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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA MUTAHHSIM JIOCIIiI)KEHHSI HAHOCTPYKTYPOBaHUX MaTepialiB, CTBOPEHUX Ha
OCHOBI Kap0ifly KpeMHilo, ONTUMi3alii MeToiB ix CUHTe3y, XiMiYHOTO MOAUQIKYBaHHS Ta PETYJIIOBAHHIO (Pi3UKO-
XiMIYHUX BJIaCTUBOCTEMN. 3HayHa yBara npuiijieHa 3'siICyBaHHIO BIIJIUBY YMOB XiMi4HOI 06po6Kku Ha Pi3nKo-XiMivHi
BJIACTMBOCTI Ta CTaH IIOBEPXHi, @ TAKOXK pO3poOLi IPOCTUX i €(PEKTUBHUX METOIB iX MOIU(IKyBaHHS i
¢yHkuionanizauii. [lepciekTuBu MaTtepiaiiB 3 KEPOBaHOIO MOP(QOJIOTi€l0 HA OCHOBI HAHOCTPYKTYypOBaHOTO SiC
BOAYAIOTHCSl Y BUKOPUCTAHHI B SIKOCTi CTIIKMX HOCIIB KaTai3aTopiB, 17151 pO3POOKHM TEXHOJIOTI Oiep>KaHHS
KOMITIO3UTIB i 6i0cyMicHMX HAaHOMAaTepiasiB, CCHCOPHUX €JIEMEHTIB Ta ONTUYHUX 30H/iB Y MEJUKO-0i0JI0TTYHIX
nocuigkeHHsX. [IpecTaBieHo CII0Ci6 KOHTPOJILOBAHOTO 3MEHIIEHHS po3MipiB HaHoYacTUHOK (HY) SiC Bim 17 mo 9
HM LIJIIXOM PETYJII0OBAHHS TeMIIepaTypH [IPOKapIOBaHHS Ha MOBITPi y Mmeskax Big 400 1o 900 °C. BctanoBneHO

CKJIaJ| TIOBEPXHi Ta CUJy KUCJIOTHO-OCHOBHUX LieHTpiB HY SiC B 3a71€XHOCTI Bifi, 00paHOro peareHTy BUajleHHs



okcupHoro mapy. Cepeq niaxonis 1o pyHKuioHamnizauii nosepxui HY SiC peasnizoBaHO MOXKJINBICTb KOBAJIEHTHOTO
npullerieHHs 1-ajkeHiB 6e3rnocepesHbo 10 MoBepxHi 3 GopmyBaHHAM rizpodobHux HY SiC, a Takox 3a1y4yeHHs
KapOOKCHUJIbHUX TPYIl IOBEPXHI (110 (POPMYIOTHCSI B yMOBax oKucHoOro pozunHeHHs SiC gieto cymimi HF-HNO3) ns
MoauPikyBaHHS Ji0QiIbHUX Ta €J1eKTPOKiHeTUYHUX Biaactupocter HY SiC. Y po6oTi onTUMi30BaHO yMOBU
TepMOXiMidHOTrO cuHTe3y Me3onopysaroro SiC 3 nosimepHoro npekypcopy SiC (nosikap6ocunany, PCS) meTomom
HaHOKACTHHTY i3 3aCTOCYBaHHSM B SIKOCTI TEMILJIATy HAHOYACTUHOK SiO2 i3 KOMEPLIMHO JOCTYITHOTO BOJHOTO 30110,
110 [1aJ10 MOKJIMBICTh oTpuMaru nopysatuil SiC 3i cpepruynnmu Mmesonopamu po3mipom 12 ta 22 M. [IposeseHo
KOMIIJIEKCHE 6araTornapaMmeTpuiHe NOCiIKEeHHS 3i BCTaHOBJIEHHS (DAKTOPIB, IO BIVIMBAIOTh HA MOP(QOJIOTiIo Ta
KpUCTasniyHicTe Me3onopysatux SiC. [IpencTaBieHo AOCTIIKEHHS 3a7I€KHOCTI CTPYKTYPHUX [TapaMeTPiB ME30II0P,
PO3Mipy KPUCTAJITIB, IO CKJIal0Th iX CTIHKU Bif] TEMIIEpaTypu CUHTe3Y, CKiany HaHokomnozuty PCS/SiO2 ta
Cr1oco6y 1oro oTpuManHsl. TakoX OLiHEHO CTIMKICTh MaTepiany 40 TEPMIYHOTO OKMCHEHHS B 3aJIEXKHOCTI Bif,
obpaHoi TemniepaTypu cuHTe3sy (nocmuimkeno 1200, 1300 ta 1400 °C). HaBemeHo naHi KOCiIPKeHHS BIUIMBY KibKOCTI
nobaBku komiuiekcy Ni(Il) Ha xapakTep KpucTtasniyHocTi ¢pasu SiC i Ha CTPYKTYpY KiHLIEBOTO MaTepiay Ta 3po6ieHO
PEeKOMEeHAlLio 3 Nif060Py ONTUMAIBHUX YMOB TEPMOXIMIYHOTO CUHTE3Y [J1s1 OTPMMaHHS Me3onopysaroro SiC 3
MOpGOJIOTiYHMMU NTapaMeTpaMu Ta KPUCTANIYHICTIO, HAUKPAIMMU [1J151 BUKOPUCTAHHS B IKOCTi HOCISI KaTaJliTUYHO-
aKTUBHUX HAaHOYACTUHOK METaliB. PO3IJISIHYTO IIpOoLecC eIeKTPOXiMIYHOIO PO3YMHEHHS (aHOYBaHHSI) KOMIIAKTHOTO
nostikpuctaniyHoro SiC B po3unHax HF Ta BcTaHOBJIEHO esleMeHTHUI, (pa3oBUil ckiaf i MOpQOJIOrito IPOLYKTiB.
JocnimKeHo BIUIMB yMOB aHOAYBaHHs (omip myactuH SiC, ckilaf eeKTPoJIiTy, TYCTUHA CTPYMY) Ha BUXiJ, IPOLYKTIB
Ta ix CHiBBiTHOIIEHHS. Briepiue mpoBefeHo AeTanbHe NOCIiIKeHHs XiMiyHoi npupoay Ta GisuKoximMiuHnx
BJIACTMBOCTE PO3YMHHOTO IIPOAYKTY €JIeKTPOXiMiUHOro TpasyieHHs (T.3B. “Byrielib propookcup’, Carbon
Fluorooxide, CFO) i3 3ajiy4eHHSIM LMPOKOro Habopy He3alesxXHUX (i3UyHUX i XiMiYHUX MeToxiB. B po6oTi
[IPOBEMIEHO IEAKY aHAJIOTII0 MIXK €JIEKTPOXiMiYHUM po34nHeHHAM SiC B pe3ysbTaTi aHOOHOI peakuii B po3ynHax HF
Ta OKMCHUM XiMidHUM TpasyieHHsaM SiC nif giero cymimi HF-HNO3 yepes ¢popmyBaHHS OpraHiyHOi pe4oBUHU
ckyanHoi 6ymosu — CFO abo fioro aHasoris. Takosk HAaBOAUTHCS [IOPIBHSHHS BCTAHOBJIEHUX (Pi3UKO-XiMIUHUX
BnactuBocTteil CFO 3 npupogHuMU (T'YMiHOBI pe4OBMHM) Ta CUHTETUMHUMY MaKpPOMOJIEKYJIIPHUMMU CIIOJIyKaMU Ta
rpaeH OKCHIOM [JIs1 OLIiHKM CTPYKTYPHOI aHasIorii Ta BinMiHHOCTe!. BectanosneHo ckian CFO 3a
dynkuionanpbaumu rpynamu (-COO(H,Et), CAlk /Ar—(OH,F), Ta 3anporioHOBaHO MojieJb OyI0BY 1iiei peyoBuHU. B
ME>Kax eJIeMEHTHOr0 aHajli3y, BCTAaHOBJIEHO XiMiuHnMii ctad Ta BMicT @ropy B CFO 3a popmamy, a Takox
JOCJIIPKEHO KIHETUKY MOT0 TiPOJIITUYHOrO BifIEIIJIEHHS B 3aJIEKHOCTI Bif, pH Ta JIy>KHOCTI cepenosuiia.
OxapaxTepn3oBaHO cuily KUcaoTHUX rpyn CFO Ta 3anpornoHOBaHO METOIY HECKJIAHOTO XiMiYHOTO
moaudixkyBaHHs i pyHkuioHanizanii CFO yepes peakiiii KapOOKCUIIbHOI TPy 3 aMiHaMU (€TUJIeH IiaMiH,
nieraHosnamin ta C18H37-NH2) 0151 cipsiMOBaHOi 3MiHU J1i0(QiIbHUX BJIACTUBOCTEN. Y poOOTi MpecTaBieHi
IeTasnbHi JociimkeHHs ontudHux Baactusocrer CFO. [Tokasano, mo piist CFO xapakTepHi sIK OgHO-, TaK i
nBodoToHHa doTonmomiHecneH1is. [TokazaHa MOKJIUBICTh BUKOPUCTAHHS BUSBIEHUX (DOTOTIOMIHECIIEHTHUX
BnactuBoctel CFO piig 6ioBizyanisanii >kusux KiaiTuH. EnexrpokaTanitnyna aktuBHicTs CFO y peaxkuii BiJHOBJIEHHS
H202 Buxopucrana npu mogr@ikyBaHHi HUM (Y CKJIaZi KOMIIO3UTHOI IJIiBKY) IJIAHAPHUX BYTiIbHUX €JIEKTPOJIIB Ta
OTPUMaHHi Gi/IbII CEeIEeKTUBHUX eJIEKTPOXIMIYHMX CEHCOPIB Ha NepeKnC BOJHIO, IO MalOTh BUCOKY Yy TJIUBICTb i

MIMPOKUY JIHIAHUN [ialla30H BU3HAYyBaHMX KOHLIEHTPALlil.

2. The dissertation is devoted to the study of nanostructured materials based on silicon carbide, optimization of
their synthesis methods, chemical modification and regulation of physicochemical properties. Much attention was
paid to elucidating the influence of chemical treatment conditions on the physicochemical properties and surface
composition, as well as the development of simple and effective methods for their modification and
functionalization. Prospects for the materials with controlled morphology based on nanostructured SiC were seen
in the use as stable catalyst support, for the development of technologies of composites and biocompatible
nanomaterials making, sensors elements and optical probes in biomedical research. The method of controlled
reduction of SiC nanoparticles’ (NPs) size from 17 to 9 nm by adjusting the calcination temperature in air in the
range from 400 to 900 °C was presented. SiC NPs’ surface composition and strength of the acid-base sites
depending on the selected oxide layer removal agent were determined. Among the approaches to the



functionalization of the SiC NPs’ surface chemistry, the possibility of covalent grafting of 1-alkenes directly to the
surface with the formation of hydrophobic SiC NPs, as well as the involvement of carboxyl surface groups (formed
under oxidative etching in HF-HNO3 mixture) in modification of its lyophilic and electrokinetic properties were
noted. Conditions of thermochemical synthesis of mesoporous SiC from a polymer SiC-precursor (polycarbosilane,
PCS) via method of “nanocasting” were optimized using SiO2 nanoparticles (from commercially available aqueous
sol) as a template, which made it possible to obtain porous SiC with spherical mesopores of 12 and 22 nm. The
comprehensive multiparametric study to determine the factors influencing the morphology and crystallinity of
mesoporous SiC was performed. The study of the dependence of structural parameters of mesopores, size of the
crystallites making up their walls on the synthesis temperature, the composition of PCS /SiO2 nanocomposite and
the method of its production were presented. The resistance of the material to thermal oxidation depending on
the selected synthesis temperature (1200, 1300 and 1400 °C) was also evaluated The study data of the influence of
the additive amount of Ni (II) complex on SiC phase crystallinity and structure of the final material were presented
and the recommendation on selection of the optimal thermochemical synthesis conditions for obtaining of the
mesoporous SiC with morphological parameters and crystallinity best for a support for catalytically active metal
nanoparticles was made. The process of electrochemical dissolution (anodizing) of a compact polycrystalline SiC in
HF solutions was considered and the elemental, phase composition and morphology of the products were
determined. The influence of anodizing conditions (such as SiC plate resistivity, electrolyte composition, current
density) on the yield of the products and their ratios was studied. For the first time, a detailed study of the
chemical nature and physicochemical properties of the soluble product of SiC electrochemical dissolution (so-
called “Carbon Fluorooxide", CFO) with a wide range of independent physical and chemical methods were
performed. Some analogy was drawn between electrochemical dissolution of SiC as a result of anodic reaction in
HF solutions and oxidative chemical etching of SiC under the action of HF — HNO3 mixture due to formation of
organic matter of complex structure - CFO or its analogues. The physicochemical properties of the CFO were also
compared to some natural (humic substances) and synthetic macromolecular compounds as well as graphene
oxide in order to evaluate the structural analogy and differences. The CFO’s functional groups composition was
determined (-COO(H, Et), CAlk/Ar—(OH, F), and the structural model of this substance was proposed. Within the
elemental analysis, the chemical state of Fluorine and its content in the CFO by chemical forms were made and
also kinetics of its hydrolytic cleavage as a function of pH and alkalinity of the medium were studied. The strength
of CFO’s acid groups was characterized and the methods of simple chemical modification and functionalization
through reactions of carboxyl group with amines (ethylenediamine, diethanolamine and C18H37-NH2) were
suggested. The work represents detailed studies of the optical properties of CFO. It was shown that for CFO both
one- and two-photon photoluminescence is characteristic. The possibility of using the detected photoluminescent
properties of the CFO for biovisualization of living cells was shown. Electrocatalytic activity of the CFO in H202
reduction reaction was used to modify carbon planar electrodes (as a component of a composite film) in obtaining
of more selective electrochemical sensor for hydrogen peroxide, which have high sensitivity and a wide linear
range of detectable concentrations.
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