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CHHTEe3y TOHKUX IIOKPUTTIB BaHAJATiB BICMYTY, 110 OYJIM OTPHMMAaHi €JIEKTPOXiMIYHUM OCAJIKEHHSIM
BHUKOPHUCTOBYBaIX KucJli po3unHu pH = 4,8 - 5 Ha ocHOBI BaHanui cyabdary i HiTpaTy BicMyTy. GopMyBaHHS
BaHAJATy BiCMYTY BiiOYBa€eThCs 32 paxyHOK aHOJIHOTO YTBOPEHHS! i0HIB BaHAJIi€BOi KUCJIOTH i BicMyTUJI iOHIB
icHylounx pu uboMy pH. 3 aHasizy nosnspusaniHux KpuBKX i giarpam [Typ6e BCTaHOBJIEHO MOTEHLIANN PeaKLiil Ta
BU3HAYEHO CTAilHICTh MTPOLIECY €JIEKTPOOCAIKEHHS TOHKMX NOKPUTTIB BiVO4 . 3po6s1eHO BUCHOBOK, 10
OCaJPKEHHSI TOHKUX [IOKPUTTIB IIPOXOJUTH 110 3MillIaHOMY MeXaHi3My, SIKMI BKJII0Yae B cebe eJleKTPOXiMiuHy cTaziio
OKHUCJIEHHS BaHanuil ioHa 7o H2VO4 - ta B3aemogito H2VO4 - 3 BicMyTuit ioHOM. TepMOrpaBiMeTpUYHNN i
IvdepeHLiabHO-TEPMIUYHNN aHAJIi31 TOKa3ay, 0 YTBOPEHHS KPUCTATiYHUX TOHKUX IIOKPUTTIB BilOyBa€eThCs MpU
Temrepatypax 6inbuie 200°C. e Bifnosinae Temeparypi po3Kkjany rifpoKCcuiiB Ha OKCUIY i BOZY, HiCJIsI YOro
BOHU KPUCTaJi3yl0ThCs. Bysi0 0OKpeMo 0cai>keHo reTepoCTpyKTypHu i komnosutu BiVO4 (WO3). Ananis
PEHTIeHOTPaMM MOPOIIKIB 3 TOHKUX MOKPUTTIB BiVO 4 Ta BiVO4 (WO3) micis repmoo6po6ku npu 500°C nokasas,
110 BOHY CKJIAJAI0ThCS! IIEPEBAKHO 3 MOHOKJIIHHUX BiVO4 Ta WO3 . [I5151 BUMIPIOBaHHS TOBIIMHU TAKUX TOHKUX
IIOKPUTTIB Mif yac ix poCcTy 3aCTOCOBYBaBCsl METO/I JBOIIPOMEHEBOI iHTeppepomeTpii. MeTos 3acHOBaHUI Ha
peecTpalii iHTepdeporpaMmm IBOX MOHOXPOMATUYHUX CBITJIOBUX IIPOMEHIB 3 Pi3HMMU KyTaMU BiflOMTTS Bif
NOBEPXHi pocTy4oi niiBKu. ONTUYHA CXeMa peecTpallil BKIoYaia B cebe iBa KpeMHieBUX (POTONMpUMaya, o
(diKCYIOTh IHTEHCUBHICTb [IBOX IIPOMEHIB, BilOMTHX Mifl pisHNMU KyTamu nafiHyas 01io 2 Bix 3paska 3 pocTy4oio
n71iBKo10. JloCipKeHHS BIJIMBY TOBUIMHU TOHKUX NOKPUTTIB BiVO4 Ha KBaHTOBUI BUXif (POTOCTPYMY MTOKA3aH, 10
TOBCTi TOHKi NIOKPUTTS (1-2 MKM) MalOTh HIDKYMI KBAHTOBUI BUXif, y OPiBHSIHHI 3 IliBKamu ToBmKHOW0 200 - 400
HM. [lei1 (paKT noscHI0ETbCS (PI3SMYHMMU BIACTUBOCTSIMU TOJIIKPUCTAIIYHAX TOHKUX MOKPUTTIB BiVO4 , a came
HU3bKOIO €JIEKTPOIPOBIAHICTIO. 36iIbIIeHHS TOBIIMHY ITPUBOJIUTD N0 MiNBUIIEHHS 3aTPaT €Heprii Ha
pexkomMbiHaliliHi BTpaTy Ta 36ibLUIEHHS X €JIEKTPUYHOrO OIIOPY i, SIK pe3ysbTaT, 3MEHIIYeTbCS €PEKTUBHICTD
nepeHocy 3apsay. [Ipy YoMy Ha TOHKUX IJTiBKax Oi/IbIIMI BKJIAT, Ja€ BUAUME CBITJIO B (POTOCTPYM Yy MOPIBHSIHHI 3
IJTiBKAMU TOBIIMHOIO Gisbie 500 HM, Jie [ijITHKa MaKCMMaJIbHOTO KBAHTOBOTO BUXOAY (POTOCTPYyMy IpUNazae Ha
OsvKHe yabTpadioseToBe BUNIPOMiHIOBaHHS. [171s1 MifBUIEeHHS ePEeKTUBHOCTI IIMX TOHKUX IIOKPUTTIB OYyJI0
OTPUMaHO reTepoCTpyKTypy BiVO4 3 okcuaom Bosb(dpamy. BcTaHOBIIEHO, 110 332 paXyHOK TPUOKCHUAY BOJIb(Ppamy
301/IbIIY€EThCS 3arajibHUI IOKAa3HUK KBAHTOBOTO BUXO/LY, IO [IOB'SI3aHO 3 €JIEKTPOKATAITUMHUMU BJIACTUBOCTSIMU
WOQO3 . Byji0 BCTaHOBJIEHO, IO B ILIiBKax KOMIIO3UTiB BiVO4 3 WO3 |, Ha BiIMiHY Bif F€T€pOCTPYKTYP i TOHKUX
NOKpUTTIB yucToro BiVO4 , Ha crieKTpasbHUX XapaKTEPUCTHKAX CIIOCTEPIraeThbCsl 6isiblile 3HAYEHHS KBAaHTOBOTO
BUXOZY (OTOCTPYyMY B 06J1aCTi NorsiMHaHHA cBiTia BiVO4 . Tonki nokputtst Cu20-Cu3VO4 oTpuMaHi METOAOM
€JIEKTPOXIMIYHOTO CUHTEe3y. AHAJII3 [OJISIpU3aliitHMX KPUBUX Ta fiarpam [Typbe msst ioHIB Mifi Ta BaHATiIO 1O3BOJIMB
IIpoaHasli3yBaTy MO>KJIMBI peakKliii, 110 BifOyBalOThC IiJ] YaC OCAIPKEHHsI TOHKUX IOKPUTTiB. [1pu nortexuianax Bix 0
1o -0,2 B B po60uoMy pO34rHi OCaIKyBaBCsl IEPEBAKHO O HOBaJIeHTHUM okenp migi Cu20 3 pomimkamu Cu3VO4 .
3aBsKY BKJIALy OKCULY Mifi, SKUM B 3Ha4HiN Mipi nepeBakae Cu3VO4 B CUHTE30BaHUX ILJIiBKaxX, TOHKI IOKPUTTS
dortouytausi npu (320-750 HM) 3a yyacTio (poronepexoniB Cu+ -Cu2+) i 1OKa3yl0Th p-THUII IPOBIIHOCTI, 110 pOOUTH
iX IepCIeKTUBHUMU JJ1s1 BAKOPUCTAHHS CIIisIbHO 3 BiVO4 y poToenekTpoxiMiYHMX KOMipKax /11 NepeTBOPEHHS
COHSIYHOI eHeprii y esleKTpuuHy. Bosbdpamar mini 6yB oTpruMaHuii B 1Bi CTafil MIJISIXOM €/1eKTPOXiMiYHOTO
ocamkeHHs Ha kaToni Cu20. AHasi3 eJIeKTPOXPOMHMX BJIACTUBOCTEN TOHKUX IIOKPUTTIB BoJIbPpamMaTy Mizi okasas,
110 BOHU MOXKYTb OYTH [1€PCIIEKTUBHUAM €JIEKTPOXPOMHUM MaTepiajioM, CIIEKTP 3a6apBJIEHHS SIKOTO OijibIlI MMPIINI
3a PaxyHOK y4acCTi OKCUJHMX CIIOJIYK MiJli IOPiBHSIHO 3 J,006PE NOCIiI)KEHUM €JIEKTPOXPOMHUM MaTepiajom Ha

OCHOBI TPMOKCHUY BOJbppamy.

2. The dissertation work is devoted to establishing the influence of the conditions of synthesis of thin coatings
based on copper vanadates and tungstates by electrochemical and chemical methods, composition and structure
on their photoelectrochemical and electrochromic properties. The dissertation examines original approaches to
the synthesis and investigation of the properties of thin coatings, composites and heterostructures of bismuth and
copper vanadates and tungstates, which can be used as photoanodes (bismuth vanadate) and photocathodes
(copper vanadate) in photoelectrochemical cells for the decomposition of organic pollutants and
photoelectrochemical separation solar hydrogen, solar cells, smart glasses, optical sensors (copper tungstate). For
the synthesis of thin coatings of bismuth vanadates obtained by electrochemical deposition, acidic solutions of pH



= 4.8 - 5 based on vanadyl sulfate and bismuth nitrate were used. The formation of bismuth vanadate occurs due to
the anodic formation of vanadic acid ions and bismuthyl ions existing at this pH. Based on the analysis of
polarization curves and Purbet diagrams, the reaction potentials were established and the stages of the
electrodeposition process of thin BiVO4 coatings were determined. It was concluded that the deposition of thin
coatings takes place according to a mixed mechanism, which includes the electrochemical stage of oxidation of the
vanadyl ion to H2VO4- and the interaction of H2VO4- with the bismuthyl ion. Thermogravimetric and differential
thermal analyzes showed that the formation of crystalline thin coatings occurs at temperatures above 200°C. This
corresponds to the temperature of decomposition of hydroxides into oxides and water, after which they
crystallize. Heterostructures and BiVO4(WO3) composites were deposited separately. Analysis of X-ray patterns of
powders from thin coatings of BiVO4 and BiVO4(WO3) after heat treatment at 500°C showed that they consist
mainly of monoclinic BiVO4 and WO3. To measure the thickness of such thin coatings during their growth, the
method of two-beam interferometry was used. The optical registration scheme included two silicon
photodetectors that record the intensity of two rays reflected at different angles of incidence ol and 02 from a
sample with a growing film. Studies of the influence of the thickness of thin BiVO4 coatings on the photocurrent
quantum yield have shown that thick thin coatings (1-2 um) have a lower quantum yield compared to films with a
thickness of 200-400 nm. This fact is explained by the physical properties of polycrystalline thin BiVO4 coatings,
namely low electrical conductivity. An increase in thickness leads to an increase in energy expenditure for
recombination losses and an increase in their electrical resistance, and as a result, the efficiency of charge transfer
decreases. At the same time, on thin films, visible light makes a greater contribution to the photocurrent compared
to films with a thickness of more than 500 nm, where the region of the maximum quantum yield of the
photocurrent falls on near-ultraviolet radiation. To increase the efficiency of these thin coatings, a heterostructure
of BiVO4 with tungsten oxide was obtained. It was established that due to tungsten trioxide, the overall quantum
yield index increases, which is related to the electrocatalytic properties of WO3. It was established that in the films
of BiVO4 composites with WO3, in contrast to heterostructures and thin coatings of pure BiVO4, the spectral
characteristics show a higher value of the photocurrent quantum yield in the region of light absorption of BiVO4.
Thin Cu20-Cu3V04 coatings were obtained by electrochemical synthesis. The analysis of polarization curves and
Purbet diagrams for copper and vanadium ions made it possible to analyze the possible reactions occurring during
the deposition of thin coatings. At potentials from 0 to -0.2 V, mainly monovalent copper oxide Cu20 with
impurities Cu3VO4 precipitated in the working solution. Due to the contribution of copper oxide, which largely
dominates Cu3VO4 in the synthesized films, the thin coatings are photosensitive at (320-750 nm) with the
participation of (Cu+-Cu2+ phototransitions) and show p-type conductivity, which makes them promising for use
together with BiVO4 in photoelectrochemical cells for converting solar energy into electrical energy. Copper
tungstate was obtained in two stages by electrochemical deposition on a Cu20 cathode. Analysis of the
electrochromic properties of of copper tungstate thin coatings showed that they can be a promising
electrochromic material, the color spectrum of which is wider due to the participation of copper oxide compounds
compared to the well-researched electrochromic material based on tungsten trioxide.
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VIII. 3aKkJII04Hi BiZoMOCTi

BnacHe IlpizBume Im's I10-6aTbKOBI Omenbuyk AnaTotilt OraHacoBu

TOJIOBH paju



Biacue IpizBume Im's [10-6aTbKOBI Omestbuyk AHaToTii OnaHacoBuY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUMH 3a HiATOTOBKY Hapis IBaxa

00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




