Témata disertaci pro akademicky rok 2016/2017 na P¥F UJEP.

Topics for dissertation thesis for the academic year 2016/2017 at the Faculty of Science
UJEP.

1. Metaloorganickeé sité pro biologické aplikace
Metal-organic frameworks for biological applications

Skolitel/supervizor: Ing. Kamil Lang, CSc., DSc.
Ustav anorganické chemie AVCR, Rez
Kontakt/contact: lang@iic.cas.cz

Anotace: Projekt je zaméfen na vyvoj novych typl poréznich nanocéstic a jejich vyuziti
pro fotodynamickou terapii a baktericidni, luminiscen¢ni a sorp¢ni (nano)materialy.
Experimentalni prace bude probihat pfevazné na Ustavu anorganické chemie AVCR
v Rezi. Nanogastice jsou slozeny z metaloorganickych siti (metal-organic frameworks,
dale nazyvané jako MOF), coz jsou krystalické koordina¢ni polymery, jejichZ organicko-
anorganickd povaha umoznuje velkou strukturni modularitu. Organizovana struktura
MOF1 je vyhodou pro piipravu nanocastic obsahujicich fotoaktivni spojnice a synergicka
povaha interakce mezi spojnicemi, sekundarnimi stavebnimi jednotkami a molekulami
Vv porech je zédkladem vyvoje novych nanomateridli.

Annotation: The project aims at the development of new types of porous nanoparticles
and their application in photodynamic therapy and for bactericidal, luminescent, and
sorption (nano)materials. Experimental work will be predominantly performed at the
Institute of Inorganic Chemistry of the CAS in Rez. Nanoparticles are made of metal-
organic frameworks (MOFs). MOFs are crystalline materials and their organic-inorganic
nature results in a structure modularity, which allows a rational design and synthesis of
various topologies. Organized structure of MOFs is advantageous for syntheses of
nanoparticles composed of photoactive linkers. Synergistic interactions among linkers,
secondary building units, and molecules embedded in pores are bases for the development
of new nanomaterials.

2. Funkcionalizace povrchi polymernich substratu

Surface functionalization of polymeric substrates

Skolitel: Doc. Ing. Zdenka Kolska, Ph.D., PtF UJEP Usti nad Labem

Supervisor: Doc. Ing. Zdenka Kolska, Ph.D., PiF UJEP Usti nad Labem



Anotace:

Experimentalni prace bude zaméfena na modifikaci povrchit polymernich materiali
fyzikalnimi a chemickymi cestami. Polymerni materialy budou testovany ve formé ¢astic,
folii a nanovléaken. K aktivaci povrchu bude pouzito (i) UV zafeni, (ii) chemicka aktivace
Piranha roztoky. Bude sledovan vliv slozeni Piranha roztoki, vliv doby expozice a vliv
starnuti vzork na zménu povrchovych vlastnosti testovanych materiald. Na aktivované
povrchy budou nasledné roubovany nové chemické vlastnosti s cilem ziskat materialy se
zvySenou cytokompatibilitou a/nebo zvySenou antimikrobialni aktivitou.

Testované materidly budou pfed a po jednotlivych krocich aktivace ¢i chemické
modifikace testovany dostupnymi technikami. Pro urfeni smécivosti bude pouzita
goniometrie, pro studium povrchové chemie a naboje na povrchu budou pouZzity XPS,
elektrokinetickd analyza, UV-Vis spektroskopie. Dale budou pro studium materiali
pouzity dalsi dostupné techniky, napi. BET analyza pro velikost povrchu, ptipadné XRD,
AFM, atd.). Na vybranych studovanych povrSich budou téZ probihat zejména
antimikrobialni testy (napf. antibakterialni testy nebo testy na inhibici ristu fas, apod.)

Annotation:

Polymer substrates in the form of particles, foils or nanofibers will be activated by
physical treatment using UV radation or by chemical action with Piranha solutions. The
effect of exposure time, solution composition and ageing time will be studied. Surface
properties of tested materials before and after surface changes will be characterized by
available techniques (goniometry, electrokinetic analysis, AFM, XPS, BET surface area,
XRD). Also some antimicrobial tests will be realized on tested surfaces.

3. Studium biologickych u¢inka novych typu karbosilanovych dendrimeri

The study of biological effects of new types of carbosilane dendrimers

Skolitel/supervizor: RNDr. Jan Maly, PhD, PfF UJEP Usti nad Labem
Kontakt/contact: malyjalga@seznam.cz

Konzultant: RNDr. Marek Maly, PhD

Anotace/ annotation:

Cilem préace bude studovat vliv typu, generace a povrchovych modifikaci polymernich
nanodastic, tzv. karbosilanovych dendrimerti na interakci s modelovymi biologickymi
membranami (lipozémy, sBLM, bunééné membrany), modelovymi bunéénymi kulturami
a vybranymi biomakromolekulami (peptidy, nukleové kyseliny). Ke studiu budou vyuzity
dendrimery piipravené v laboratotich spolupracujicich partnerd (v CR tak i v zahraniéi)
S potencidlem jejich biomedicinského vyuziti napf. v oblasti cilené dopravy léciv ¢i
diagnostiky. Ptredpoklddd se vyuziti zejména biofyzikalnich metod (napt. spektro-



fluorimetrie, mikroskopie atomarnich sil, dynamicky rozptyl svétla, stanoveni elektro-
kinetického potencialu, elektroforéza atp.) a provadéni experimenti na modelovych
bunéénych liniich (studium cytotoxicity a transfekce, vyuziti pritokové cytometrie,
fluorescenéni mikroskopie atp.). Tyto techniky jsou dostupné na pracovisti UJEP. V ramci
studia se predpoklada zahrani¢ni staz na nékterém ze spolupracujicich pracovist’. Prace je
finan¢né podpotena fesenym projektem GACR.

Annotation: The aim of this project is to study the effect of type, generation and and
surface modification of carbosilane denrimeric nanoparticles on interaction with model
biological membranes (liposomes, sBLM, cell membranes) and the selected cell cultures
biomacromolecules (peptides, nucleic acids). Materials will be prepared with regard to
their potential biomedical uses, i.e. in targeted drug delivery and diagnostics and
characterized by biophysical methods (e.g. fluorimetry spectroscopy, atomic force
microscopy, fluorescence microscopy, dynamic light scattering, the determination of the
electro-kinetic potential, electrophoresis) and by cytotoxicity, transfection studies, flow
cytometry, etc

4. Nové luminiscentni makro-polyedralni nanostruktury na bazi hydrida boru.
New Luminescent Macropolyhedral Boron Hydrides

Skolitel/supervizor: Dr. Michael Londesborough UACH AV CR ReZ u Prahy
Kontakt/contact: Michaell@iic.cas.cz

Anotace:

Cilem projektu je design fady novych luminiscentnich nanomaterialti na bazi hydrida boru
a jejich derivatd v raznych formach (tenké vrstvy, nanokompozity...). Prace bude
zahrnovat syntézu nanomateriali a jejich charakterizaci, véetné teoretickych vypocetnich
studii. Cilem prace je zvySeni vykonnosti boranovych laseri a design novych typua
laditelnych lasera.

Annotation: This project will generate a portfolio of new luminescent borane molecules,
polymers and films synthetically designed (on the basis of experimental observations and
computational analyses) to increase the laser efficiency of borane materials, thus making
them a novel and competitive alternative to the present conjugated carbon-based laser dyes
as the active medium for widely tunable laser sources.

5. Studium krystalickych materiali obsahujicich nano-¢astice metodou RBS-channeling
Study of crystalline materials containing nano-particles using RBS-channeling

Skolitel/Supervisor:Doc. RNDr. Anna Mackova, PhD. (UJF AV CR)
Kontakt/contact: tel: 266172102, fax: 220940141, e-mail: mackova@ujf.cas.cz



Anotace/Annotation: Ptiprava nano-struktur metodou iontové implantace je v soucasné
dobé velmi pouzivana technologie. Implantace ionti vzacnych zemin do krystalickych
materidl je progresivni zpisob, jak vytvofit materidly s vyznacnymi optickymi a
luminiscen¢nimi vlastnostmi Aplikace téchto materiald ve fotonice a spintronice je velmi
perspektivni. Analytickd metoda RBS — channeling je zaloZena na kandlovani nabité
castice v periodickém potencialu krystalické miizky, kdy Castice prochazi mnoha rozptyly
pod malymi uhly a pohybuje se tak, ze vytézek ve spektru zpétn¢ odrazenych iontii prudce
klesa. Skenovanim vytézku rozptylu v zévislosti na thlu vzhledem k axialni ose kanalu
ziskame informace o polohach atoml v intersticialnich polohach a pfitomnosti defektt
v krystalu. Ukolem doktorské prace bude piiprava nano-struktur metodou iontové
implantace, charakterizace ptipravenych nano-struktur metodami RBS, RBS — channeling
a simulace vytézku iontd podél jednotlivych krystalografickych orientaci s aplikaci na
strukturni analyzu téchto materialii. Na vySe zminéné problematice spolupracujeme s
pracovisti VSCHT Praha, Helmholtz Zentrum Dresden-Rossendorf a Physical-Technical
Institute, Kazan, kde se pfedpokladaji staZze doktoranda.

Annotation: Nano-structure deposition using ion implantation technique is very promising
technology nowadays. Rare earth ion implantation into crystalline materials serves as a
progressive way to develop new materials with the extraordinary optical and luminescent
properties. RBS channeling analytical method is based on the charged particle channeling
in the periodic potential of crystalline atom rows. The penetrating ion beam is focused in
the forward direction and the back-scattering probability decreases significantly, thus the
yield of the back-scattered ions in the spectra is descending function of the incoming beam
angle. Following the back-scattered ion yield in dependence to the incoming angle of ions
gives us information about the impurity atoms positions, disordered atoms in the
interstitials positions etc. The main goal of the proposed work will be the preparation of the
nano-structures by means of the ion implantation, characterization of the prepared nano-
structures by RBS and RBS channeling and the simulation of ion yields according to the
different crystallographic orientations.

Simulace axialniho kanalovani v krystalickych materidlech a srovnani s
experimentalnimi daty ziskanych metodami RBS-channeling and PIXE channeling

Axial ion channeling simulation in crystalline materials comparing to experimental
data obtained from RBS channeling and PIXE channeling

Skolitel/Supervisor:Doc. RNDr. Anna Mackova, PhD. (UJF AV CR)
Kontakt/contact: tel: 266172102, fax: 220940141, e-mail: mackova@ujf.cas.cz

Anotace/annotation: Analytickd metoda Rutherford Backscattering Spectrometry —
channeling (RBS-channeling) je zalozena na kanalovani nabité Castice v periodickém
potencialu krystalické mtizky, kdy ¢astice prochazi mnoha rozptyly pod malymi uhly a
pohybuje se tak, ze vytézek ve spektru zpétné odrazenych iontl prudce klesa. Skenovanim
vytézku rozptylu v zavislosti na uhlu vzhledem k axialni ose kanalu ziskame informace o
polohdch atomt v intersticidlnich polohédch a pfitomnosti defektd v krystalu. Pro pfesnou
interpretaci kanalovacich méfeni je nezbytné pouzit simulaci metodou MC (Monte Carlo)
zalozené na aproximaci procesu bindrnimi kolizemi a se zapocitanim pravdépodobnosti
nejbliz§iho priblizeni ¢astice k rozptylovému centru. Ukolem doktorské prace bude na
zaklad¢ zndmych a pouzivanych rutin pfipadné existujicich programt (FLUX) provadét
MC simulace iontového toku, rozd€leni hybnosti a energii iontl podle jednotlivych



krystalografickych orientaci zkoumanych krystalii, generovani spekter zpétn¢ odrazenych
iontll v kanalovacim sméru pro specifické krystalografické orientace, simulace zavislosti
vytézku zpétné odrazenych iontd na tthlu dopadu iontového svazku (tzv. angularni skeny),
polohovani dopantti dle tvaru angulédrniho skenu pro jednotlivé krystalografické orientace
v krystalické mfiizce zkoumaného materialu [5-9]. Vysledky simulaci budou pouZivany pro
interpretaci jiz ziskanych dat.

Annotation: RBS channeling analytical method is based on the charged particle
channeling in the periodic potential of crystalline atom rows. The penetrating ion beam is
focused to the forward direction and the back-scattering probability decreases significantly,
thus the yield of the back-scattered ions in the spectra is a descending function of the
incoming ion beam angle. Following the back-scattered ion yield in dependence to the
incoming angle of ions gives us information about the impurity atoms positions, disordered
atoms in the interstitials positions etc. Precise information about the investigated structural
changes can’t be provided without the MC simulation, where the binary collisions
approximation with the close encounter probability calculation is used. FLUX is a batch of
routines, which enables to simulate ion flux, ion momentum and energy for the various
crystallographic orientations, enables to generate the spectrum of back-scattered ions in
dependence of the incoming ion beam angle (angular scans). Using above mentioned
features the positioning of dopants in the crystalline materials can be done. The simulations
will be realized for the real data obtained from our previous research.

. Funk¢ni nanomaterialy pro optiku, fotoniku a spintroniku pripravenych metodou
iontove implantace

Functional nanomaterials for optics, photonics and spintronics prepared by ion
implantation

Skolitel/Supervisor: Doc. RNDr. Anna Mackové, PhD. (UJF AV CR)
Kontakt/contact: tel: 266172102, fax: 220940141, e-mail: mackova@ujf.cas.cz

Anotace/annotation: Predmétem doktorské prace je vyzkum novych materiali pro optiku
a elektroniku zaloZenych na iontové modifikaci a dopaci rtiznych uhlikovych struktur.
Sledovany budou nové zpilisoby dotace téchto struktur z hlediska modifikace materialu,
strukturdlnich zmén a naslednych elektrickych a optickych vlastnosti. Cilem bude 1
ptiprava tenkych polymernich, opticky aktivnich organickych vrstev, charakterizace
uhlikovych alotropti po ozéafeni energetickymi ionty. U piipravenych materiali bude
sledovan vliv koncentrace a distribuce dopantli na optické a elektrické vlastnosti. Pro
nedestruktivni analyzy pfipravenych vrstev bude pouzita metoda Rutherfordova zpétného
rozptylu iontti (RBS) s dalSimi jadernymi analytickymi metodami (ERDA, PIXE).
Annotation:The main goal of this work will be the study of new, progressive materials for
optical applications based on carbon structures. The structural changes, new doping
technologies will be used to modify the carbon based structure to get the new optical and
electrical properties. The important task will be the preparation of the thin polymeric or
carbon based optical active structures. In the prepared structures will be studied the
structural changes, compositional changes and dopant profiles using nuclear analytical
methods (RBS, ERDA and PIXE) and the consequences of above mentioned to the
electrical and optical properties.



8. Vyuziti iontové mikrosondy k analyzam a modifikacim materiali
lon microprobe application on characterization and modification of materials

Skolitel/Supervisor: Doc. RNDr. Anna Mackové, PhD. (UJF AV CR)
Kontakt/contact: tel: 266172102, fax: 220940141, e-mail: mackova@ujf.cas.cz

Anotace/annotation: Jaderné analytické metody na svazcich urychlenych iontd maji
Siroké vyuziti pfi analyzach vzorki tenkych povrchovych vrstev, vzorkil atmosférickych
aerosoli, archeologickych vzorkt, biologickych a geologickych vzorkii a v fad¢ dalSich
oblasti. V iontové mikrosondé je svazek urychlenych iont dale fokusovan specialni
iontovou optikou na velikost mensi nez 1mikron. Iontovy mikrosvazek nabizi jedine¢nou
moznost lateralniho skenovani vzorku a provadéni kvalitativni a kvantitativni analyzy
metodami RBS (Rutherford Backscattering Spektroskopy), PIXE (Particle Induced X-ray
Emission), PIGE (Particle Induced Gamma-ray Emission) a STIM (Scanning Trasmission
lon Microscopy) s rozliSenim mensim nez 1mikron. Doktorand se bude podilet na rozvoji a
implementaci jadernych analytickych metod v podminkach simultannich analyz na
Sirokém svazku 1 na iontové mikrosondé. Dale se bude zabyvat aplikacemi iontové
mikrosondy pro modifikaci a analyzu materialti, rozvojem softwaru pro prvkové mapovani
s vyuzitim mikrosondy.

Annotation: Nuclear analytical methods have very broad field of applications as the
characterization of thin layers, aerosols, archaeological artefacts, biological and geological
science application. lon microprobe is a beam of energetic ions which is focused using
special ion optics to the 1 micrometer dimension. lon microprobe enables us to provide a
lateral scanning and to realize a qualitative and quantitative analysis by RBS (Rutherford
Backscattering Spectroscopy), PIXE (Particle Induced X-ray Emission), PIGE (Particle
Induced Gamma-ray Emission) and STIM (Scanning Transmission lon Microscopy) with
lateral resolution better than 1 micron. The main goal of this work will be the development
and implementation of nuclear analytical methods under the condition of the simultaneous
analysis using either broad or focused ion beam. Further will be work focused on the
modification of materials using focused heavy ion beam (lon Beam Writing) and software
development for this task.

9. Analyza mikroobjektii pomoci metody FIB-SEM-EDS-WDS
Analysis of microobjects using FIB-SEM-EDS-WDS

Skolitel/Supervisor: RNDr. Jan Lorinéik, PhD. (Centrum vyzkumu ReZ, s.r.0.)
Kontakt/contact: e-mail: jan.lorincik@cvrez.cz

Anotace/annotation: 'V ramci dizertace se doktorand(ka) seznami s problematikou
interakce elektrond s pevnou latkou a inovativni metodou rastrovaci elektronove (SEM)
kombinovanou s iontovy délem typu FIB a detektory rentgenovského zateni typu EDS a
WDS. Dilezitou soucésti prace bude Monte Carlo modelovani interakce elektront
s povrchem pevné latky. Cilem préce je nalezeni a ovéfeni novych analytickych postupti pro
prvkovou analyzu mikrometrovych a sub-mikrometrovych objektt, napt. prachovych ¢astic.
K dispozici pro praci bude ptistroj typu FIB-SEM (rastrovaci elektronovy mikroskop a
galiovym iontovym svazkem) déle vybaveny GIS (systém vstfikovani plynit), EDS (Energy
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Dispersive Spectrometer), WDS (Wave Dispersive Spectrometer), EBSD (Electron
Backscattered Diffraction)a nanomanipulatorem.

Annotation: During the PhD study the student will learn about the electron-solid interaction
and about an innovative technique of Scanning Electron Microscopy (SEM) combined with
FIB and EDS and WDS. An important part of the PhD work will be a Monte Carlo
modelling of electron -solid interaction. The goal of the work is the finding and verification
of new analytical procedures for elemental analysis of micrometric and sub-micrometric
objects, e.g. dust particles. The following instrumentation is available for the study: a FIB-
SEM (scanning electron microscope with a Ga ion beam) equipped with GIS (Gas Injection
System), EDS, WDS, EBSD and a nanomanipulator.

10. Difrakéni analyza nanovldkennych textilii
Diffraction analysis of nanofiber textile

Skolitel/Supervisor: Prof. RNDr. Pavla Capkova, DrSc, PiF UJEP

Kontakt/contact: e-mail: Pavla.Capkova@ujep.cz
Anotace/Annotation:
Vyzkum bude zaméfen na strukturni charakterizaci nanovlakennych textilii a pochopeni vztahd
struktura — vlastnosti nanovlakennych antimikrobialnich filtra¢nich medii. Protoze struktura
spoluurcuje fyzikalni i chemické vlastnosti nanovladken, diiraz bude kladen na rozvoj metodiky
difrak¢ni analyzy nanovlakennych textilii, ktera klade specifické naroky na techniku difrakce i
analyzu dat. Jedna se o polymerni tenké vrstvy, ¢astecné krystalické se silnym podilem amorfni faze,
se silnou texturou a v ptipadé polyamidovych vlaken i se dvéma typy krystalové faze. Cilem prace
bude nalézt vztahy mezi technologickymi parametry, strukturou, vlastnostmi a funkci
nanovlakennych filtrg.
Annotation:

Research will focus on the structural characterization of nanofiber textiles and understanding the
relationship: structure - properties of nanofiber filtration media. Because the structure determines
the physical and chemical properties of nanofibers, the emphasis will be put on developing the
methodology of diffraction analysis of nanofiber textiles, which is quite specific in case of nanofiber
textile. Nanofiber textile is a specific a polymeric thin film, partially crystalline with a strong
proportion of amorphous phase, with strong texture and in the case of polyamide fibers also with
two types of crystalline phase. The goal will be to find the relationship between technological
parameters, structure, properties and functions of nanofiber filters.

11. Vyzkum modernich materiali na bazi oxidu pomoci elektronovych spektroskopii
Research of novel oxide based materials by electron spectroscopies

Skolitel: doc. Ing. Martin Kormunda, Ph.D.
Kontakt/ contact: martin.kormunda@ujep.cz

Anotace: Oxidy jsou materialy se zajimavymi vlastnosti se Sirokym vyuZitim od elektroniky,
optiky pies katalyzu a rozklad organickych latek. Vlastnosti oxidl vyrazné ovliviiuji metody
piipravy a zejména vzajemné vazby jednotlivych prvki. Cilem prace bude vyzkum moznosti
analyzy oxidd kovii riznych forem, vrstvy i praS8ky pomoci elektronovych spektroskopii. A
také vysvétleni korelaci elektronickych vlastnosti s funk¢énimi vlastnostmi.


mailto:Pavla.Capkova@ujep.cz
mailto:martin.kormunda@ujep.cz

Annotation: Oxides are interesting materials with properties applicable in electronics, optics,
and chemistry of catalysis or decompose of organics. Their properties are strongly influenced
by preparations techniques and mainly by interactions between elements. The study will be
focused on possibilities of analyses the oxides of various forms (films, powders, etc.) by
electron spectroscopies. The correlations between functional properties and electronic states
will be found.

12. Magnetronové naprasovani vrstev oxidi pro optické aplikace a senzory
Magnetron deposition of oxide coatings for optical applications and sensors
Skolitel: doc. Ing. Martin Kormunda, Ph.D.

Kontakt/ contact: martin.kormunda@ujep.cz

Anotace: Magnetronové naprasovani je univerzalni technika pro vytvareni tenkych vrstev. V
rdmci vyzkumu budou studovany zajimavé vlastnosti multivrstev a budou porovnény s
vlastnosti gradientnich vrstev, pro které bude upraven depozi¢ni system (jeden z hlavnich
ukolit). Vrstvy budou zalozeny na oxidech kovli. Budou vyuzivany rizné plazmové zdroje s
napajenim DC, RF a pulznim s a bez ICP ionizace and pfedpéti na substratu. Mélo by byt
mozné povlakovat i nerovinné prvky. Vytvotfené vrstvy budou charakterizovany Sirokou
paletou technik napi. SIMS, SEM, TEM, XPS, AES, FTIR, ellipsometry, atd.

Annotation: Magnetron sputtering is versatile technique for thin films deposition. The
interesting properties of multicoating systems will be studies and they will be compared to
gradient coatings for mainly optical systems. The coatings will be based on metal oxides. To
develop a system for gradient coatings depositions will be one of the main topics. The various
sputtering sources will be used in DC, RF, pulsed configurations with and without ICP coils
and bias substrate. The non-flat substrates uniform coverage should be reached. The coatings
will be characterized by multiple techniques (SIMS, SEM, TEM, XPS, AES, FTIR,
ellipsometry, etc.).



