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Pedepar:

1.V npuceprauii npencrasiieHi pe3ysbTaTy KOMIUJIEKCHUX NOCJIIKEeHb HAHOMaTepiasiB Ha 0CcHOBI Si, SiC Ta
HAaHOYACTUHOK ByTielb-Ppropookcuny (CFO): meToau peryaoBaHHs ix MOpQoJIorii, XiMisl TOBEPXHi, METOIU
¢dyHKLiOHaNi3aLii Ta aHali3y IOBEPXHEBUX I'PYII, 3aCTOCYBAHHS Y CEHCOPULLi, KaTasisi, 6ioMeuLyHi Ta iHmux
ranyssx. JlocsinskeHo rigposiTuiHe oKrucIeHHs nopucToro KpemHiio (PSi), meTonu fioro monndikyBaHHs
AJIKIJICUJIAHOJIbHUMH, iI0HOOOMIHHMMH Ta II0BEPXHEBO-aKTMBHUMMU IPyIlaMy, IIPOLeCU TEPMIYHOTO PO3KJIaLy

[IOBEPXHEBUX I'PYI 3 METOIO BCTAHOBJIEHHS iX Oy#oBU Ta [Y-iHTepdepoMeTpryHMi MeTOZ, iX KiJIbKiCHOTO aHali3y.



[IpoaHasnizoBaHO MO>XJIMBOCTI BUKOPUCTaHHS PSi, sIK IpKepesia BOJHIO, i0Hi3alifHOTro CyO0CTparTy AJ1sl JIa3€PHO]
IecopOLifHOI Mac-CIeKTPOMeTpii, MaTepiasy [ ONTUYHUX CEHCOPHUX CTPYKTYP Ta HAHOXpoMaTorpadiyHux
KOJIOHOK. [IpeicTaBleHO METOIM PETYII0BaHHS Po3Mipy Ta poTomomiHecieHTHUX (PJI) BracTUBOCTEN KPEMHIEBUX
HAHOYaCTUHOK (Si NPs), ix ¢pyHKIioHaNi3a1i0 1151 oflepKaHHS CTiIKAX OPraHo30J1iB. [JoBeeHO TIOMUJIKOBICThb
[IPECTaBJIEHUX Y HAYKOBIil JliTepaTypi yABI€HHD IIPO rinporepmanbHuil cuHTe3 Si NPs. Ha ocHoBI nigxonis
HAHOKaCTHHTY Ta aHOJHOI nopo3udikallii po3pobseHo METOIM OfiepP>KaHHs Me3011opucToro SiC, BCTaHOBJIEHO
YUHHUKM, 110 JO3BOJISIOTH PEryJII0BAaTU MOTo apaMeTpy, 3aKOHOMIPHOCTI Ta MeXaHi3MU ITPOLIECiB, 10
BifOyBaloThCS. Briepiue gociiikeHo CKiaj, peakuiiiHy 3aTHICTh, XIMiUHI IepeTBOPEHHS Ta CIIOCo6uU
dyHKUioHaMi3a1i moBepxHeBuX rpy1 SiC, po3po6eHo MEeTO, peryioBaHHs po3mipis HaHoyacTUHOK SiC. [TokazaHo,
1o katanizatop peakuii Gimepa-Tpomma Co/SiC, 3aBIsKM BUCOKIiH TEMJIONPOBIIHOCTI Ta MilJHOMY 3aKPillJIEHHIO
Co NPs y Hocii, cyTTeBO nepeBakae karasuizaropu Co/SiO2 3a cesleKTUBHICTIO Ta cTabinpHicTIO. [TokasaHo
MOYKJIMBOCTI BUKOpHYCTaHHS nnopuctoro SiC nyis iMnenancHux ceHcopis, a SiC NPs - nis 6ioBisyasizarii 3a
reHepyBaHHIM 2-i rapMOHIKM. 3HaleHO, o pu aHoayBaHHi SiC y po3unHax HF yTBOPIOIOTECS HAHOYACTUHKHU
«Byraeup-propookcuny» (CFO), nocnimgkeHo ix ximiuny 6ynoBy. @ayopecuenTHuii CFO Mae HU3bKY
LUTOTOKCUYHICTD i € e()eKTUBHUM Y MapKYBaHHI )KMBUX KJIITUH; 1OTO PO3MOALJI B KJIITHHI BU3HAYAETLCS XiMIYHOIO
dyHKIiOHAaMI3a1li€10, 2 COHOCEHCUTAaN3€ePHI BIaCTUBOCTI JO3BOJISIIOTh CEJIEKTUBHO PYHHYBaTU KIIITUHU Iif Ai€l0
yIbTPa3ByKy. Kilo4oBi cji0Ba: HAHONOPKUCTI MaTepiany, HAaHOYACTUHKU, KPEMHIH, Kap0if, KpEMHII0, eJIeKTpPOoXiMiuHe
TpaBJIEHHS, CEHCOPH, KaTali3, 6ioBi3yarizaris.

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,
bioimaging.
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