FAKULTA o ,
CHEMICKO-INZENYRSKA
VSCHT PRAHA

[fO02NY N1 Fy2il ON

STUDENTSKA
VEDECKA

KONFERENCE
FCHIVSCHT PRAHA




Fakulta chemickd y OSy & N& 1 |

hNBIFYAT I 6y N Géey

FAKULTNI KOORDINATOR
R20® Ly3Id WAG|lI 2S2120t3 tKP5d

"{ ¢! £bN YhhwS5Lb#c¢ChylL

402

403

409

444

446

Ustav analytické chemie

Ly3ad al NIAY 2fdzLlJS13 t KOP5

Ustavfyzikalni chemie

R20® Ly3ad hyRnS2 +*2LIAG1FI t KP50

"4l & OKSYAO] SK2 AyOSyeéeNmn(GON

R20® 5N Ly3Id tI @t Nyl .| &l nj2 ot

"all @ FeliAlé | YSnAON GSOKyAjle

Wb5NX tI @St DFftnZ tKOP5D

Ustav matematiky, informatiky a kybernetiky

Ing. Iva Nachtigalova, Ph.D.




STUDENTSKA

VEDECKA
KONFERENCE

FCHIVSCHT PRAHA

Zlati sponzori

PRO.MED.CS

ZENTIVA Praba s

Stribrni sponzori

- ~ A
[]]IEﬂlJnipeﬂroJ ‘t;"lvms;[> ‘k‘.‘!§l55525£§1;523;

Bronzovi sponzori

%T I K ‘mond. Qﬁgm \u sPnchEMIE AUTOMATION-INFORMATICS

INSTRUMENTS
KEMWATER ...

A
E.T-N LML
Fowenng Busmess Yividade PROCHEMIE

arxada (75

&g
sunthes ~~HUMUSOFT R
LI C ‘\ MathWorks' ( ’ u

MemBrain  synthomer

&K"))

4 LECO

44\
AMNA T i
ST @ ) Aepsi B LEC

& Ranido ¢“/savantor  EHSHMADZU —= PSS

Soiversey  ONSEMI  RENSHAW @M. vesmir




PRO.MED.CS
MED.CS

Jsme prosperujici ceska farmaceuticka
spoleénost 5 mezinarodnim presahem
a vlastnim vedeckym vyzkumem a vyvojem.
MNase spolecnost v poslednich letech
vyznamné roste, a to nejen v Cechach, ale

i v zahranicnich regionech, ve kterych nase
spoleénost plsobi.

Nase léky prispivaji k ucinné l&cbé a zlepseni kvality
Zivota pacientd. Zkoumame nejnovéjsi poznatky
lekarské védy a zaclenujeme je do strategie nasi
spolecnosti. Cilem firmy PRO.MED.CS Praha a.s. je uvadeét
na trh bezkonkurencni, moderni, ucinné a cenové dostupné
leky nejvyssi mozné kvality.

Primarne se zamerujeme na gastroenterologii a hepatologii,
mame vEak mnohem Sirsi zabér - nabizime i leky pro kardiologii,
neurologii, lecbu poruch CNS a dalsi.

Mase lécivé pripravky vyrabime také ve vyrobnim zavodé
v Praze a prodavame je ve vice nez tficeti zemich po celém
svete.

Poskytujeme podporuvyzkumnym tymim a nezavislym
laboratofim pfi hledani inovaci a sdilime nejnovejsi
poznatky s védci a lekari v Cechach i v zahranici.

Davame prostor k profesni seberealizacivice nez
deviti stdm kvalifikovanych zaméstnancu. Ve
firemni centrale v Praze pracuji mezinarodni
tymy sloZené z odbornikd z riznych zemi
a kulturnich prostredi.

VLASTNI VEDECKY VYZKUM A VYVOJ

VLASTNi VYROBA V PRAZE



ZAJIMAS SE 0 SVET FARMACIE?

CHCES BYT SOUCASTI SPOLECNOSTI,
KTERA NA TRH UVADI NOVA
INOVATIVNI LECIVA?
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PAK SE PRIDEJ K NAM
A OBJEV NAS SVET!

Absolventi VSCHT u nas nachazeji uplatnéni

nejcastéji na téchto oddélenich:
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CO TI NABIDNEME?

Vyvoj lekovych forem
Vyroba leciv
Farmakovigilance

Registrace léciv

Praci na projektech, které vedou ke zlepseni kvality Zivota pacientd
Prostredi firmy, které podporuje inovativni lécebné metody
Atraktivni mzdu i bez predchozi praxe

Mnoho prostoru pro odborné vzdélavani a kariérni rozvoj

Lakavé benefity

Pratelsky tym, ktery jde za spolecnym cilem - prispivat ke zdravi nasich
pacientu

Designove kancelare na Brumlovce
www.promedcs.com



Pridejte se
do naseho 1

Vite, jaké produkty
s nami budete vyrabét?

mu!

polypropylen (PP)

na vnitrky hetem, chranico,

polyvinylchlorid (PVC)

na chranice '!(:IL-H, oktl, stehen, ...

polyetylen (PE)

na boly brusli. ¢

Vice informaci na orlenunipetrol.cz
Svi| zivotopis ném poslete na: kariera@orlenunipetrol.cz
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Vyvoj metody pro chiralni separaci mandlové kyseliny
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Ambientni hmotnostni spektrometrie pro analyzu
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Development of analytical methods for stability profiling
of excipients in pharmaceutical amorphous solid
dispersion
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Excipients represent a major part of the final drug product and aféect the stability and
bioavailability of a drug substance. Hypromellose phthalate is a derivate of hydroxypropyl
methylcellulose that is used as a coating agent or polymer matrix for drug release in the upper
intestine. One of the preparation methodsrflmrmation of dispersed solid systems of APl and
HPMCP is hot melt extrusion. When the API has a higher melting point, both compounds are
exposed to high temperatures, which could lead to undesired changes in the structure of the
polymeric matrix. The gdeof this project is to develop the UHRMS method for the
identification and quantification of impurities produced during the process. First, sample
preparation and the UHPLC method have been developed and optimized to identify two
peaks of unknown compmds. In the next step, mass spectrometry will be employed for the
identification of the impurities.
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The structure of hypromellose phthalate.
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cysteinu pomoci povrchem zesilené Ramanovy
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BcYNR AU EYKM2YNB 26 2 Ot

~1 2fLAYy@ESK Yal NAS ~@gS020t 3 t KO5 D

Spektroskopie povrchem zesileného Ramanova rozptylu (Stefdwenced Raman scattering
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SERS spektroskopie peeantitativni analyzu cysteinu a posmni vlivu jednotlivych
experimentalnich podminek na jeho vyslednou spektralni odezvu.zémsiajci substray
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Analyza aromatickych lateKQOS cigaretach plynovou
chramatografii
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Optimalizace podminek pro chiralni separaci
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Cation” AYUSNI OGA2ya |INB dzoAljdzAid2dza Ay o0A2f 23
membrane protein function, receptor activity, protein folding, and various other biochemical
processes. However, accuratetapturing these interactions in molecular dynamics (MD)
simulations presents a significant challenge, as accurate methods incur substantial
computational costs. In this study, we implement a physically justified Electronic Continuum
Correction (ECC) thatales the charge of ion species by a factor of 0.75, enabling an effective
representation of elctronic polarization without added computational overhead. Built on the
Charmma36 force field, our Prosecco75 model incorporates ECC to account for polgrizabili
effects, which, although not specifically designed for cafion Ay i SN} Ol A2y az
animproved accuracy. This rather surprising success highlights the potential universality of
the ECC approach for enhancing various interaction types in biomoletuialations.
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Alderowch reakd nebo jako standardni reagemtpro stanoveni singletového kysliku.
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Sigmadiry a jejich nekovalentni interakce jako kohezni
motiv pro molekularni krystaly
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Materialy s ionty vzacnych zemin: Elektronova struktura
a termodynamicka analyza
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elektronové hustoty (DFGGA) byly provedeny pomoci software MedeA a programu VASP.
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Possible mechanism for singlet oxygen quenching:
AbInitio Study
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Singlet oxygen, a reactive oxygen species (ROS), is frequently generaieatochemical

processes. Its quenching mechanism was for a long time subject of many disputes. Only
recently has the discussion tended to consider soledtced intersystem crossing as the

main mechanism, explaining also the pronounced isotopic effelowever, alternative

pathways may still exist. This study proposes a novel mechanism for singlet oxygen quenching

AY 61 GSNE SELX 2NAy3 GKS FSLaroratade 2F St SO
arelevant route. In contrast to theommonly accepted mechanism, the proposed pathway
Ayo2t @Sa St SOGNRY GNIYAFTSNE F2NXAY3I AYG§SNKX¥SR
computational chemistry methods, this work aims to assess the energy profiles, solvation
effects, and transitio dynamics of these intermediates in order to evaluate the viability of

this mechanism



ADb initio molecular dynamics of ammonia clusters with
an excess electron
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In this study, ab initionolecular dynamics simulations were carried out on negatively charged
clusters composed ofc28 ammonia molecules to investigate how cluster size impacts the
electronic stability of an excess electron. Our findings reveal that electronic stability at finit
temperatures enhances with an increase in cluster size. Notably, clusters with as few as 5
ammonia molecules can stably bind an excess electron, achieving a vertical binding energy
that approaches nearly half the bulk value observed in the largestlatiguiclusters. Our
results align well with previous research, allowing us to explore binding characteristics
through the electron's radius of gyration and shape anisotropy. Additionally, we offer
aqualitative interpretation of the binding mechanism usiagparticlein-a-sphericaiwell
model, shedding light on how electronic stability emerges in these #sited ammonia
clusters.
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ICD in liquid water competes with proton transfer and
non-adiabaticrelaxation

Jakub Dubsk{B3)
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Intermolecular Coulombic Decay (ICD) is a-lomal relaxation process that occurs in atoms

or molecules following innevalence or core ionization. When an electreacancy forms,
anelectron from a higher orbital within the same atom or molecule can fill the vacancy,
releasing excess energy that can then eject an electron from a neighboring species. Various
studies suggest that this ejected electron could potentidélynage biomolecules. The present
work investigates this phenomenon in large water clusters, where experimental data revealed
that the efficiency of this relaxation pathway is well below unity. To model this efficiency,

| have developed a muticale stochstic model that simulates the kinetics of ICD electrons
FYR O2YLI NBa GKS STFFAOASYyOe 2F lih YR 5iho
abinitio technique, molecular dynamics simulations and Me@t&rlo processing. The model
aligns well with exprimental results and indicates a competition of ICD between proton
transfer, and noradiabatic interactions. These findings contribute new insights into ICD as
arelaxation pathway within radiation chemistry and related fields, where ICD processes
remainincompletely understood.



Non-Classical Structures of Polyprotic Acids with PIMD:
The Case of Maleaté|
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energy surfaceHowever, the vibrationally delocalized structure is distinct fromaheve
mentioned classical one. The atomic arrangement in polyprotic acids can facilitate internal
proton transfer where the quantum behavior of the proton leadssignificant norclassical
effects on molecular structure. The objective of this workoigvestigatethe classical and
guantum perspectives of acidgtructures, usingmaleate(t) as a model. Toapture non
classicalbehavior, we usepath integral motécular dynamicawith ageneralized Langevin
equation By examininghe proton transfer between the two carboxyl groypge determine

the most probablénydrogen atormpositionand effectively characterize thenion structure.

To assess the impact thfe solvent, simulations are beingerformed for boththe gas phase

and an aqueous solutionwith the latter modeledvia the continuum solvation model. This
researchprovidesvaluable insight into the intricate proton transferechanismsn polyprotic

acids, contributing to a deeper understanding of theuclear quantum effects onanion
stability. Furthermore, these findings will assist in the design and interpretation
photoelectron experiments.

o

Molecularstructure of maleate(9



Diving into the Deep Bluasd Dark Greens of the
Aromatic Radical Anion Ocean

Zuzana Hybnerova (B3)

prof. Mgr. Pavel Jungwirth, CSc., DSc.

Radical anions of aromatic hydrocarbons serve as key intermediates in wide range of chemical
reactions. They are typically formed in an @&en transfer process from an alkali metal
6FaadzySR G2 GF1S LXFOS @Al | az2t@griSR StSOdl
orbital. Gaining insight into the electronic structure of these specimens is crucial to
understand and optimize reactiononditions in BircHike reductions. Moreover, their
characteristic absorbtion in the UVIS makes them interesting for pheiteduced reactions.

Using electronic structure calculations (via-DBT and CASCF excited state dynamics) and
experimental measuments of their UWIS spectra, we aim to achieve a comprehensive and
detailed understanding of electronic structures of naphthalene and benzophenone both in
their neutral and radical anion states. While optimal theoretical framework is yet to be
identified, experimental findings and ongoing progress in calculations is presented.



Molecular dynamics in a diabatic representation: charge
transfer with constrained DFT and Langaner
method
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Constrained density functional theory (CDFT) is a relatively novel tool that allows us to set
constraints on the electron density of a group of atoms regarding its charge or spin. The
method seems promising for modelling charge transfer processes. Thig atms to apply

this approach to a N&CQ system, where the electron is transferred from the sodium atom,
reducing the carbon dioxide molecule. The main goal of the presented work was the
development of a tool for studying charge transfer using moleadjyaramics simulations in
adiabatic representation. Two distinct diabatic states are constructed using CDFT charge
constraints. Since the simulations are treated within the B@ppenheimer approximation,

we can construct potential energy surfaces of theotdiabatic states and use them for
molecular dynamics. The nonadiabatic transitions between the states are modelled by using
the LandagZener formula. The method aims to help us understand charge transfer processes
during molecular collisions, such as titgovementioned collisions of Na and €0
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Nonadiabatic Snulations of Benzene and its Isomers

Anna Mokra (B3)
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Non-adiabatic molecular dynamics techniques are crucial for studying exsitdd behavior

in molecular systems. Among these, widely used mixed quaidassical approach of
trajectory surface hopping (TSH) simulates exegitede dynamics by propagating classical
molecular trajectories acrosab initio potential energy surfaces from an ensemble of initial
geometries. In this work, we compare two TSH medelFewest Switches Surface Hopping
(FSSH) andandawZenerSurface Hopping (LZSH)in simulations of benzene, fulvene and
prismane, otherwise known as Ladenburg benzene. While FSSH is more established method,
LZSH is its simpler yet efficient alternati®oth approaches present unique advantages
depending on the structure of interest. By comparing these TSH models, we investigate the
limitations of methods and explore thgEhotochemistry of benzene isomers, ranging from the
dissociation of hydrogen atonotthe forming of a completely new structure.

t



Computational modeling of Glutamate dehydrogenase
In crowded environment with focus on active site.
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Living organisms regulate thdife functions by biocatalyst called enzymes. Enzymes activity

is very sensitive to its surrounding which allow the cells to quickly react and change
YShitroz2tAayYyed /StftQa AYUGSNA2NI O2yidlAya €FNBS
However, majoriy of thein vitro experiments with enzymes are made in simple aqueous
buffers. Influence of the crowded environment is missing and that is why we focus on it. We
simulated Glutamate dehydrogenase (GDH), one of the most common and important
enzymes in all ganisms, and compared our results with experimental data. Even though
GDH is widely studied enzyme, its reaction mechanism is still not fully described. We used
all-atom classical molecular dynamics for GDH systems with glutamate (GLU) and norvaline
(NVA)as substrates under various conditions (pH, crowder). Then we collected®@0ts
trajectories. We characterized large variety of possible active site conformations under
various conditions, such as different substrate (GLU, NVA) and pH. We describedksiet
flexibility, diverse orientation of residues and mobility of the substrates. Then we started
working on quantitative description of the substrate binding using enhanced sampling
methods. Collected trajectories and their analysis can help to exptai enzymes behave in
crowded environment and to properly describe reaction mechanism of GDH and how it is
affected by its surroundings.
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Insights on the compatibility of selected active
pharmaceutical ingredients wigolylactic acid from
moleculardynamics simulation

Bc. Vladislav Aulich (M1)
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Many active pharmaceutical ingredients (APIs) suffer from low water solubility and
consequent limited efficiency in the treatment lofing organisms. A novel general trend is to
reduce this deficiency by using an amorphous dispersion of API within polymeric excipients.
That strategy relies on the thermodynamic fact that each amorphous solid phase is
metastable with respect to its cryaltine counterpart, being thus also more soluble than the
crystal. In our case, we chose polylactic acid (PLA) as a polymeric excipient and four APIs
(carbamazepine, naproxen, indomethacin, ibuprofen) to form a binary mixture. Molecular
dynamics simulatiomrepresent a suitable tool for describing those binary systems to explore
the key molecular interactions that bind their bulk phases and to interpret their kinetic
properties and stability with respect to their undesirable recrystallization. Intensitphef
interactions between API and polymer molecules in the amorphous bulk mixtures are derived
directly by calculating radial distribution functions and cohesive energies or indirectly from
the mean squared displacement of API molecules in the bulk. Anatiportant calculated
parameter indicating the influence of atomic interactions between the drug and polymer
molecules is the glass transition temperature, representing a direct measure of the kinetic
stability.
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Strukturni variabilita peptidovych deformylaz
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Prvni enzym, se kterym se bakterialni proteiny rodici sbozomu setkaji, je peptidova
RSF2NYett il 6t5C0d t5C aRODEDE2 § I T AIRNINIOKD 2N
zN1 2y OS y I A0Sy ldy NK2 LINddar@nalyizineluPSdeBtruusnickd & y 2 nj
I aS1OSYS6yNOK LIRR2oy2aiN aS t5C RSEN yI ¢eLd
neaktivni. PDF Typu | majfk@ncovyh-K St AEX {GSNe af 2dzON 2112 &
R2YSy2dz SyT eYdz I LR2ONODKSY NRoOo212Ydzz TFANYO2
na ribozom stale neznamg'S & @S ok 1 Fft nalsS LN} OA 2aSyYy L.
dynamiky studovala chovantkBncovéoblasti PDF ziskanyctNA T y & OK /K@l Yy A &4 Y 4
LINY OA NRBT OAnjdz2A yIF O0S LRITylrid1e 2 LISGA ol 14§SNR
2 1+ aidzLJ0S Sdzl I NE2GyNOK t5CH 0Fi{iNBNAE S yPDKA 62
alevposledNOK f SGSOK a8 dzlt 1 | frostinacd SeboSritdckofiddaghN t 5 C
t N} S (ed2 RST2Nyefti e 2a2dz LINSRYSGHSY GSiz
adruhd byla syntetizovana jako analog lidské mitochondrialni PDF. Zabyvam se/ndaisno

A0GNHZ GdzNBE || ReylFYAl@ Sdzl I NBE2GyNOK I LINR{ Il NB?2
Syl évYado z+eafSRl1eée GSOKiG2 &AYdzZ I ON |ORodze!l 1 dz2 N
Sdl F NBE2GyNOK t5C I Tt addzlJO4 ¢&é&liddz Lo




+f AQD K2nS6yl Gauakyndngky G & VI
protoribozomu
Od al NIAYy al OS17 6daHnv

~12tA0StfY R20® wb5NX» aAOKIf Y2ttt nX

who212Y 28 oA2Y2ftS1dAf20é 12YLX SExX (GSNE 2S5 1
4SS GSYSn @S GOSOK o6dz1t OKd { OK2 Lyyh areb BNA 621 2
LINfA LA a2t Yy LISLIWIARef GNIyaFTSNIT 20SYdz OSy i NYz
GeKNIRYS T NRo2T2Y+HEYN wb! ONWwb!oOoOd £ NI YOA N
20fl aidz 2SO0 oefl LRI 2NRG Yyl 12 yad syanérigiy S d:
YIETylr6dz2S Rt @gyé S@2tdz6yN LIAG2R t¢/ d + Sz
Ot ¢/ P{YItfto LR2GSYOAlL fyNK2 Sg2tdz6yNK2 LInjSROKA
oef2 LINRItTty2: 0OS 2S5 &O0K2L)C Srhaljfempastev il (& G1
T+1f1FRS aidNHz GddzZNB Y2 RS NI/ phérdophiu® | 348 NISHnjA yf N K2a SN
LINfSRSGONY yI @tADB &0GNHz] GdzNYyNOK A2y G4 | A2y i4
2aS8SyY @gedzOAt YSG2Re Y2t S1 daporayi Nrogiaty GROMAGS. y I |
+e63f SR1& yITyl6dz2NZ OS &GNzl GdzNYN K2nSéyl GsS
12yO0SYyiNI OS A2y (4 @ NRI LR2dzOGSRt S &0 NHz| ( dzZNHz Y



YOI yi1203S YSOKFYAO(lt LI NI YS
typuPGSAFT

BcoOf Al (M2 gt A O

~ 1 2 fing.0M&artinKlajmon, Ph.D.

Stavové rovnice typu PC! C¢ dzY2 Oz dz2 N @é LI2 6aSdlumetri&ply 2 R& y I
gt raty2adN 6AadGeOK f+03S1 | avYSaN LkRda S yI 11
+el ylIY GSOKG2 LI NFYSGNA 2SS 2layS RSTAy20l yeé
gt raty2aiGSyY Y2tS1dz RIyS &t GrAgpm WSI{NBABYSN &b
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Implementation of Polarizable Simulations for Phase
Interfaces in Porous Liquids
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Porous liquids (PLs) represent an innoxeclass of materials as they combine the permanent
porosity of solid sorbents and the fluid nature of liquids. Adding structured voids into liquids
is highly attractive in terms of promising applications, including gas capture, catalysis, and
separatiors. This work presents a set of molecular dynamics simulations addressing the
structural and dynamic properties of PLs comprised of the selected ionic liquids (ILs) and
metalorganic frameworks (MOFs), particularly -2IFThe study explores the atordievel
ReEYlIYAOE 2F FfdzAR O0SKI@GA2NI ySI NI GKS ONBadGlf
interactions and movements in this boundary region. The force fields used are enhanced to
incorporate explicit atomic polarizability via the Drude model. The prahility is expected

to impact the interactions among ions and the surface significantly, reducing the spurious
ionic cage effect, and thus promoting the inner dynamics of the fluid component. By
calculating the interaction energies of ions with the idéme and their lifetime in its
proximity, it is ascertained how the confinement of the ILs within the MOF pore influences its
fluid properties. The overarching aim is to conduct a thorough analysis of the interphase
atthe atomic resolution, and subsequéytto assess whether the combinations of the
considered materials are suitable for the formation of porous liquids.



Atomistic simulations of a transfer RNA analogue
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Besides ribosome itseltransfer RNA (tRNA) is one of the key components of protein
synthesis. It serves as a mean of translation from the mRNA code into the amino acid
4SdzSyO0Ss IyR GKAA Gfly3dz 3S¢ Aa S@2fdziAz2yl |
sequence is translat into the same amino acid sequence in almost all organisms. The work
follows an article, where it was experimentally proven that there are organisms able to modify
this code in some cases. Therefore, mRNA sequences are not translated the expected way. It
was also discovered that tRNAs associated with these abnormalities have structural
difference in so called anticodon stem (AS). Typically, AS consists of five base pairs, however,
tRNAs encoding abnormalities have AS only four base pairs long, due it anpitation of

one nucleobase. In this work series of MD simulations were performed for structures with
different point mutations leading to shorter AS. The resulting simulations are evaluated by
x3DNA, tool used to describe tertiary structures of nuckgms and compared to results
obtained with the structure of wild type. The aim is to determine, whether point mutations
and shorter AS can lead to difference in tRNA flexibility, that could eventually cause
abnormalities in mMRNA code translation.
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Molecular simulations of reaction intermediates of
CQ reduction aided by cobaltoporphyrin catalyst
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The increasing carbon dioxide (@vels in the atmosphere correlated with global warming
are a challenge for humanity. Therefore, there has been an effort to either reduce its
production or capture it and use further. The second option can be realized by catalyzed
electrochemical reduction, which leads to various products. To facilitate the electrochemical
reduction many catalysts are being currently under developmenbur research, we have
focused on the deils of the catalytic mechanism of the reduction of-@carbon monoxide
catalyzed by a cobaltoporphyrine cage catalyst. We focused on two reaction intermediates,
one after full reduction and binding of @&nd another one after subsequent protonatioro
simulate the behavior of these intermediates in agueous solutions of alkali metal cations,
which can tune the selectivity of the catalyst, classical molecular dynamics were employed.
However, since we are dealing with netandard residues for both intsediates, we had to
develop empirical force fields. Our results can contribute to both development of force fields
for nonstandard residues and the understanding and tuning of an environmentally
interesting catalyst.



CO release from flavonol: fitio Model
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The release of carbon monoxide from flavonol upon UV radiation exposure was first
discovered in 1989, establishing flavonol as a photoactivatable carbon mor@tédesing
molecule (photoCORM he targeted CO releasg significanffor biomedical applications
e.g.CO can have beneficial effects on the human body when its release is localipdet

state plays a critical role in thaissociation process of flavonahd recently the influence of
molecular oxygen was demonstratdd.my work, | aim to model dissociation of flavonol using
ab initiomethods, primarily multireference methods in addition with transition state theory
to study the mechanism and kinetics of theddisiation.



Predicting Rotational Dynamics in Molecular Rotors:
AnAb Initio Study of Substituent Influence on Thermal
Isomerization
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Molecular rotors are nanoscale systems capablearftrolled rotational movement around
aspecific axis, driven by energy inputs such as light, heat, or chemical reactions. In this study,
we investigate the influence of substituents on the thermal helix inversion, rotational speed,
and rotational barrieof molecular rotors. Usingb initiomethods, density functional theory

(DFT), and the lony y IS O2NNBOGSR Fdzy OluAz2ylt .. dr- 5%
surface (PES) scan for isomerization between two stable isomers. This approach allows us to
accuately map the PES and analyze how different substituents affect inversion dynamics and
energy barriers. The aim of this work is to deepen the understanding of substituent effects on
molecular rotor performance, providing insights for designing efficigntletic molecular

machines.




Investigating Photoinduced Electron Transfer from
Bilirubin Model Compound to Oxygen
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The present study examines the photoinduced electron transfer Pecess from a bilirubin
model compound, dipyrrinone, to an oxygen molecule. This process may represent the initial
step of the photooxidation pathway of dipyrrinone derivatives, as recently propaséue
cooperatingexperimentallaboratory (prof. Petr Klan, MU Brno). This work employs a range
of computational methods, including tirmgependent densitsfunctional theory (TEDFT),
constraineddensity-functional theory(CDFT), multireference approaches, and semiempirical
techniques, to elucidate thd?’ETmechanism.The potential energy surface mapping is
performed, involving excited stase characterization interpolation between critical
structures,and the implementation andpplicationof LandagZenerTDDFTsurface hopping
dynamics.nitially, the charaterization of dipyrrinone and oxygen is conducted separately,
followed by an investigation of their complex. A comparison of calculations conducted in
vacuum and water implicit environments demonstrates the significant influence of the
solvent.
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Towards Photostability of Astrochemical Glycine:
Impactof a Solvent
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Over the last decade, glycine, the simplest amino acid, has been detected in cometary
atmospheres and ice. Recently, glycolamide, an isomer of glycine, has also been identified in
interstellar matter, sparking further interest in treurvival mechanisms of these molecules
under extreme cosmic conditions. The photochemical decomposition of amino acids is
thought to play a role in developing biomolecular homochirality, yet the photostability of
glycine in space remains underexploréathis study, | examine the photostability of glycine
under simulated cosmic radiation, with a specific focus on its behavior in solution. By utilizing
QM/MM non-adiabatic molecular dynamics simulations with the CASSCF method with various
active spaces, Ixplore the photochemistry of zwitterionic glycine in a cluster of water
molecules. This approach allowed me to analyze how the solvent affects photostability by
exploring potential reaction pathways. | further compare the reactivity of solvated and non
solated glycine, finding that the presence of water molecules significantly affects its
photostability. These findings shed light on the role of solvent effects in stability, providing
insights into the resilience of amino acids in space and implicatiorthdqgpotential origins

of life.
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On energy balance in nepherical CFDEM

Milana Dejakova (B3)

Supervisor: Ing. Martin Isoz, Ph.D.

From standardised larggcale processes, e.g. fluidised beds or filtration to highly specialised
microscale, such amicrodosing of suspensions for medicinal purposes; processes containing
solids dispersed in a fluid phase are widespread in the industry. Further optimisation of the
standardised processes and design of the specialised ones is possible iadiith
simulations considering particlparticle and particlluid interactions. Such simulations may

be constructed by coupling Computational Fluid Dynamics (CFD) with the Discrete Element
Method (DEM). The CHDEM solvers are presently applied for lasggale aplications while
considering primarily only spherical particles due to their simple geometry, contact
treatment, and drag force correlations. However, amicroscale, the spherical CEIEM
approach becomes insufficient as the particle shape is cruamwAn-house developed CFD

DEM solver for arbitrarily shaped solids is suitable for such applications, but its fidelity has to
be evaluated, particularly with respect to DEM. This work aims to provide an effective
verification tool based on an4idepth enegy balance verification, including a single contact
verification and large system verification against the LIGGGHTS DEM solver commonly used
by the industry.
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Optimizing Mass Transport in Microfluidic Channels for
Photocatalysis Using CFD Mautgli

Od YNBOG2TF 52NEt ] o6amo

Supervisor: Ing. Anna Vanluchene, Ph.D.

We live in a time where pharmaceutisand other fine chemistry products make our lives
easier, more enjoyabl@r, in some cases, simply even possible. As such, the demand for these
is \very high. However, the effostto answer it must face two main issuddrst, a catalyst is
neededto enhanceproduct yieldand as of now, expensive organic compounds, often with
precious metaktontent, are the most common choice. This poses a problem a®ughtto

keep fine chemistrassustainableas can beA possible solution comes in the formmoétak

free photocatalysts, which have been gaining attention due to their low production cost and
high sustainabilitySecond, the product synthesis usually quite challenging, as precise
control over the reaction conditions has to be achieved. This is where microreactors come in
handy, with their dimensions well fit for the level of control need€bmpared to traditional
batch reactors, these also allow fbetter light utilization when photocatalyzedhe aim of

this projectis to combine the two solutions and therefore, a photocatalyzed microreactor will
be modeled under different Taylor flow regimes, using a CFD simulationTto®lproposed
model will then be experimentally alidated and used for optimized sustainable reactor
design.



Analysis of mixing step in continuous antisolvent
precipitation
WFE 1dzo CAOYSNI 6. 00
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Many potential pharmaceuticaingredients (APIs) are poorly soluble in physiological
solutions. To tackle this issue during early stages of drug development, APIs are commonly
dissolved in dimethyl sulfoxide (DMSO). The issue arises upon later stages of development,
with need of complee re-formulation, as DMSO cannot be further used. One possible
solution is to use API nanoparticles already in the early stage, mitigating both the solubility
issue, and the need of use of DMSO. Commonly, preparation of colloidally stable API
nanosuspensins is a strenuous process, however, development of a screening device would
greatly simplify this process. Such device, based on the principle of antisolvent precipitation
method, should screen through combinations of APIs and stabilizers, offeringtiigigh
feasible combinations. A crucial element of the instrument is the mixing chamber where the
precipitation occurs. This work analyses three geometries of mixing chambmiiget, active

mixer, and FDmiX, hope to further describe benefits of differanting types & to suggest
future optimization paths. The results are evaluated based on the polydispersity and particle

mean size, and the uand downsides of each mixing chamber are discussed



Synthesis and phystcbemical characterization of
carbonquantum dots for drug delivery application

Vladimir Nikolaev (B3)

~12tA0StfY R20® .CFOGAYLlI 1 aazdzyls t KD

Carbon quantum dots (CQDs) are known to be rising stars of fluoreseebbonbased
nanoparticles with an sp2 conjugated core and a spherical strucfisize diameter less than

10 nm. They have emerged as excellent fluorophores that possess functional groups mostly
of hydroxyl, carbonyl, and carboxylic groups on their surface which spark off their high
hydrophilicity and ability to interact with othespecies. They exhibit unique properties like
goodstability, biocompatibility, low cytotoxicity, wavelength excitation dependence and high
surface area. Their properties lead to promising applicationsamedicine, especiallgirug
delivery and theranosts. In this studyCQDs with an average size af 2 nm were prepared
from branched polyethyleneiminesing a simple and environmentally friendly approach, i.e.,
hydrothermal reaction.The synthesis parameters were optimized to achieve the best
guantum yeld, as this improves bioimaging aalfieviatestheranostic functionality of CQDs.
Usingseveraltechniques, the formation of CQDs and their functional groups, particle size
surface chargand optical propertiesvere investigated Drug loaded CQDs usipgclitaxel

as amodel drugwere prepared and characterized.



Postbreakage growth of organic crystals

Bc. Karolina Slonkova (M2)
~12tA0StY LINPFTP WSNNE | Sy 3 6R20®

Even though crystal breakage is a widespread phenomenon in malustystallisers, there is

very limited information available on the subsequent growth of crystals. Therefore, this
phenomenon is often neglected in process design, leading to unreliable predictions of the size
and shape of the resulting crystals. Thigrkvfocuses on the observation of the growth of
such fractured organic crystals, specifically Glycine and Carbamazepine. The crystals were
always cleaved into two parts and their subsequent growth was observed. In both cases, the
fractured crystal was shawto behave differently from the intact crystal. After breaking, the
crystal first regenerates to its original shape and only then does the crystal show overall
growth, similar to the growth of a lizard's tail. Thearprisingphenomenon is therefore
contrary to most theories dealing with crystal morphology and thus offieespossibility of
improving the accuracy of modelling processes and predicting the resulting crystals.



Phase diagrams of microemulsion electrolytes in flow
batteries

Bc. Alberto Taccori (M2)

Tutor: Ing. Petr Mazur, Ph.D

Redox flow batteries (RFBs) aréngiag attention in stationary energy storage, especially from
sustainable sources that experience power fluctuations. This work focuses on organic
electrolytes for RFBs to avoid the high, volatile prices of inorganic ones due to scarcity.
Organic compoundsre potentially more ecological and locally producible alternatives;
however, they often suffer from low solubility and stability in aqueous solutions. A significant
challenge is finding electrolyte solutions with good ionic conductivity and high styjuitfili
redoxactive species. Microemulsion (mE) electrolytes show promise by decoupling solubility
of redoxactive materials (oil phase) from conductivity (aqueous phase). This study aims to
build a phase diagram of an mE comprising water and toluene \aitlows surfactants and
co-surfactants, identifying conditions that create a Winsor IHc@mtinuous) mE, maximizing

oil content for higher energy density while maintaining sufficient ionic conductivity. The phase
diagram will be constructed by measurimgpnductivity and turbidity while varying the
solution's composition. Additionally, laedrale singleell tests will assess the impact of the
supporting electrolyte on the performance and stability of selected organic RFB active
species.



Development of &ully resolved digital twin for analysis
of fluidizedbed

Jarmila Terpakova (B3)

~12ftAGStY Ly3ad alNIAY Laz2l3 t Ke50

Fluid flows containing dispersed particles are omnipresent in both nature and ingustry
examples span from blood flow targescale fluidized bed reactors. Such processes are
described primarily with empirical correlations. However, smailale apparatuses or
applications with norspherical particles are still being optimized on a taat-error basis.
Alternatively, dediled insight is possible via a fully resolved ©HM approach, which
couples computational fluid dynang¢CFD) with the discrete element method (DEBUch

an approach enables the construction of a hifighelity digital twin for regions of interest in
both large and micrescale processes. Inifwork, we present a pilot study of a pseu@d
fluidized bed, for which detailed experimental data are available. TH®wuse developed
OpenHFDH®EM project, implemented in the OpenFOAM library, is employed. ifitial
results of this study focus primarily on systaefining criteria by analyzing pressure drop and
particle distribution across the domain. Furthermore, the collision frequency is validated
against experimental data from the literature.

pseudo-period = 0.33 s




Simulation study of catalytic systems for exhaust
aftertreatment

Yeva Tsypko (B3)

~12tA0StY LINPFP® Ly3add tSGN Y26N t Kd5

Diesel engines remain in demand in the automobile industry, but increasing ecological
awareness and regulations require reducing exhamissions. The EPA, fmstance has
implemented a program targeting a 50% reduction of NMOG and NOx emissions folulight
vehicles and a 33% reduction for healyty vehicles by 2033. One of the technologies used
to achieve this goal is SCR (SeleciCatalytic Reduction), which reduces yNgmissions
through reduction with oxygen and ammonia. In addition to thisain reaction, other
reactions occur in the system, including the oxidation of CO, B a8d NH. Temperature

and inlet gas compositiorff@ct ongoing reactions and N©Gonversion. Kinetics of these side
reactions were studiedsinga mathematical modelusingnlet and outlet data (temperature,

gas flow and component concentrations) measured throughout the experiniéetobtained
simulaton results predict the dependence of conversion on temperature for each
component, and these are compared to the measured data. To fit the simulation output to
the experimental data, the reactor geometry was adjusted according to the actual system
studiedand preexponential factors of reaction kinetic constants were adapted. The tailored
model provides conversions close to the measured data.



Atomby AtomBuiltCuPdPentamelrClustergor
Oxidative and Nefxidative Cyclohexene
Dehydrogenation

PetrVitek(B2)

~ 1 2 fIngy.&t8nislxWaltera

The subnanometer size of the clusters grants them different properties compared to bulk
materials, owing to quantum effects, which become pronouncedat this scale. Those
properties depend not only on theluster composition, but also on the cluster size, offering

a vast possibility of modifying their behavidvloreover, the clustersupportinteractions
haveasignificanteffectonthefinal propertiesof the nanocatalyst by influencing the charge
transfer between the cluster and the support providing an additional option to-funee

the clusterbased propertiesin the present study, atomically precise3guPch (0XX %) X
clusters deposited on ultrthin zirconia (Zr@) support prepared by atomidayer

deposition (ALD), wenested during cyclohexene dehydrogenation. To investigate the sole
effect of compositioronthe activityandselectivityof the nanocatalystthe clustersize(i.e.

total of 5 atoms)andmetalloadingwerekeptconstantfor eadh sample Swappingan atom

of Cufor Pdin a clusterhad asignificanteffect on the catalytic properties, altering the
activity while maintaining high selectivity toward benzene (above 98 %). The results
revealed that under given reactiorconditions, which were set for oxidative
dehydrogenation (ODH), the reaction proceeded as a combination of oxidativeamnd
oxidative dehydrogenation (DH). By swapping one atom of Pd in theRdterwith a Cu
atom, it ispossibleto switchthe reactionmechanisnbetweenODHandDH.

Waler
Oxygen

Hydrogen
Benzene
Cyclohexene

Cus_Pd; clusters ..... ...‘. .0... Cyclohexadmne

Avg. 0.4 nm ZrO; support deposited by ALD 2= 1 monolayer

Avg. 2 nm

Avg. 525 um Silicon chip

Schematic representation of the dehydrogenation of cyclohexene on the surface of the nanocatalyst.
Cyclohexene is converted to benzene and cyclohexadiene during which Hh)dC&@O are formed.
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vyrobu amorfnych pevnych disperzii
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skarbonizovanymi polymernimi nanovlakny
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Nanovrstva byla aplikovana nzaporrou elektrodu, kde je kinetika reakce limitujicim

faktorem. B 1 A {-chemikd charakterizaceIN2 6 S K f 13D lai@rgehd@nNkroskop,

SEM a N#yzisorpce thetodaBETP . &f &f SR2@ty @Gt AP LI 20yS K
podminek nanovlakenné vrstvy na relevantni vlastnosti.

Obrazek 1: Snimky nanovlakenné vrstvy karbonizovaR&idr laseového 3D mikroskopu (vlevo) a
elektronového mikroskopu (vpravo).
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Combining Simulation and Experimental Techniques to
Study Diffusion in Polymer Melts

Vanesa Virsikova (B3)
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The study of diffusion in polymer melts is essential for understanding ananigotig
extrusion, moulding, and other higberformance applications involving polymer materials.
This research presents a novel approach combining an experimental approach with advanced
computational models. This dual approach enhances our ability to gredid control how
polymer melts behave under different processing conditions. In my work, | developed and
built a cell that enables precise observation of sorption and desorption phenomena within
polymer melts. This pressuisolated and temperaturésolaed setup replicates industrially
relevant conditions. Through collaboration with industry partners, the findings from these
experiments actively inform about the conditions of the mentioned production,
demonstrating the practical relevance of this work.quantify diffusion, | have implemented

a simulation model specifically programmed to calculate the diffusion coefficient from
experimental data obtained. The goal of this research is to create a framework for analysing
and optimising the behaviour of pgher melts, benefiting both theory and industry. By
offering insights into polymer structure under various conditions, this work supports
industries in defining optimal processing conditions to improve quality, efficiency, and
sustainability.



Studium zavisloste# na difiznim koeficientu na vyplni
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Kinetika deaktivace Pd/AEI zeolitu pro adsorpci NOx ve
vyfukovych plynech
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Optimalizace procesu elektrodialyzy pro recyklaci
lithium-iontovych baterii

Jan Korbel (B3)
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Vplyv teploty a pH na stabilitu klegho elektrolytu
poutSho v prietdnéch baSiovéch @t nkoch
prev dzkovaséch pri v¢ajh teplot ch

Michal~tevuliak(B3)

Ing. Petr Magr, Ph.D.

Redoxi$ prietoko\S batSrie (RPB) @ sibném typom akumut tora na staciohrne ula@nie
energie. Oproti kion batSitm mag sde niu hustotu energie, no haka vod@m
elektrolytom § RPB prakticky neh@S a prietadnS usporiadanie um@uje ne visiS
(4 lovanie \Bkonu a kapacity &tSrie. Zvy@nkh prev dzkowvéch tepbt nad 40 °Cép je gjéasré
teplotné limit vart dovéch elektrolytov) je maS 2v8@UgdnnoUbatSie a vywJtepelng
kapacitu elektrolytu na akumutiu tepla. Po boku@d. rie@nNna b ze snov vandu g
skjmanS aj rszne tepelne stabil§ organiclS redoxrS lttky na poultie v #pornom
elektrolyte. N& pica je zamerah na pogdenie stability akunych 1tok kladrgho
elektrolytu na i ze hexakyan@leznatanogch snov prizvénéch teplot ch v neutt Inom a
alkalickom prostreM Chemick stabilita v teplotnom rozmed®0 - 80 °C pri bznych pH bola
vyhodnocovah z priebéhéch anafz elektrolytov pomocou UVIS spektroskopie.
Elektrochemick stabilita bola Gudovart v laborasrnej RPB so symetriék zld@nh
elektrolytov v 3elektrsdovom zapojefmetsdou kombinovaéch naljjadgh-vybjadgh
cyklov. Zésledkov bolo identifikovaBoptimt InSzlo@nie Qudovarsho elektrolytu nagéinng
a dlhoddg prev dzku organickej RPB.

S

Obr 1. Symetridkdt nok RPB poité na sledovanie lektrochemickej stability.
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Obr1. Nanokrystal kurkuminstabilizovany DPPC, DPPG
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Pnpravakompozié kontrastri latky a glukanoych
O stic
I ND2NF ~1F 0120t 6. 00
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Glukanoe 06 stice (GPs), npraveré pomod alkaliclé a acidick extrakce z kvasinek
Saccharomyces cerevisiaesse daj vyuOtNoro dlené doruéovani latek prosrgdnictim
fagocybzy. K vhodému vyudti tohoto zpAsobu dorwovani je potrgbré vytvorgni
uceler§ONM obrazu o jeho fung@wi. t N2 (2  LIbyi sgidpniz8bBaitS leiizovat
glukanoé 6 stice po jejich poéni uvnitnjorganisnd, cdO soudasrS vyuOvsné metody
neumaD gji. NaOnN dlem je proto dzY 2 O yYobrazem glukanoych & $tic pomod
tomografickich metod, j@jsou schopny zobrazit nejen kontrast zapongre latky uvninj
glukanoych 6 $tic, ale i rozhrahjednotliwch tkéni uvnitnjorganisnd. Zasadri bylo zvoleni
vhodnré kontrastni latky i metodypro jeji zapouzdagni do glukanoych 6 stic, tedy vytvogni
kompoziti kontrastri latky a glukanoych 6 $tic. V @mci projektu byla nalezena vhodn
kontrastni latka a vytvagn postup prgeji zapouzagni do glukanoych 6 stic.



Preparation and Characterization of Si/Polyaniline-Core
Shell Nanopatrticles for Lithidion Battery Applications

Yelyzaveta Demianenko (B3)

Supervisor: doc. Mgr. Fatima Hassouna, Ph.D.

The rising need for energy storage across various applications requires developing batteries
with enhanced durability, high energy density and long cycle life. Silicon (Si) is viewed as a
promising anode material for nexgenerationlithium-ion batteriesdue to its hightheoretical
specific capacitylY 3579 mAh @), and abundanceHowever, Sbased anodes face issues due

to the 300% volume expansion of Si during the lithiation process, which leads to the fading
of the battery capacitpver repeated charge/discharge cycld® address this issue, this study
aims at developingsi/carbonized polyaniline {€ANI) coreshell nanopaitles (CS NPs) for
usein Stbased anodes. TheRANI shell can play a key role in buffering the volume expansion
of Si. Si/dANI CS NPs are synthesized by the polymerization of aniline monomers on the
surface of Si nanocrystals, followed by carbonizatbthe resulting Si/PANI @Q8s (Figure

1). The effect of various experimental parameters, including the Si to PANI ratio and the
carbonization time were anatgd to assess their influence on the morphology, textural
properties, chemical structure, andeektrical conductivity of the resulting material.
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Finetuning of 3D bioprinted films for-gitu synthesis
and release of bactericides
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The controlled release of bioactive compounds is essential for therapeutic applications.
Allicin, a molecule found in freshly cut garlic, is known for its potent antimicrobial properties,
though it degrades rapidly. By using hydrisgembedded with the allicin precursalliin and

the enzymaalliinase it is possible to achieve environmentatfiggered, insitu production of
allicin. This is a promising approach to utilize the antimicrobial properties of allicin with the
high precision needed for medical applications. This study focuses on algjekttn
hydrogels, their 3D bioprinting into thin, porous films, and their cilogeng strategy. Using
these hydrogelsalliin and allinase were immobilized within the 3fprinted structures,
enabling the conversion of alliin to allicin upon rehydration of the film. The analysis included
multiple crossdlinking and printing options to enhance structural integrity, enzyme stability,
and minimize premature allicin release during fahtion and storage. Additionally, we aimed

to increase the triggered allicin release after rehydration and studied the storage stability of
the films. Finally, the effectiveness of the films was demonstrated through antibacterial
testing againsE. coliWebelieve this work has the potential to introduce new natunspired
antibiotics, thereby contributing to the fight against microbial resistance.
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Matematické modelovani adsorpce a desorpce NOx na
zeolitovem katalyzatoru Pd/SSX

Hoang Phi Hung Do (B3)
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Liposomes with new ionisable Imaksfor
pharmaceuticaapplications
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One of the most prominent issues foumankind over the past few years was the CQYD
pandemic Among the most effective methods used to counter the disease were the vaccines,
some of which used lipidic nanopatrticles (LNPs) with ionisable lipids as carriers of mRNA
Motivated by the limitedrange of available lipids, a research team at IOCB CAS8tlece
produced a new lipidike molecule, naming it XMaN6. This molecule contairsdamantane
structure with three tertiary amine chain®ka around 6.2, capable of obtaining a charge
depending on surrounding pH, resultinganbulk release of the encaplated nucleic acid

(NA) Initialresultsof XMaNGbasedLNPs with different NAs, incl. mRNA, were promising, and
raised a question of possible use for the XMaN®6 in other targeted drug delivery systems as
well. Nanoparticles best known for applicationstimis field are liposomes. Thus, the focus of
this work is on preparing liposomes containing the new XMaN6 molecule, examining their
stability and permeability, and comparing them wéstablisheccompounds. The results also
may offer a possible solution feomelimitations of liposomalformulations such agheir
inability of containing active pharmaceutical ingredients with specific properties within the
structure.



Modelling polymer dissolution for the recycling of mass
produced plastics
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One of the challenges in plastics recycling is producing aduiglity product with low energy
consumption. Recycling methods based on selective polymer dissolcaionomplement
mechanical recyclingvhichoften downgradeshe recycled polymerSolventbased recycling
offers a solutionit can be used to extract additives from polymers, separate composites into
individual components, and sort polymer chains by length, thereby maintaining or upgrading
the quality of the recyclateHowever, for the process to be afient, selective solvents are
required, and it should operate at temperatures that avoid polymer chain degradafios.
focus of the broader project in our research group is on processing pbtygbelyester, and
polyamide waste. In this work, we focused on screerihguitable solvents for a specific
polymer. To obtain predictions of solubillhased only on molecular structyrere utilized the
COSMGBAC model, which combines a quantum chemrist approach with statistical
thermodynamics to calculate activity coefficients in the ligiké phase.While this
computational approach does not provide precise solubility values, the goal is to aid in
selecting suitable solvents and temperature rangesich will then be experimentally
verified.
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Vyvojprocestkombinované koagulace pro Upravu pitne
vody

Antonin Saifrt (B3)
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Optimizationof the electrolyte composition of a zinc
lodine flow battery

Martin Drnec (B3)
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Zinciodine hybrid flow batteries are emerging as a promising alitue to the wel
established vanadium redox flow batteries, which have successfully carved out a role in
energy storage. Flow batteries, in general, are valued for theirftesnmability, modularity

of power and capacity, and long lifespan. These advastagake them ideal candidates for

I RRNBaAaAAY I Tt dzOG dzl G A 2 yFaNBASE  (SK/SS NBSY SFNNRUYA 2B y2SH
storing surplus energy and releasing it back into the power grid as needed. This work is
dedicated to optimizing zinodine hybrd flow batteries, with a particular focus on
electrolyte composition and its effect on battery efficiency and stability. Battery testing under
various operating conditions was performed on our advanced test bench, which enables
online monitoring of relevanparameters (such as electrolyte conductivity, pressure drop,
and electrode/electrolyte potentials) and allows hydraulic connection of the electrolyte
tanks. Strategies for extending areal capacity were identified, along with conditions that
provide stabé and efficient battery operation.
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Studium morfologie chemobrionickych struktur pdmoc
rentgenové mikrotomografie
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Experiment zvany chemické zahradky poukazuje na fascinujici fenomén samo se
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Solventbasedplasticrecycling turbidity, rheology and
stability measurements
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One of open worldwide issues is how to deal with plastics at the end of their service life to
close therecycling loopThis workaims to optimize SolverBased recycling concepts in our
laboratory. It is difficult to use predictive models to select solvents for plastic dissolving.
Therefore, systematic experimental studies are required to provide data taboitable
polymersolvent systems. These experiments were conducted in ouhnousebuilt
turbidimetry apparatus operating at elevated pressures and temperatures. We have studied
polypropylene (PP) in two solvents and their mixtures for turbidity and Idggo
measurements. Melt flow rate (MFR) is one of the most crucial characteristics required by
industry for processing of rgranulated plastics. We have also conducted a-f@nm study

of polymercontrolled degradation of three polyolefin samples in fhbenace. The MFRs were
thus measured using Melt Flow Indexer. Main goal of this work was to bring relevant data for
SolventBased recycling.
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Upcyclingpf plastics: fractionation method for
composites and polyolefins

Bc. Denisa Dendisova (M2)

Supervisor: prof. Dr. Ing. Juraj Kosek

As aware people of the 21st century, we aa@hing global problemse.g., plastic pollution,
global warminglargecarbon footprint.Theseproblems affect thavay of ouriving According

to the EUstatistics, in 2021 wproducedabout 40%more plastics than wrecycled.This work
reports on the new method ofipgrading(i.e., upcyclingpolymers bythe fractionation
principle The aim of the method is to upgrade plastics by removing degraded ancchlagns

or by separating polymers from multilayer packaging. Our ¢oab achieve the highest
quality of pcycled polymers comparablewith the properties of virgin polymers The
experiments were performed using our-lmousebuilt apparatus with automatied control.
We have examined many polymsolvent systems to enrich our data library about
rheological properties and turbidity. To characterize fractionated polymers, we are employing
complementary methods such as DSC, GPC or Raman spectroscopy. tentitéate a
significantchallenge irthe field of plastic recycling. Th@re often made from more than one
polymer, which complicates the recycling process. For instaes#iles aremostly fabricated
from cotton/polyester or polyamide fiberswhere both synthetic polymers are hard to
dissolve in environmentdtiendly solvents.

Multilayer food packaging
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Sofosbuvir is an Active Pharmateal Ingredient (API) used to treat hepatitis & liver

disease caused by the hepatitis C virus (HCV). It is classified as a Class Il drug under the
Biopharmaceutics Classification System (BCS), meaning it has high solubility but low
permeability. Thisstudy ams 42 Sy KIyOS &d2F2340dz0ANDa LIKea
particularly solubility and dissolution, which are expected to improve its permeability and,
ultimately, its bioavailabilityTo achieve this, we used the method of coamorphization, which
hasbeen used previously with success to enhance the properties of various dugsepare

the coamorphous systemsanthine and its methylated derivatives, specifically caffeine,
theophylline, and theobromine, are used as coformetsr their preparatiorball milling is

usedas a sustainable, edoiendly technigue since his mechanical process facilitates the
formation of coamorphous mixtures without the need for solvents
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Al forsimulationof soot deposition in catalytic filters:
From2D to 3D estimates
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In recent years, the use of artificial neural networks as computationally efficient surrogates
for numerical models has gained traction in engineering fields such as optimizaticitual

flow modelling. In our previous work, we introduced a novel neural network architecture that
is able to qualitatively estimate the spatial distribution of the particle deposit inside the
microstructure of a porous filter. The network is composéd DeepONedike structure that
utilizes autoencoders with convolutional layers for efficient processing of-diiglensional
structured data corresponding to tao-dimensional representation of a porous filter
structure. In this contribution, we exploresgeral principal approaches to extending our
neural network model toward use with thregimensional filter microstructure data with the
intended application in the development of catalytic filters. We discuss the performance as
well as the computational @ of the varying implementations, ranging from mere two
dimensional to threedimensional reconstruction to fully thregimensional convolutional
layers.

Exemplary porous structure cutout represented as a 3D voxel grid composed of 2D slices.

coating D . substrate

free space |:. soot deposits
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Bc Michal Neuwirth (M2)
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Bc. Alina Mamedova (M2)
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Innovative SolverBasedRecycling: Closing the Loop on
Plastic Waste

Od [dzRYAEl yAKI 120t o6aHU

Supervisor: prof. Dr. Ing. Juraj Kosek

Plastic materials are indispensalaledirreplaceable and their production is increasiktpwever for

most plastics and textiles we do not know an efficient vedyrecycing them. Unfortunately, no
method has yet been devised to solve the problem of increasing waste, as it is cheaper to produce
new plastic than to recycline usedone. This workdemonstratesa new approach to close the plastic
waste loopand illustrates this approach guolyolefins and textile We are optimizing the developed
method of solveribased additives removal to eas the subsequent plastic processing and
recycling The apparatus was designechnstructedand testedin our laboratory allowing flexible
adjustment and optimization of the recycling proceléss not easy to puzzle out the composition of
additives and thir concentration in the polymer matrix. Therefore we prepared calibration samples
of polymers with additives and characterized themRgman and IR spectroscogy principal tools
monitoring the process conditions efficiendys a case studyevdecdorized textiles with solvents,
looking for the most ef€ient solvent.The goal is to develop a simple, inexpensive and sophisticated
method for recycling plastics that will be integrated into the chain of existing recyetihgologies
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Optimisation okzinc-air hybrid flow batteries
Od ' RIFY {SRfIFI6N] oO0anv

Supervisor: Ing. Petr Mazur PhD.

As the global population keeps growing, energy demands are surging, leading to considerable
environmental pollution and accelerating climate change. To addtesse issues, world is
increasingly shifting toward renewable energy sources as a viable alternative to fossil fuels.
However, these are typically intermittent, which destabilizes the power grid-aimtybrid

flow batteries (ZAHFBs) offer a promisitgtionary energy storage solution for renewables.
ZAHFBs use zinc and oxygen, which are abundant andormnmaterials, making them a
cheaper and more ecbriendly alternative to traditional ones. Energy in ZAHFBs is stored in
the form of solid layer okinc deposited on the surface of the negative electrode during
charging. Despite several ongoing efforts, there are still serious problems with the zinc anode,
such as nothomogeneous deposition, dendritic growth and s#icharging. The latter issue

is mainly caused by corrosion of the zinc anode, during which the deposited zinc reacts with
electrolyte, forming zincate ions and generating hydrogen gas. This work systematically
investigates selflischarging in ZAHFBs at different conditions (states of gehar
temperatures), both for spherical particles and deposited layers, to gain a deeper
understanding of the process.
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Nanosuspension Preparation for Effective Nebulization
of Poorly WateSolubleDrugs

Bc. Hynek Housar (M1)
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~12tA0StY LINPFP® Lyadd aANRatl @ ~250%

Bioavailability is a crucial metric for evaluating drug effectiveness in the pharmaceutical
industry. Modern drug development, driven by combinatorial chemistry and innovative
design, often results in formulations with higher molecular weights, increapegHilicity,

and, notably, lower hydrophilicity. For a drug to be absorbed via the portal vein and thus act,
it must be present in its solute form after administration. Therefore, the solubility of drugs in
water plays a vital role in determining bioawdllity. However, this route can be overcome

by lipidbased formulations that are preferentially absorbed via the lymphatic system. Our
longterm research is dedicated to enhancing the viability of waaoluble cannabinoids for

use in treating rheumatdi arthritis. In this project, we optimized micrand nanoemulsions,
which were validated through in vivo studies involving both oral and intravenous
administration. Based on the bioavailability results, a focused study was conducted on
nanoparticles. Nangarticle formulations were evaluated based on their composition,
surfactant type, and size distribution regarding their final bioavailability. The system was
further developed towards the solid form to increase shelf life while conserving high
bioavailabiity.



t NLINT @I | OK F1Bljhkd aktvmifol I OS 1
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Bc. Marek Martinian Kolator (M2)
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Testovani P&SZ3 jako aktivniho materialu pro
adsorpci NOx

Bc. Zuzana Coufalova (M1)
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Crystdinity change of senurystalline polyolefins
during the sorption of penetrants

Bc. Ondrej Melo (M1)

Supervisor: prof. Dr. Ing. Juraj Kosek

Polyethylene (PE) is one of the most important and widely produced polymer materials. While
many studies have examad sorption processes in PE, most assume crystallinity remains
constant and unaffected by sorption. In contrast, this study demonstrates that crystallinity
changes occur during penetrant sorption, altering the sergstalline morphology of PE.
Using timedomain nuclear magnetic resonance (NMR), we quantify these crystallinity
changes during the sorption of various gaseous penetrants. Experiments condumted
ambient temperature up to 55 °C reveal the effect of elevated temperature on sorption
behaviair. Additionally, the crystallinitghangesdynamics observed with FRMR provids
insights into diffusion processes in PE, which are essential for understgmlyrgerization
reaction and degassing kinetics.
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Characterization of Redox Flow Battery Tanks using
Computational Fluid Dynamics (CFD)

B.Sc. Martin Matej (M1)
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Use more renewablsources! That is the maxim, under which the industries race to shift from
mainstream energy sources to renewable ones. Consequently, this has led to the increased
use of Energy Storage Systems (ESS) to mitigate the unfavorable consequences of the
transformation. One of many of such systems is the Redox Flow Battery (RFB). Among the
advantages of this energy storage are a longer cycle life and lower environmental footprint
compared to standard batteries, as well as their simple scalability. On the other treid
energy density is not as high as that of standard batteries, limiting them to stationary ESS uses
only. This work characterizes the flow in the storage tanks of the RFB through Computational
Fluid Dynamics (CFD). Selected tank geometries are ¢bazad under different operation
conditions. The observations aim to identify the optimal conditions and subsequently
increase the efficiency of the system.



Modelling of emulsion copolymerization: Identifiability
analysis

Od az2yAll t2t16120t oamo

~ Qlitel: doc. Ing. Alexandr Zubov, Ph.D.

A common challenge encountered in the mathematical modelling of engineering processes is
the presence of numerous input parameters, which caduce theoverallrobustnessand
predictive power of the model. To identify the most influential parameters in complex
models, theGobal Snsitivity Analysis(GSA)s frequently employed analysng how changes
across thewhole input space of parameters affect thmodel outputs.This workfocuses on

the emulsion polymemration process, a type of heterogeneous fraglical polymerization

that is widely used in the manufacture of latex products for use in coatings, adhesives,
pigments or biomedical applications. The model addresses the copolymerization of styrene
and butylacrylate in a serdbatch, isothermal reactor, considering complex kinetics and mass
transfer between three phases: monomer droplets, latex particles and the aqueous phase.
The Morris screening method, one of t&SA methods, was employed to statistically
evaluate the relative effect of each input parameter on the predicted outputs (conversion of
monomers, latex solid content, average polymer molecular weights} dllows for the
model reduction and is vital in the process of parameter estimation from exgatal data.
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Theimpactof surface morphology of powders on
contact charging

Bc. Marek Drapela (M1)
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When two objects, such as a particle andlate, are brought into contact, friction between

the surface of the particle and the plate creates a surface champhenomenon known as
triboelectric charging. This effect can be a problem in industrial processes, particularly in the
manufacturing ofgranular materials, e.g., polymers or pharmaceuticals, causing problems
such as temperature control issues or product inhomogeneity due to agglomeration.
Understanding triboelectric charging in insulator powders is therefore essential for industry
and evenfor safety reasons, as triboelectric charging can generate a potentially dangerous
spark. This work investigates the contribution of surface morphology to polyolefin samples
charging. Samples were placed into stainless steel cells and collisions wemcetHay
vibrating. Charge evolution in time was measured to determine the saturation charge and
charging rate constant. These parameters play a key role in predicting and controlling the
charging behaviour. Obtained results with samples of different sindscharged at different
collision velocities also indicate that the charge transfer correlates with the actual contact
area, providing new insights for a better understanding of tdh@rging phenomena.
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How can we study tuberculosis using microfluidic chip?

Bc. Romana Hupkova (M1)

~ 1 2 tdacil®yf Vibla Tokarova, Ph.D.

Tuberculosis (TB) is a highly infectious disease which continues to infect 10 million people and
cause over a million deaths annually. This is despite the high availability of the BCG vaccine
and various antibiotics and largely due to rising antibioticstasce. Traditional methods of

TB research are complicated by the need for biosafety level 33Bfakilities for handling
Mycobacterium tuberculosigacteria. Using the nepathogenicMycobacterium smegmatis

as a model organism leverages its physiaalgaind metabolic similarities fd. tuberculosis

while providing a safer and more accessible alternative for studies ifl B&ioratories.
Microfluidic chips usingl. smegmatisallow the study of microbial interactions, drug
resistance, and cellular reenses under precisely controlled, simulatedvivo conditions.
StudyingM. smegmatisadhesion, proliferation, and hypoxia responses provides valuable
insights into TB pathology, resistance mechanisms, and potential treatment strategies
advancing our undstanding of TBike behaviors and enhancing approaches to combat
antibioticresistant TB.



Membrane screening for microemulsion redox flow
batteries
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Energy from renewable sources fluctuates dailg arasonally, requiring efficient storage to
balance excesses and shortages. Redox flow batteries (RFBs) offer potential solution with
great scalability and safety. Standard RFBs electrolytes use metallic active species, however,
metals are scarce, and thigorice is affected by the global market. Thus, organic compounds
are sought as a substitute to improve techeaconomical battery parameters. Lower solubility

of organic active compounds in aqueous electrolytes can be overcome by use of micro
emulsion (nkE) electrolytes, consisting of a polar (water) and a nonpolar solvent and a
surfactant. This enables to dissolve Apolar organic species while keeping sufficient
conductivity and safety of aqueous system. However, organic solvents may negatively affect
polymeric ionrexchange membranes, mutually separating both battery-bells, possibly
causing an internal short circuit, fouling or electrolyte crossover. This work evaluates selected
commercially available ieaxchange membranes for mE RFB. Membraneilgiain a mE is
assessed form resistance and permeability measurements in a RFB lab cell, with subsequent
assessment of mechanical stability and dimensional changes, to identify suitable candidates
for future mE RFBs.
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Optimization of ammrganicredax flow battery model:
Impact of electrochemical kinetics description on
performance metrics
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Organic redox flow batteries (ORFBs) have a vital role in the advancement of energy storage
solutions, specially in light of the increasing demand for renewable energy. Utilizing organic
materials, ORFBs present a sustainable andefbsttive alternative to traditional vanadium
based systems. In this work, we examined how different descriptions of etkcteaction
kinetics affect a mathematical model of an ORFB. mbéel tracks the composition and
volume of both electrolytes within thbattery operation. lon movement across the
membrane follows the Nernd®lanck equation, with water transport driven msmotic
pressure differences. Electrochemical properties are modeled using Ohm's law for voltage
drop and the Nernst equation for equilibrium potential. To estimate electrode overpotentials,
we considered two widely used kinetic descriptions: the BeNMddmer and Tafel equations.

The ButlefVolmer equation provides a comprehensive description of electrode kinetics but
is relatively complex to implement, while the Tafel equation is a simplified form of the Butler
Volmer equation and easier to apply. Finatllyodel results were compared to experimental
data to identify which kinetic description offers the best fit.
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Obr. 1: Fotografie 2,5 — 4 nm SiKT s rdznymi Obr. 2: Srovnani disperzi SiKT pomoci
povrchovymi modifikacemi pod UV (366 nm) DLS v rGzné poldrnich prostfedich

osvétlenim. s odpovidajici povrchovou modifikaci.
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it S Ljoasayiétr® detekcie na chemirezistoroch
L2 Y202dz FfA2NAGY2Q0 aGNR22O

BcaANRIY aMA26A 2Ot
~1 2 ILANBSFfoYy 5N Ly3Id al NOAY +NEklF Gl

KSYANBT Aa0d2NE dz2NBSYS VYl RS (S OANetdinodudhauy 2 & &
0 &t de@kfranikou prevadzajuce chemicki vstupnd informéciu na elektricky vystupny
aAdytfod LOK Kfl@yey ySRdK2Y 2S5 @O0F1 yYNI {1}

Fy £ e diyeayd NRAFSSOSYNY G(G2KG2 LINBOEf SYdz 2S5 @eii@d2NB
aerd ' yiyS 1T geddzzg yt1fFrRe yI 206ailNXyAS | LN
mal SK2 LJ2 6 G dz O spidokaNidvysiupniicd déRp@mokou algoritmov givého

dz6 SY Al @

I ASU2Y (GS2G2 LINI OS 2SS 1TtSLIOAUZ2NRDSKOADR Ok dzY:
OQlheNX¥A 1 @2f §yhéandl, etangl) propainol aceton. Na periodicky ziskgch

signaloch prebehlo najskér predspracovanie dat a extrakcia relevantnych priznakov zo
aSyl 2Nr @S2 2RLI2ISRS® bt af SR Sgohtrayt skrojouldd G 2 1
dz6 SY Al S LINRGE2Y yI 2f S kinbiScid #hpdnéh\ylBeprizriiova R2 a A |
optimalizaciou hyperparametrov modilz 62 DSBIRASZYdr NRIT f NOSYy A dz
analytov priamo zo signalov chemirezistorov. Vysledky tejidd OS y I Tyl 6dz2gZ O!
d&0NR22 S K@mbidatiSsyAOONY L2 6G2Y LiGowdrN®I predl (1 2 N2 &
stavuju perspektivnu eenovo dostupnu alternativu ku klasickym analyzatorom pre
laboratornu aj priemyselnu prax.
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