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Téma1
Skolitel: Prof. Mgr. Radovan Sebesta, DrSc. (e-mail:
radovan.sebesta@uniba.sk)

Strojové ucenie pre aplikacie v radikalovej a redox chémii a mechanochémickych
katalytickych reakciach

Anotacia: Strojové ucenie umozniuje objavovanie predtym skrytych vztahov, ktoré mézu
viest k pokroku v mnohych oblastiach chémie. VyuZitie tychto poznatkov méze ulahgcit
vyvoj novych transformacii, ¢o vedie k efektivnejSej syntéze cennych produktov. Vtomto
projekte navrhujeme aplikovat metodiky strojového ucenia na rieSenie problémov v
radikalovej a redoxnej chémii ako aj mechanochemickych katalytickych procesoch.
Hlavnym praktickym obmedzenim je nedostupnost relevantnych parametrov a
vysokokvalitnych vstupnych udajov potrebnych pre efektivne trénovanie modelov. Aby
sme to vyriesili, zameriame sa na vyvoj spolahlivych protokolov na generovanie vhodnych
trénovacich udajov, bud prostrednictvom paralelného experimentovania, alebo
kvantovo-chemickych vypoctov. Vysledné subory Udajov sa potom pouZziju na trénovanie
modelov strojového ucenia a predpokladané vysledky budu overené prostrednictvom
vybranych experimentalnych studii.

Machine learning for applications in radical and redox chemistry and
mechanochemical catalytic reactions

Annotation: Machine learning enables the discovery of previously hidden relationships
that can drive advances across many areas of chemistry. Leveraging these insights can
facilitate the development of new transformations, leading to more efficient syntheses of
valuable products. In this project, we propose to apply machine learning methodologies
to challenges in radical and redox chemistry and mechanochemical catalytic processes.
A major practical limitation is the unavailability of relevant parameters and high-quality
input data required for effective model training. To address this, we will focus on
developing reliable protocols for generating suitable training data, either through parallel



experimentation or quantum-chemical calculations. The resulting datasets will then be
used to train machine learning models, and the predicted outcomes will be validated
through selected experimental studies.

Klucové slova: strojové ucenie, radikalové reakcie, redoxné reakcie, mechanochémia,
katalyza

Téma 2
Skolitelka: doc. Ing. Maria Meciarova, PhD.; maria.meciarova@uniba.sk)

Dizajn novych organokatalytickych reakcii

(Design of novel organocatalytic reactions)

Anotacia: Organokatalyza je v suUcCasnosti jednou z najpouzivanejSich metdd
stereoselektivnej syntézy chiralnych zlucenin, ktoré vykazuju zaujimaveé vlastnosti, alebo
su stavebnymi blokmi v syntéze Specialnych chemikalii, vratane farmaceutik.
Nezanedbatelnou vyhodou organokatalyzy je jej kompatibilita s novymi rozpustadlami,
ktoré zodpovedaju poziadavkam udrzatelného rozvoja, ako aj s uc¢innymi aktivacnymi
technikami, ako je mikrovlnné Zziarenie, ultrazvukové vlnenie, mechanicka aktivacia v
gulovych mlynoch, fotochémia, elektrochémia. Dizertatné praca bude zamerana na
vyvoj novych organokatalyzatorov vyuzivajucich nové aktivaéné moédy a hladanie
vhodnych kombinacii organokatalyzatora, rozpustadla a aktivacnej techniky s cielom
optimalizovat priebeh znamych reakcii, resp. navrhnut nové syntézy chiralnych
produktov s praktickym vyuzitim.

Klucoveé slova: organokatalyza, stereoselektivna syntéza, zelena chémia

Téma 3
Skolitelka: doc. Ing. Maria Meciarova, PhD.; maria.meciarova@uniba.sk)

Mechanochemickeé couplingové reakcie jemnych organokovovych ¢inidiel
(Mechanochemical coupling reactions of mild organometallic reagents)

Anotacia: Cross-couplingové reakcie su syntetickou metédou na spajanie réznych
fragmentov prostrednictvom vazby uhlik-uhlik, pripadne uhlik-heteroatém, ktoré
vyzaduju kovové katalyzatory. Organokovové katalyzatory vyuZzivané v cross-
couplingovych reakciach su Casto zluceniny paladia. Takéto reakcie maju v organickej



syntéze Siroké uplatnenie, vratane syntézy mnohych lieciv. V ostatnych rokoch sa kladie
C¢oraz vacsi déraz na vyuzivanie katalyzatorov na baze medi, kobaltu a niklu. K ich
prednostiam patri lepSia dostupnost, niz§ia cena, ako aj zdravotna a environmentalna
nezavadnost v porovnani s katalyzatormi na baze Pd alebo Rh. Dizertacna praca bude
zamerana na Studium cross-couplingovych reakcii jemnych organokovovych cinidiel
katalyzovanych katalyzatormi na baze medi, kobaltu a niklu v podmienkach mechanickej
aktivacie v gulovych mlynoch. Optimalizované reakéné podmienky budu aplikované na
syntézu novych, doposial v literatire neopisanych derivatov s potencialne biologickymi
ucinkami.

Klucoveé slova: couplingové reakcie, mechanicka aktivacia, jemné organokovové ¢inidla

Téma 4 (pre projekt MSCA-DN: Mechanochemix)

Skolitel: Prof. Mgr. Radovan Sebesta, DrSc.; konzultant: doc. Ing. Méaria
Meciarova, PhD. (e-mail: radovan.sebesta@uniba.sk)

Mechanochemicka asymetricka organokatalyza vyuzivajica kovalentne viazané
intermediaty

Anotacia: Kombinacia asymetrickej organokatalyzy a mechanochémie ma potencial
radikalne zlepsSit syntézu komplexnych chiralnych zli¢enin. Tento projekt vyvinie nové
asymetrické organokatalytické metodiky za mechanochemickych podmienok, ktoré sa
spoliehaju na kovalentne viazané medziprodukty. Vyuzijeme kovalentné aktivacné
rezimy, ktoré doteraz neboli aplikované v mechanochemickych podmienkach, ako su
procesy katalyzované NHC, izomocovinou, fosfanmi alebo sulfidmi. PoCiatocnym cielom
vyskumu je vyvinut dbkaz konceptu pre domino reakcie katalyzované NHC,
izomocovinou a fosfanom za mechanochemickych podmienok a preskimat rozsah
pouzitia a obmedzenia. Po vyvoji vhodnych protokolov budu novo vyvinuté metodiky
aplikované vo vybranych domino reakciach veducich k biorelevantnym chiralnym
karbocyklickym a heterocyklickym molekulam podobnym lie¢ivam alebo prirodnym
produktom. Okrem toho preskimame rozsah a obmedzenia asymetrickych
mechanochemickych organokatalytickych reakcii s pouzitim kovalentnej aj
nekovalentnej aktivacie s izomocCovinami, sulfidmi, fosfinmi, N-heterocyklickymi
karbénmi a chiralnymi Brgnstedovymi kyselinami.

Mechanochemical asymmetric organocatalysis utilising covalently bound
intermediates

Annotation: Combination of asymmetric organocatalysis and mechanochemistry have
potential to radically improve synthesis of complex chiral compounds. This project will
develop new asymmetric organocatalytic methodologies under mechanochemical
conditions thatrely on covalently bound intermediates. We will utilize covalent activation
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modes, which were so far not developed in mechanochemical settings such as NHC,
isourea, phosphine, or sulfide - catalyzed processes. The initial goal of the research is to
develop a proof of concept for NHC, isourea and phosphine-catalyzed domino reactions
under mechanochemical conditions and investigate the scope and limitations. Once
suitable protocols have been developed, the newly developed methodologies will be
applied in selected domino reactions leading to biorelevant chiral carbocyclic and
heterocyclic drug-like or natural-product-like molecules. Furthermore, we shall explore
the scope and limitations of asymmetric mechanochemical organocatalytic reactions
using both covalent and non-covalent activation with iso-ureas, sulfides, phosphines, N-
heterocyclic carbenes, and chiral Brgnsted acids.

Keywods: asymmetric organocatalysis, covalent organocatalysis, mechanochemistry

Téma 5 (pre projekt MCSA-DN: Mechanochemix)
Skolitel: Prof. Mgr. Radovan Sebesta, DrSc.; konzultant: Ing. Péter
Kisszékely, PhD. (e-mail: radovan.sebesta@uniba.sk)

Mechanochemicky sprostredkované katalytické reakcie s organokovovymi
cinidlami

Anotacia: Reakcie katalyzované kovmi, ktoré pouzivaju organokovové ¢inidla predstavuju
v8estrannu skupinu transformacii vytvarajucich vazby C-C a C-heteroatém, ktoré su
kliuCové pre tvorbu mnozstva cielovych molekul. Cielom tohto projektu je preskumat
nové moznosti realizacie mechanochemickych reakcii katalyzovanych kovmi s pouZitim
organokovovych &inidiel. Ulohou bude vyvinit G&inné a udrzatelné mechanochemické
protokoly na realizaciu cross-couplingovych reakcii s miernymi organokovovymi
cinidlami, ako su enolaty kovov, organozirkonicité ¢inidla, organosilany alebo stannany.
Organokovové cinidla su kluc¢ové v mnohych organickych transformaciach, ale ich
vysoka reaktivita a nestabilita obmedzuju praktické aplikdcie vratane
mechanochemickych. Planujeme hladat jemnejSie organokovové ¢inidla odvodené od
zinku, zirkénia, kremika alebo cinu a/alebo pouzitim r6znych ligandov, protiiénov a aditiv.
Tieto miernejSie organokovové zlu¢eniny budu otastované v mechanochemickych cross-
couplingovych a inych procesoch katalyzovanych kovmi. Okrem toho sa bude skimat
kombinacia s réznymi reak&énymi partnermi, vratane arylsulféniovych soli, za
mechanochemickych podmienok v réznych zariadeniach, najma v RAM.

Mechanochemically-enabled catalytic reactions of organometallic reagents

Annotation: Metal-catalyzed reactions with organometallic reagents are highly versatile
group of C-C and C-heteroatom bond building transformations crucial for making
multitude of target molecules. This project aims to explore new opportunities to realize



mechanochemical metal-catalyzed reactions using organometallic reagents. The aim
will be on developing efficient and sustainable mechanochemical protocols to realize
cross-coupling reactions with mild organometallic reagents such as metal enolates,
organozirconium reagents, organosilanes or stannanes. Organometallic reagents are
critical in many organic transformations, but their high reactivity and instability limit
practical applications, including mechanochemical ones. We plan to search for more
benign organometallic reagents derived from zinc, zirconium, silicon or tin and/or by
employing different ligands, counterions, and additives. These milder organometallics
will be assessed in mechanochemical cross-coupling and other metal-catalyzed
processes. In addition, a combination with different reaction partners, including aryl
sulfonium salts, will be explored under mechanochemical conditions in different
equipment, in particular RAM.

Keywords: mechanochemistry, metal-catalysis, organometallics, cross-couplings

Téma6
Skolitel: Mgr. Henrieta Stankovi¢ova, PhD. (e-mail:

henrieta.stankovicova@uniba.sk)

Chemosenzory na baze kumarinov so zamenou atomu kyslika

Anotacia: Derivaty kumarinov sa Siroko pouzivaju ako signdlne jednotky pre rbzne
biologické a environmentalne ciele. Tieto malé Struktury su pristupné inteligentnym
Strukturnym modifikaciam, ktoré umoznuju jednoduché ladenie ich absorpcnych a
emisnych vlastnosti podla potreby. Cielom dizertacnej prace je Studovat vplyv vymeny
heteroatomov v kumarinovom jadre pri zachovani zakladnych vyhod jeho skeletu,
syntetizovat nové derivaty kumarinu a skiumat ich reaktivitu. Da sa predpokladat, Ze tato
stratégia bude viest vo vyvoji kumarinov k flexibilnejSim nastrojom bunkového a
molekularneho zobrazovania.

Coumarin-Based Chemosensors with oxygen atom replacement

Annotation: Coumarin derivatives are widely used as signaling units for a variety of
biological and environmental targets. These small scaffolds are amenable to smart
structural modifications to easily tune their absorption and emission properties on
demand. The aim of the PhD thesis is to study the effect of heteroatom replacement
within the coumarin core, while preserving the fundamental benefits of its skeletal
framework, to synthesize new coumarin derivatives, and to examine their reactivity. It
can be envisioned that this strategy will continue the development of coumarins towards
more flexible cellular and molecular imaging tools.



Klucové slova: kumarin, heterostém, fluorescenéna préba, NIR proba

Téma7
Skolitel: doc. RNDr. Martin Putala, PhD.; konzultant: Mgr. Henrieta
Stankovicova, PhD. (e-mail: martin.putala@uniba.sk)

Chromenonové derivaty pre aplikaciu v optoelektronike

Anotacia: Design, syntéza a charakterizacia nizkomolekulovych organickych zlucenin
pozostavajucich z vhodne prepojeného chromendnového skeletu a elektroaktivnych
(hetero)arylovych substituentov pre aplikaciu v optoelektronike. Pozornost bude
venovana rozvijaniu syntetickych metdd, tradi¢nych aj netradi¢nych, umoznujucich
efektivnu pripravu cielenej skupiny zli¢enin. Bude sa optimalizovat vyuzitie C-H arylacii
v porovnani s cross-couplingovymi reakciami. Déraz bude kladeny na hladanie vztahu
medzi Struktdrou a funk&nymi vlastnostami.

Chromenone derivatives for application in optoelectronics

Annotation: Design, synthesis, and characterization of low-molecular-weight organic
compounds consisting of a suitably linked chromenone skeleton and electroactive
(hetero)aryl substituents for application in optoelectronics. Attention will be paid to the
development of synthetic methods, both traditional and non-traditional, enabling the
efficient preparation of a targeted group of compounds. The use of C-H arylation will be
optimized in comparison with cross-coupling reactions. Emphasis will be placed on
elucidation the relationship between structure and functional properties.

Klucové slova: chromendn, polovodicé, (hetero)arylacia

Téma 8
Skolitel: RNDr. Marek Cigan, PhD. (e-mail: marek.cigan@uniba.sk)

Cieleny dizajn novych molekulovych fotoprepinacov pre optiku a mikroskopiu

Anotacia: Zaujem o vyvoj inteligentnych molekul, ktoré vykazuju vratni zmenu svojich
fyzikalno-chemickych vlastnosti vplyvom vonkajSich podnetov, je jednym z Ustrednych
cielov modernej materialovej chémie. MozZznost kontrolovanej zmeny tychto vlastnosti
pomocou svetelného stimulu predstavuje obrovsky aplikacny potencial v réznych v
oblasti optiky (ako su plne optické obvody, holografické optické prvky, nelinedrne optické
materialy a vysokohustotné ukladanie dat), optoelektroniky (vratane opticky riadenych
tranzistorov a modulatorov signalu), pokrocilého boja proti falSovaniu (vylepsené
bezpecnostné prvky v doévernych dokumentoch), Sifrovania informacii (vymazatelné
atramenty a papiere), ale aj vo fotofarmakoldgii (fotoregulacii biochemickych procesov)



a mikroskopii s ultravysokym rozliSenim (fluorescen¢na a Ramanovska mikroskopia pre
zobrazovanie Zivych buniek). Zatial ¢o mnohé organické fotoprepinace vykazuju
fotochromaticku odozvu, kvantitativne fotoprepinanie potrebné pre mnohé praktické
aplikacie je zriedkavé a predstavuje vyzvu pre sucasnu fotochémiu. Cielom dizertacnej
prace je racionalny dizajn, priprava a detailné studium fotochemickych charakteristik
novych hydrazénovych a diaryleténovych fotoprepinacov pre aplikacie v oblasti
optiky/optoelektroniky a mikroskopie s ultravysokym rozliSenim. Vystupom prace by
malo byt porozumenie vztahu medzi Strukturou a pozadovanymi vystupnymi
charakteristikami novych fotoprepinacov.

Téma9
Skolitel: Ing. Michal Majek, PhD. (e-mail: michal.majek@uniba.sk)

Organickeé reakcie zalozené na elektrochemickej oxidacii heteroatémov.

Anotacia: Vacsina organickych latok obsahuje heteroatémy ako N, O, P, S a iné. Takéto
heteroatdomy maju volné elektrénové pary, ktoré su len slabo putané k molekulam.
Odtrhnutie elektrénov z heteroatémov mozno dosiahnut pomocou chemickych
reagentov, ale aj pomocou elektrického pradu - reagentu, ktory nezanechava stopy.
Takyto proces mozno dosiahnut pomocou organickej elektrochémie. Katién radikaly na
heteroatdmoch su potom vyuzitelné na rézne transformacie ako reakcie s nukleofilmi,
deprotonacie a preSmyky. Cielom prace je preskimat synteticky potencial
elektrochemickej oxidacie heteroatdmov za ucelom objavenia novych syntetickych
procesov. Synteticka elektrochémia bude v tomto projekte kombinovana s datami z
elektroanalytickych merani, ktoré nam umoznia navrhovat nové reakcie ako aj vysvetlit
reakéné mechanizmy. Kvantovo-chemické vypocty budu vyuzité pri mechanistickych
Studiach na predpovedanie redoxnych vlastnosti kratkozijucich intermedidtov.
Pripravené latky budu analyzované pomocou spektroskopickych technik na Studium ich
potencialu v materialovej chémii, napriklad v optoelektronike.

Organic reactions induced by electrochemical oxidation of heteroatoms

Annotation: Most of organic compounds contain heteroatoms, such as N, O, P, S and
others. Such heteroatoms have free electron pairs, which are bound only loosely to the
molecules. Abstraction of electrons from heteroatoms can be accomplished by
chemical reagents, but also using a traceless reagent — electric current. This process can
enabled by organic electrochemistry. Cation radicals on heteroatoms are susceptible to
various transformations, such as reactions with nucleophiles, deprotonations and
rearrangements. We plan to investigate the synthetic potential of heteroatom oxidation
by electrochemistry to discover new processes. In this project, synthetic
electrochemistry will be aided by data from electroanalytical measurements, which will
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help us to develop new reactions as well as rationalize the reaction mechanisms.
Quantum-chemical calculations will be utilized in mechanistic studies to predict the
redox potentials of short-lived intermediates. Prepared materials will be analyzed via
spectroscopic techniques for their potential in material chemistry applications, such as
optoelectronics.

Chemicky ustav SAV (Externa vzdelavacia institucia)

Téma Ext1
Skolitel: Mgr. Juraj Kéna, PhD; konzultant: Ing. Monika Polakova, PhD. (e-
mail: chemkona@savba.sk)

Syntéza iminosacharidovych derivatov s antivirotickymi a¢inkami

Anotacia: Syntéza N-substituovanych hydroxypyrolidinov na zdklade pocitacového
Strukturdlneho dizajnu. Cielom prace bude priprava novych derivatov, ako ucinnych
antagonistov proteinov ludského herpesvirusu.

Klucoveé slova: organicka syntéza, pyrolidiny, iminosacharidy, antagonist proteinov

Synthesis of iminosaccharide derivatives with antiviral effects

Annotation: Synthesis of N-substituted hydroxypyrrolidines based on computer-aided
structural design. The aim of the work will be the preparation of new derivatives as
effective antagonists of human herpesvirus proteins.

Keywords: organic synthesis, pyrrolidines, iminosaccharides, protein antagonist

Téma Ext2
Skolitel: RNDr. Marek Barath, PhD.; (e-mail: chemmbar@savba.sk)

Syntéza a struktirna optimalizacia nizkomolekulovych inhibitorov enzymov s
potencialnou biologickou aktivitou

Anotacia: Nizkomolekulové inhibitory enzymov predstavuju jednu z klu¢ovych tried
biologicky aktivnhych latok vyuzivanych v medicinalnej chémii, biotechnolégiach a
bioanalytickych aplikaciach. Ich udcinnost je uUzko spata so Strukturou molekuly,
priestorovym usporiadanim funkénych skupin a schopnostou selektivne interagovat s
aktivnym miestom cielového enzymu. Cielom dizertaénej prace bude navrh, syntéza a
chemicka modifikacia série organickych zlu¢enin s predpokladanou inhibi¢nou aktivitou
vocivybranym triedam enzymov (napr. hydrolazy, oxidoreduktazy alebo metaloproteazy).



Praca sazameria na systematicku Strukturno-aktivitnd analyzu (SAR), kde budu skimané
vplyvy elektronickych, sterickych a koordina¢nych vlastnosti substituentov na biologicku
aktivitu syntetizovanych molekul.

Synteticka Cast prace bude zahffiat pripravu zakladnych skeletov inhibitorov, ich
naslednu derivatizaciu a optimalizaciu reakénych postupov s dérazom na selektivitu,
vytaznost a reprodukovatelnost. Charakterizacia pripravenych zlu¢enin bude realizovana
pomocou Standardnych analytickych metéd organickej chémie (NMR, IR, MS,
elementarna analyza). Biologicka aktivita bude hodnotena v spolupraci s odbornym
pracoviskom. Vysledkom prace bude subor novych alebo modifikovanych organickych
molekul s definovanou Struktirou a potencialnou inhibi¢nou aktivitou, ako aj hlbsie
pochopenie vztahu medzi chemickou Strukturou a biologickou funkciou.

Klucové slova: organicka syntéza, inhibitory enzymov, medicinalna chémia, Strukturno-
aktivitné vztahy, biologicky aktivne molekuly

Synthesis and Structural Optimization of Low-Molecular-Weight Enzyme Inhibitors
with Potential Biological Activity

Annotation: Low-molecular-weight enzyme inhibitors represent an important class of
biologically active compounds widely used in medicinal chemistry, biotechnology, and
bioanalytical applications. Their activity is strongly dependent on molecular structure,
spatial arrangement of functional groups, and the ability to selectively interact with
enzyme active sites. The aim of this PhD thesis is the design, synthesis, and chemical
modification of a series of organic compounds with anticipated inhibitory activity toward
selected classes of enzymes (e.g., hydrolases, oxidoreductases, or metalloproteases).
The work will focus on systematic structure—activity relationship (SAR) studies,
investigating the influence of electronic, steric, and coordination properties of
substituents on biological performance.

The synthetic part of the thesis will include preparation of core inhibitor scaffolds, their
subsequent derivatization, and optimization of reaction protocols with emphasis on
selectivity, yield, and reproducibility. Structural characterization will be performed using
standard organic chemistry techniques (NMR, IR, MS, elemental analysis). Biological
evaluation will be conducted in collaboration with specialized laboratories. The outcome
of this work will be a library of novel or structurally optimized organic molecules with
defined chemical structures and potential enzyme inhibitory activity, together with
deeper insight into structure-function relationships.

Keywords: organic synthesis, enzyme inhibitors, medicinal chemistry, structure-activity
relationships, bioactive molecules



Téma Ext3

Skolitel: RNDr. Marek Barath, PhD.; (e-mail: chemmbar@savba.sk)

Riadena syntéza a povrchova funkcionalizacia MXénov pripravenych leptanim MAX
faz roznymi fluoridmi

Anotacia: MXény suU perspektivne dvojrozmerné materialy vznikajuce selektivhou
chemickou transformaciou vrstvenych MAX faz, pri¢om kli¢ovym krokom ich pripravy je
chemické odstranenie A-prvku prostrednictvom fluoridovych cinidiel. Napriek
rozsiahlemu vyskumu MXénov zostava mechanizmus leptania, uloha fluoridového zdroja
a jeho oxidacno-redukénych vlastnosti nedostatoéne pochopena, najma z pohladu
molekulovej a koordinacnej chémie.

Cielom dizertatnej prace je sStudium syntézy MXénov ako chemicky riadenej
transformacie tuhych latok, so zameranim na vplyv réznych fluoridovych systémov
(alkalické fluoridy, fluoridy prechodnych kovov a BF;-komplexy) na reaktivitu MAX faz typu
TizAlC,, Ti,AlC a TiVAIC. Praca sa zameria na vztah medzi chemickou povahou fluoridu,
jeho Lewisovou kyslostou, redoxnym spravanim a vyslednou Struktdrou a povrchovou
chémiou MXénov. Nasledne bude skiumana postsyntetickd povrchova uprava MXénov
pomocou nizkomolekulovych organickych a biologicky aktivnych latok (napr.
aminokyseliny, karboxylové kyseliny, chelatacné ¢inidla), pricom dbéraz bude kladeny na
kovalentné a koordinacné interakcie medzi organickymi funk&nymi skupinami a
terminovanym povrchom MXénov. Tato ¢ast prace bude interpretovana ako povrchova
organicka modifikacia anorganického 2D substratu. Praca vytvori koncep&ny most medzi
anorganickou chémiou tuhych latok a organickou povrchovou chémiou a prispeje k
lepSiemu pochopeniu MXénov ako chemicky nastavitelnych materialov.

Klucoveé slova: MXény, MAX fazy, fluoridova chémia, Lewisove kyseliny, povrchova
organicka funkcionalizacia, 2D nanomaterialy

Controlled Synthesis and Surface Functionalization of MXenes Prepared by
Fluoride-Based Etching of MAX Phases

Anotacia v AJ: MXenes are an emerging class of two-dimensional materials obtained via
chemically driven transformation of layered MAX phases, where selective removal of the
A-element is mediated by fluoride-based reagents. Despite extensive research, the
chemical nature of the etching process and the role of different fluoride sources remain
insufficiently understood, particularly from a molecular and coordination chemistry
perspective.

This PhD thesis aims to investigate MXene synthesis as a chemically controlled solid-
state transformation, focusing on the influence of various fluoride systems, including
alkali metal fluorides, transition metal fluorides, and BF;-based complexes, on the
reactivity of selected MAX phases (Ti;AlC,, Ti,AlC, TiVAIC). Emphasis will be placed on



correlating fluoride Lewis acidity, redox behavior, and coordination chemistry with the
resulting MXene structure and surface termination. The second part of the work will
address post-synthetic organic surface modification of MXenes using low-molecular-
weight organic and biologically active molecules such as amino acids, carboxylic acids,
and chelating agents. These modifications will be studied as covalent or coordinative
interactions between organic functional groups and the MXene surface, treating MXenes
as reactive inorganic substrates for organic surface chemistry. This research will
establish a conceptual link between solid-state inorganic chemistry and organic surface
functionalization, positioning MXenes as chemically tunable platforms for advanced
applications.

Keywords: MXenes, MAX phases, flouride chemistry, Lewis acids, organic surface
modifications, 2D nanomaterials.

Pracovisko: Ustav polymérov SAV (Externa vzdelavacia instittcia)

Téma Ext4
Skolitel: Mgr. Jaroslav Mosnaéek, DrSc.; e-mail: upolmosj@savba.sk

Syntéza funkénych polymérov a polymérnych materialov pomocou modernych
(foto)polymerizaénych technik

Anotacia: V suCasnosti rastu poziadavky na vyvoj novych polymérov s vlastnostami Sitymi
na mieru pre Specialne aplikacie. PhD praca je zamerana na optimalizaciu podmienok
kontrolovanych radikalovych (foto)polymerizacii pre r6zne vinylové monoméry, vratane
monomeérov z obnovitelnych zdrojov, za uc¢elom pripravy polymeérov s dobre definovanymi
molekulovymi charakteristikami, komplexnou architektirou, roéznymi funk&nymi
skupinami pre ich post-funkcionalizaciu organickymi reakciami. Sucastou prace bude i
charakterizacia polymérov pomocou GPC a NMR, ako i syntéza novych typov
katalyzatorov a monomeérov. Predpoklada sa i zavedenie strojového ucenia pre
optimalizaciu reakénych podmienok a Struktury.

Klucové slova: kontrolovana polymerizacia, obnovitelné monomeéry, funkéné polymeéry,
strojové ucenie

Synthesis of functional polymers and polymeric materials using advanced
(photo)polymerization techniques

Annotation: Nowadays, the demand for the synthesis of tailored polymers for specialized
applications has increased dramatically. The thesis will focus on the optimization of



reaction conditions for controlled radical (photo)polymerizations of various vinyl
monomers, including renewable monomers, to prepare polymers with well-defined
molecular characteristics, complex architectures, and various functional moieties,
enabling post-functionalization via organic synthetic reactions. Synthesis of special
monomers and/or catalysts can also be part of the thesis. Synthesized polymers will be
characterized by GPC and NMR. Machine learning is expected to be involved in the
optimization of the reaction conditions and polymers structures.

Keywords: controlled polymerization, renewable monomers, functional polymers,
machine learning

Téma Ext5
Supervisor: Mgr. Martin Danko, PhD.; (e-mail: upoldan@savba.sk)

Polyméry s adaptovatelnych presietenim

Anotacia: The Ph.D. study will focus on developing an injectable dynamic polymeric
hydrogel with tunable mechanical properties. The hydrogel will be designed using
bioorthogonal chemistry through supramolecular crosslinks or a combination of
supramolecular and dynamic covalent crosslinks. The goal is to enhance mechanical
properties to mimic the extracellular matrix (ECM) of articular cartilage while maintaining
biocompatibility. A promising injectable hydrogel will also be explored for 3D bioprinting
applications. The performance of hydrogels will be evaluated in rabbit and sheep models
for cartilage regeneration. This research will be conducted in collaboration with the
University of Nantes, INSERM U1229 - Regenerative Medicine and Skeleton University of
Nantes, INSERM U1229 - Regenerative Medicine and Skeleton, the Faculty of Medicine,
Comenius University in Bratislava and the National Institute of Rheumatic Diseases in
Piestany.

Klucoveé slova: polyester, vitriméry, sietovanie, vratné reakcie, dynamické siete, reoldgia
injectable hydrogel, self-healing

Polymers with adaptable crosslinking

Annotation: The thesis will be focused on polymer synthesis (radical and anionic
polyaddition, polycondensation) and physicochemical analysis of cross-linked
materials. The subject will be preparation of functional polyesters, polyester-urethanes
and polyamidoamines. The main aim will be production of vitrimers, i.e. a special type of
polymer networks capable of reprocessing and self-healing without loss of mechanical
properties after repeated cycles. Various synthetic approaches - application of



functional groups capable of reversible (dynamic) bonds, structural and molecular
analysis, rheology will be developed in the thesis.

Keywords: polyesters, vitrimers, crosslinking, dynamic networks, reversible reaction,
rheology

Téma Ext6
Skolitel: Mgr. Jozef Kollar. PhD. (e-mail: upoljkol@savba.sk)

Multikomponentné reakcie ako platforma pre syntézu pokroéilych polymérnych
materialov

Anotacia: Predkladana téma je zamerana na vyvoj vysoko ucinnych kopolymérnych
materialov ur¢enych pre biomedicinske a katalytické aplikacie, a to s vyuzitim principov
trvalo udrZatelnej organickej a polymérnej syntézy. Klu€ovu ulohu budu zohravat
viaczlozkové reakcie (MCR), najma reakcie Passerini a Ugi, ktoré v sucasnosti pritahuju
znac¢nu pozornost v oblasti organickej syntézy, polymérnej chémie, vyvoja lieCiv, syntézy
prirodnych produktov a kombinatorickej chémie. Osobitna pozornost bude venovana
syntéze funkCnych polymérov s presne definovanou architektirou, kontrolovanou
distribuciou molekulovych hmotnosti a uzkou polydisperzitou. Vyskum by mal prispiet k
vyvoju novych amfifilnych polymérov so schopnostou samousporiadania,
termoresponzivnych polymérnych systémov a materidlov s emisiou vyvolanou
agregaciou (AlE-aktivne materialy), ktoré najdu uplatnenie v biozobrazovani, transporte
lieCiv a katalytickych aplikaciach.

Klucoveé slova: viaczlozkové reakcie (MCR), polymérna syntéza, funkéné polyméry,
amfifilné polyméry, termoresponzivne materialy

Multicomponent reactions as a platform for the synthesis of advanced polymeric
materials

Annotation: Thesis proposal is focused development of hew polymerization processes
and advanced polymeric materials for biomedical and catalytic applications. One of the
main goals is synthesis of functional polymers through direct Mannich, Passerini, and/or
Ugi based multicomponent polymerizations (MCPs), which have recently achieved great
attention in organic synthesis, polymer synthesis, drug discovery, natural product
synthesis, and combinatorial chemistry. Special attention will be paid to synthesis of
functional polymers with controlled and well-defined architectures, controlled molar
mass distributions, and narrow dispersity. Research should contribute to development
of amphiphilic polymers for self-assembly behavior, thermoresponsive, and Aggregation-
induced-emission (AIE) materials for bioimaging, drug delivery, and catalyst applications.



Keywords: multicomponent reactions (MCR), polymer synthesis, functional polymers,
amphiphilic polymers, thermoresponsive materials.

Téma Ext7
Supervisor: Abolfazl Heydari, Ph.D.; co-Supervisor: Ing. Igor Lacik, DrSc. (e-
mail: abolfazl.heydari@savba.sk)

Vyvoj biotlace v tkanivovom inzZinierstve prostrednictvom dynamickych
bioatramentov

Anotacia: Doktorandské Studium sa zameria na vyvoj injekéného dynamického
polymérneho hydrogélu s laditelnymi mechanickymi vlastnostami. Hydrogél bude
navrhnuty s pouzitim bioortogonalnej chémie prostrednictvom supramolekularnych
zosietovani alebo kombinacie supramolekularnych a dynamickych kovalentnych
zosietovani. Cielom je zlepSit mechanické vlastnosti tak, aby napodobriovali
extraceluldarnu matricu (ECM) kibovej chrupavky a zarover zachovali biokompatibilitu.
Bude sa tiez skimat slubny injekény hydrogél pre aplikacie 3D biotlace. Vykonnost
hydrogélov bude hodnotena na modeloch kralikov a oviec pri regeneracii chrupavky.

Kluc¢ové slova: Polysacharidy, supramolekulovd chémia, click chémia, 3D biotlac,
injekény hydrogél, samooprava

Advancing Bioprinting in Tissue Engineering Through Dynamic Bioinks

Annotation: The Ph.D. study will focus on developing an injectable dynamic polymeric
hydrogel with tunable mechanical properties. The hydrogel will be designed using
bioorthogonal chemistry through supramolecular crosslinks or a combination of
supramolecular and dynamic covalent crosslinks. The goal is to enhance mechanical
properties to mimic the extracellular matrix (ECM) of articular cartilage while maintaining
biocompatibility. A promising injectable hydrogel will also be explored for 3D bioprinting
applications. The performance of hydrogels will be evaluated in rabbit and sheep models
for cartilage regeneration.

Keywords: Polysaccharides, supramolecular chemistry, click chemistry, 3D bioprinting,
injectable hydrogel, self-healing.
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