activity is 
influenced by MCE to visualize the significance that environment plays in the study.  

To simulate and gather data on the structure and kinetics of the enzyme the classical MD 
simulation approach was used as a key part of this study. With the field of MCE still being 
relatively new, current studies provide insight into the preliminary findings of adverse 
effects crowding agents have on enzyme functionality (Schneider, S., & Slade, K. M. 
(2013). 

In my lecture, I will present correlative data to showcase the effects MCE has on the 
structure and kinetics of the enzyme in a macromolecule-rich environment in comparison 
to a dilute aqueous solution.  

References: 

Schneider, S., & Slade, K. M. (2013). Macromolecular crowding effects on the enzyme 
kinetics of alcohol dehydrogenase. Biophysical Journal, 104(2). 
https://doi.org/10.1016/j.bpj.2012.11.1307  



OXIDATIVE DEHYDROGENATION OF 
CYCLOHEXANE ON GRAPHENE OXIDE 

SUPPORTED CoFe2O4 NANOPARTICLES

Mgr. Karolína Simkovičová 

prof. RNDr. Libor Kvítek, CSc., 
RNDr. Štefan Vajda, CSc., Dr. habil. 

Alkane dehydrogenation (DH) is an industrially important reaction to produce olefins using 
metal catalysts supported on metal oxides. This reaction is thermodynamically 
unfavorable, requiring temperatures above 600°C. Oxidative dehydrogenation (ODH) 
makes the reaction pathway exothermic, therefore, it can occur at lower temperatures 
(200-400°C), while can also prevent the coking of the catalyst. Despite these advantages 
of ODH, the suppressing of its combustion channel which leads formation of large 
amounts of CO2 and CO, poses a formidable challenge in the way of  achieving high 
selectivity towards the desired olefin products. In the present study we addressed this 
problem by researching the effects of various supports and size of the nanoparticulate 
catalysts by employing freestanding CoFe2O4 nanoparticles of two sizes (6 and 13 nm), 
as well as supported on reduced graphene oxide (RGO) and on alumina (Al2O3) at 
loadings of 25 and 75 weight %. Our results show that the selectivity towards desired 
dehydrogenated C6 products (benzene) is significantly higher on the carbon-based 
support than on the oxide one or without a support. 

(a) (b) 

Figure 1. (a) MS intensities of cyclohexane and benzene as a function of temperature under atmospheric pressure, 0.2% 
cyclohexane and 0.2% oxygen in helium carrier gas; (b) product selectivity using our catalysts at 400°C. 

References: 
Tyo, Eric C., et al. "Oxidative dehydrogenation of cyclohexane on cobalt oxide (Co3O4) 
nanoparticles: the effect of particle size on activity and selectivity."ACS Catalysis 2(11) 2012, 
2409-2423. 
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LARGE AREA EXFOLIATION OF 2D 
MATERIALS ON ARBITARY SUBSTRATES 

Satyam Sahu M.Sc. 

Dr. Matěj Velický 

Two dimensional (2D) materials provide an opportunity to explore the phenomenon taking 
place at the thin layer regime. Since the discovery of graphene, it was observed that the 
mechanical exfoliation provides cleanest and most defect free samples with an only 
limitation of low exfoliation yield. Recently, several groups1-3 have showed a very high 
yield for metal-assisted exfoliation of more than 40 crystals. However, materials on 
metallic substrates show the completely different optical, electrical, and electrochemical 
properties to those on common insulating substrates such as SiO2 2. Hence, there is a 
strong motivation for the development of a method to transfer the 2D materials from 
metallic substrates to an arbitrary substrate. 

Here, we introduce a metal etching based on a three-step transfer method. Our results 
show that this method is more effective, reliable and less time consuming than other 
alternatives. The Raman and photoluminescence spectroscopies support our method of 
preparing defect free large area monolayers of 2D materials. 

I hope this method will be helpful for the 2D materials community working around the 
globe and will open a way to study phenomena, for which large material size is required. 

References: 

1. G.Z. Magda et al., Sci. Rep. 2015, 5, 14714
2. M. Velický et al., ACS Nano 2018, 12, 10, 10463
3. Y. Huang et al., Nat. Comm. 2020, 11, 2453



DEVELOPMENT OF NOVEL PHOTOACTIVE 
CATIONIC GROUP 4 METALLOCENE 

COMPLEXES

David Dunlop 

RNDr. Martin Lamač, Ph.D. 

Environmental concerns have brought about an unprecedented demand for sustainable 
energy sources among which electromagnetic radiation, light, currently dominates. 
Development of novel light-harvesting compounds and materials is therefore at the 
forefront of contemporary science, as it is essential to further our technological progress. 

Herein presented work contributes to the field by development of novel photoactive 
cationic group 4 metallocene complexes stabilized by pendant imine and pyridinyl donor 
groups, or N,O-donor aromatic ligands, as crystalline [B(C6F5)4]− salts. The complexes 
are prepared either by protonation of the intramolecularly bound imine moiety by 
PhNMe2H[B(C6F5)4] or by chloride ligand abstraction, by Li[B(C6F5)4]·2.5Et2O or in situ 
generated Et3Si[B(C6F5)4]. The cationic complexes of Zr and Hf exhibited significantly 
enhanced luminescence which originates from triplet ligand-to-metal (3LMCT) excited 
states with lifetimes of up to 62 μs and quantum yields of up to 58% in the solid state, at 
room temperature. The complexes were investigated as potential photosensitizers of 
singlet oxygen (quantum yields of up to 77% in solution) and for applications in 
photocatalytic reduction of arylhalogenides. 

This work has been supported by the Czech Science Foundation (project no. 19-
00204S). 
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ROLE OF DEFECTS IN GRAPHENE 
CHARGE TRANSFER 

Ing. Martin Jindra 

Mgr. Otakar Frank, Ph.D 

The electrochemical behavior of graphene is affected by its structure. However, 
investigation of defect-free graphene is impossible using only standard electrochemical 
methods. Our experiment uses graphene from a mechanically exfoliated graphite 
crystal. Using a glass micropipette, we localize the measurement only into a small 
droplet of electrolyte (∼10 μm in diameter) on the basal plane of electrically contacted 
graphene. This unique setup allows us to combine electrochemical and spectroscopic 
measurements with lateral resolution at micrometre scale for both methods. 

Unlike in spectroelectrochemical studies on CVD graphene, we observe splitting of the 
Raman G band during potential loading. We ascribe this unusual behavior to the 
presence of defects in the graphene structure. We performed the experiments on 
exfoliated, CVD and oxygen plasma-treated graphene. Also, cyclic voltammetry 
measurements using the hexaamineruthenium complex were performed on each type of 
sample. We observe asymmetry in oxidation branches of voltammograms and estimate 
standard heterogeneous electron transfer coefficients. In both types of experiments, we 
observe the influence of defects on graphene electrochemical and 
spectroelectrochemical behavior. 
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PREFERENTIAL INTERACTION OF 
COSOLVENTS WITH SOFT MATTER 

Ing. Martin Melčák

Supervisors: Assist. Prof. Jan Heyda, Ph.D. 
 Ing. Stanislav Záliš CSc. 

The so-called smart materials are unique for their ability to rapidly and fully reversibly 
change physical or chemical properties upon exposure to external stimuli, such as 
temperature, light, pH, or solvent quality.  

In this contribution, I take under focus the prominent example of thermoresponsive 
polymer, which conformation can be near critical temperature modulated by the addition 
of small doses of cosolvents. To reveal the microscopic origin of the thermodynamic 
effect, I employ coarse-grained molecular dynamics simulations of a single polymer 
chain in mixed solution. Consistently with literature, our model is capable to describe 
three main types of polymer-cosolvent interaction regimes including the famous 
cononsolvency behaviour. 

The studied model can effectively describe changes in polymer chain conformation as 
well as the response of the system induced by these changes. Utilizing this fact, I have 
described system thermodynamics in the framework of Kirkwood-Buff theory, which 
quantifies the cosolvent effect in various interaction regimes.  
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Hydration and dynamics of function-relevant region of HpUreI
Abhinav, Jan Sykora and Martin Hof

Department of Biophysical Chemistry, J. Heyrovsky Institute of Physical Chemistry, Dolejškova 2155/3,
182 23 Prague 8, Czech Republic

ABSTRACT: Around two-thirds of the world's population have been infected with Helicobacter
pylori. This gram-negative bacteria thrives in the digestive tract, causing extreme gastritis,
ulcers, gastric adenocarcinoma, and even cancer. To survive in the extremely acidic
environment of the stomach, H.pylori produces a proton-gated urea channel HpUreI. This
periplasmic inner membrane protein selectively enables only urea molecules to enter cytosol.
The urea is then hydrolyzed by urease enzymes producing carbon dioxide and ammonia which
are transferred back to periplasm to neutralize the pH (~5). The opening of HpUreI is triggered
by the depressed pH in periplasm and majorly 6 important amino acid residues (His‐123,
His‐131, Asp‐129, Asp‐140, Glu‐138 and Lys‐132) in periplasmic loop 2 (PL 2) play a vital role
in the functioning of this urea channel protein. Our research attempts to link the proton transfer
and solvent dynamics to predict the mechanism of involvement of this periplasmic loop 2 in
opening and closing of HpUreI by examining the hydration and dynamics in the immediate
vicinity of these important amino acid residues. Here we try to label HpUreI protein with highly
microenvironment sensitive dye and with the use of time-dependent fluorescence shift data we
analyzed the hydration and mobility at these functionally relevant regions. Our studies will
elucidate the role of these regions in the proton gating mechanism.



DETECTION OF LIPID NANODOMAINS 
BY STED-FCS 

Ing. Barbora Chmelová 

RNDr. Radek Šachl Ph.D. 

The plasma membrane of cells is a highly complex heterogeneous system 
compartmentalized into small entities called nanodomains. In our research, we have 
recently focused on the nanoscopic segregation of gangliosides into ganglioside 
nanodomains. Thanks to their ceramide base and a bulky sugar chain that contains one 
or more sialic acids those gangliosides have high affinity to each other, and as it has 
been previously shown, they self-assemble into nanodomains of different sizes 
depending on the membrane composition. 
The aim of this study is to determine whether a high-resolution single molecule 
fluorescence technique STED-FCS (stimulated emission depletion fluorescence 
correlation spectroscopy) is sensitive enough to detect and characterize these 
nanodomains. Our newly acquired experimental results support published simulations 
suggesting that larger and slower nanodomains are well resolvable by STED-FCS, 
however, smaller and fast-moving nanodomains pose a challenge for the detection of 
the nanodomains. 
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INVESTIGATING THE INFLUENCE OF 
TRANSMEMBRANE PEPTIDES ON LIPID 

MEMBRANES 

  Garima Chand Nakul Thakur 

 Piotr Jurkiewicz, Ph.D. 

Transmembrane proteins are embedded in the cellular membranes where they perform 
vital functions, such as channeling ions, transporting molecules across the membrane, 
and transducing signals. It was found that the rough surface of transmembrane proteins 
and peptides affects the neighboring lipid molecules. However, little is known about the 
electrostatics of their interactions. Here we characterize the effects of two transmembrane 
peptides, which differ in their terminal parts: positively-charged WALP-KK4+ and 
zwitterionic WALP-KD. We studied their interactions with a mixture of neutral and anionic 
lipids, which mimics the inner side of a cell membrane. We used fluorescence 
spectroscopy and atomistic simulations. The measurements revealed that both peptides 
rigidified the model lipid bilayers by promoting lipid packing, but the impact was higher for 
WALP-KK4+. An analogous effect was observed in the presence of 25 mol% cholesterol 
in the membrane. Furthermore, we show that the presence of cationic peptide, but not the 
zwitterionic one, reduces adsorption of Ca2+ to the membrane. We show that the 
electrostatic interaction between the lipids and differently charged transmembrane 
proteins is important in understanding their interactions and the impact of membrane 
proteins on the plasma membrane dynamics, lipid packing and membrane binding 
capacity for Ca2+. 
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IN- MEMBRANE OLIGOMERIZATION 
OF FGF2 SCRUTINIZED  

BY DUAL (+1) FCS TECHNIQUE 

Vandana 

RNDr. Radek Šachl, PhD 

Fibroblast Growth Factor 2 (FGF2) is a protein that executes numerous extracellular 
processes like wound healing, cell differentiation, metastasis etc. FGF2 binds to 
(4,5)PIP2 lipid resulting in protein in-membrane oligomerization and followed by pore 
formation. These are the crucial steps in the translocation of FGF2 to perform the 
extracellular function.   

To study oligomerization of protein we used synthetic free-standing lipid bilayer 
commonly known as giant Unilamellar vesicles(GUVs). The Dual(+1) FCS technique 
was developed and optimized to study the oligomerization of protein in the membrane. 
This technique provides the parameters as the source for characterisation of the protein 
oligomeric state selectively on the vesicles that contain pores or on the vesicles that 
have an intact bilayer, i.e. leaky and nonleaky vesicles. 

In this research, Dual(+1) FCS technique allow us to closely investigate the time 
dependent change in oligomeric state of FGF2 Protein on the membrane. 

In my lecture, I will talk about my thesis topic and the Dual (+1) Technique. 
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FRET – GP: METHOD FOR 
PROTEOLIPOSOME CHARACTERIZATION 

       Arunima Uday 

Mgr. Ing. Piotr Jurkiewicz, Ph.D 

Proteoliposomes are systems that mimic lipid membranes, formed by the reconstitution of 
peptides or proteins to liposomal vesicles. They serve as a suitable model system for 
structural and functional studies of membrane proteins under conditions that mimic nature 
to a certain degree. Methods for both proteoliposome formation as well as characterization 
face many challenges hence are constantly evolving. We propose a method that is much 
easier and efficient for the proteoliposome characterization which is much easier and 
efficient. Forster resonance energy transfer can be used to select the immediate 
environment of a protein/peptide, which acts as a donor.  When we use a membrane 
polarity probe located in the lipid bilayer as an acceptor, we do not only get the information 
about the colocalization of the peptide and lipid bilayer but also detailed information about 
the properties of lipid bilayer in the immediate vicinity of the peptide. We use Laurdan as 
a polarity probe while the tryptophan in the peptide acts as the donor. We illustrate its 
application by incorporating WALP peptide in POPC lipid vesicles. Significant increase of 
the FRET-GP values was observed. The potential, limitations, and further development 
pathways of the methods will be discussed as well. 
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STABILITY OF HCN IN PLANETARY 
ATMOSPHERES 

 
 
 

Mgr. Antonín Knížek 
 

RNDr. Martin Ferus, PhD. 
 

 

HCN is one of the basic molecules in astrochemistry. It is a common precursor to 
compounds, such as nucleic acid bases (adenine itself is a HCN pentamer), some 
amino acids and a limited variety of sugars. The molecule itself can be present on 
planets either in metal complexes, such as ferrocyanides, or directly in the atmosphere. 
If in atmosphere, a question of its sources and sinks immediately arises. HCN can be 
synthesized on the planet or can be delivered by impacting bodies - comets and 
meteoroids. Our experiments focused on the exploration of the stability of HCN on such 
planets. We irradiated mixtures of HCN and N2 with and without H2O with a Nd:YAG 
laser (1064 nm, 10 Hz, 450 mJ per pulse) and monitored the composition of the gas 
phase. As it turns out, HCN is readily decomposed to CO and CO2. Theoretical study by 
Todd and Öberg (1) predicts that the stability of HCN is directly connected to the stability 
of H2O, whose radicals, if formed by the laser spark, then decompose HCN and in the 
end form CO and CO2. Our laser has sufficient energy to produce radicals from the 
water molecule, so in accordance with the theoretical paper, we see that the stability of 
HCN is directly connected to the water content. Once water is depleted from the system, 
the stability of HCN rapidly increases. Our results therefore imply that as soon as H2O is 
present, HCN in the atmosphere is quickly depleted. HCN-rich atmospheres, therefore, 
are generally unstable to impacts on most planets as most planets contain water 
molecules. 
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COMPOSITE TIO2-BASED PHOTOCATALYST 
WITH HIGH DE-NOX PERFORMANCE 

 
 
 

 Ing. Ivana Martiniaková 
 

Ing. Jiří Rathouský, CSc. 
 

 
 
Photocatalysis is one of the advanced oxidation processes possessing great potential in 
treating various pollutants in the environment. TiO2 is the most studied photocatalyst 
because of its non-toxicity, chemical stability, and financial availability. However, the 
problem of TiO2 is its low activity in the visible region of the spectrum. Recently, interest 
has been focused on composite materials of two different photocatalysts to increase the 
activity or selectivity of pure TiO2. The most common way to form composite materials is 
to add metal oxide to TiO2 (TiO2/MOx). In this study, we focused on the preparation of 
composite photocatalysts from P25 and various metal oxides in an array of 
concentrations by mechanical joining. Based on their photocatalytic activity under ISO 
conditions in gaseous environment, four specific composites were chosen and further 
tested in various conditions in both gaseous and aqueous environments. Fe2O3 and ZnO 
composites showed increased photocatalytic activity under ISO conditions in gaseous 
phase. WO3 composite showed different selectivity than pristine P25 – less NO2 was 
formed during the reaction. The composites show higher photocatalytic activity in 
aqueous environment when immobilized on a support. 
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NITRO GROUP AS BINDING/RELEASE 
SWICH IN UREA-BASED RECEPTORS 

Ing. Karolína Salvadori 

prof. RNDr. Jiří Ludvík CSc. 

The preparation of receptors with high values of binding constants towards target 
anion is important, however, the same importance should be dedicated to 
subsequent anion decomplexation. The appropriate approach to reach this 
capability is based on the preparation of synthetic receptors that contain an 
electrochemically responsive group in proximity to the binding site.[1,2] 

Therefore, we decided to incorporate into the structure of receptor the strongly 
electron-withdrawing –NO2 group, taking advantage of its redox-sensitive and 
optical properties. The binding abilities of receptors bearing the nitro group in o-, m- 
and p- position were evaluated in a HB-competitive solvent (DMSO) using the NMR 
or UV-vis titration experiments. The experimental results demonstrate a 
considerable selectivity of prepared receptors towards phosphates compared to 
other biologically important anions such as Cl-, NO3-, and HSO4-.  

The changes in binding of phosphates (which enable their release), caused by 
preparative reduction of the nitro group were also examined. The para- derivative 
showed up to 30-fold decrease in anion binding affinity and was chosen for 
subsequent electrochemical study. The CV and spectroelectrochemical 
experiments revealed that although the used conditions did not allow the full 
reduction, the substituent effect of hydroxylamine is sufficient to allow the application 
of the nitro group as a redox affinity switch for the anion complexation/release.  
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DEGRADATION OF ENDOCRINE 
DISRUPTORS BY HETEROGENOUS 

PHOTOCATALYSIS IN AQUEOUS 
ENVIRONMENT 

 
 
 

Ing. Barbora Mužíková 
 

doc. Ing. Martin Kuchař, Ph.D. 
Ing. Jiří Rathouský, CSc. 

 
Organic pollutants in wastewater present a current problem for the environment, as their 
disposal is problematic for today’s wastewater treatment technologies. These 
substances include endocrine disruptors, which have negative effects on the hormonal 
system of humans and animals even in very small concentration. Conventional 
wastewater treatment technology is gradually being replaced by advanced oxidation 
processes, including heterogeneous photocatalysis. Heterogenous photocatalysis is one 
of the promising methods for wastewater pollutants removal. Semiconductor 
photocatalyst (most often TiO2) and UV irradiation is used to generate strong oxidizing 
agents to subsequently degrade pollutants.  
 
The aim for the conducted experiments was to optimize a method of photocatalytic 
degradation of 4-tert-octylphenol, an additive used in plastics, and 17α-ethinylestradiol, 
a common synthetic estrogen used in hormonal contraceptives.  
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HYBRID GUANIDINATES AS 
VERSATILE LIGANDS FOR MAIN 
GROUP ELEMENTS AND EARLY 

TRANSITION METALS 

Ing. Natália Gira 

Mgr. Michal Horáček, Ph.D.  
 

Recent developments in coordination and organometallic chemistry have created a need 
for new versatile ligands. Guanidines, and guanidinate anions respectively, with a planar 
N3C core, are hybrid ligands offering both steric and electronic variability thanks to the 
diversity of the substituents on the nitrogen atoms. Therefore, these ligands can be 
tailor-made according to the specific needs of the central atom.  

Research of physical and chemical properties, possible synthetic routes, structure, and 
possible applications of guanidines and coordination compounds of main group 
elements and early transition elements containing mono- and dianionic guanidinates is 
being conducted. A large series of new, air-stable guanidines was prepared. These 
compounds were then used to obtain complexes of Li, K, Mg, Zn, Al, Sn, P, Ga, Ti, and 
Zr either by electrophilic substitution of the ligand or by the subsequent reaction from 
previously obtained complexes. 

This work is motivated by finding the correct combination of organic ligands and metals, 
reagents, and reaction conditions to explore new classes of compounds bringing 
progress to many sophisticated areas of chemistry. 
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USING THE ADIABATIC CONNECTION 
METHOD TO IMPROVE DMRG RESULTS  

 
 
 

Mgr. Mikuláš Matoušek 
 

RNDr. Libor Veis, Ph.D. 
 

While the majority of quantum chemical calculations are done using DFT methods, in a 
significant portion of chemical systems the movement of electrons is so correlated that 
more accurate wave function based methods are necessary to study them. The method 
of choice for these systems is CASSCF, which is able to treat at most only ~20 strongly 
correlated orbitals. In our group, we use the DMRG method, which enables us to bypass 
this limitation and scale up to more than 50 orbitals in the active space. 
To obtain chemical accuracy, however, we need to account not only the strong static 
correlation, which is achieved by these methods, but also dynamical correlation on top. 
The most common approach, multireference perturbation theory (such as NEVPT2), is 
problematic with DMRG due to its prohibitive scaling with the active space size. 
We introduce another approach to including this dynamical correlation, using the adiabatic 
connection method of Kasia Pernal and in collaboration with her combining it with the 
DMRG method. This allows us to achieve accuracy similar to NEVPT2 at a fraction of the 
computational cost, and even go to active spaces where NEVPT2 would not be possible. 
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UNDERSTANDING THE KEY FACTORS 
GOVERNING THE REACTIVITY OF 

METHYL-COENZYME M REDUCTASE FOR 
GENERATION OF METHANE 

Priyam Bharadwaz 
Mauricio Maldonado-Domínguez 

RNDr. Martin Srnec, Ph.D. 

Methyl-coenzyme M reductase (MCR) is capable of catalyzing biological methane 
production and anaerobic oxidation of methane. The catalytic site of MCR contains a 
nickel hydrocorphinate F430 cofactor with Ni in its low-valent oxidation state +1. The 
current consensus on the mechanism for methane generation involves formation of a 
methyl-Ni(II) intermediate which abstracts a hydrogen atom from coenzyme B to 
generate methane and the mixed disulfide CoMSSCoB. Here, we performed density 
functional theory (DFT) calculations to understand the mechanism for methane 
generation by native F430 cofactor. We also interrogated the reactivity of intermediate 
states along the biosynthetic pathway of F430 coenzyme to understand how nature 
optimizes metanogenesis. DFT calculations on a cluster model derived from XRD, 
revealed that native F430 cofactor features the lowest activation energy barrier for 
formation of the methyl radical-Ni(II) intermediate as compared to four other 
intermediates in the biosynthetic pathway of this cofactor. We investigated the effect of 
reduction potential of NiI/II and bond formation between Ni(II) and sulphur of the co-
substrate SCoM to the overall activation free energy. We found that Ni-S bond formation 
is the driving step that controls the reaction barrier and it the most favorable for the 
native F430 over its biosynthetic precursors. 
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PROJECTION-BASED EMBEDDING  
OF DMRG METHOD IN DFT 

 
 
 

Ing. Pavel Beran 
 

RNDr. Libor Veis Ph.D. 
The Density Matrix Renormalization Group (DMRG) method established itself as one of 
the benchmark methods for strongly correlated systems. However, the size of the 
systems available for investigation is limited by ever increasing computational price, 
leaving many of the systems of interest out of reach. 
As this is a problem shared by all of the precise computational methods, strategies have 
been developed to mitigate it. One of them is multilevel approach that utilizes the fact, 
that often only small part of the whole molecule is directly involved in the chemical 
reaction, to divide the system to (at least) two subsystems – active and environmental. 
Subsequently only the active subsystem is treated with the high level of theory while the 
rest with lower, less demanding one. As the result, the accuracy of the calculation is 
lowered disproportionally less in comparison with the saving in computational cost. 
Out of the multilevel approaches (among which belong methods like QM/MM or 
ONIOM), we chose to use the recently developed projection-based embedding method 
to combine DMRG with widely used DFT for the calculation of the rest of the molecule. 
In this lecture I will present its theory and our first results using it. 
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UV-INDUCED PHOTOFRAGMENTATION  
OF CF3C(O)Cl STUDIED 

VIA VELOCITY MAP IMAGING TECHNIQUE 
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doc. Mgr. Michal Fárník, Ph.D., Dr.Sc.  
 

 
The degradation pathway of atmospheric halocarbons often proceeds through the 
formation of trifluoroacetyl chloride (CF3C(O)Cl), which is further fragmented either by 
wet deposition/hydrolysis, or UV-induced photodissociation.[2] Two major radical 
forming channels were reported for UV-photofragmentation with their quantum yields 
strongly dependent on the UV photon energy. Whereas the photons with energy below < 
4.8 eV (> 260 nm) induce two-body fragmentation with Cl radical cleavage, the more 
energetic photons induce three-body fragmentation of Cl, CO and CF3 fragments, which 
sequential or simultaneous character is still unknown. Other studies [1,2] also proposed 
the formation of long-lived ozone-depleting CF3Cl, although the recent experimental 
studies demonstrated negligible quantum yield <0.001.[1] Through our molecular beam 
experiments combined with velocity map imaging (VMI) detection, we can get molecular-
level insight into the fragmentation dynamics of isolated CF3C(O)Cl molecules and gain 
complementary data for the spectroscopic experiments and molecular dynamics 
simulations. Specifically, we investigated the energy redistribution and fragmentation 
pattern of isolated CF3C(O)Cl molecules in the range of 193-280 nm through VMI 
mapping of Cl and CO fragments. 
 
Our results demonstrate the involvement of several excited states during the 
fragmentation pathway. The energetic photons primarily excite either the metastable S1 
state or repulsive S2 state, which results in abrupt Cl and CO ejections detected as 
single rings with strong parallel anisotropy (β~0.6-1.3). The analysis of the signal 
anisotropy character also shows that the firstly ejected Cl fragments are quickly followed 
by CO radicals from the vibrationally excited CF3C(O) fragment. For less energetic 
photons, we primarily observe signal assigned to Cl fragments with a one-ring structure 
and close to an isotropic character. We explain the decrease of anisotropy by the 
dependence of dwelling time in the S1 state on the photon energy. This was confirmed 
by our measurements between 230-280 nm, where we observed a decrease in the 
kinetic energy and anisotropy of generated Cl fragments. Finally, we would like to 
combine our experimental results with the molecular dynamics simulations performed by 
the group of prof. P. Slavíček to get a complete understanding of the UV-induced 
fragmentation of the CF3C(O)Cl and its possible impact on atmospheric radical 
chemistry. 
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TOPICAL DRUG DELIVERY INTO THE TEAR FILM:

A COMPUTATIONAL STUDY

MSc. Maria Chiara Saija

Prof. Dr. hab. Lukasz Cwiklik, Ph.D.

The tear film lipid layer (TFLL) is a multilayer structure of lipids that separate the
aqueous tear film covering the eye's cornea from the external environment. Based on
lipidomics, it contains different lipid species, in particular, wax esters and cholesterol
esters.
Alterations of TFLL are related to dry eye disease (DED), which nowadays is becoming
a common health issue and current treatments are mainly achieved via topical drugs.
Our interest in the TFLL arises from the evidence that it is the first barrier to overcome
for topical ophthalmologic drugs.
State-of-the-art topical therapies against DED are based on oil-in-water nanoemulsions
loaded with active drug molecules. These drug nanocarriers typically consist of
nanodroplets of medium- to long-chain nonpolar lipids coated with cationic surfactants.
We employ in silico molecular dynamics simulations to characterize how such lipid
nanodrops interact with a model of TFLL and with the aqueous tear subphase. In
particular, we study the role of nonpolar lipids, surfactant coatings, and drug packing.
The molecular simulations reveal basic steps that lead to nanocarrier adsorption to
TFLL, followed by their disruption and drug release.
Our results are directly related to the effectiveness of drug delivery in the tear film.
As such, they may guide future improvements of topical DED therapies.



ELECTROCHEMISTRY 
OF ACYLGERMANES 

Vojtěch Bičák 

RNDr. Alan Liška, Ph.D. 
prof. RNDr. Jiří Ludvík, CSc. 

Polyacylgermanes are challenging compounds with attractive applications in 
photochemically induced polymerizations. Because of their low toxicity, they are 
frequently used for white dental fillings (Ivocerin®, [1]). However, due to the high cost 
there is need for investigation of novel structures with similar or better performance.  

Upon visible light irradiation, C−Ge bond is cleaved and radicals are formed. 
The absorption spectra of the photoinitiators depend on the electron 
donating/withdrawing character of substituents at the aromatic moieties [2-3]. Push-
pull effects, however, also indicate a substantial effect on the redox properties of the 
acylgermanes monitored by means of electrochemical methods. The first electron 
reduction of the parent compounds yields an anion radical.  

Our results obtained by DC-polarography and cyclic voltammetry across a 
series of variously substituted polyacylgermanes, -silanes and -stannanes as well as 
the corresponding enolates will be discussed [4] (Fig. 1).  

Fig.1: Structures of the main investigated compound classes (Ar=aryl, R=alkyl). 
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AFM-INDUCED MECHANICAL STRAIN  
IN WSe2 MEMBRANES 

 
 

Mgr. Jaroslava Řáhová 
 

Mgr. Otakar Frank, PhD. 
 

 
 

Recent advances in graphene research have drawn attention to other 2D photoactive 

materials, like semiconducting TMDCs (transition metal dichalcogenides), f.e. MoS2 and 

WSe2. Various absorption length and change direct bandgap to indirect with increasing 

of a number of layers makes them great candidates to form van der Waals 

heterostructures of different optoelectronic properties and thus to form different devices 

such as FET, flexible devices, and photocells. Moreover, these thin-layer materials do 

exhibit the ability to withstand large mechanical deformations before rupture and have 

large binding exciton energy. Straining atomically-thin layers can be used for tuning their 

optoelectronic properties and generates various effects, such as carrier funneling. 

 

AFM-based methods are microscopical methods working on the principle of electrostatic 

interaction between the microscope (tip) and a sample. The main advantage of this 

microscopic technique is (apart from the imaging of the surface on micro to nanoscale) 

the possibility to measure mechanical properties of the sample, such as deformation and 

adhesion of surface. Modifications of this method enable local measurements of 

electrical features of the sample. 

 

In my talk, I will present summary results on nanoindentation of single-layer WSe2 

membranes by AFM tip. Fundamental mechanical properties of strained membranes are 

determined by combining results from AFM curves and photoluminescence peak shifts. 

 



COMPARISON OF THE SAMPLE 
PREPARATION METHODS FOR IMAGING 
NANOSCALE DISTRIBUTION OF T-CELL 

SURFACE MOLECULES  
 

Harsha Mavila 

                                    Marek Cebecauer, Ph.D. 

T lymphocytes are the key players in the adaptive immune system which control the 
immune response. Advanced microscopy techniques such as single-molecule 
localization microscopy (SMLM) which overcomes the traditional diffraction-limited 
imaging with better spatial resolutions, helped to visualise molecules on T cells at the 
nanoscale. However, sample preparation is key to achieving good reproducibility and 
maximal resolution when imaging cells. For their detailed characterisation, suspension-
growing T cells must be positioned onto an optical glass surface. A cationic polymer, poly-
L-lysine (PLL) is usually used for cell immobilisation. PLL forms a positive surface on a 
glass, which causes the trapping of cells due to their negatively charged surface. 
However, this leads to cell stretching and stress. Our lab recently introduced a new 
immobilizing agent, a glycine gel, which reduces the negative impact of immobilisation on 
cell health. Additionally, a glycine coating better preserves the surface morphology of 
imaged cells. In this work, we perform a comprehensive comparison of sample 
preparation methods reported for imaging of T cells using super-resolution microscopy. 
We show that cells fixed onto the imaging surface could provide more information about 
the nanoscopic distribution of surface molecules than prefixed cells. 
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A PERSPECTIVE FLOW 
AMPEROMETRIC BIOSENSING 

PLATFORM BASED ON ENZYMATIC 
MINI-REACTOR AND SILVER SOLID 

AMALGAM TRANSDUCER  
 

Sofiia Tvorynska 
Bohdan Josypčuk, Ph.D. 

 
This researchwork is focused on the development of a promising flow biosensing 
platform based on two main features, which enables to overcome the limitations inherent 
in the amperometric enzyme-based biosensors (where the used enzyme belongs to the 
oxidoreductase family).  
The first feature is the immobilization of enzyme not at the surface of the working 
electrode, but on some powdered support forming filling for co-called enzymatic mini-
reactor that is spatially separated from the detection part. This approach enables the 
attachment of the much larger amount of enzyme and solves the limitations of the most 
biosensors given by their relatively low stability and short lifetime.  
The second feature deals with the principle of detection for the amperometric 
biosensors. To avoid the interference effects that are common in detection of 
enzymatically produced hydrogen peroxide, monitoring of oxygen consumption at highly 
negative potentials has been proposed (the decrease of oxygen caused by enzymatic 
reaction is proportional to the analyte concentration). For this purpose, the flow detectors 
based on silver solid amalgam have been proposed, developed and constructed in our 
laboratory and used to determine unconsumed oxygen via its sensitive four-electron 
reduction at the highly negative potential (–1.1 V vs. saturated calomel electrode). 
 
Financial support provided by the Grant Agency of Charles University (Project 1356120) 
and by the Grant Agency of the Czech Republic (Project 20-07350S) is gratefully 
acknowledged. This research was performed within the framework of Specific Charles 
University Research (SVV 260560).   
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