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Pedepar:

1. Inceprauifiny po60Ty IPUCBSIYE€HO PO3POOLIi CII0CO6iB MEXaHOXIMIYHOTO Ofjep>kaHHs rpadpeHononiOHUX
HaniBnposigHUKiB C3N4 i WS2 ta mogudikoBaHux rpadeHis, 3'1CyBaHHIO 32 OIIOMOT0I0 KOMILJIEKCY
B32€MOIONIOBHIOIOUMX €KCIIEPUMEHTAIbHUX METO/IB BIJIMBY YMOB OJlep>KaHHS BKa3aHUX MaTepiasiB Ha iX 6y[OBY,
CIIEKTPaJIbHi, €JIEKTPOXiMiUHi BJIACTUBOCTI, a TAKOX Ha iX IMOBEiHKY B IIPOLi€CaxX €JIeKTPOXiMIYHOTO BiTHOBJIEHHS
KUCHIO, (POTOXIMIYHOTO BUJiNIEHHS BOJHIO 3 BOJY, €JIEKTPOXiMIYHOTO JeTEeKTyBaHHs 6i0MOJIEKYJI 3 6JIM3bKUMU
3HAQUYEHHSIMU PEJIOKC NIOTEHIIialy Ta TeHEPYBaHHS (POTOCTPYMY B HAHOKOMITIO3UTAX 3 €JIEKTPONPOBIIHMMU
noJsiimepamu. Ha mizcrasi npoBeieHUX JOCIIIIPKeHb BCTAHOBJIEHO MOXJIMBICTh MOAU(IKYBaHHS rpadeHy

(dyHKLiOHAJIbHUMU TPYIIaMU Ta IOMYBAaHHSI aTOMaMH a30Ty ab0 OJJHOYACHO a30Ty Ta GTOPY IUISIXOM B3a€MOJi



MEXaHOXIMIYHO F€éHEePOBAHUX B CTPYKTYPi MEXAHOXIMIYHO OZeP>KaHOro rpadeHy aKTUBHUX LIEHTPIB BifIIOBIIHO 3
anidpaTuyHUMU CIUPTaMy, amiakom abo MPOAYKTaMU TEPMIYHOTO po3Kiiany GTopuay aMmoHio. BussieHo, mo
HAaHOYACTUHKY OJlep>KaHUX IrpadeHiB XapaKTepU3yIThCs IEPEBAKHO MOHOLIapOBOI0 MopdoJIorielo, a ix
JlaTepaJIbHUAM PO3Mip 3aJI€KUTh BiJl IPUPOJY BUKOPHMCTAHOTO PO3IIAPOBYIOUOro areHTa. 3a JoIOMOroio
paMaHiBCbKOi CIIEKTPOCKOIIii IT0Ka3aHo, o MoaMdiKyBaHHs rpadeHiB MifBuiye yrnopsAKOBAHICTb iX CTPYKTYPH.
3's1cOBaHo, 1110 ONIOBAaHUII a30TOM rpadeH B peakliii BifHOBIEHHS KUCHIO 32 PaXyHOK 0COOJIMBOCTE OyI0BU
XapaKTePU3yeThCs OislbLIl BUCOKMMU €JIEKTPOKATAJIITUMHUMU BJIACTUBOCTSIMU Y TIOPiBHSIHHI 3 rpad)€HOM, OJHOYACHO
IONoBaHUM a30ToM Ta PTopom (NF-GR). [Ipy BUKOPUCTaHHI y €71€KTPOXIMIYHMX CEHCOPAX HASIBHICTD B
HAaHOYaCTUHKAX Oflep>KaHUX rpadeHiB JOMYIOUNX aTOMIB 3yMOBJIIOE iX BUCOKY €JIeKTPOKATaiTUYHYy aKTUBHICTb Ta
CEeJIEKTUBHICTb IpY BU3HAUYEHHI KOHLIEHTPALlii OJHOYACHO IIPUCYTHIX B BOAZHOMY PO34YMHi 6i0MOJIE€KyJ JONaMiHy,
acKOpO6iHOBOI Ta ce40BOi KUCJIOT. [I0Ka3aHO MOXKJIMBICT MEXaHOXIMIYHOIO Oflep>KaHHS rpadeHONoAi6HNX
HaniBrnpoBinHukoBux C3N4 i WS2. BusiBieHo, 10 repeBakHO MOHOImapoBa Mmopdodioris rpadgenononionoro C3N4
3abe3neyvye OibLI BUCOKUI BiHOBHUI [TOTEH1Iiasl, epeKTUBHILl po3ziseHHs i nepeHeceHHs! POTOreHepOBaHUX
3apsiB, 110 3yMOBJIIOE OT0 BUCOKY (POTOKATaIiTUYHY aKTUBHICTb B peaKLii BUAiJIeHHs BOLHIO 3 BOAM Iif, Ii€l0
CBiTJIa. BcTaHOBJIEHO, 10 3HAYHE raciHHA (POTOMIOMIHECLIeHIIiT 3aMilleHrX noJlinapadeHineHsiHineHis (MEH-PPV
a6o konosimepy SuperYellow) Ta 36isbIIeHHS BeJIMUUHU GOTOCTPYMY B iX TiOpHUIHUX HAHOKOMIIO3UTAX 3
MEXaHOXIMIUHO ofiepkaHUMU 2D maTepiasiamu 3yMOBJIEHO IIEPEHOCOM (POTOT€HEPOBAHUX €JIEKTPOHIB 3
MaKpPOMOJIEKYJI €JIEKTPOIPOBiAHUX M0JIiMEPiB HA HAHOYACTUHKU MOJUPiKoBaHUX rpadeHiB a60 rpadeHononioHmux
MoS2 i WS2.

2. The dissertation is devoted to the creation of methods for the mechanochemical production of graphene-like
semiconductors C3N4 and WS2 and modified graphenes, using a set of complementary experimental methods to
elucidate the influence of the preparation conditions of these materials on their structure, spectral,
electrochemical properties, as well as on their behavior in the processes of electrochemical oxygen reduction,
photochemical hydrogen evolution from water, electrochemical detection of biomolecules with close redox
potential values and generation of photocurrent in nanocomposites with conductive polymers. The possibility of
modifying graphene with functional groups and doping with nitrogen atoms or co-doping with nitrogen and
fluorine atoms by means of the interaction of mechanochemically generated active centers in the
mechanochemically obtained graphene structure with aliphatic alcohols, ammonia or products of thermal
decomposition of ammonium fluoride, respectively, was established. It was found that nanoparticles of the
obtained graphenes are characterized predominantly by monolayer morphology, and their lateral size depends on
the nature of the exfoliating agent used. It was shown using Raman spectroscopy that modification of graphenes
increases the ordering of their structure. It was found that graphene doped with nitrogen due to its structural
features is characterized by higher electrocatalytic properties in the oxygen reduction reaction in comparison
with graphene co-doped with nitrogen and fluorine (NF-GR). When used in electrochemical sensors, the presence
of doping atoms in nanoparticles of the obtained graphenes leads to their high electrocatalytic activity and
selectivity in determining the concentration of dopamine, ascorbic and uric acid biomolecules simultaneously
present in an aqueous solution. The possibility of mechanochemical preparation of graphene-like semiconductor
C3N4 and WS2 is shown. It was revealed that the predominantly monolayer morphology of graphene-like C3N4
provides a higher reduction potential, more efficient separation and transfer of photogenerated charges, which
determines its high photocatalytic activity in the reaction of hydrogen evolution from water under the light
irradiation. It has been found that significant quenching of the photoluminescence of substituted
polyparaphenylenevinylenes (MEH-PPV or SuperYellow copolymer) and an increase in the photocurrent in their
hybrid nanocomposites with mechanochemically prepared 2D materials are due to the transfer of photogenerated
electrons from macromolecules of conductive polymers to nanoparticles of modified graphenes or MoS2 and WS2.
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