O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0418U000650
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpauii: 28-03-2018

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. [lanactok flpocinas BikropoBuy

2. Panasiuk Yaroslav Viktorovych

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIn¢dp HaykoBOi cneniaabHOCTI: 02.00.04
HasBa HayKoOBOi crieniaJIbHOCTI: Qizuyna ximis

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axucTy: 20-03-2018

CreniaJbHICTh 32 OCBiTOIO: 6.070300

Micue po6oTH 3400yBayva: Incrutyt disnynoi ximii im. JI.B.ITTucapxescbkoro HAH Vkpainu

Kopg, 3a €IPIIOY: 05417213
Micue3Haxoa KeHHs: 03028, Kuis, np.Hayku,31

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs
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V. BimomocTi npo guceprauiio
Mosga guceprarii:
Koau TemaTuyHHUX pyopHK: 31.15.29, 31.15.29

Tema gucepranii:
1. CriekTpanbHO-JIIOMiHECLIEHTHI i (POTOKATAJIITUYHI BACTUBOCTI rpapeHONnoAi6HOro HiTpUAY BYTJIELIO Ta IOTo

HAHHOKOMIIO3UTIB 3 OKCUOM LIMHKOM

2. Spectral-luminescent and photocatalytic properties of graphene-like carbon nitride and its nanocomposites
with zinc oxide

Pedepar:

1. 3 BUKOPUCTAHHAM psify Pi3MKO-XiMiYHUX METO/IiB OXapaKTE€PU30BAHO KOJIOiAHI PO3uMHU rpadinogonioHoro
HiTpuay Byrieuio ('HB) 3 BUCOKOIO KOHLEHTpalli€lo, 0JepXaHuX TepMiuHo 06pookoio ['HB y BopHUX po3unHax
rizpokcuy TeTpaeTuaamMoHio. [TokazaHo, o po34MHU MiCTSITh [1IePEBAXXHO IrpadeHONoAi0H] YJaCTUHKU
MOHOLIAPOBOTo HiTpuAy Byrieuio (MHB) ToBuuHoW0 0,33-0,34 HM Ta JaTepasbHUM po3mMipom 6ist 30-50 HM.
3’1COBaHO 3aJIEXKHICTb MOJI0KEHHS cMyru doTomominecuenuii (OJI) konmoinis HiTpuLy Byriento Ta ii iHTEHCUBHOCTI
Bifl, OBXXUHU XBUJIi onpoMiHeHHs1. [TokazaHo, 1110 30y/1>)KeHHsI KOJIOifliB KBaHTaMU, €HEeprist SIKMX BilloBifae
IIOBrOXBUJIbOBIN CMy3i ornmHaHHg MHB, npusBoguTh 10 BUNIpoMiHeHHs iHTeHcuBHOI OJI y mupokKin cMysi 3
maxkcumymoM 1ipu 460-470 uM (kBaHTOBUM Buxin @ = 45-50%). BcTaHOB/IEHO CIIEKTPaIbHO-JIIOMiHECLIEHTHI
BJIACTMBOCTI 6iHapHUX reTepocT-pyKTyp ZnO/MHB, cpopmoBaHux Ha pi3HUX CTaLisIX pOCTY HaHOYACTHHOK (HY)



ZnO npu BBeJEHHi y peakuiiiny cymim 106aBok MHB. TToennanusg MHB Ta ZnO B HAHOreTepOCTPYKTypHU
IIPU3BOJUTS [I0 3HAUYHOT'O 3MEHIIEHHS BUIIPOMIHIOBAJILHOT'O 4aCy JKUTTSI 060X KOMIIOHEHTIB, [0 CBiUMTb PO
po3JineHHs (POTOreHepOBaHUX 3apsliB MDK KOMIIOHEHTaMHU I1pY OIIPOMiHEHHI TaKUX F€TEPOCTPYKTYP. 3'51ICOBAaHO
XapakKTep Ta 3MiHy e(PEeKTUBHOCTI TPOLECiB (POTONEPEHOCY €JIEKT-POHA B KOMIIO3UTHUX reTepocTpyKTypax MHB 3
HY ZnO B 3as1eXHOCTI Bif ix po3Mipy, MOB'sI3aHi 3 MPOCTOPOBUM O6MeXEHHSIM (GOTOreHepoBaHux 3apsizis B HY ZnO
i 06yMOBJIeHi 3MiHOIO B3a€EMHOI'O €HEpreTUYHOro PO3TalllyBaHHS 30H IPOBiHOCTI KOMIIOHEHTIB reTePOCTPYKTypU
ZnO/MHB. Tak, y Bunagxy H4 ZnO po3mipom 6;113bK0 3 HM Iifi 4ac GOTO30yIKEHHS KOMIIO3UTY MOXKe
BiZOyBaTHCh epEeHECEHHs eJleKTpoHa Bif ZnO no MHB, a y Bunanky HY ZnO i3 po3mipom nonaz 4 HM - jijiie y
3BOPOTHOMY HAaIpPSMKY, PO 110 CBiIYUTS siBUIEe (POTOIHAYKOBaHOTO 3apsmkeHHd HY ZnO. BctaHOBIEHO
3aKOHOMIpHOCTI (POTOKATATITUYHOTO BUAIJIEHHS MOJIEKYJISIPHOTO BOJHIO 3 BOJHUX PO34YKHIB €JIEKTPOHOJOHOPIB
pisHoi npupoau npu fii 6;xkHbOr0 YO BUNpOoMiHIOBaHHS Ha 3pa3ku MacuBHOro 'HB, onepykaHi 3a pisHUX
TeMIIepaTyp Ta 06pobeHnx KOHLeHTpoBaHo0 HNO3. BusiBiieHO akTUBALiHUH BIJIMB KUCJIOTHOI OOPOOKY Ha
yrBopeHHs H2 3aBasiku popmyBaHHIO y 'HB cTpykTypHUX JedeKTiB, 1110 BUKOHYIOTh POJIb [IaCTOK

(oToreHepoBaHUX 3apsliB i aKTUBHUX LIEHTPIB IIPOLIECY.

2. A thermal treatment of bulk graphitic carbon nitride (GCN) in aqueous solutions of tetraethylammonium
hydroxide was shown for the first time to yield colloidal solutions retaining the aggregative stability up to the GCN
concentration of 50 g per L. Diluted colloids were found to contain mostly single-layer carbon nitride (SLCN)
sheets with a thickness of 0.33-0.34 nm and a lateral size of around 30-50 nm, as well as a small fraction of a-few-
layer particles with a thickness of 3-5 nm and a size of ~100 nm. A dependence of the photoluminescence (PL)
band positions and intensity of colloidal carbon nitride on the excitation wavelength was established. In particular,
the excitation with the light corresponding to the longer-wavelength absorption band of colloidal SLCN results in
the broadband PL with a maximum at 460-470 nm and a quantum yield of 45-50% originating from SLCN. When
the colloid is excited at ?ex = 260 nm a low-intensity PL band peaked at 390 nm with a PL quantum yield of 5% is
observed assigned to the adducts of the SLCN with the products of apartial GCN hydrolysis. An antibate character
of the dependences between the PL intensity of bulk GCN and colloidal SLCN on the synthesis temperature (TC) of
the corresponding bulk materials was found. In particular, the PL intensity of GCN decreases with an increase in
TC, while for SLCN produced from corresponding bulk samples the PL intensity grows drastically with an increase
in TC. The binary ZnO/SLCN nanostructure were produced by introducing the colloidal SLCN into the mixtures
where ZnO nanoparticles (NPs) are growing and their optical and PL properties studied. The average size of zinc
oxide “core” NPs in such heterostructures can be tuned by adding the SLCN sheets at different moments of the NP
growth. The ZnO NPs decorate both sides of the SLCN sheets. The coupling of SLCN with ZnO NPs was found to
result in the PL quenching and a reduction of the radiative life time of both components indicating the spatial
separation of the photogenerated charge carriers between the SLCN and ZnO NPs. The mutual position of
conduction band levels in the ZnO/SLCN heterostructures changes due to the spatial exciton confinement in zinc
oxide nanoparticles. As a result, in the case of ZnO NPs larger than 4 nm only the photoinduced charge transfer
from SLCN to ZnO NPs can occur rendering the NPs charged. For smaller ZnO NPs, oppositely, favourable
conditions for the electron transfer from ZnO NPs to SLCN arise making impossible the photoinduced charging of
the ZnO NP “cores”. It was found that a treatment of bulk GCN with the concentrated HNO3 imparts it with the
photocatalytic activity in hydrogen evoluton from aqueous solutions of various electron donors. The activation
effect originates from a partial elimination of nitrogen atoms from the heptazine building blocks resulting in the
formation of structural defects and carboxylate groups acting as traps of the photogenerated charge carriers and
active sites of the photocatalytic process. The highest activation effect can be achieved in optimized conditions,
that is in the case of the GCN synthesized at 500 °C and treated with nitric acid for 2 h.
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