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PRIJIMACIE KONANIE NA DOKTORANDSKE STUDIUM NA
AKADEMICKY ROK 2026/2027

Fakulta prirodnych vied Univerzity sv. Cyrila a Metoda v Trnave vypisala prijimacie
konanie na doktorandské stidium v Studijnom programe

Aplikovana analyticka a bioanalytickd chémia

v dennej a externej forme Stadia. O prijatie na Stidium mozu Ziadat absolventi domacich
alebo zahrani¢nych vysokych §kol, ak maju ukoncené magisterské alebo inzinierske
studium.

Termin podania prihlasky je do 31. maja 2026. Uchadzacdi sa prihlasuju na vypisané témy.

K prihlaske uchadza¢ prilozi:

overeny vysokoskolsky diplom v totoZnom, alebo pribuznom odbore a programe,
vysvedcenie zo Statnej skusky,

strucny Zivotopis spolu so stpisom publikovanych i nepublikovanych prac,
potvrdenie od lekdra o zdravotnej sposobilosti,

doklad o absolvovanej praxi (nie je povinné),

ramcovy projekt k téme dizertacnej prace.
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Prijimacie konanie ma charakter vyberového konania formou rozhovoru. Uchadzac
pocas prijimacieho konania prezentuje svoje motivy a predpoklady na stadium, projekt
k téme dizertacnej prace a aj znalosti cudzieho jazyka. Na prijimacom konani bude
zohladrfiovana ucast uchadzaca na vedeckych konferenciach a jeho vysledky pocas
magisterského resp. inzinierskeho studia. Uchadzac¢ o externa formu stidia predlozi
potvrdenie o zamestnani v odbore.
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Témy dizertacnych prac v akademickom roku 2026/2027 pre Studijny
program:

Aplikovana analyticka a bioanalyticka chémia

Nazov témy: Dizajn, priprava a charakterizacia kompozitnych materidlov na baze pyrolyzneho uhlika a
minerdlnych faz pre separacné a prekoncentracné procesy v stopovej analyze

Skolitel: doc. RNDr. Vladimir Fristak, PhD.

Pracovisko: Katedra chémie, Pedagogicka fakulta v Trnave, Trnavska univerzita v Trnave/ Oddelenie
environmentalnych vied UCHEV, Fakulta prirodnych vied, UCM v Trnave

Forma stadia: denna

Anotacia: Dizertacna praca je zamerana na racionalny dizajn, kontrolovant syntézu a komplexnu fyzikalno-
chemickti charakterizaciu kompozitnych materidlov na baze pyrolyzneho uhlika (biouhlia) modifikovaného
minerdlnymi fazami s ciefom ich aplikécie v selektivnych separacnych a prekoncentracnych procesoch stopovej
analyzy. Pyrolyzny uhlik bude pripravovany riadenou karbonizaciou v procese pomalej a rychlej pyrolyzy
rastlinnych polymérnych prekurzorov za presne definovanych teplotnych a atmosférickych podmienok s ciefom
kontrolovat: stupen grafitizacie, distribticiu mikro- a mezopodrov (s vyuzitim sorpcie plynného N2 a CO2 s
naslednou BET analyzou), koncentraciu kyslikatych a dusikatych funkcénych skupin (-COOH, -OH, -NH3).
Mineralne fazy (napr. FeOOH, MnQO,, zeolity typu ZSM-5, montmorillonit, alginit, odpadové mineraly) budu
inkorporované predpyrolyznou ale aj postpyrolyznou tpravou s cieflom vytvorit heterogénne aktivne centra
schopné povrchovej komplexacie iénov kovo, idonovej vymeny, redoxnej interakcie, selektivnej adsorpcie. Praca
sa bude zaoberat vztahom medzi Struktirnymi parametrami materialu (Specificky povrch, distribtcia porov,
povrchovy naboj, pKa povrchovych skupin, bod nulového naboja pHPZC) a mechanizmom sorpcie modelovych
analytov (tazké kovy, polokovy, polarne a nepolarne organické mikropolutanty, radionuklidy). Sorp¢né procesy
budt hodnotené pomocou izotermickych modelov (Langmuir, Freundlich, Sips), kinetickych modelov (pseudo-
prvého a pseudo-druhého radu, vnutrocasticovy difdzny model), Stidia kompetitivnej sorpcie v
multikomponentnych systémoch. Hodnotend bude selektivita voci interferentom, reprodukovatelnost,
regenerovatelnost sorbentu a rovnako jeho stabilita v redlnych environmentalnych a biologickych matriciach. Z
analytického hladiska budu pouzité metody FAAS, ET-AAS, ICP-OES, FT-IR, SEM-EDX, RTG difrakcia ako
metody elementarnej analyzy a 13C jadrovej magnetickej rezonancie. Vysledkom prace bude formulacia
korela¢nych vztahov medzi chemickou struktirou kompozitu a jeho separacnou a prekoncentrac¢nou efektivitou,
ako aj definovanie dizajnovych kritérii pre vyvoj vysoko selektivnych sorpénych materidlov pre modernu
stopovu analyzu.

Topic: Design, preparation, and characterization of composite materials based on pyrolytic carbon and mineral
phases for separation and preconcentration processes in trace analysis

Supervisor: assoc. prof. Dr. Vladimir Fristak

Department: Department of Chemistry, Faculty of Education in Trnava, University of Trnava/ Department of
Environmental Sciences, Faculty of Natural Sciences, UCM in Trnava

Form of study: full-time
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Annotation: The dissertation focuses on rational design, controlled synthesis, and comprehensive physical-
chemical characterization of composite materials based on pyrolytic carbon (biochar) modified with mineral
phases for application in selective separation and preconcentration processes in trace analysis. Pyrolytic carbon
will be prepared by controlled carbonization in a process of slow and fast pyrolysis of plant polymer precursors
under precisely defined temperature and atmospheric conditions in order to control: the degree of graphitization,
the distribution of micro- and mesopores (using gas sorption of N2 and CO2 followed by BET analysis), and the
concentration of oxygen and nitrogen functional groups (-COOH, -OH, -NH3). Mineral phases (e.g., FeOOH,
MnQO,, ZSM-5 zeolites, montmorillonite, alginite, waste minerals) will be incorporated by pre-pyrolysis and post-
pyrolysis treatment in order to create heterogeneous active centers capable of surface complexation of metal ions,
ion exchange, redox interaction, and selective adsorption. The work will deal with the relationship between the
structural parameters of the material (specific surface area, pore distribution, surface charge, pKa of surface
groups, zero charge point pHPZC) and the sorption mechanism of model analytes (heavy metals, semi-metals,
polar and non-polar organic micropollutants, radionuclides) . Sorption processes will be evaluated using
isothermal models (Langmuir, Freundlich, Sips), kinetic models (pseudo-first and pseudo-second order, intra-
particle diffusion model), and a study of competitive sorption in multicomponent systems. Selectivity towards
interferents, reproducibility, regenerability of the sorbent and its stability in real environmental and biological
matrices will be evaluated. From an analytical point of view, FAAS, ET-AAS, ICP-OES, FT-IR, SEM-EDX, X-ray
diffraction methods will be used as methods of elemental analysis and 13C nuclear magnetic resonance. The
result of the work will be the formulation of correlation relationships between the chemical structure of the
composite and its separation and preconcentration efficiency, as well as the definition of design criteria for the
development of highly selective sorption materials for modern trace analysis.

Nazov témy: Syntéza a charakterizacia chiralnych komplexov

Skolitel: doc. RNDr. Cyril Rajnék, PhD. et PhD., univ. prof.

Pracovisko: Ustav chémie a environmentalnych vied, Fakulta prirodnych vied UCM v Trnave

Forma Stadia: denna

Anotacia: Chirdlne komplexy predstavujii vyznamnui oblast modernej koordinacnej chémie, najma z hladiska
ich stereochemickych vlastnosti a potencidlneho vyuzitia v asymetrickej katalyze, molekulovom rozpoznavani a
materidlovej chémii. Chirdlne prostredie moZe byt vytvorené vhodne navrhnutymi ligandami, pri¢com iminové
(Schiffove bazy) a aminové ligandy patria medzi najcastejsie pouzivané. Ich schopnost stabilizovat rozne
koordinacné geometrie a oxidacné stavy kovov umoznuje cielent modulaciu struktirnych a elektréonovych
vlastnosti vyslednych komplexov. Dizerta¢nd praca je zamerand na navrh a syntézu chiralnych iminovych
pripadne aminovych ligandov pripravenych z enantiomérne ¢istych organickych prekurzorov. Déraz bude
kladeny na zachovanie a prenos chiralnej informacie z organickej casti ligandu do komplexu a na studium
vplyvu $truktirnych parametrov ligandov na stereochemické usporiadanie vzniknutych komplexov. Struktira
a vlastnosti produktov budt charakterizované pomocou metdéd molekulovej spektroskopie (NMR, IC, UV/Vis,
EPR), praskovej a monokrystalovej rontgenovej difraktometrie. Hirshfeldova povrchova analyza bude pouZzita
na kvantifikdciu intermolekulovych interakcii a charakterizdciu molekulového usporiadania v krysStalovej
struktare. Elementarne zlozenie zliienin bude overené prvkovou analyzou. Cielom prace je systematicky
preskiimat vztah medzi struktirou chiradlnych iminovych a aminovych ligandov, ich koordina¢nym spravanim
a vyslednou stereochemiou pripravenych komplexov.

Topic name: Synthesis and Characterization of Chiral Complexes
Supervisor: assoc. prof. Dr. Cyril Rajnak

Department: Department of Chemistry and Environmental Sciences, Faculty of Natural Sciences UCM in
Trnava

Form of study: full-time
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Annotation: Chiral complexes represent an important area of modern coordination chemistry, particularly with
respect to their stereochemical properties and potential applications in asymmetric catalysis, molecular
recognition, and materials chemistry. The chiral environment can be introduced through appropriately designed
ligands, with imine (Schiff base) and amine ligands being among the most commonly used. Their ability to
stabilize various coordination geometries and oxidation states of metals allows for targeted modulation of the
structural and electronic properties of the resulting complexes. The work focuses on the design and synthesis of
chiral imine and, where applicable, amine ligands prepared from enantiomerically pure organic precursors.
Emphasis will be placed on preserving and transferring chiral information from the organic backbone of the
ligand to the resulting complex, and on studying the influence of ligand structural parameters on the
stereochemical arrangement of the synthesized complexes. The structure and properties of the products will be
characterized using molecular spectroscopic methods (NMR, IR, UV/Vis, EPR), as well as powder and single-
crystal X-ray diffraction. Hirshfeld surface analysis will be employed to quantify intermolecular interactions and
to characterize the molecular packing in the crystal structure. Elemental analysis will be used to verify the
composition of the compounds. The objective of the work is to systematically investigate the relationship
between the structure of chiral imine and amine ligands, their coordination behavior, and the resulting
stereochemistry of the synthesized complexes.

Nézov témy: Stadium komplexov s asymetrickymi acetylacetonatmi

Skolitel: doc. RNDr. Cyril Rajnék, PhD. et PhD., univ. prof.

Pracovisko: Ustav chémie a environmentalnych vied, Fakulta prirodnych vied UCM v Trnave

Forma Stadia: dennd

Anotacia: Acetylacetonaty predstavuju vyznamnu triedu ligandov, ktord umoznuje tvorbu komplexov s
roznymi prechodnymi kovmi. Tieto komplexy sti vhodné na stidium statickych aj dynamickych magnetickych
vlastnosti. Dizertacna praca sa zameria na syntézu komplexov vyuzitim asymetrickych acetylacetonatov a
dalsich ligandov s vybranymi kovmi, ako aj na skiimanie vplyvu struktiiry na magnetické vlastnosti vzniknutych
komplexov. Osobitna pozornost bude venovana detailnej analyze koordinacnych polyédrov. Na tento ticel budt
pouzité metddy a softvér kvantifikdcie geometrie, ako OctaDist, Dstr parameter a Shape, ¢o umozni presnu
identifikaciu deformacif a vyhodnotenie geometrickej odchylky od idedlnych polyédrov. Strukttra a vlastnosti
pripravenych komplexov budt charakterizované pomocou molekulovej spektroskopie (NMR, IC, UV/Vis, EPR),
magnetometrie, praskovej a monokrystalovej rontgenovej difraktometrie. Hirshfeldova povrchova analyza bude
pouzita na charakterizaciu intermolekulovych interakcii a stiudium molekulového usporiadania v krystalovej
Strukture. Prvkové zloZenie komplexov bude overené CHNS analyzou. Cielom prace je systematicky preskiimat
vztah medzi Struktirou asymetrickych acetylacetonatovych komplexov a ich magnetickymi vlastnostami.

Topic name: Study of Complexes with Asymmetric Acetylacetonates

Supervisor: assoc. prof. Dr. Cyril Rajnak

Department: Department of Chemistry and Environmental Sciences, Faculty of Natural Sciences UCM in
Trnava

Form of study: full-time

Annotation: Acetylacetonates represent an important class of ligands that enable the formation of complexes
with various transition metals. These complexes are suitable for the study of both static and dynamic magnetic
properties. The dissertation will focus on the synthesis of complexes using asymmetric acetylacetonates and
additional ligands with selected metals, as well as on the investigation of the influence of structure on the
magnetic properties of the resulting complexes.

Special attention will be given to the detailed analysis of coordination polyhedra. For this purpose, geometry
quantification methods and software such as OctaDist, the Dstr parameter, and Shape will be used, allowing
precise identification of distortions and evaluation of geometric deviations from ideal polyhedra. The structure
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and properties of the prepared complexes will be characterized using molecular spectroscopy (NMR, IR, UV/Vis,
EPR), magnetometry, and powder and single-crystal X-ray diffraction. Hirshfeld surface analysis will be applied
to characterize intermolecular interactions and to study molecular packing in the crystal structure. The elemental
composition of the complexes will be verified by CHNS analysis. The aim of the work is to systematically
investigate the relationship between the structure of asymmetric acetylacetonate complexes and their magnetic
properties.

Nazov témy: Analyza povrchového odtoku v urbannom prostredi: chemicka charakterizdcia a stanovenie
prioritnych a emergentnych kontaminantov

Skolitel: doc. Ing. Andrea Purdesova, PhD.

Pracovisko: Ustav chémie a environmentélnych vied, Fakulta prirodnych vied UCM v Trnave

Forma Stadia: dennd/externa

Anotacia: Mestsky odtok predstavuje vyznamny plosny zdroj (non-point source) kontamindacie, ktory vznika
pocas zrazok splachovanim znecistujucich latok z mestskych komunikacii, parkovisk, striech a dalSich
spevnenych ploch, ako aj atmosférickou depoziciou. Zrazkové epizédy generuju casovo premenlivi a chemicky
komplexnti zmes latok, ktorej zlozenie zavisi od charakteru urbanizovaného tizemia, intenzity dopravy,
meteorologickych podmienok a sezénnych faktorov. Identifikdcia a kvantifikdcia tejto mnohorozmernej
chemickej informacie predstavuje vyznamna vyzvu pre environmentalnu analytickii chémiu. S rozvojom
mestskych oblasti sa popri tradicnych kontaminantoch (tazké kovy, polycyklické aromatické uhlovodiky,
nutrienty, soli, suspendované latky) coraz CastejSie detegujui aj emergentné kontaminanty, ako st aditiva z
pneumatik (napr. derivaty 6PPD), benzotriazoly, plastifikatory, rezidua lie¢iv a dalSie stopové organické
zluceniny. Tieto latky sa casto vyskytuju v nizkych koncentraciach, avsak v komplexnych zmesiach, ktorych
environmentalne spravanie nie je dostato¢ne preskimané.

Dizertacna praca sa zameriava na komplexnt chemickti charakterizaciu povrchového odtoku v urbannom
prostredi s vyuzitim analytickych technik (napr. HPLC-UV-VIS, HPLC-MS, AAS,GC-MS) v kombinacii s
vhodnymi metédami tpravy vzorky (SPE, L-L extrakcia, SBSE, rozklady vzorky) a nasledného viacrozmerného
spracovania dat vyuzitim chemometrickych nastrojov (analyza hlavnych komponentov, multivariantna
analyza...). V kontexte zavadzania prvkov zelenej infrastruktary (napr. zelené strechy, dazdové zahrady,
retencno-infiltracné systémy) ako ndstroja na zmiernovanie dopadov urbanizacie a zmeny klimy sa préaca
zameriava na hodnotenie ich vplyvu na chemické zloZenie a kvalitu odtoku, vratane procesov sorpcie, retencie
a transformacie kontaminantov.

Topic name: Analysis of surface runoff in urban environments: chemical characterization and determination of
priority and emergent contaminants

Supervisor: assoc. prof. Dr. Andrea PurdeSova

Department: Department of Chemistry and Environmental Sciences, Faculty of Natural Sciences UCM in
Trnava
Form of study: full-time/part-time
Annotation: Urban runoff represents a significant non-point source of contamination, which arises during
precipitation by flushing pollutants from urban roads, parking lots, roofs and other paved surfaces, as well as by
atmospheric deposition. Precipitation episodes generate a time-varying and chemically complex mixture of
substances, the composition of which depends on the nature of the urbanized area, traffic intensity,
meteorological conditions and seasonal factors. Identification and quantification of this multidimensional
chemical information represent a significant challenge for environmental analytical chemistry. With the
development of urban areas, in addition to traditional contaminants (heavy metals, polycyclic aromatic
hydrocarbons, nutrients, salts, suspended solids), emergent contaminants such as tire additives (e.g. 6PPD
derivatives), benzotriazoles, plasticizers, drug residues and other trace organic compounds are increasingly
+421 33 5565 321 www.ucm.sk
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detected. These substances often occur in low concentrations, but in complex mixtures whose environmental
behavior is not sufficiently investigated.

The dissertation focuses on the comprehensive chemical characterization of surface runoff in urban environments
using analytical techniques (e.g. HPLC-UV-VIS, HPLC-MS, AAS, GC-MS) in combination with appropriate
sample preparation methods (SPE, L-L extraction, SBSE, sample decompositions) and subsequent
multidimensional data processing using chemometric tools (principal component analysis, multivariate
analysis...). In the context of the introduction of green infrastructure elements (e.g. green roofs, rain gardens,
retention-infiltration systems) as a tool for mitigating the impacts of urbanization and climate change, the work
focuses on assessing their impact on the chemical composition and quality of runoff, including the processes of
sorption, retention and transformation of contaminants.

Nazov témy: Molekulové inZinierstvo fotosenzibilizatorov ftalokyaninového typu: substitucné stratégie
moduldcie rozpustnosti a fotodynamickej t¢innosti

Skolitel: RNDr. Zita Tokarové, PhD.

Pracovisko: Ustav chémie a environmentalnych vied, Fakulta prirodnych vied UCM v Trnave

Forma studia: dennd

Anotacia: Fotodynamickd terapia (PDT) je minimalne invazivna metdda vyuzivajiica fotosenzibilizatory (PS),
ktord vzbudila znacny zdujem vedeckych skupin. Napriek tomu mnohé perspektivne PS zostavaju v procese
klinického testovania, pricom niektoré sa vyuzivaju v dermatoldgii a estetickej medicine, ¢o ¢iastocne odklana
pozornost od systematického vyskumu ich chemickych vlastnosti relevantnych pre PDT. Klucovymi
parametrami Géinnosti PS st rozpustnost, fotostabilita a fotochemicka udinnost. Ftalokyaniny (Pc) spifiaju
vacsinu pozadovanych kritérii a predstavuju jednu z najperspektivnejsich skupin PS, avsak ich vysoka
nepolarnost sposobuje nizku rozpustnost vo vode a fyziologickych roztokoch, ¢o limituje praktické vyuzitie.
Problém c¢iastocne riesia kovovo koordinované derivaty Pc (Zn?*, Ga®, In®), ktoré zvysuju hydrofilny charakter,
avsak ani tieto derivaty nepredstavuju idealne lie¢iva pre PDT. Rozpustnost PS vSak nesmie byt prilis vysoka vo
vodnom prostredi, pretoze zluiceniny s dominanciou kladného naboja (kationy, amoéniové alebo oxdéniové soli)
naru$uju bunkové membrany a znizuju selektivitu ti¢inku PDT. Idedlne sa javi periférna substitticia Pc jadra
neutralnymi alebo aniénovymi jednotkami. Takéto molekulové inzinierstvo kombinuje poznatky z organickej
syntézy s pokrocilymi spektralnymi a analytickymi metédami, ktoré umoznuji hodnotit Struktaru, rozpustnost,
biokompatibilitu a fotochemickt aktivitu PS.

Topic name: Molecular Engineering of Phthalocyanine-type Photosensitizers: Substitution Strategies for
Modulating Solubility and Photodynamic Efficiency

Supervisor: assoc. prof. Dr. Zita Tokarova

Department: Department of Chemistry and Environmental Sciences, Faculty of Natural Sciences UCM in
Trnava

Form of study: full-time

Annotation: Photodynamic therapy (PDT) is a minimally invasive method employing photosensitizers (PS) that
has attracted significant attention from the scientific community. Nevertheless, many promising PS remain in
clinical testing, while some are applied in dermatology and aesthetic medicine, partially diverting focus from the
systematic study of their chemical properties relevant to PDT. Key parameters governing PS efficacy include
solubility, photostability, and photochemical efficiency. Phthalocyanines (Pc) fulfill most of the desired criteria
and represent one of the most promising PS classes; however, their high nonpolarity leads to low solubility in
water and physiological media, limiting practical applications. This issue is partially addressed by metal-
coordinated Pc derivatives (Zn?*, Ga%, In®), which enhance hydrophilicity, yet even these derivatives do not
constitute ideal PDT drugs. PS solubility must not be excessively high in aqueous environments, as compounds
with dominant positive charges (cations, ammonium, or oxonium salts) disrupt cell membranes and reduce PDT
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selectivity. Peripheral substitution of the Pc core with neutral or anionic groups appears optimal. Such molecular
engineering integrates principles of organic synthesis with advanced spectroscopic and analytical methods,
enabling comprehensive evaluation of structure, solubility, biocompatibility, and photochemical activity of PS.

Nézov témy: Stadium novych chemickych $truktir s antibakteridlnym potencialom

Skolitel: doc. Mgr. Renata Gasparové, PhD.

Pracovisko: Ustav chémie a environmentélnych vied, Fakulta prirodnych vied UCM v Trnave

Forma stadia: denna

Anotacia: Prva cast prace je orientovana na definovanie zakladnych pojmov a vypracovanie literarneho
prehladu jednak o latkach s antibakterialnym ticinkom, ako aj o moznostiach metéd CADD pri hladani novych
Struktar s pozadovanym téinkom.

Experimentdlna cast prace sa zaoberd vyhladdvanim vhodnych Struktar s antibakteridlnym udinkom v
databazach, ako napr. CHEMBL. Pre vSetky Struktary budu in silico vypocitané Lipinského kritéria, predikcia
bio-aktivity a ADMET parametre. Nasledne budti na zaklade ziskanych vysledkov tieto parametre vypocitané
pre kolekciu vybranych skupin latok s nameranou, alebo publikovanou antibakterialnou aktivitou. Aplikovana
bude jednak predikcia vhodnosti stat sa kandidatom na liecivo, eventudlne systtmom QSAR bude hladana
korelacia voci antibakteridlnej aktivite, vyjadrenej parametrom MIC. Vybrané struktiary buda syntetizované a
bude skumana ich antibakteridlna aktivita. Ziskané data budu spracované metédami modernej chemometrie s
ciefom doporuéeni pre dizajn molekl, tak aby latky spitiali podmienku stat sa kandidatom na lie¢ivo, respektive
vykazovali antibakterialnu aktivitu in vitro.

Topic name: Study of New Chemical Structures with Antibacterial Potential
Supervisor: assoc. prof. Dr. Renata GasSparova

Department: Department of Chemistry and Environmental Sciences, Faculty of Natural Sciences UCM in
Trnava

Form of study: full-time

Annotation: The first part of the thesis focuses on defining key concepts and developing a literature review of
antibacterial agents, as well as the potential of CADD (Computer-Aided Drug Design) methods in the search for
new structures with the desired effect.

The experimental part of the thesis focuses on searching databases, such as ChEMBL, for suitable structures with
antibacterial effects. Lipinski’s Rule of Five, bioactivity predictions, and ADMET parameters will be calculated
in silico for all structures. Subsequently, based on the obtained results, these parameters will be calculated for a
collection of selected groups of compounds with measured or published antibacterial activity. Furthermore,
drug-likeness prediction will be applied, and a QSAR system will be used to identify correlations with
antibacterial activity expressed by the MIC parameter. Selected structures will be synthesized, and their
antibacterial activity will be investigated. The obtained data will be processed using modern chemometric
methods to provide recommendations for molecular design, ensuring that the compounds meet the criteria for
drug candidacy and exhibit significant antibacterial activity.

Nazov témy: Monitoring dopingovych latok pocas Sportovych podujati na Slovensku a v Eurépe pomocou LC-
MS/MS analyzy odpadovych vod

Skolitel: doc. Mgr. Peter Nemecek, PhD.

Pracovisko: Ustav chémie a environmentalnych vied, Fakulta prirodnych vied UCM v Trnave

Forma Stadia: denna

Anotacia: Tato dizertacnd praca je zamerand na environmentalne a analytické monitorovanie dopingovych latok
pocas vyznamnych Sportovych podujati na Slovensku a v Eurdpe. Vyskum vyuziva moderny pristup zalozeny
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na analyze odpadovych vdd, ktory umoznuje sledovat pritomnost biologicky aktivnych latok na trovni celej
populacie. Hlavnym cieflom prace je vyvoj, optimalizdcia a validacia analytickej metddy zalozenej na
kvapalinovej chromatografii s hmotnostnou detekciou (LC-MS/MS) na stanovenie vybranych dopingovych latok
a ich metabolitov. Studované analyty budt zahttiat najma anabolické steroidy, stimulancia a hormonalne latky.
Sacastou vyskumu bude odber vzoriek odpadovych vod z vybranych lokalit pocas konania vyznamnych
Sportovych podujati aj mimo nich. Pomocou metéd mnohorozmernej analyzy dat budu studované zmeny v
koncentraciach sledovanych latok s cielom identifikovat mozné trendy v uzivani dopingovych prostriedkov v
populdcii navstevnikov a Sportovcov.

Ddlezitou ¢astou prace bude optimalizacia predupravy vzoriek, vratane klasickych aj modernych extrakénych
postupov, so zameranim na zvySenie koncentracie analytov a elimindciu matricovych efektov. Vyvinuta metéda
bude validovana podla medzinarodnych analytickych standardov.

Navrhnuta metodika bude nasledne aplikovana pocas velkych Sportovych podujati, napriklad majstrovstiev
Europy v malom futbale v Bratislave alebo majstrovstiev sveta v hokeji na Slovensku. Vysledky prispeju k
lepsiemu pochopeniu rozsahu uzivania dopingovych latok a k rozvoju metodik environmentalnej a forenznej
analyzy. Zaroven demonstruju potencial analyzy odpadovych vod ako nastroja popula¢ného monitoringu.

Topic name: Monitoring of Doping Substances During Sporting Events in Slovakia and Europe Using LC-
MS/MS Analysis of Wastewater

Supervisor: assoc. prof. Dr. Peter Nemecek

Department: Department of Chemistry and Environmental Sciences, Faculty of Natural Sciences UCM in
Trnava

Form of study: full-time

Annotation: This doctoral dissertation focuses on the environmental and analytical monitoring of doping
substances during major sporting events in Slovakia and across Europe. The research employs a modern
approach based on wastewater analysis, which enables the monitoring of biologically active substances at the
population level. The main objective of the dissertation is the development, optimization, and validation of an
analytical method based on liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS) for
the determination of selected doping substances and their metabolites. The studied analytes will primarily
include anabolic steroids, stimulants, and hormonal substances.

The research will involve the collection of wastewater samples from selected locations during major sporting
events as well as outside these periods. Using multivariate data analysis methods, changes in the concentrations
of the monitored substances will be investigated to identify potential trends in the use of doping agents among
visitors and athletes.

An important part of the study will be the optimization of sample preparation procedures, including both
conventional and modern extraction techniques, with the aim of increasing analyte concentration and
minimizing matrix effects. The developed method will be validated according to international analytical
standards.

The proposed methodology will subsequently be applied under real conditions during major sporting events,
such as the European Minifootball Championship in Bratislava or the Ice Hockey World Championship held in
Slovakia. The results are expected to contribute to a better understanding of the extent of doping substance use
during sporting events and to the advancement of environmental and forensic analytical methodologies.
Furthermore, the study will demonstrate the potential of wastewater analysis as a tool for population-level
monitoring.

Nazov témy: Vyvoj nositelnych senzorov na detekciu ionizujticeho Ziarenia integrovanych do textilii a na
povrchu koze

Skolitel: doc. Mgr. Peter Nemecek, PhD.
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Pracovisko: Ustav chémie a environmentélnych vied, Fakulta prirodnych vied UCM v Trnave

Forma stadia: denna

Anotacia: Dizertacna praca sa zameriava na vyvoj novych typov nositelnych senzorov schopnych detegovat
ionizujiice Ziarenie v redlnom case. Hlavnym ciefom vyskumu je navrh a realizacia flexibilnych, Tahkych a
energeticky efektivnych detekénych systémov, ktoré bude mozné integrovat do textilnych materidlov alebo
aplikovat priamo na povrch koze. Takto koncipované senzory mézu vyznamne prispiet k zvyseniu bezpecnosti
pracovnikov zasahujticich v prostredi s potencialnou radiologickou hrozbou, najmé v pripade zachrannych a
bezpecnostnych zloziek.

Prva cast vyskumu bude zamerand na navrh, pripravu a charakterizaciu citlivych senzorickych materialov
vhodnych na detekciu ionizujuceho Zziarenia. Testované budu rozne typy detekénych vrstiev, najma
polovodicové, scintilacné a nanomaterialové systémy. Sticastou vyskumu bude aj stadium ich fyzikalnych a
funkénych vlastnosti, ako st citlivost, selektivita, stabilita a odozva na radiacné podnety. Vyvinuté materialy
budt nasledne integrované do flexibilnych substratov a textilnych Struktdr s dérazom na zachovanie
mechanickej flexibility, nizkej hmotnosti a komfortu pri noseni.

Délezitou stucastou prace bude aj navrh a implementdcia elektronickych obvodov umoznujtcich spracovanie,
zaznam a bezdrbtovy prenos nameranych dat. Navrhovany systém bude optimalizovany pre kontinualne
monitorovanie radiacného prostredia v realnom case.

Experimentalna cast dizertacnej prace bude zamerana na laboratorne aj terénne testovanie vyvinutych senzorov.
Testovanie bude realizované aj v spolupraci s profesionalnymi zlozkami, ako st hasici, policajné jednotky alebo
ozbrojené sily Slovenskej republiky. Hodnotena bude najmi presnost merania, reakény cas systému, jeho
spolahlivost a prakticka pouziteInost v redlnych podmienkach.

Ocakavané vysledky vyskumu mozu prispiet k zvysSeniu bezpecnosti pracovnikov v radiacne rizikovych
prostrediach a k rozvoju modernych nositelnych technologii urc¢enych na monitorovanie ionizujticeho Ziarenia
v oblasti civilnej ochrany, priemyslu a environmentalneho monitorovania

Topic name: Development of Wearable Sensors for Detection of Ionizing Radiation Integrated into Textiles and

Skin

Supervisor: assoc. prof. Dr. Peter Nemecek

Department: Department of Chemistry and Environmental Sciences, Faculty of Natural Sciences UCM in

Trnava

Form of study: full-time

Annotation: The dissertation focuses on the development of novel wearable sensors capable of detecting ionizing

radiation in real time. The primary objective of the research is to design and develop flexible, lightweight, and

energy-efficient detection systems that can be integrated into textile materials or directly applied to the surface

of the skin. Such sensors have the potential to significantly enhance the safety of personnel operating in

environments with potential radiological hazards, particularly members of emergency and security services.

The first part of the research will focus on the design, synthesis, and characterization of sensitive sensor materials

suitable for ionizing radiation detection. Various types of detection layers will be investigated, including

semiconductor, scintillation-based, and nanomaterial-based systems. The study will examine their physical and

functional properties, such as sensitivity, selectivity, stability, and response to radiation exposure. Subsequently,

the developed materials will be integrated into flexible substrates and textile structures, with particular emphasis

on maintaining mechanical flexibility, low weight, and user comfort.

An important component of the work will also involve the design and implementation of electronic circuitry

enabling signal processing, data acquisition, and wireless transmission of measured data. The proposed sensing

system will be optimized for continuous monitoring of the radiation environment in real time.

The experimental part of the dissertation will include both laboratory and field testing of the developed sensors.

Field testing will be carried out in cooperation with professional organizations such as fire and rescue services,
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police units, and the armed forces of the Slovak Republic. Attention will be paid to measurement accuracy,
system response time, reliability, and practical usability in real operational conditions.

The expected outcomes of the research may contribute to improving the safety of personnel working in radiation-
risk environments and to advancing modern wearable technologies for ionizing radiation monitoring in civil
protection, industrial applications, and environmental monitoring.

Nazov témy: Priprava Specialnych magnetoaktivnych zlicenin a analyza ich vlastnosti

Skolitel: prof. RNDr. Jan Titis, PhD.

Pracovisko: Ustav chémie a environmentélnych vied, Fakulta prirodnych vied UCM v Trnave

Forma $tadia: denna

Anotacia: Dizertacna praca bude zamerana na vyskum magnetoaktivnych koordina¢nych zlicenin
oznacovanych ako jednomolekulové magnety. Tieto reprezentuja triedu vysokosofistikovanych magnetickych
materidlov s potencidlom technologického transferu do oblasti mikroelektroniky. V tomto zmysle buda
pripravené nové komplexy obsahujuce prechodné kovy, pripadne lantanoidy, ktoré budd nasledne
charakterizované metédami prvkovej, spektralnej a magnetochemickej analyzy. Ustrednym objektom vyskumu
bude magneticka anizotropia a pomald magneticka relaxacia, ktoré budu systematicky skimané na zaklade
analyzy Struktarnych, susceptibilitnych (DC, AC) a magnetiza¢nych dat. Experimentalne tidaje budt podporené
modernymi kvantovo-chemickymi vypo¢tami (DFT, MCSCF, MRPT, MRCI). Student sa v ramci rieSenia prace
oboznami s metodikou syntézy koordina¢nych zlucenin, analytickymi technikami pouZivanymi na
charakterizaciu zlucenin (H/N/C/S, AAS, IR, UV-Vis, EPR, XPD, XCD, SQUID) a teoretickou bazou
molekulového magnetizmu.

Topic name: Preparation of special magnetoactive compounds and analysis of their properties

Supervisor: prof. Dr. Jan Titis

Department: Department of Chemistry and Environmental Sciences, Faculty of Natural Sciences UCM in
Trnava

Form of study: full-time

Annotation: The thesis will focus on the research of magnetoactive coordination compounds, such as single-
molecule magnets. These represent a class of highly sophisticated magnetic materials with the potential for
technological transfer to the field of microelectronics. In this sense, new complexes containing transition metals
or lanthanides will be prepared, which will be subsequently characterized by methods of elemental, spectral and
magnetochemical analysis. The central object of the research will be magnetic anisotropy and slow magnetic
relaxation, which will be systematically investigated on the basis of structural, susceptibility (DC, AC) and
magnetization data analysis. Experimental data will be supported by calculations base on contemporary methods
of quantum chemistry (DFT, MCSCF, MRPT, MRCI). The student gets acquainted with the methodology of
synthesis of coordination compounds, analytical techniques used for the characterization of the compounds (H/
N/C/S, AAS, IR, UV-Vis, EPR, XPD, XCD, SQUID and others) and the theoretical basis of molecular magnetism.

schvalili:
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