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icHylounx nipu uboMy pH. 3 aHasi3y nosnspusaniiHux KpuBKX i giarpam [Typ6e BCTaHOBJIEHO MOTEHLIANN PeaKLiil Ta
BM3HAYEHO CTaJilHICTh NPOLeCy eJIeKTPOOCAIKEeHHS TOHKUX ITOKPUTTIB BiVO4 . 3p0o61eHO BUCHOBOK, 1110
0CaJPKEHHSI TOHKUX [IOKPUTTIB IIPOXOJUTS 110 3MillIaHOMY MEXaHi3My, IKMI BKJIIOUae B cebe eJIeKTPOXiMiuHy cTaziio
OKHMCJIEHHS BaHanui ioHa 7o H2VO4 - ta B3aemogio H2VO4 - 3 BicMyTuit ioHOM. TepMoOrpaBiMeTpUYHNA i
nudepeHLiaTbHO-TEPMIYHMI aHaJIi3M 0Ka3aJlH, 0 YTBOPEHHSI KPUCTAIIYHUX TOHKUAX TOKPUTTIB BiflOyBa€ThCS IIpU
Temrnepatypax 6inbuie 200°C. e Bifnosigae Temeparypi po3kjaay riipoKCcuiiB Ha OKCUAY i BOAY, iCJIsl YOro
BOHU KPUCTaJi3yl0TbCs. Bys10 0OKpeMo 0CcaixkeHO reTepoCTpyKTypH i komnosutu BiVO4 (WO3). Ananis
PEHTreHOrpaMM MOPOLIKiB 3 TOHKUX NOKPUTTIB BiVO 4 Ta BiVO4 (WO3) niciist Tepmoo6po6ku npu 500°C nokasas,
1110 BOHU CKJIAJal0ThCSl IIEPEBAKHO 3 MOHOKJIIHHUX BiVO4 Ta WO3 . 1719 BUMIpIOBaHHS TOBIIMHU TAKUX TOHKUX
IIOKPUTTIB Mif, yac ix poCcTy 3aCTOCOBYBaBCSl METO/L JBOIIPOMEHEBOI iHTeppepomeTpii. MeTos 3acHOBaHUI Ha
peecTpauii iHTeppeporpaMm IBOX MOHOXPOMATUYHUX CBITJIOBUX IIPOMEHIB 3 Pi3HMMU KyTaMU BiflOMTTS Bif
IIOBEPxHi pocTy4oi miiBku. ONTUYHA CXeMa peecTpallii BKIloYasa B cebe JBa KpeMHieBUx (poTonpuiiMaya, 1o
(diKCYIOTbh IHTEHCUBHICTb JIBOX IIPOMEHIB, BilOMTHX Iifl pisHNMU KyTamu nafiHHs 01io 2 Bix 3paska 3 pocTy4oio
n71iBKO10. JloClilpKeHHS BIJIMBY TOBUIMHU TOHKUX NOKPUTTIB BiVO4 Ha KBaHTOBUI BUXif (POTOCTPYMY MTOKa3au, 10
TOBCTi TOHKi IOKPUTTH (1-2 MKM) MalOTh HIDKYMI KBAHTOBUI BUXif, y MOPiBHSIHHI 3 IiBKamu ToBmuHOW0 200 - 400
HM. Ilet1 GpakT MosICHIOEThCS PiI3MYHUMU BIACTUBOCTSIMU MOJIKPUCTATIYHAX TOHKUX MOKPUTTiB BiVO4 , a came
HU3bKOIO €JIEKTPOIPOBIAHICTIO. 36iIbIlIeHHs TOBIIMHY ITPUBOJIUTD N0 MiBUIIEHHS 3aTPaT €Heprii Ha
peKoMOiHaliliHi BTpaTy Ta 36ilbLIEHHS X €JIEKTPUYHOrO OIOPY i, SIK pe3ysbTaT, 3MEHIIYeTbCS €(PEKTUBHICTD
nepeHocy 3apsay. [Ipy YoMy Ha TOHKUX IJTiBKax Oi/IbIIMI BKJIAT, 1a€ BUAUME CBITJIO B (POTOCTPYM Yy MOPIBHSIHHI 3
IJ1iBKaMU TOBLIMHOIO Gisbiie 500 HM, fie IifsiHKa MakCMMaJlbHOrO KBAHTOBOT'O BUXOy POTOCTPYMY IIpUIIafiae Ha
6vKHE yabTpadioseToBe BUIIPOMIHIOBaHHS. [171s1 MifBUILEHHS €PEKTUBHOCTI IIUX TOHKUX IIOKPUTTIB 6YyJI0
OTPUMAaHO reTepoCTPYKTYypy BiVO4 3 okcuaom Bosb(pamy. BcTaHOBIIEHO, IO 332 paXyHOK TPUOKCHUAY BOJIbPpamy
301IbLIYETHCS 3arajJbHUI IIOKAa3HUK KBAHTOBOI'O BUXOJY, 110 IIOB'SI3aHO 3 €JIeKTPOKATAJIITUMHUMU BJIaCTUBOCTSIMU
WO3 . Byj10 BCTaHOBJIEHO, IO B IUIiBKax KOMIIO3UTIB BiVO4 3 WO3 |, Ha BiIMiHY Bif F€T€pOCTPYKTYP i TOHKHUX
NOKPUTTIB yucToro BiVO4 , Ha crieKTpa/lbHUX XapaKTEPUCTHKAX CIIOCTEPIraeThbCsl 6islble 3HAYE€HHS KBAHTOBOTO
BUXOZly (POTOCTPYMY B 0671acTi nornuHaHHg cBiTia BiVO4 . Tonki nokpurta Cu20-Cu3VO4 oTpuMaHi METOIOM
€JIEKTPOXIMIYHOTI'O CUHTEe3Y. AHaJII3 [T0JIsIpM3alliiiHuX KpUBKX Ta fiarpam [Typ6e mss ioHiB Mifi Ta BaHaAT 10 J03BOJIMB
IIpoaHasli3yBaTy MO>KJIMBI peaxliii, [0 BifOyBalOThC MiJ] YaC OCAIPKEHHsI TOHKUX IOKPUTTIB. [1pu norexuianax sig 0
1o -0,2 B B pob04oMy pO34MHi OCAIKyBaBCsl IEPEBAKHO OJHOBaIeHTHUI okcup Mifli Cu20 3 gomimkamu Cu3VO4 .
3aBnsKy BKIaAy OKCULY Mifli, KW B 3Ha4Hil Mipi nepeBaskae Cu3VO4 B CMHTE€30BaHUX IJIiBKaX, TOHKI ITIOKPUTTS
dortouytansi npu (320-750 HM) 3a yyacTio (poronepexoniB Cu+ -Cu2+) i 1OKa3yl0Th p-THUII IPOBiIHOCTI, 110 pOOUTH
iX I€pPCIEeKTUBHUMU JJ151 BAKOPUCTAHHS CIIiJIbHO 3 BiVO4 y poToeneKTpoxiMiYHMX KOMipKax [1J1 epeTBOPEHHS
COHSIYHOI eHeprii y efleKTpuuHy. Bosbdpamar mini 6yB oTprMaHuii B [1Bi CTafil IIISIXOM €/1€KTPOXiMiYHOTO
ocazpkeHHs Ha kaTogi Cu20. AHasli3 eJIeKTPOXPOMHUX BJIaCTUBOCTEN TOHKUX IIOKPUTTIB BoJIbPpaMaTy Mifli Iokasas,
1110 BOHU MOXYTb OyTH N1€PCIEKTUBHUM €JIEKTPOXPOMHUM MaTepiajioM, CIIEKTP 3a0apBjIEHHS SIKOTO OiIbIll ITUPLIMI
33 PaxXyHOK y4acCTi OKCUJIHUX CIOJIYK Mifli IOPiBHSIHO 3 J0Ope NOCiI’)KEHUM eJIEKTPOXPOMHUM MaTepiajoM Ha

OCHOBI TpuoKcuy Boiabdpamy.

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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rOJIOBYIOYOrO Ha 3acigaHHi

BiamoBiganibHUH 32 MiITOTOBKY Hapis IBaxa

00JIIKOBHX JOKYMEHTIB

Peectparop VYKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




