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PRIRODOVEDECKA FAKULTA UPJS

Studijny program: Biofyzika

Garant UEF SAV, v. v. i.: MUDr. Andrey Musatov, DrSc.

Téma: Stabilita a agregdcia proteinov v prostredi biokompatibilnych organickych solventoy
Skolitel: RNDr. Diana Fedunova, PhD.

Konzultant: RNDr. Mireslav Ganéar, PhD.

Forma studia: dennad - SAV

Anotacia: Identifikdcia uCinnych solventov schopnych modulovat’ stabilitu a agregaciu
proteinov ma velky vyznam pre rozmanité aplikdcie v biotechnologiach alebo v medicine.
Vyroba a dlhodobé skladovanie proteinov vyzaduje nastavit vhodné podmienky prostredia
uchovavajlice nativnu S$truktiru proteinov a zabranujice ich agregacii. Podobne, tvorba
Specidlneho typu usporiadanych agregatov — amyloidnych fibril, je podmienena vonkajSimi
podmienkami. Amyloidné agregaty predstavuji nové potencidlne biomateridly vd’aka ich
unikatnym vlastnostiam. N&jdenie podmienok schopnych indukovat tvorbu definovanych
amyloidnych agregatov je preto v centre zdujmu. Ciel'om préace je Studovat’ vplyv Specidlnych
solventov - i6novych kvapalin a hlboko eutektickych zmesi - na stabilitu, Kinetiku amyloidnej
agregacie a morfologiu amyloidnych fibril ré6znych proteinov (lyzozym, inzulin). Zamerom je
zistit’ vzt'ah medzi zlozenim a fyzikélno-chemickymi vlastnost'ami solventov a ich schopnostou
stabilizovat’/destabilizovat’ Struktaru proteinov a inhibovat/urychlovat’ tvorbu amyloidnch
agregatov s cielom najst’ solventy schopné stabilizovat’ Studované proteiny ako aj indukovat’
tvorbu amyloidnych agregatov s definovanou morfolégiou. Vyuzivat' sa budi spektroskopické
(UV-VIS, CD, FTIR) a kalorimetrické (DSC, ITC) metddy ako aj atomova silova mikroskopia
(AFM) a metddy pocitacovej analyzy obrazkov.

Title: Protein stability and aggregation in biocompatible organic solvents
Supervisor: Dr. Diana Fedunova

Co-supervisor: Dr. Miroslav Gan¢ar

Form of study: Internal - Slovak Academy of Sciences

Annotation: The identification of effective solvents capable of modulating protein stability and
aggregation is of great importance for various applications in biotechnology or medicine. The
production and long-term storage of proteins requires setting appropriate environmental
conditions that preserve the native structure of the proteins and prevent their aggregation.
Similarly, the formation of a special type of ordered aggregates - amyloid fibrils, is modulated by
external conditions. Amyloid aggregates represent new potential biomaterials due to their unique
properties. Therefore, finding conditions capable of inducing the formation of defined amyloid
aggregates is of interest. This work aims to study the effect of special solvents - ionic liquids and
deep eutectic mixtures — on the stability, kinetics of amyloid aggregation, and morphology of
amyloid fibrils of various proteins (lysozyme, insulin). The objective is to determine the
relationship between solvent’s composition and physicochemical properties and their ability to
stabilize/destabilize protein structure and inhibit/accelerate amyloid aggregation to find solvents
capable of stabilizing studied proteins or inducing amyloid aggregate formation with defined
morphology. Spectroscopic (UV-VIS, CD, FTIR) and calorimetric (DSC, ITC) methods, as well
as atomic force microscopy (AFM) and computer image analysis methods, will be used.
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Téma: Moduldacia amyloidnej agregdcie proteinov — objasnenie molekularnych mechanizmov
tvorby amyloidov a ich inhibicie

Skolitel: Doc. RNDr. Zuzana GaZova, DrSc.

Konzultant: RNDr. Andrea AntoSova, PhD.

Forma $tudia: denna - SAV

Anotacia: Amyloidné Struktary poly/peptidov st spdjané s ochoreniami ako Alzheimerova
choroba, syst¢émové amyloidozy, diabetes mellitus a dalSie. V poslednom obdobi sa zistilo, ze su
nevyhnutnou sucast’ou aj mnohych Zivotne ddlezitych pochodov v organizmoch - od baktérii az
po Tudi. Cielom prace je prispiet k lepSiemu poznaniu mechanizmov tvorby a inhibicie
amyloidnej agregécie proteinov prostrednictvom jej moduldcie pomocou rdéznych latok
(anorganické a organické molekuly, biomolekuly, nanocastice). Na zaklade toho je mozné lepSie
pochopit’ patologicky a fyziologicky uc¢inok amyloidnych Struktir na molekuldrnej urovni.
Vyuzivat’ sa budu rozne fyzikalno-chemické metody, hlavne spektroskopické, kalorimetrické,
chromatografické techniky a atomova silova mikroskopia.

Title: Modulation of protein amyloid aggregation — insight into molecular mechanisms of
amyloid formation and inhibition

Supervisor: Assoc. Prof. Zuzana GaZova

Co-supervisor: Dr. Andrea AntoSova

Form of study: Internal - Slovak Academy of Sciences

Annotation: Amyloid structures of poly/peptides have been associated with diseases such as
Alzheimer's disease, systematic amyloidoses, diabetes mellitus and others. Recently, it has been
found that amyloids are important for many essential processes in organisms - from bacteria to
humans. The aim of this work is to contribute to a better understanding of the mechanisms of the
formation and inhibition of protein amyloid aggregation through their modulation by various
substances (inorganic and organic molecules, biomolecules, nanoparticles). Based on this, it is
possible to better understand the pathological and physiological effects of amyloid structures at
the molecular level. Various physico-chemical methods will be used, mainly spectroscopic,
calorimetric, chromatographic techniques and atomic force microscopy.
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Téma: Prirodzene rozbalené proteiny v Alzheimerovej chorobe ainych amyloidnych
ochoreniach

Skolitel: Doc. RNDr. Zuzana GaZova, DrSc.

Konzultant: RNDr. Zuzana Bednarikova, PhD.

Forma Studia: dennd - SAV

Anotacia: Vyskyt neurodegenerativnych ochoreni ako Alzheimerova choroba neustale narasta.
Jednou z pri¢in vzniku tychto amyloidnych ochoreni je naruSenie syntézy funkénych molekul
proteinov a nedostato¢na degradéacia nefunkénych, nespravne zbalenych molektl proteinov. V
dosledku toho dochadza ku akumulécii nespravne zbalenych proteinov vo forme amyloidnych
agregatov s vysokym obsahom B-skladanych listov v r6znych tkanivach I'udského organizmu. S
vyuzitim modernych biofyzikdlnych metdéd sa zameriame na Studium mechanizmov tvorby
amyloidnych agregatov prirodzene rozbalenych proteinov (IDP), ktoré stvisia s amyloidnymi
ochoreniami, konkrétne s Alzheimerovou chorobou. Zaroven sa budeme venovat
systematickému hl'adaniu potencidlnych interakénych partnerov s cielom zamedzit amyloidne;j
agregacii IDP, Co by mohlo priniest’ nové terapeutické pristupy pre momentalne nevylieCiteI'né
amyloidné ochorenia.

Title: Intrinsically disordered proteins in Alzheimer’s disease and other amyloidoses
Supervisor: Assoc. Prof. Zuzana GaZova

Co-supervisor: Dr. Zuzana Bednarikova

Form of study: Internal - Slovak Academy of Sciences

Annotation: The prevalence of neurodegenerative conditions like Alzheimer's disease (AD)
continues to rise with aging of human population. These diseases often result from impaired
protein synthesis, leading to the accumulation of misfolded proteins in the brain. The proteins
aggregate into amyloid structures rich in 3-sheets throughout various brain regions. Despite their
widespread impact, the precise mechanisms driving amyloid formation remain poorly
understood, and effective treatments remain elusive. This research endeavors to elucidate the
mechanisms underpinning amyloid aggregation in intrinsically disordered proteins (IDPs)
associated with AD and other amyloid-related diseases. Employing biophysical methodologies,
we aim to study the pathways involved in amyloid aggregate formation. Furthermore, we will
systematically explore potential interaction partners to counteract amyloid aggregation of IDPs,
offering promising therapeutic intervention in these debilitating diseases.
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Téma: Paradigma amyloidnej agregdacie: od patologickych Struktur k funkénym
bionanomateridalom

Skolitel: RNDr., Ing. Katarina SipoSova, PhD.

Konzultant: RNDr. Veronika Hunto$ova, PhD. (CIB UPJS)

Forma $tudia: denna - SAV

Anotacia: Amyloidné agregaty predstavuju triedu vysoko usporiadanych Struktar, tvorenych
mnohymi prirodnymi, ale aj umelo navrhnutymi peptidmi a proteinmi. Tradi¢ne s amyloidné
Struktiry spdjané s neurodegenerativnymi a d’alSimi ochoreniami, vratane Alzheimerovej,
Parkinsonovej, ¢1 Huntingtonovej choroby a spongiformnych encefalopatii. Na druhej strane
mnohé Zivé organizmy vyuzivaju rézne amyloidné proteiny ako funkcéné stavebné bloky na
zabezpecenie ich zakladnych fyziologickych funkcii. Téato skuto¢nost, spolu s prirodzenou
schopnostou samousporiadania a vynikajicimi materidlovymi vlastnostami amyloidnych
Struktar, podnietila vyznamny vyskum v oblasti syntetického dizajnu funkénych amyloidov na
vytvorenie rdéznorodej nanoarchitektiry, molekularnych materidlov a hybridnych alebo
kompozitnych materialov.

V réamci doktorandského §tadia sa bude detailne skiimat’ loha oxidacného stresu a apoptdzy
v amyloidnej agregacii, tj. Stadium Strukturdlnych a funkénych dosledkov interakcie
proteinovych/proteinovych amyloidovych Struktar s roéznymi typmi latok, vratane
multifunkénych kompozitov. Druhym cielom bude priprava multifunkénych biokonjugatov na
baze funkénych amyloidnych proteinov, ktoré je mozné vyuzit na viazanie a uvolflovanie
biologicky aktivnych Cinidiel, vytvaranie viacnasobnych proteinovych usporiadani pre efektivne
enzymatické kaskady alebo aj ako perspektivne nosi¢e pre cielené dodéavanie lieciv
s kontrolovanym uvolfiovanim.

Title: Amyloid Paradigm: From Pathological Structures to Functional Bionanomaterials
Supervisor: Dr. Katarina SipoSova

Co-supervisor: Dr. Veronika Hunto$ova (CIB UPJS)

Form of study: Internal - Slovak Academy of Sciences

Annotation: Amyloids represent a class of robust, highly ordered structures that can be formed
by many natural or artificially designed peptides and proteins. Traditionally, amyloids are linked
with neurodegeneration and numerous other diseases, including Alzheimer's, Parkinson's,
Huntington's diseases, and spongiform encephalopathies. On the other hand, many living
organisms make use of diverse amyloid proteins as functional building blocks to fulfill a variety
of physiological applications. This fact, along with the intrinsic self-assembly and outstanding
material properties of amyloids, has prompted significant research in the synthetic design of
functional amyloids to form diverse nanoarchitecture, molecular materials, and hybrid or
composite materials.

Within the doctoral research, the implication of oxidative stress and apoptosis in amyloid
aggregation will be examined, i.e., the study of the structural and functional consequences of the
interaction of protein/protein amyloid structures with various types of substances, including
multifunctional composites, will be conducted. The second goal will be the preparation of
multifunctional bioconjugates based on functional amyloid proteins, which can be used for
binding and release of biologically active agents, formation of multiple protein arrangements for
efficient enzymatic cascades, or even as the promising carriers for targeted drug delivery with
controllable release.



&

@mu_vgj& Ustav experimentalnej fyziky Slovenskej akadémie vied ‘ :
- % verejna vyskumna institucia ‘ “ ’
{lg Watsonova 47, 040 01 KoSice : I :

" 7969 * ICO: 00166812, tel.: +421 55 7922 201, e-mail; sekr@saske.sk, https://uef.saske.sk My yaro® a

Studijny program: Teoreticka fyzika

Garant UEF SAV, V. v. i.: RNDr. Pavol Farkagovsky, DrSc.

Téma: Skumanie diskrétnej gravitdacie, paradoxu ciernych dier a tie kvantovych javov pre
rozne kozmologické objekty ako aj nanoStruktiury

Skolitel': RNDr. Richard Pin&ik, PhD.

Konzultant: RNDr. Michal Pudlak, CSc.

Forma stadia: dennd - SAV

Anotacia: Interpretacie vznikajicich priestorov (,,emerging spaces™) pomocou nového
geometrického/topologického pristupu zavedeného PNDP-varietami, t.j. konkrétnym druhom
Einsteinovej sekvencne deformovanej variety, ktord z diferencidlno-geometrického hl'adiska
umoziuje pokryt’ Sirsiu Skalu réznych presnych rieSeni Einsteinovej rovnice pol'a, bez toho, aby
sa vyrazne skomplikovali vypocty v porovnani s Einsteinovymi deformovanymi varietami.
Cielom prace bude objasnit’ zakladnt fyziku nad ramec Standardného modelu, a to aj skimanim
toho, ako by diskrétne gravitatné ucinky ovplyvnili pohyb cCastic so spinom alebo bez v
gravitacnych poliach. Dufame, Ze preskimanim tychto konceptov poskytneme cenné poznatky o
povahe dimenzii a ich vplyve na graviticiu a fundamentdlne fyzikalne sily, ¢im sa vyrieSia
existujuce nezrovnalosti v sucasnych kozmologickych modeloch ako aj nanostrukturach.

Title: Exploring of discrete gravity, black hole paradox and also quantum phenomena for
various kinds of cosmological objects as well as nanostructures

Supervisor: Dr. Richard Pin¢ak

Co-supervisor: Dr. Michal Pudlak

Form of study: Internal - Slovak Academy of Sciences

Annotation: Interpretation of emerging spaces using a new geometric/topological approach
introduced by PNDP-manifolds, i.e., particular kind of the Einstein sequential warped-product
manifold, which allow to cover a wider variety of exact solutions of Einstein's field equation from a
differential geometric point of view, without complicating the calculations comparing to the Einstein
warped-product manifolds. We will seek to shed light on the underlying physics beyond the Standard
model, also by the examination how discrete gravitational effects would affect the motion of spin or
spinless particles in a gravitational fields. By exploring these concepts, we hope to provide valuable
insights into the nature of dimensions and their impact on gravity and fundamental forces, thus
addressing existing inconsistencies in current cosmological models as well as nanostructures.
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Studijny program: Fyzika kondenzovanych litok

Garant UEF SAV, v. v. i.: Prof. RNDr. Peter Samuely, DrSc.

Téma: Kvantové materidly v extrémnych podmienkach
Skolitel: Doc. RNDr. Slavomir Gabani, PhD.
Konzultant: RNDr. Matas Orendac, PhD.

Forma studia: denna - SAV

Anotacia: Kvantové materidly, ako st napriklad frustrované magnety, topologické izolatory,
silne korelované kovy alebo exotické supravodi¢e, dnes =zaujimaju popredné miesto
V teoretickom 1 experimentdlnom Stadiu tuhych latok a za¢inaju sa pouzivat v aplikacidch
spojenych s kvantovymi technologiami. Pochopenie zdkladného stavu takychto systémov si
vyzaduje ich skumanie v extrémnych podmienkach, t.j. pri vel'mi nizkych teplotach, vysokych
magnetickych poliach ¢i tlakoch. Konkrétne by sa dizertacna praca zaoberala Stadiom vplyvu
vysokého magnetického pol'a a hydrostatického tlaku na tepelné, transportné a magnetické
vlastnosti vybranych tetra-, hexa- adodekaboridov pri kelvinovych az milikelvinovych
teplotach.

Title: Quantum materials under extreme conditions
Supervisor: Assoc. Prof. Slavomir Gabani
Co-supervisor: Dr. Matus§ Orendac

Form of study: Internal - Slovak Academy of Sciences

Annotation: Quantum materials, such as frustrated magnets, topological insulators, strongly
correlated metals or exotic superconductors, are highlights in the theoretical and experimental study
of solids and are beginning to be used in applications connected with quantum technologies.
Understanding the ground state of these systems requires their investigation under extreme
conditions, i.e. at very low temperatures, high magnetic fields or pressures. Specifically, the
dissertation would deal with the study of the influence of a high magnetic field and hydrostatic
pressure on the thermal, transport and magnetic properties of selected tetra-, hexa- and dodecaborides
at kelvin to millikelvin temperatures.

Literatura / Literature:

[1] KITTEL Ch., Uvod do fyziky pevnych ldtek, Academia, Praha, 1985

[2] GABANI S. et al., Magnetism and superconductivity of rare earth borides, Journal of Alloys and
Compounds 821 (2020), 153201

[3] GABANI S. a kol., Fyzika a technika vysokych tlakov II., skripta, UEF SAV Kosice, 2016
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Téma: Kalorimetria supravodicov

Skolitel: RNDr. Jozef Ka¢mar¢ik, PhD.
Konzultant: RNDr. Zuzana VargaeStokova, PhD.
Forma $tadia: denna - SAV

Anotacia: Od objavu dvojmedzerove] supravodivosti v MgB2, sa sustavne patra po d’alSich
prikladoch tejto uz napohlad vynimocnej charakteristiky. Okrem toho je zaujimavou témou
sucasnosti aj Stadium konkurenénych usporiadani v supravodi¢och, kde supravodivost’
koexistuje, pripadne stperi napriklad s magnetickym usporiadanim, alebo vlnami nébojovej
hustoty. Cielom dizertacnej prace je stidium vybranych supravodicov roznymi kalorimetrickymi
metddami, hlavne pomocou ac-mikrokalorimetrie. Praca bude zamerand najmi na supravodice s
konkuren¢nymi parametrami usporiadania a to na meranie ich tepelnej kapacity pri réznych
teplotach a magnetickych poliach. Cielom bude ur€it’ z nameranych dat zdkladné charakteristiky
Studovaného supravodica ako je jeho kritickd teplota, sila vdzby Cooperovych parov, typ
parovania, kritické magnetické polia, anizotropia supravodivych vlastnosti a pod. K tomu bude
potrebné osvojit’ si zaklady metodiky ac mikrokalorimetrie, pripravu a realizaciu experimentov,
spracovanie a interpretdciu nameranych udajov, prezentdciu vysledkov na domécich a
zahrani¢nych konferencidch a publikovanie origindlnych vysledkov v zahrani¢nych vedeckych
casopisoch.

Title: Calorimetry of superconductors

Supervisor: Dr. Jozef Ka¢mar¢ik

Co-supervisor: Dr. Zuzana Vargaestokova

Form of study: Internal - Slovak Academy of Sciences

Annotation: Since the discovery of the two-gap superconductivity in MgB2, further examples of
this already exceptional characteristic have been continuously investigated. In addition, the study of
competing orders in superconductors, where superconductivity coexists or competes with, for
example, magnetic order or charge density waves, is an interesting topic at present. The aim of this
thesis is to study selected superconductors by various calorimetric methods, mainly by ac-
microcalorimetry. In particular, the work will focus on superconductors with competing order
parameters, namely the measurement of their heat capacity at different temperatures and magnetic
fields. The aim will be to determine from the measured data the basic characteristics of the studied
superconductor such as its critical temperature, strength of Cooper pair coupling, type of pairing,
critical magnetic fields, anisotropy of superconducting properties, etc. To do this, it will be necessary
to learn the basics of ac microcalorimetry technique, preparation and implementation of experiments,
processing and interpretation of measured data, presentation of results at domestic and foreign
conferences and publication of original results in foreign scientific journals.

Literatara / Literature:

[1] M. Tinkham, Introduction to superconductivity, McGraw-Hill, Inc., New York, 1996.

[2] Yaakov Kraftmakher, Modulation Calorimetry: Theory And Applications, Springer-Verlag, 2004.
[3] A. Tari, The Specific Heat of Matter at Low Temperatures, Imperial College Press, London,
2003.
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Téma: Vplyv obsahu kyslika na funkcionalitu RMnO3 materidlov s perovskitovou Struktiirou
Skolitel: RNDr. Marian Mihalik, CSc.

Konzultant: RNDr. Matas§ Mihalik, PhD.

Forma Studia: dennd - SAV

Anotacia: Ortorombické materidly RMnO3 s perovskitovou Struktarou vykazuju funkcionalne
vlastnosti spojené napr. so silnou magneto — elektrickou vizbou (multiferroické materialy) v
dosledku velkej variability Strukturnych parametrov a rozmanitosti typov magnetického
usporiadania v tychto materidlov. V praci ,,Matas Mihalik, K. Csach, V. Kavecansky, Marian
Mihalik: Cooperative Jahn-Teller effect in NdMnl-xFexO3+d (0 < x < 0.2), Journal of Alloys
and Compounds, 857 (2021) 157612* sme ukazali mozZnost’ vytvorenia vakancii v kyslikovych
krystalovych polohach ¢o otvorilo otdzku do akej miery cielené variovanie tychto vakancii
ovplyvni funkcionalne vlastnosti spojené s magnetickym usporiadanim. V praci: ,,Matas
Mihalik, A. Pacanowska, M. Orenda¢, K. Csach, M. Fitta, Marian Mihalik, Vacancy-driven
magnetism of GdMnO3+§ multiferroic compound, Journal of Magnetism and Magnetic
Materials 587 (2023) 171221* sme ukdzali aky je dopad podmienok pripravy multiferroického
materidlu GAMnO3 v atmosfére vzduch, Ar alebo O2 na magneticky fazovy prechod spojeny s
generovanim silnej magneto — elektrickej vizby. Témou doktorandského Stadia je zistit” do akej
miery takto vytvorend defektnd Struktira a obsah kyslika ovplyviiuju funkcionalitu tychto
materidlov z pohladu magnetickych a elektrickych vlastnosti. Uspesné absolvovanie
doktorandského Stadia predpoklada zvladnutie pripravy vhodnych materidlov vo forme
nanopraskov, keramik a krystalov ako aj ich charakterizaciu z pohladu Struktury, magnetickych
a elektrickych vlastnosti.

Title: The effect of oxygen content on the functionality of RMnO3 materials with a perovskite
structure

Supervisor: Dr. Marian Mihalik

Co-supervisor: Dr. Matus Mihalik

Form of study: Internal - Slovak Academy of Sciences

Annotation: Orthorhombic RMnO3 materials with a perovskite structure show functional properties
associated e.g. with strong magneto-electric coupling (multiferroic materials) due to the great
variability of structural parameters and the variety of types of magnetic arrangement in these
materials. In the work "Mata§ Mihalik, K. Csach, V. Kavecansky, Marian Mihalik: Cooperative
Jahn-Teller effect in NdMn1-xFexO3+9 (0 < x < 0.2), Journal of Alloys and Compounds, 857 (2021)
157612" we showed the possibility of creating vacancies in the oxygen crystal positions, which
opened the question to what extent the targeted variation of these vacancies will affect the functional
properties associated with the magnetic arrangement. In the paper: "Matis Mihalik, A. Pacanowska,
M. Orenda¢, K. Csach, M. Fitta, Marian Mihalik, Vacancy-driven magnetism of GdMnO3+J
multiferroic compound, Journal of Magnetism and Magnetic Materials 587 (2023) 171221" we
showed the impact of the preparation conditions of the multiferric material GdMnO3 in the
atmosphere of air, Ar or O2 on the magnetic phase transition associated with the generation of a
strong magneto-electric coupling. The topic of the doctoral study is to find out to what extent the
defective structure created in this way and the oxygen content affect the functionality of these
materials from the point of view of magnetic and electrical properties. Successful completion of the
doctoral studies requires mastering the preparation of suitable materials in the form of nanopowders,
ceramics and crystals, as well as their characterization from the point of view of structure, magnetic
and electrical properties.
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Téma: Substituéné zliuceniny novych multiferoickych funkénych materidalov s distorgovanou
perovskitovou Strukturou

Skolitel: RNDr. Mata§ Mihalik, PhD.

Konzultant: RNDr. Marian Mihalik, CSc.

Forma $tudia: denna - SAV

Anotacia: Oxidy tranzitivnych kovov s distorgovanou perovskitovou Struktirou st intenzivne
Studované jednak zdovodu silnej koreldcie medzi orbitdlnymi, elektrickymi, spinovymi a
mriezkovymi stupfiami vol'nosti, ako aj z dovodu vysokého aplikacného potencidlu (katody pre
palivové clanky, senzory pre detekciu réznych plynov, elektronické komponenty zo silnou
magnetoelektrickou vdzbou a iné€) tychto materidlov. Distorgovand perovskitova Struktara je
vel'mi tolerantnd na substitiiciu na jednotlivych krysStalografickych polohédch, ¢o otvara moznosti
ladenia fyzikélnych vlastnosti smerom k vysSiemu aplikaénému potencialu tychto zlucenin, ako
aj moznosti lepSiecho pochopenia zékladnych fyzikalnych vlastnosti a dejeov. Cielom prace je
syntetizovat’ nové tuhé roztoky s chemickym vzorcom RET14T’xO3 (RE = vzacna zemina; T, T’ =
tranzitivny kov; 0 < x < 1), charakterizovat’ ich zakladné fyzikalne vlastnosti s dérazom na
magnetizmus, multiferoicitu, tepelntt kapacitu a nasledne optimalizovat’ vlastnosti pomocou
substitucie. Vyuzivat' sa budu rozne fyzikalne a chemické metddy, hlavne metoda float zone
a mokré chemické procesy na pripravu vzoriek a DC/AC magnetometria, kalorimetrické metody
a dielektrické experimenty na charakterizaciu vzoriek.

Title: Substitutional compounds of novel multiferroic functional materials with distorted
perovskite structure

Supervisor: Dr. Matas Mihalik

Co-supervisor: Dr. Marian Mihalik

Form of study: Internal - Slovak Academy of Sciences

Annotation: Transition metal oxides with a distorted perovskite structure are intensively studied
both because of the strong correlation between orbital, electric, spin and lattice degrees of freedom,
as well as because of their high application potential (cathodes for fuel cells, sensors for the detection
of various gases, electronic components with strong magnetoelectric coupling etc.) of these
materials. The distorted perovskite structure is very tolerant to substitution at individual
crystallographic positions, which opens up the possibilities of tuning the physical properties towards
a higher application potential of these compounds, as well as the possibilities of a better
understanding of the basic physical properties and processes. The goal of the work is to synthesize
new solid solutions with the chemical formula RET,4T'«\O3 (RE = rare earth; T, T' = transition metal,
0 < x < 1), to characterize their basic physical properties with an emphasis on magnetism,
multiferroicity, specific heat; and subsequently optimize properties by substitution. Various physical
and chemical methods will be used, mainly the float zone method and wet chemistry routes for
sample preparation and DC/AC magnetometry, calorimetric methods and dielectric experiments for
sample characterization.



AN Ustav experimentalnej fyziky Slovenskej akadémie vied . s
- % verejna vyskumna institucia ‘ “ ’
,{? Watsonova 47, 040 01 KoSice : I J

" 7969 * ICO: 00166812, tel.: +421 55 7922 201, e-mail; sekr@saske.sk, https://uef.saske.sk My yaro® a

Téma: Nové supravodice na baze vysokoentropickych zliatin
Skolitel: RNDr. Gabriel Pristas, PhD.

Konzultant: Doc. RNDr. Karol Flachbart, DrSc.

Forma Stadia: denna - SAV

Anotacia: Vysoko-entropické zliatiny (VEZ) predstavuju relativne novua triedu materialov, ktora
je poslednom obdobi predmetom zna¢ného zaujmu v oblasti zdkladného ako aj aplikovaného
vyskumu. Tieto zliatiny pozostdvaji z niekolkych konstituénych prvkov (4 - 6), priCom
jednotlivé prvky obsadzuji mriezkové pozicie s vysokym stupiiom vzajomného neusporiadania,
t.j. s vysokou konfiguracnou entropiou. Supravodivost’ VEZ, s prechodovou teplotou Tc do cca.
10 K a kritickym magnetickym polom do cca. 20 T, je vel'mi stabilnd a odolna voci r6znym
chemickym ako aj mechanickym vplyvom.

Témou navrhovanej dizertanej prace bude priprava a vyskum vlastnosti novych supravodicov
na baze VEZ. Tieto budu zahriiovat VEZ, do ktorych budu inkorporované 'ahké prvky, napr.
dusik, uhlik alebo vodik, ¢o povedie k zmenam ich supravodivych vlastnosti. NavySe bude
skimany aj vplyv tlaku a hrabky tenkych filmov VEZ na ich supravodivé parametre. Student
bude pod vedenim Skolitel'a participovat’ na priprave a charakterizacii vzoriek, experimentalnom
vyskume, analyze dat a prezentacii dosiahnutych vysledkov.

Title: New superconductors based on high-entropy alloys
Supervisor: Dr. Gabriel Pristas

Co-supervisor: Assoc. Prof. Karol Flachbart

Form of study: Internal - Slovak Academy of Sciences

Annotation: High-entropy alloys (HEAS) represent a relatively new class of materials, which has
recently been the subject of considerable interest in both basic and applied research. These alloys
consist of several constituent elements (4 - 6), while individual elements occupy lattice positions
with a high degree of disorder, i.e. with high configurational entropy. Superconductivity of HEAs,
with transition temperature Tc up to approx. 10 K and a critical magnetic field up to approx. 20 T, is
very stable and resistant to various chemical and mechanical influences.

The topic of the proposed dissertation will be the preparation and research of the properties of new
superconductors based on HEAs. These will include HEAs, which will incorporate light elements,
e.g. nitrogen, carbon or hydrogen, which will lead to changes in their superconducting properties. In
addition, the influence of pressure and thickness of HEAs thin films on their superconducting
parameters will also be investigated. Under the guidance of the supervisor, the student will
participate in the preparation and characterization of samples, experimental research, data analysis
and presentation of the achieved results.
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Studijny program: Progresivne materialy

Garant UEF SAV, v. v. i.: RNDr. Ivan Skorvanek, CSc.

Téma: Nanomateridaly pre medicinske aplikdcie — functionalizdacia a fyzikdlno-chemickd
charakterizdcia magnetickych nanocastic na baze oxidov Zeleza

Skolitel’: Ing. Martina Koneracka, DrSc.

Konzultant: Doc. Mgr. Iryna Antal, PhD.

Forma Studia: dennd - SAV

Anotacia: Cielom prace bude zvladnut' technologiu pripravy magnetickych koloidnych
suspenzii na baze oxidov Zeleza, funkcionalizovat’ povrch nanocastic biologicky aktivnymi
latkami s cielom minimalizovat’ ich toxicitu a zabezpecit’ ich biokompatibilitu a stabilitu v
biologickych médiach. Dalej pripravené magnetické nanomaterialy charakterizovat’ z hl'adiska
rozmerovej distriblicie, morfoldgie, Struktury, zloZenia a magnetickych vlastnosti pouzitim
roznych technik. Zaroven sa bude skiimat’ ich vplyv na kontrast pri zobrazovani v magnetickej
rezonancii (MRI). Taktiez sa bude na pripravenych vzorkach merat’ mnozstvo vygenerovaného
tepla po aplikdcii magnetickej hypertermie v zavislosti od intenzity a frekvencie striedavého
magnetického pol'a. Vysledky stadia mézu byt pouzité pre cieleny transport lieciv, na detekciu
nadorovych buniek, ktord v kombinacii s hypertermiou a MRI moéze predstavovat vyznamny
pokrok pri detekcii a liecbe nadorovych ochoreni.

Title: Nanomaterials for medical application — functionalization and physicochemical
characterization of magnetic nanoparticles based on iron oxides

Supervisor: Dr. Martina Koneracka

Co-supervisor: Assoc. Prof. Iryna Antal

Form of study: Internal - Slovak Academy of Sciences

Annotation: The aim of the work will be to manage the technology of preparation of magnetic
colloidal suspensions based on iron oxide nanoparticles, to functionalize the surface of nanoparticles
with biologically active substances in order to minimize their toxicity and ensure their
biocompatibility and stability in biological media. Further, to characterize the prepared magnetic
nanomaterials in terms of size distribution, morphology, structure, stability, surface and magnetic
properties using various techniques. At the same time, their effect on contrast in magnetic resonance
imaging (MRI) will be investigated. The amount of heat generated after the application of magnetic
hyperthermia will be also measured on the prepared samples, depending on the intensity and
frequency of the alternating magnetic field. The results of the study can be used for targeted drug
delivery, for the detection of tumour cells, which in combination with hyperthermia and MRI can
represent a significant advance in the detection and treatment of cancer.



@mu_vgj& Ustav experimentalnej fyziky Slovenskej akadémie vied " o :
- % verejna vyskumna institucia ‘ “ ’
{? Watsonova 47, 040 01 KoSice : I :

&

" 7969 * ICO: 00166812, tel.: +421 55 7922 201, e-mail; sekr@saske.sk, https://uef.saske.sk My yaro® a

Téma: Magneticky mdiikké nanokrystalické zliatiny pripravené nekonvencénymi technikami
tepelného spracovania

Skolitel: RNDr. Ivan Skorvanek, CSc.

Konzultant: RNDr. Jozef Marcin PhD., Ing. Branislav Kunca, PhD.

Forma $tudia: denna - SAV

Anotacia: Dizertacnd praca je zamerand na cielené ovplyvilovanie Struktiry a magnetickych
vlastnosti nanokrystalickych zliatin na baze 3-d kovov pomocou nekonvenénych technik
tepelného spracovania. Planujeme pri tom pouzit' aparatiru na ultra-rychle Zzihanie tenkych
kovovych pasok skonstruovana na UEF SAV, ktora na rychly ohrev vyuziva vopred predhriate
masivne medené bloky pri¢om typické Casy Zihania st v rozsahu niekolkych sekind. V
porovnani s klasickymi technikami tepelného spracovania umoziuje vysoka rychlost ohrevu v
tomto zariadeni podstatne rozsirit’ rozsah kompozi¢nych zloZeni, ktoré su este schopné vytvarat’
nanokrystalick( $truktaru. DalSou nekonvenénou technikou tepelného spracovania bude Zihanie
vo vysokom magnetickom poli. Vo vybranych systémoch zliatin sa zameriame na §tidium zmien
ich Struktarnych a magnetickych vlastnosti. Hlavnym cielom prace je zlepSenie funk¢nych
vlastnosti Studovanych materidlov pre ich potencialne aplikécie v technickej praxi.

Title: Soft magnetic nanocrystalline alloys prepared by unconventional thermal processing
techniques

Supervisor: Dr. Ivan Skorvianek

Co-supervisor: Dr. Jozef Marcin, Dr. Branislav Kunca

Form of study: Internal - Slovak Academy of Sciences

Annotation: The PhD thesis is focused on the employment of unconventional techniques of
thermal processing in order to tailor the structural and magnetic properties of nanocrystalline
alloys based on 3-d metals. We plan to use facility for ultra-rapid annealing of thin metallic
ribbons constructed recently at IEP SAS. In this facility, the annealed samples are clamped
between pair of the pre-heated massive Cu-blocks and typical annealing times take few seconds.
High heating rates and much shorter processing times as compared to conventional annealing
allow extend the composition interval where the annealed samples are still capable to form
nanocrystalline structure. The other technique of thermal processing in this work is the annealing
in a presence of high magnetic fields. We plan to perform a detailed study of structural and
magnetic properties of selected alloy systems. The main goal of thesis is improvement of
functional properties of studied materials for potential technical applications.
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Téma: Multifunkcéné magnetické nanomaterialy pre vyuZitie v medicine
Skolitel: Ing. Vlasta ZaviSova, PhD.

Konzultant: RNDr. Martina Kubov¢ikova, PhD.

Forma $tudia: denna - SAV

Anotacia: Vacsina biologickych procesov prebieha v nanorozmeroch a to ndm ddva moznost
vd’aka technickému pokroku porozumiet’ tymto procesom a vytvarat' nové materialy. Magnetické
nanomateridly maji znaény potencial vyuZitia v oblasti mediciny napr. v distribtcii lieiva na
postihnuté miesta, v zobrazovani ale aj v terapii. Hlavnym cielom dizertacnej prace je nielen
priprava novych magnetickych nanomateridlov, naviazanie biologicky aktivnych latok a Stadium
ich fyzikalnochemickych vlastnosti ako si rozmer, tvar, Struktura, povrchovy naboj, magnetické
vlastnosti, ale aj skimanie vhodnosti ich pouzitia napr. v oblasti diagnostiky pre magneticka
rezonanciu.a lie¢bu ochoreni napr. magnetickou hypertermiou.

Title: Multifunctional magnetic nanomaterials for use in medicine
Supervisor: Dr. Vlasta ZaviSova

Co-supervisor: Dr. Martina Kubovcikova

Form of study: Internal - Slovak Academy of Sciences

Annotation: Most biological processes take place at the nanoscale, and this gives us the opportunity
to understand these processes and create new materials due to technical progress. Magnetic
nanomaterials have considerable potential for use in medicine, e.g. in the distribution of the drug to
the affected areas, in imaging, and in therapy. The main goal of the dissertation is not only the
preparation of new magnetic nanomaterials, the binding of biologically active substances and the
study of their physicochemical properties such as size, shape, structure, surface charge, magnetic
properties, but also the investigation of their suitability for use in the field of magnetic resonance
diagnostics and the treatment of diseases e.g. by magnetic hyperthermia.
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Studijny program: Jadrova a subjadrova fyzika

Garant UEF SAV, v. v. i.: RNDr. Ivan Kralik, CSc.

Téma: Vyvoj modelu vypoctov trajektorii kozmického Ziarenia v magnetosfére Zeme
Skolitel: RNDr. Pavol Bobik, PhD.

Konzultant: RNDr. Blahoslav Pastiréak, CSc.

Forma studia: denna - SAV

Anotacia: Simulécie trajektérii kozmického Ziarenia su ndstrojom na opis radiacnej situacie
v Zemskej magnetosfére. Su spojené s viacerymi vyskumnymi témami od radiacnej situdcie
V magnetosfére, témami kozmického pocasia, cez vplyv kozmického ziarenia na tvorbu oblakov
a sirSie vplyv na klimu az po skiimanie presnosti datovacej metody radioaktivneho uhlika C14.
Ciel'om prace je vylepSenie suCasnych modelov pre vypocty trajektoérii kozmického ziarenia
Vv magnetospfére aich vyuzitie na skiimanie vybranych problémov spojenych s kozmickym
ziarenim v magnetosfére Zeme. Medzi vybrané témy patri vyvoj modelu umoznujuceho
simuldciu intenzit kozmického Ziarenia pocas geomagnetickych burok, hladanie optimélnej
metodiky pre skumanie vplyvu kozmického Ziarenia na tvorbu oblakov a urenie vplyvu
krustalneho geomagnetického pol'a na energetické prahy kozmického Zziarenia na povrchu Zeme
a v magnetosfére.

Title: Cosmic ray trajectory in the Earth's magnetosphere model development
Supervisor: Dr. Pavol Bobik

Co-supervisor: Dr. Blahoslav Pastiréak

Form of study: Internal - Slovak Academy of Sciences

Annotation: Cosmic ray trajectories simulations are a tool for describing the radiation situation
in the Earth's magnetosphere. They are connected to several research topics from the radiation
situation in the magnetosphere, space weather topics, through the influence of cosmic radiation
on the formation of clouds and the wider influence on the climate to the investigation of the
accuracy of the dating method of radioactive carbon C14. The aim of the work is to improve the
current models for calculating the trajectory of cosmic rays in the magnetosphere and to use
them to investigate selected problems associated with cosmic rays in the Earth's magnetosphere.
Selected topics include the development of a model enabling the simulation of cosmic radiation
intensities during geomagnetic storms, the search for an optimal methodology for investigating
the influence of cosmic radiation on cloud formation, and determining the influence of the
crustal geomagnetic field on the energy thresholds of cosmic radiation on the Earth's surface and
in the magnetosphere.
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Téma: Stisdium vplyvu kozmického pocasia na oblast’ rozhrania medzi vesmirom a Zemou
Skolitel: RNDr. Simon Mackovjak, PhD.

Konzultant: Ing. Jan Kubanéak, PhD.

Forma stadia: dennd - SAV

Anotacia: Oblast’ rozhrania medzi vesmirom a Zemou sa nachadza vo vyskach 80 - 300 km nad
zemskym povrchom. Je to dynamick4 oblast’ neustdle ovplyvniiovand slnenym Ziarenim a
kozmickym pocasim zhora a atmosferickymi procesmi zospodu. Cielom prace je Studovat’ tuto
dynamiku najmé s dorazom na identifikaciu vplyvu javov kozmického pocasia. Vyuziji sa na to
optické pozorovania airglowu zo satelitnych misii a z pozemnych celooblohovych kamier a
fotometrov; merania parametrov ionosféry z GNSS prijimacov a radiovych systémov zaloZenych
na principe Dopplerovho posunu; data kozmického pocasia popisujice slne¢nt aktivitu, slnecny
vietor, medziplanetdrne magnetické pole a naruSenie geomagnetického pola. Praca sa bude
zaoberat’ detailnymi pripadovymi Stidiami konkrétnych udalosti a tiez vSeobecnym datovo-
riadenym pristupom s vyuzitim technik strojového ucenia. Ziskané poznatky prispeju k lepSiemu
pochopeniu dosledkov kozmického pocasia na prostredie, ktoré vyznamne ovplyviiuje
komunikaciu a prevadzku satelitov a teda je dolezité aj pre cela spolo¢nost’.

Title: Study of space weather influence on Earth’s interface to space
Supervisor: Dr. Simon Mackovjak

Co-supervisor: Dr. Jan Kubanéak

Form of study: Internal - Slovak Academy of Sciences

Annotation: The Earth’s interface region to space is located at altitudes of 80-300 km. It is a
dynamic environment constantly influenced by solar radiation and space weather from above and
atmospheric processes from below. The main objective is to study these dynamics, especially
with a focus on identifying the influence of space weather phenomena. For this purpose the
following data will be used: optical observations of airglow from satellite missions and ground-
based all-sky cameras and photometers; measurements of ionosphere parameters from GNSS
receivers and radio systems based on the Doppler shift principle; space weather data describing
the solar activity, the solar wind, the interplanetary magnetic field, and disturbances in the
geomagnetic field. The work will be dedicated to detailed case studies of specific events as well
as to a general data-driven approach using machine learning techniques. The obtained knowledge
will contribute to a better understanding of the consequences of space weather on the interface
region, which significantly affects the communication and operation of satellites and is therefore
crucial for the entire society.
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FAKULTA ELEKTROTECHNIKY A INFORMATIKY TUKE

Studijny program: Fyzikalne inZinierstvo progresivnych materiilov

Garant UEF SAV, v. v. i.: Doc. RNDr. Slavomir Gabani, PhD.

Téma: Jednosmerny rast REBCO masivnych krystdalov, Struktiura a supravodivé vilastnosti
Skolitel’: Ing. Pavel Diko, DrSc.

Konzultant: RNDr. Jozef Bednar¢ik, PhD.

Forma studia: dennad - SAV

Anotacia: Téma je zamerana na pripravu REBCO (REBCO znamena zlu¢eninu REBa2Cu307,
kde RE je Y alebo vzicna zemina) masivnych monokrystalickych supravodi¢ov (MMS)
jednosmernym rastom (Single-Direction Melt-Growth: SDMG) z velkoplosného zarodku a
Stidium ich mikroStruktiry a supravodivych vlastnosti. SDMG technoldgia bola iba nedavno
vyvinuta [1] a predstavuje vyrazny pokrok v priprave REBCO MMS pre praktické aplikacie,
lebo umoziuje pripravu velkorozmernych krystalov s komplikovanou geometriou.

Rast masivnych REBCO krysStalov, Struktarna analyza a meranie makroskopickych
supravodivych vlastnosti budi uskutoénené na zariadeniach Oddelenia materialovej fyziky UEF
metodami bezkelimkového rastu krystalov, RTG difrakcie, optickej a elektronovej mikroskopie,
meranim zachyteného magnetického pol’a a levitacnej sily pri 77 K. Magnetiza¢né merania buda
realizované na zariadeniach UEF SAV.

Title: Single-directional growth of REBCO bulk crystals, structure and superconducting
properties

Supervisor: Dr. Pavel Diko

Co-supervisor: Dr. Jozef Bednarc¢ik

Form of study: Internal - Slovak Academy of Sciences

Annotation: The topic is focused on the preparation of REBCO (REBCO means the compound
REBa2Cu307, where RE is Y or rare earth) massive monocrystalline superconductors (MMS)
by single-direction melt-growth (SDMG) from a large-area seed and the study of their
microstructure and superconducting properties. The SDMG technology was only recently
developed [1] and represents a significant advance in the preparation of REBCO MMS for
practical applications, as it enables the preparation of large-sized crystals with complicated
geometry.

The growth of massive REBCO crystals, structural analysis and measurement of macroscopic
superconducting properties will be carried out at the facilities of the Materials Physics
Department of the UEF using methods of crucibleless crystal growth, X-ray diffraction, optical
and electron microscopy, measurement of the captured magnetic field and levitation force at 77
K. Magnetization measurements will be carried out at the facilities UEF SAS.

Literattra / Literature:

[1] T. Motoki, R. Sasada, T. Tomihisa, M. Miwa, S. Nakamura, J. Shimoyama, Development of
homogeneous and high-performance REBCO bulks with various shapes by the single-direction
melt-growth (SDMG) method, Supercond. Sci. Technol. 35 (2022)
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Téma: Nové supravodice na baze vysokoentropickych zliatin
Skolitel: Doc. RNDr. Karol Flachbart, DrSc.

Konzultant: RNDr. Gabriel Pristas, PhD.

Forma $tudia: denna - SAV

Anotacia: Vysoko-entropické zliatiny (VEZ) predstavuju relativne novu triedu materialov, ktora
je v poslednom obdobi predmetom zna¢ného zdujmu v oblasti zdkladného ako aj aplikovaného
vyskumu. Tieto zliatiny pozostavaju z niekolkych konstituénych prvkov (4 - 6), priCom
jednotlivé prvky obsadzuju mriezkové pozicie s vysokym stupfiom vzdjomného neusporiadania,
t.J. s vysokou konfiguracnou entropiou. Supravodivost’ VEZ, s prechodovou teplotou Tc do cca.
10 K a kritickym magnetickym polom do cca. 20 T, je velmi stabilnd a odolnd voc¢i rdznym
chemickym ako aj mechanickym vplyvom.

Témou navrhovanej dizertacnej prace bude priprava a vyskum vlastnosti novych supravodicov
na baze VEZ. Tieto budu zahriiovat’ VEZ, do ktorych buda inkorporované 'ahké prvky, napr.
dusik, uhlik alebo vodik, ¢o povedie k zmenam ich supravodivych vlastnosti. Prvé vysledky
prezentované v praci [1] napr. ukazuji, ze inkorpordcia dusika do VEZ vedie az k osem-
nasobnému zvyseniu prechodove;j teploty Tc.

Vyskum v ramci dizertaénej prace bude vykonavany v Centre fyziky nizkych teplot Ustavu
experimentalnej fyziky SAV, ktoré ma K dispozicii vSetku potrebnt infrastrukturu.

Title: New superconductors based on high entropy alloys
Supervisor: Assoc. Prof. Karol Flachbart
Co-supervisor: Dr. Gabriel Pristas

Form of study: Internal - Slovak Academy of Sciences

Annotation: High-entropy alloys (HEAS) represent a relatively new class of materials, which
has recently been the subject of considerable interest in both basic and applied research. These
alloys consist of several constituent elements (4 - 6), while individual elements occupy lattice
positions with a high degree of disorder, i.e. with high configurational entropy.
Superconductivity of HEAs, with transition temperature Tc up to approx. 10 K and a critical
magnetic field up to approx. 20 T, is very stable and resistant to various chemical and
mechanical influences.
The topic of the proposed dissertation will be the preparation and research of the properties of
new superconductors based on HEAs. These will include HEAs, which will incorporate light
elements, e.g. nitrogen, carbon or hydrogen, which will lead to changes in their superconducting
properties. The first results presented in work [1] e.g. show that the incorporation of nitrogen
into HEAs leads to an eightfold increase in the transition temperature Tc.
Research in the framework of the dissertation will be carried out in the Center of Low
Temperature Physics of the Institute of Experimental Physics of the SAS, which has all the
necessary infrastructure at its disposal.

Literattra / Literature:

[1] G. Pristas, ..., K. Flachbart, Multiple transition temperature enhancement in superconducting
TiNbMoTaW high entropy alloy films through tailored N incorporation, Acta Materialia 262
(2024), 119428
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Téma: Kvantové materidly v extrémnych podmienkach
Skolitel: Doc. RNDr. Slavomir Gabani, PhD.
Konzultant: RNDr. Matas§ Orenda¢, PhD.

Forma $tudia: denna - SAV

Anotacia: Kvantové materidly, ako st napriklad frustrované magnety, topologické izolatory,
silne korelované¢ kovy alebo exotické supravodice, dnes zaujimaji popredné miesto
V teoretickom 1 experimentdlnom S$tadiu tuhych latok a zaCinaji sa pouzivat v aplikacidch
spojenych s kvantovymi technologiami. Pochopenie zékladného stavu takychto systémov si
vyzaduje ich skiimanie v extrémnych podmienkach, t.j. pri vel'mi nizkych teplotach, vysokych
magnetickych poliach ¢i tlakoch. Konkrétne by sa dizertacna praca zaoberala Stadiom vplyvu
vysokého magnetického pol'a a hydrostatického tlaku na tepelné, transportné a magnetické
vlastnosti vybranych tetra-, hexa- a dodekaboridov pri kelvinovych az milikelvinovych
teplotach.

Title: Quantum materials under extreme conditions
Supervisor: Assoc. Prof. Slavomir Gabani
Co-supervisor: Dr. Matus§ Orendac

Form of study: Internal - Slovak Academy of Sciences

Annotation: Quantum materials, such as frustrated magnets, topological insulators, strongly
correlated metals or exotic superconductors, are highlights in the theoretical and experimental
study of solids and are beginning to be used in applications connected with quantum
technologies. Understanding the ground state of these systems requires their investigation under
extreme conditions, i.e. at very low temperatures, high magnetic fields or pressures. Specifically,
the dissertation would deal with the study of the influence of a high magnetic field and
hydrostatic pressure on the thermal, transport and magnetic properties of selected tetra-, hexa-
and dodecaborides at kelvin to millikelvin temperatures.

Literatara / Literature:

[1] GABANI S. et al., Magnetism and superconductivity of rare earth borides, Journal of Alloys
and Compounds 821 (2020), 153201

[2] GABANI S. a kol., Fyzika a technika vysokych tlakov II., skripta, UEF SAV Kosice, 2016




AN Ustav experimentalnej fyziky Slovenskej akadémie vied . s
- % verejna vyskumna institucia ‘ “ ’
,{? Watsonova 47, 040 01 KoSice : I J

" 7969 * ICO: 00166812, tel.: +421 55 7922 201, e-mail; sekr@saske.sk, https://uef.saske.sk My yaro® a

Téma: Nové multiferoické funkcné materialy a magnetoelektricka fyzika
Skolitel: RNDr. Matis Mihalik, PhD.

Konzultant: RNDr. Marian Mihalik, CSc.

Forma $tudia: denna - SAV

Anotacia: Oxidy tranzitivnych kovov st intenzivne Studované a to z ddvodu vysokého
aplika¢ného potencialu ako katddy pre palivové €lanky, senzory pre detekciu roznych plynov a v
neposlednom rade ako komponenty zo silnou magnetoelektrickou vidzbou pre elektroniku. Téma
je zamerana na hladanie novych multiferoickych materidlov a optimalizaciu ich vlastnosti so
zretelom na aplikacné vyuzitie. Nové materidly buda hl'adané najmé v rodindch materialov typu
REMnN,.xFexO3 a REMnyTi,O3 (RE = vzacne zeminy; 0 < x < 1). Pre tieto typy materialov uz
bola pozorovana multiferoicita napr. v zlu¢eninach ErMnO3 a TbMny4FeO3; x < 0.02. Student v
ramci $tudia prejde vSetkymi krokmi experimentdlneho vyskumu od pripravy a charakterizacie
vzoriek, experimenty (doraz na magnetizmus, magneto-elektricki védzbu, multiferoicitu a
optimalizaciu parametrov), analyzu dat a prezentaciu dosiahnutych vysledkov. To zaisti, ze
clovek, ktory ukonci toto Studium bude mat’ Siroky rozhl'ad na poli experimentdlnej fyziky a
bude schopny pokracovat’ vo svojej kariére v zakladnom, alebo aplikovanom vyskume.

Title: Novel multiferroic functional materials and magnetoelectric physics
Supervisor: Dr. Mata§ Mihalik

Co-supervisor: Dr. Marian Mihalik

Form of study: Internal - Slovak Academy of Sciences

Annotation: Transition metal oxides are intensively studied due to their high application
potential as cathodes for fuel cells, sensors for the detection of various gases and, last but not
least, as components with strong magnetoelectric coupling for electronics. The topic is focused
on the search for new multiferroic materials and the optimization of their properties with regard
to application use. New materials will be searched mainly in the REMn(1-x)FexO3 and
REMN(1-x)TixO3 material families (RE = rare earths; 0 < x < 1). Multiferroicity has already
been observed for these types of materials, e.g. in ErMnO3 and TbMn(1-x)FexO3 compounds; X
< 0.02. Within the course of the study, the student will go through all the steps of experimental
research from the preparation and characterization of samples, experiments (emphasis on
magnetism, magneto-electric coupling, multiferroicity and parameter optimization), data analysis
and presentation of the achieved results. This will ensure that the person who completes this
study will have a broad perspective in the field of experimental physics and will be able to
continue their career in basic or applied research.

Literattra / Literature:
[1] Matus Mihalik, Kornel Csach, Viktor Kavecansky, Marian Mihalik, Cooperative Jahn-Teller
effect in NdMnyFexO;.5 (0 <x <0.2), Journal of Alloys and Compounds 857 (2021), 157612
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Téma: Magnetické kvapaliny na ziskavanie energie
Skolitel': RNDr. Michal Rajiiak, PhD.

Konzultant: Ing. Katarina Paulovi¢ova, PhD.
Forma stadia: dennd - SAV

Anotacia: Téma dizertacnej prace suvisi s aktualnou potrebou hl'adania novych materialov a
principov pre alternativne a obnoviteI'né zdroje elektrickej energie. Predmetom tohto projektu je
experimentalny vyskum magnetickych kvapalin vo funkcii efektivnych médii sltZiacich na
premenu mechanickych vibracii a stratového tepla na elektricka energiu. Prvym cielom tohto
projektu je pripravit' nizko-visk6zne magnetické kvapaliny s vysokymi hodnotami pociatocnej
magnetickej susceptibility a magnetizacie nasytenia. Tieto kvapaliny budu pripravené na baze
uhl'ovodikovych olejov a vody. Disperzna faza bude pozostavat z magnetickych nanocastic
roznych tvarov (najmé oxidy Fe a Co). Druhym cielom je implementovat’ tieto magnetické
kvapaliny v magnetickych obvodoch na ziskavanie energie z mechanickych vibracii a
analyzovat’ generovanu elektromotorickil silu. Analyza ziskanej energie sa bude opierat’ o
experimentalne Stidium hydrodynamiky a magnetickych interakcii magnetickych kvapalin v
systémoch na ziskavanie energie. Tretim cielom projektu je pripravit magnetické kvapaliny
umoziujice magnetickym polom riadenu termoelektricki premenu. Tieto kvapaliny budu
pripravené ako koloidné suspenzie povrchovo funkcionalizovanych magnetickych nanocastic v
roznych i6novych kvapalinach tak, aby sa ziskala Co najvicsSia termoelektrickd ucinnost’. Ta
bude hodnotena na zaklade merania tepelnej vodivosti, elektrickej vodivosti a Seebeckovho
koeficientu v Sirokej Skale teploty a intenzity magnetického pola.

Title: Magnetic fluids for energy harvesting
Supervisor: Dr. Michal Rajnak

Co-supervisor: Dr. Katarina Paulovi¢ova

Form of study: Internal - Slovak Academy of Sciences

Annotation: The topic of the dissertation is related to the current need to find new materials and
principles for alternative and renewable sources of electrical energy. The subject of this project is
the experimental research of magnetic fluids as effective media for the conversion of mechanical
vibrations and waste heat into electrical energy. The first goal of this project is to prepare low-
viscosity magnetic fluids with high values of initial magnetic susceptibility and saturation
magnetization. These liquids will be prepared based on hydrocarbon oils and water. The
dispersed phase will consist of magnetic nanoparticles of various shapes (especially Fe and Co
oxides). The second goal is to implement these magnetic fluids in magnetic circuits to harvest
energy from mechanical vibrations and analyze the generated electromotive force. The analysis
of the recovered energy will be based on the experimental study of hydrodynamics and magnetic
interactions of magnetic fluids in energy recovery systems. The third goal of the project is to
prepare magnetic fluids enabling magnetic field-controlled thermoelectric conversion. These
liquids will be prepared as colloidal suspensions of surface-functionalized magnetic
nanoparticles in various ionic liquids in order to obtain the greatest possible thermoelectric
efficiency. This will be evaluated based on the measurement of thermal conductivity, electrical
conductivity and Seebeck coefficient in a wide range of temperature and magnetic field intensity.

Literattra / Literature:

[1] M. Rajnak et al., Phys. Fluids 34 (2022), 107106

[2] M. Rajnak et al., Phys. Fluids 33 (2021), 082006

[3] M. Rajnak et al., J. Chem. Phys. 158 (2023), 204901
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Téma: Struktitrne prechody v nanokompozitoch na bdze kvapalnych krystilov
Skolitel: RNDr. Natalia Tomasovi¢ova, CSc.

Konzultant: RNDr. Veronika Lackova, PhD.

Forma $tudia: denna - SAV

Anotacia: Kvapalné krystaly predstavuju triedu mékkych kondenzovanych latok. Ich
charakteristickou vlastnostou je kombinacia tekutych vlastnosti klasickych kvapalin
a anizotropnych elektrickych, magnetickych a optickych vlastnosti tuhych krystalickych latok.
Dnes st zname hlavne vd’aka ich vyuzitiu ako displejov v pocitacoch, notebookoch, telefonoch
a televizoroch.  Kvapalné krystaly maji vysoky potencidl vyuzitia v mnohych oblastiach
Hi-Tech priemyslu ako st biotechnologie, telekomunikacie a optické spracovanie. Nové
aplikacie si vyzaduji nové materialy, Casto s dost’ exotickymi vlastnostami, a nové technologie.
Vo vSeobecnosti, experimentalne vysledky potvrdili, Ze dopovanie kvapalnych krystalov malym
mnozstvom rdznych typov nanocastic vyrazne modifikuje vlastnosti takychto kompozitov.
Hlavnym cielom d’alSieho vyskumu v tejto oblasti je optimalizacia tychto kompozitov vzhladom
na kvapalno-krystalicki matricu, typ Castic aich koncentraciu s cielom prispiet’” k novym
aplikaciam.

Title: Structural transitions in nanocomposites based on liquid crystals
Supervisor: Dr. Natalia TomaSovi¢ova

Co-supervisor: Dr. Veronika Lackova

Form of study: Internal - Slovak Academy of Sciences

Annotation: Liquid crystals (LCs) belong to a class of soft condensed matter that is
characterized by the combination of the fluidity of ordinary liquids with the anisotropy of
electric, magnetic and optical properties of crystalline solid materials. Nowadays LCs are best
known for their successful applications in computer, notebook, phone and TV displays. There
are many sectors of hi-tech industry where LCs have great potentials, such as biotech,
telecommunication, and optical processing. The new applications require new materials,
sometimes with rather exotic properties, and new technologies. In general, experimental results
evidence that doping the LC with a small amount of the different kind of nanoparticles affects
the properties of the composite material considerably. The most important for further research in
this direction is the optimization of these composites with respect to the liquid crystal matrix, to
the type and concentration of nanoparticles, in order to contribute to possible applications.

Literatara / Literature:

[1] N. Tomasovicova, M. Batkova, I. Batko, V. Lackova, V. Zavisova, P. Kopcansky, J. Jadzyn,
P. Salamon, T. To6th-Katona, Orientational self-assembly of nanoparticles in nematic droplets,
Nanoscale Adv. 3 (2021), 2777




NTALNES Ustav experimentalnej fyziky Slovenskej akadémie vied S ‘
- verejna vyskumna institucia ‘ *’

Watsonova 47, 040 01 KoSice

7 9e0 " 160: 00166812, tel.: +421 55 7922 201, e-mail: sekr@saske.sk, https:/uef.saske.sk i

FAKULTA MATERIALOV, METALURGIE a RECYKLACIE TUKE

Studijny program: Materiily

Garant UEF SAV, v. V. i.: RNDr. Marian Mihalik, CSc.

Téma: Vplyv obsahu kyslika na funkcionalitu RMnO3 materidlov s perovskitovou Struktiirou
Skolitel: RNDr. Marian Mihalik, CSc.

Konzultant: RNDr. Matas Mihalik, PhD.

Forma studia: denna - SAV

Anotacia: Ortorombické materially RMnO3 s perovskitovou Struktarou vykazuju funkcionalne
vlastnosti v dosledku velkej variability Struktirnych parametrov a rozmanitosti typov
magnetického usporiadania v tychto materidlov. Otvorenou otdzku je do akej miery cielené
generovanie vakancii v polohdch kyslika ovplyvni funkciondlne vlastnosti spojené s
magnetickym usporiadanim. Ukazali sme, Ze dopad podmienok pripravy GdMnO3 v atmosfére
vzduch, Ar alebo O2 na magneticky fazovy prechod spojeny s generovanim silnej magneto —
elektrickej vdzby je obrovsky. Témou doktorandského Studia je zistit do akej miery takto
vytvorena defektna Struktura ovplyviiuje funkcionalitu tychto materialov. Uspesné absolvovanie
doktorandského Stadia predpoklada zvladnutie pripravy vhodnych materidlov vo forme
nanopraskov, keramik a krystalov ako aj ich charakterizaciu z pohl'adu Struktary, magnetickych
a elektrickych vlastnosti.

Title: The effect of oxygen content on the functionality of RMnO3 materials with a perovskite
structure

Supervisor: Dr. Marian Mihalik

Co-supervisor: Dr. Matas Mihalik

Form of study: Internal - Slovak Academy of Sciences

Annotation: Orthorhombic RMnO3 materials with a perovskite structure exhibit functional
properties due to the large variability of structural parameters and the variety of types of
magnetic ordering in these materials. An open question is to what extent the targeted generation
of vacancies in oxygen positions will affect the functional properties associated with the
magnetic arrangement. We have shown that the impact of the preparation conditions of GdMnO3
in an atmosphere of air, Ar or O2 on the magnetic phase transition associated with the generation
of a strong magneto-electric coupling is enormous. The topic of the doctoral study is to find out
to what extent the defective structure created in this way affects the functionality of these
materials. Successful completion of the doctoral studies requires mastering the preparation of
suitable materials in the form of nanopowders, ceramics and crystals, as well as their
characterization from the point of view of structure, magnetic and electrical properties.

Literattra / Literature:

[1] Matas Mihalik, A. Pacanowska, M. Orendac, K. Csach, M. Fitta, Marian Mihalik, Vacancy-
driven magnetism of GAMnO3+ 6 multiferroic compound, Journal of Magnetism and Magnetic
Materials 587 (2023) 171221
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Téma: Nové funkcéné materidaly na baze perovskitovej Struktiry
Skolitel: RNDr. Matis Mihalik, PhD.

Konzultant: RNDr. Marian Mihalik, CSc.

Forma $tudia: denna - SAV

Anotacia: Perovskitové materidly su intenzivne Studované a to z dovodu vysokého aplikaéného
potencialu ako katody pre palivové €lanky, senzory pre detekciu rdznych plynov, alebo materialy
s magnetickymi vlastnostami vhodnymi pre aplikacné pouZitie. Téma je zamerana na hl'adanie
novych materialov typu RET1-X7'XO3 (RE = vzacna zemina; T, T’ = tranzitivny kov; 0 <x < 1)
a optimalizaciu ich vlastnosti. Student bude zaskoleny vo vsetkych krokoch experimentélneho
vyskumu od pripravy a charakterizacie vzoriek, cez experimenty (doraz na magnetizmus a
optimalizaciu parametrov), analyzu dat a prezentaciu vysledkov. Absolvent bude mat’ Siroky
rozhl'ad na poli experimentéalnej fyziky, ktory bude moct’ vyuzit’ ako v zdkladnom vyskume, tak
aj v priemysle.

Title: Novel functional materials based on perovskite structure
Supervisor: Dr. Matas Mihalik

Co-supervisor: Dr. Marian Mihalik

Form of study: Internal - Slovak Academy of Sciences

Annotation: Perovskite materials are intensively studied due to their high application potential
as cathodes for fuel cells, sensors for the detection of various gases, or materials with magnetic
properties suitable for application use. The topic is focused on the search for new materials of the
RET1-xT'xO3 type (RE = rare earth; T, T' = transitive metal; 0 < x < 1) and optimization of their
properties. The student will be trained in all steps of experimental research from sample
preparation and characterization, through experiments (emphasis on magnetism and parameter
optimization), data analysis and presentation of results. The graduate will have a broad
perspective in the field of experimental physics, which he will be able to use both in basic
research and in industry.

Literattra / Literature:
[1] M. Mihalik jr., M. Vavra, Z. Mol¢anova, J. Brian¢in, M. Mihalik, Magnetic phase diagram of
SmMn1-xFexO3 substitutional system, Physica B 660 (2023), 414850




