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1. Ximis noBepxHi, MeTogu QyHKIiOHai3aLii Ta BIACTUBOCTI HAHOMAaTEPialiB Ha OCHOBI KPEMHIIO Ta Kapoimy
KPEMHIIO.

2. Surface chemistry, functionalization methods and properties of silicon and silicon carbide based nanomaterials.

Pedepar:

1. Y nuceprauii npencrasieHi pe3yabTaTh KOMIUIEKCHUX OOCIIIIK€Hb HAHOMATEpiasiB Ha OCHOBI Si, SiC ta
HAaHOYaCTUHOK ByTielb-propookcuny (CFO): meToau perymioBaHHs ix MopQoJiorii, XiMis TOBEepXHi, METOIU
dyHKUioHaMi3alii Ta aHali3y I0BEPXHEBUX IPYIl, 3aCTOCYBaHHS Y CEHCOPULLi, KaTasisi, 6ioMeIULIMHI Ta iHIINX
ranyssx. JJocsiiKeHO TigposliTuiHe OKACJIEHHS IOPUCTOro KpeMHilo (PSi), meTonu 1ioro moangikyBaHHs
aJIKiJICUJIaHOJIbHUMU, iIOHOOOMIHHMMU Ta IOBEPXHEBO-aKTUBHUMU IPyIIaMU, IPOLLECH TEPMiYHOTO PO3KJIALyY
IIOBEPXHEBUX I'PYIl 3 METOIO BCTAHOBJIEHHS! ix Oy#oBU Ta IY-iHTepdepoMeTpuyHuil MeTOZ, iX KiJIbKiCHOTO aHali3y.
[TpoaHasnizoBaHO MOXJIMBOCTI BUKOPUCTaHHS PSi, K Ipkepesia BOJHIO, i0Hi3allifHOTro CyOoCTparTy AJ1sl Ia3€PHO]
IecopOLiiiHOI Mac-CIeKTPOMETPIi, MaTepiasy [j1sl ONTUYHUX CEHCOPHUX CTPYKTYP Ta HAHOXpOMAaTOorpapivHux

KOJIOHOK. [IpericTaBieHo MeTou peryJioBaHHs po3Mipy Ta ¢poTostoMineceHTHUX (PJI) BlacTUBOCTEN KpEMHIEBUX



HaHO4YacTUHOK (Si NPs), ix ¢pyHK1ioHanmi3a11i0 071 ofepKaHHS CTiKUX OpraHo3071iB. loBeJeHO TOMUJIKOBICTh
MIPENCTaBJICHUX Y HAYKOBIiN JliTepaTypi ysABIE€HHD NIPO rinporepmansHuil cuHTtes Si NPs. Ha ocHOBI nigxonis
HAHOKaCTUHTY Ta aHOJHOI nopo3ugikallii po3pobseHo METOIM Ofi€P>KaHHS Me3011opucToro SiC, BCTaHOBJIEHO
YUHHUKHY, 110 JO3BOJISIIOTh PETyJII0BATU MOTO apaMeTpy, 3aKOHOMIPHOCTI Ta Me€XaHi3MU MTPOLIECiB, M0
BifOyBaloThCS. Briepiue focmimkeHo CKIaj, peakiiiiHy 3aTHICTh, XIMi4Hi IepeTBOPEHHS Ta CIIOCOOHU
dyHKUioHani3aii noBepxHeBux rpyn SiC, po3pobeHo MEeTO[, PeryJioBaHHs po3mipiB HaHodyacTUHOK SiC. [TokazaHo,
o katanisatop peakuii Gimepa-Tpomnma Co/SiC, 3aBIsKM BUCOKIiH TEMJIONPOBIIHOCTI Ta MilJHOMY 3aKPillJIEHHIO
Co NPs y Hocii, cyTTeBO nepeBakae kartasnizatopu Co/SiO2 3a cenleKTUBHICTIO Ta cTabinpHicTIO. [TokazaHo
MOYJIMBOCTI BUKOpHCTaHHs nopuctoro SiC nyis1 iMnenaHncHux ceHcopis, a SiC NPs - 11 6ioBisyasizarii 3a
reHepyBaHHAIM 2-i rapMOHIKM. 3HaUIEHO, o py aHoayBaHHi SiC y po3unHax HF yTBOPIOIOTECS HAHOYACTUHKMI
«Byrienp-propookcuay» (CFO), mocmimxkeHo ix ximiuny 6ynoBy. GnyopecuentHuii CFO mae HU3bKy
LUTOTOKCHYHICTb i € €()EKTUBHMM Y MapKyBaHHi JKUBUX KJIiTHH; IOTO PO3MOiJ B KJIiTHHI BU3HAYAETHCS XiMIYHOIO
dyHKUIioHAaNi3a1li€10, 2 COHOCEHCUTaN3ePHi BJIaCTUBOCTI JO3BOJISIIOTh CEJIEKTUBHO PYHHYBaTH KIIITUHU Iif Ai€lo
yJIbTPa3ByKy. KiI04oBi cj10Ba: HAHONIOPKUCTI MaTepiany, HAHOYACTUHKY, KPEMHIH, Kap6if KpEMHII0, eJIeKTPOXiMiuHe
TpaBJIeHHs], CEHCOpH, KaTasli3, 6ioBisyaizaris.

2. The thesis is devoted to complex studies of the nanomaterials based on Si, SiC and carbon fluorooxide
nanoparticles. It presents the nanomaterials surface chemistry, reactivity and functionalization reactions, methods
of morphology control, new approaches to the analysis of surface groups and applications of above nanomaterials
in sensorics, catalysis, biomedicine and other fields. Chemical transformations of porous silicon (PSi) surface
groups under hydrolytic oxidation are studied and applicability of PSi for chemical hydrogen storage is analyzed.
New methods of PSi functionalization with alkylsilanol, ion-exchanging and surface-active terminations are
introduced. Study of grafted organic group’s thermal decomposition allows developing new approach of chemically
functionalized materials analysis based on temperature-desorption mass-spectrometry. Method of IR-
interferometry has been elaborated for quantification of grafted groups in optically homogeneous PSi layers. Laser
desorption ionization mass-spectrometry substrates, optical sensor nanostructures and nanochromatographic
columns based on functionalized PSi were produced and tested. Size tuning of silicon nanoparticles (Si NPs) by
ultrafiltration or photochemical etching in HF solution resulted in noticeable UV-shift of the photoluminescence
(PL) emission maximum due to quantum confinement effect. Photochemical hydrosilylation of Si NPs in a presence
of HF allowed to get alkylated Si NPs with defect-free surface giving stable sols in non-polar solvents and
possessing increased PL quantum yield (20% vs 5% for non-modified Si NPs). Study of the hydrothermal reaction
of aminopropyltrimetoxysilane with citric acid allowed lighting up a huge wave of misinterpretations in scientific
literature regarding formation of Si NPs under these conditions: no Si NPs formed, while photoluminescent
polyorganosiloxane NPs form instead due to polycondensation and Mailard-type reactions. Methods of
mesoporous SiC synthesis based on template thermochemical synthesis (nanocasting) and electrochemical etching
of polycrystalline SiC plates are introduced. The factors of morphology parameters control, regularities and
mechanisms of porosification processes are analyzed. Chemical composition of the oxide free SiC surface
functional groups and their reactivity are determined. Simple method of SiC NPs size tuning based on controlled
thermal oxidation and oxide removal is proposed. The catalyst of Fischer-Tropsch synthesis, based on 9 nm Co
NPs inside the pores of porous SiC is superior to conventional Co/SiO2 by the selectivity and stability due to high
thermal conductivity and strong immobilization of Co NPs inside the SiC pores. Also, porous SiC layers could be
used as impedance sensors, while the SiC NPs for biovisualization via 2nd harmonic generation. An anodization of
SiC in HF solutions resulted in two nanostructured products: porous SiC and carbonfluorooxide (CFO). The CFO
consisted of one to few atomic layers thick disk-like nanoparticles /macromolecules with 4 - 20 nm diameter,
composed by typical “organic” fragments: relatively small aromatic domains, C-F bonds and polymaleic acid like
chains, bearing carboxylic groups. Having photoluminescent properties and low cytotoxicity, the CFO is efficient in
biolabelling of living cells. The CFO distribution inside the cell governed by the CFO chemical functionalization,
while the sonosensitizing properties of the CFO allowed selective cell destruction under the ultrasound action.
Keywords: nanoporous materials, nanoparticles, silicon, silicon carbide, electrochemical etching, sensors, catalysis,
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