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KHUPHUIII (pan noxropu (DSc) auccepramusicn aHHOTAIIASICH )

Juccepranus MaB3yCHHUHT 10J13ap0JIuru Ba 3apypatu. byryaru kysaa ep
I03UJa axO0JuM COHMHHM OIIMO OOpHUIIM 3HEpPrus pecypciapura OyiaraH TanaOHU
ycummra oaud KeIMOKIa Ba KYyMUp, Ta3, HedT kabu TaOMMil Ka3uiaMma SHEPTHs
MaHOaaNapyHU 3axXupajapyu YEKIaHTAHJIUTH KeJlakak dHEprus MaHOamapu XaKkuaa
KUaaun yiinamra Mmax0yp kuiMokaa. [y Ounan Oupra, Tabunii Ka3uiaMa 3Heprus
MaHOanapuHu EHUNI x)apaéuuna xocun oyiyBun maxcynotiap (COz, NOy) atpod-
MYXUT Ba DKOJIOTUATA KUAUN 3apap KeITupaau Ba Oy MyaMMOJIapHU Xajl KWINIIA
Ky€Ill, IIaMoJI, TUIPOIHEPTUS, SIIPO SHEPTUSACU KaOU KailTa TUKIaHyBYaH, MyKOOWJI
SHEpPrusi MaHOATAPUHU TAJKUK JTHIL, PUBOXIJIAHTUPHIL Ba KEHI KyJamaa TaJI0MK
ATUIL AJIOXHJIa aXaMUAT KacO 3Taju.

XKaxonga om0 OGopmnaérraH WIMUN H3JaHUILIAP BOJOPOJ SHEPTeTHUKACU
KeJla)KaK HHEPreTMK MHKUPO3MHMU OJIIMHU OJIMLIIATH UCTHKOOJUIM €4UMIIap/aH
OMpHU SKAHJIUTUHU KYpCaTMOK/AA Ba BOJOPOJ Ta3UMHU KYEII SHEPrusicu €praMujia
OJIMIIHUHT caMapalu ycyulapAaH OuUpH CyBHU (POTOKATAIUTHK Mapyaaligup.
JIYHEHMHT €TaK4M OJIMMJIapH TOMOHUJIAH CYBHU (POTOKATAIMTHK Napyanad BOAOPOL
oJIMIIAA KYJUIAHWIIYBYM camapaliv (OoTOKaTaIM3aToOp MaTepruasiap OJIMII yIapHUHT
yauam Ba MOpPhONOTHUSIIAPUHA OomKapul, HAHOTY3UJIMAIIH
(oToKaTaNM3aTOPIAPHU CaMapald CUHTE3NAll yCYJUIApUHM SIpaTUIl, EpYFIUKHU
KYPUHYBYH cOXacuaaru (paoyuIMruHu OMMpULI, (OoTOKaTaIM3aTOpAA XOCUI OYiIran
3apsj TallyBUWIAPHUHT PEKOMOMHALMACUHU KaMmalTupumi, €pAaamMud MeTasul
KaTaJu3aTOpPJIapHU MaKCaadu KUPUTHUIL, (OTOpeakIusuiap KUHETHKacH Xamja
MEXaHU3MHUHHM  aHUKJall, (HOTOKATAIU3aTOP-CYIOKIMK uerapacuaard 3apsn
y3aTWINLI Ba OKCUJIAHUII-KAaUTapMIINII peaKkIMsUIapy MEXaHU3MIIApUHU YpraHHIll
Oyiinua ky1ad Ha3apuii UIIap aMalra OINTUPUIITaH.

MamakaTuMH3aa HEpPTUs caMapaJopJIMIMHA OLIMPUII, EKUIFU-IHEPreTHKa
MaxcCyJIOTJIapura KapaMJIMTUHU KaMaUTUPHIL XaM/1a KailTa TUKJIaHYBYH Ba BOJOPO]L
HHEPreTUKACUHU PHUBOKJIAHTUPHUILTA aloXuaa >bTUOOp KapaTuiaMokiaa. Maskyp
WyHaNMIIIa JacTypuil yopa-Tagoupiap acocuaa, alHUKCa, ssHruda EHaalryBIapra
acocjaHraH BOJIOPOJ PHEPTEeTUKACUHU PUBOXKJIAHTHPUII OYiinuya (pyHIaMeHTal Ba
aMaTuii M3MAHMIOUIAP KEHT KyJNaMaa amaira ONIMPHIMOKIA. Y30eKHCTOH
PecryOIMKACHHMHT SHAJa PHBOXKIAHTUPUIN Oyitmua SIHrM  Y36eKMCTOHHMHT
TApPaKKMET CTpaTervscuaa ' MUUIMA TOBApIapHMHI Pako0aTGapIOLLIUTHHKA
TabMUHJIAWUTaH MaxCyJOT Ba TEXHOJIOTUSJIAPHUHT TyOJaH SHTU TypJapUHU
MIUIa0 YUKAPUIITHYU Y3MAIITUPUIITa HYHAITUPUWITaH MyXuM Baszudanap Oenrunad
O6epunran. by 6opaga Maxawmuii XxoMm aménap acocuaa KaiTa TUKJIAHyBYH YHEPTHUS
MaHOaNapyHM KyJularaH XoJiJa BOJOPOJA HIUIA0 YMKApUII YYYyH HWKTUCOAMN
KUXATIAH camMapaid Ba JKOJIOTMK TO3a TEXHOJIOTHSUIApHU SIPATHIL, YyiapJaH
YUKWHIWJIAPHA YTUIM3ALUs KWIKII Ba SKOJOTUK XaB)CU3IMK yuyH (oiigaaHuIn
MYXUM aXxaMuAaT KacO 3Tajau.

V36ekucTon Pecniyonukacu Ilpesuaentununr 2017 itun 26 maiigaru “2017-
2021 iunnapna KailiTa THUKIAHYBYM DHEPreTUKAHU SIHAJA PUBOMXIAHTUPUIL,

1 V36exucron Pecniy6mukacu Ilpesunentunuar 2022 iun 28 smBapmarm I1d-60-con «2022-2026 immiapra
MyJpKayutaHrad SIHrn Y30eKHCTOHHUHT TapakKuET cTparerusicu Tyrpucuiay dapmMoHu.
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UKTHUCOIUET TapMOKJIapy Ba IKTUMOMM COXaja DHEpPrusi camapajopiIuruHu
omupuil yopa tagoupiapu aactypu tyrpucuna’ru [1K-3012-con, 2019 iun 22
apryctaarn  “MIKTMCOAMET TapMOKJIapu Ba MWXTUMOMN COXAaHUHI DJHEPrus
camapaJOopJUTMHU OIIMPHIL, SHEPTUS T€KOBUU TEXHOJIOTHSUIAPHH KOPHM STHII Ba
KaliTa TUKJIAHYBYM JHEPrusi MaHOadapuHU PUBOXJIAHTUPHUIIHUHT TE3KOp dYopa-
tangoupnapu  tyrpucuga’tu  [1K-4422-con, 2020 #wmn 10 wroHgarwm
«VIKTHCOAMETHUHT SHEPTUs caMapaJOpJIUTHHH OIIUPHII Ba MaBXyJ PECypClIapHH
Kand ATUII  OpPKAJM  MKTUCOAMET TAPMOKJIAPUHUHT  EKWIFU-DHEPreTHKa
MaxcCyJoTJIapura KapaMJIUTMHH KaMaTHpUIITra JOUp KylIuM4a dopa-Taadoupiap
tyrpucuna»ry  IIK-4779-con Ba 2021 idiunm 9 anpenmarm  “Y36eKHCTOH
Pecny6iukacua KaiiTa TUKJIaHYBYH Ba BOJOPO IHEPTETUKACUHY PUBOKIIAHTUPHIILL
yopa-tagoupnapu Ttyrpucuna”’ 1 I1K-5063-con Kapopnapu xamma wMaskyp
daonusTra TerumuIM OOIIKA MEBEPUM-XYKYKUNM XyXKaTiapja OenruiiaHraH
BasuQalapHi amaira OMIMpHUINAa YymoOy AuccepTanus TaAKUKOTH HaTHXKalapu
MyaiisiH Japakaja Xu3MaT Kuja/Iu.

TanKukKOTHUHT pecny0juka ¢aH Ba TEXHOJOTUSJIAPH PHUBOKIAHUIIN-
HUHI AaCOCHHM YCTYBOp HYHAJMULIAPUIa OOFIMKJIUIUA. MasKyp TaIKuKOT
pecnyOnuka (an Ba TexHoJorusuiap  puBoxiIaHUIIMHUHT  VII.  «Kumé
TEXHOJOTHSUIApH Ba HAHOTEXHOJIOTHSIAp» YCTYBOp HWYHAIWIIHra MYyBO(PHUK
Oa)kapuJIraH.

Jluccepranusi MaB3ycH 0Yiin4a XOpHKMii HIMHAA-TaIKHKOT/IAD MIAPXHZ.
Hanory3unmanu Qorokaranuzarop MarepuauiapHd CHHTE3 KWIMII Ba YJIapHU
CYBHU (POTOKATAIIUTHK TMapyasiad BOJOPOJ] OJHII HYHAIUIIUTA KapaTUJITaH WIMHAN
TQIKUKOTIApD JKAXOHHUHT €TaKuyd WIMUKA MapKasjapu Ba OJIMA TablIuM
Myaccacanapu, xymianan Tokyo Institute of technology, Kyushu University, Tokyo
University of Science (SAmonust), Sungyukwan University, Seoul National
University, KAIST, (OK. Kopea) Friedrich-Alexander-University of Erlangen-
Niirnberg (I'epmanusi), California Institute of Technology, Pennsylvania State
University (AKIII), Ecole polytechnique fédérale de Lausanne (IIIeiiuapus),
Institute of New Catalytic Materials Science (Xwuroii), Y36exucron Munimii
yruBepcuTeraapua (Y36ekucTon) ommb 6opruaMoKIa.

Epyrnuk épramua cyBHE napyanad BOAOPO ONMILITA MYJLKAIIAHTaH IOKOPH
camapangop (OTOKAaTaIM3aTOpPIApHU OJUII Ba YJIapHU aMalvdid KyJUlalra OW
KAXOHJIa KATop TAaJIKUKOTIap OJu0 OOpPWIMIIM HATWKACHUa KyWIard HWIMHKA
HATWXKaJIap OJIMHTAaH: METAJJT OKCUJIApU, HUTPUTIIApU Ba yJap aCOCUJIATd KaTTHK
spuTManapaaH noopar camapaaop GoTokaranuzaropiap cunresnanran (University
of Tokyo, SImonwus); épyFIMK TabCUpHIa CYBHU TYJIMK Tapdyajaiira KOJAUP HUKKH
Typaard ¢GoToKaTaiu3aTop MaTepualJaH TallKWiI TonraH Z-cxeMa acocHja
unuioBun tu3uM sipatunrad (Tokyo University of Science, fmonwus); yriepon
HUTPUIU acocCiuaaru EpyrIMKHUHT KYpUHYBUM coxacuaa ¢daon OYiaraH roKopu
camapaJopiukra Ba Oapkapopyimkra jsra (QoToKaTanu3aTopiiap CHHTE3JaHTaH
(Soochow University, Suzhou, XwuToii); HAHOTY3WJIMaId METAT OKCHJIJIU

2 Jluccepraums MaB3ycH OyiiMua XOpWKMiI MIMHUH-TaIKUKOTIap Imapxu http://www.scholar.google.com,
http://www.sciencedirect.com Ba Goiika MmanOaanap Marepuaiapy acoCHIa TalépiaHran
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dboTodneKTpOANIApIAH TAIIKWI TONraH (POTORIEKTPOKUMEBUHN sUeiika acocuia
CyBHH (hOTORJIEKTpONU3Iam Tu3umiapu mmab uukunran (Ecole Polytechnique
Fédérale de Lausanne, IlIBeiimapus); OapKapopiwurud FOKOpPH OYiraH KpeMHUIA
acocumara (oroanekrpomiap cunresnanran (California Institute of Technology,
AKIII).

Hyunéna sHru ¢oToKaTtanu3aTop MaTepHAIapHUA — OJIMIIra, YJIAPHUHT
EPYFIUKHUHT KYpPUHYBUM HYp coxacuja (aoJUIallITUPUIL Ba caMapaJopiIUuruHu
omMpuIl Oyiudya Karop, >KymjajaH, KyHuUJIard YyCTyBop HYHaIuIIapaa
TaJIKUKOTIIAp OO OOPWIMOK/A: TAKUKJAHTaH COXacu TOp OYNTaH spUMyTKa3rud
(dboToKkaTanM3aTOPIAPHU CHHTE3 KHIUIL; (DOTODIEKTPOMJIApHU OapKapOpJIMTMHA
OIIMPHUILI  Ba  DJEKTPOA-AIEKTPOJUT  4Yerapacujuarda  3apsi  y3aTHIHII
KOHYHUSITJIADUHUA ~ TaAKUK OTUll;  (HOTOKATaIM3aTOp/ard  PEeKOMOMHAIIMOH
KapaéHiapHu Oaprapad 3TuIIa HaHOY3T4amiM (HOTOKATaIU3aTOPJIApHU CHUHTE3
KHJIALLL

MyaMMOHMHI YPraHWITaHJIUK AapaskacH. /[yHEHUHT KaTOp €TaK4Yd WIMHUN
Mapkasziapuja KyKyHIH QoTokaranu3atop €xku (OTOIIEKTPOKMMEBHM yCyiiaa
BOJIOPOJ1 OJIMIIAA caMapaii Ba 0apKapop poToKaTaIu3aTOPIapHA CUHTE3 KUJIUII Ba
YIAPHUHT MOP(OJIOTUK, ONTOIEKTPOH, MUKPOCTPYKTYpaBUi Ba (POTOKATATUTUK
XOCCAJIApVHU  YpraHuIlra MyHANTUPWITaH  WIMHWA-TAIKUKOTIAp  amaira
omupmimoraa. Kymmaman, K. Domen, A. Kudo, K. Maeda Michael Gritzel, K.
Sivula kabu omumitap TypJiu XWJI TapkuOra Ba Ty3WIHINra 5ra OYJIraH MeTaul
OKCUJUIApY, HHUTPUUIAPH, OKCHUHUTPUIJIAP ACOCHJArd IOKOPH  caMapaiop
¢doTokaTanu3aTop Ba GOTORIEKTPOIAPHHU OJIUII Ba XOCCAIAPUHU YpraHuil OuiIaH
OOFJIMK TAAKUKOTJIAp YTKA3UILTaH.

V36exucTonna camapamu (OTOKAaTaTM3 HAHOMATEPAJUIAPHH CHHTE3H Ba
XOCCaTapuHU TaJKUK O3TUII OyiiMua KaTop OJUMIIAp M3JIaHULUIAP OJHO
oopummokaa. KamupoBa 3.Y. Metaym okcuajiapu Ba cyiabdumiapu acocujia
OJIMHTaH HaHOTY3WIMalu (HOTOKATAIM3aTOp MaTepaJJIapHU CAHOAT YHKUHIU
CyBIIapUHM To3anamaa Kymiarad. Pysumypono O.H. Typnau MmeTtamn okcumiiapu
acocH/la HaHOFOBAKJIM Ty3WJManap oJM0 yiapHH (POTOKATATUTHK XOCCaJapUHU
TaaKUK ATrad. JlekuH, Typau mopdonorus Ba yinuamra sra 0yirad, KYpuHYBUU HYP
coxacuja (aos HAHOCTPYKTYpalu (poTOKaTalInM3aTOpiapy OJIMII Ba yjap/ia XOCHII
OyNraH 3KCUTOHJIAP JUHAMUKACUHU (POTOKATANUTUK (DAOJUIMKIa TAbCUPU TU3UMIIH
YpraHujiMara.

Juccepranmnsi MaB3yCHHMHT JUCCEPTANNS 02a:KaPWIAETTaH OJIMI TABJIUM
MYacCcacaCMHMHI MIIMUM-TAIKUKOT MIJIApH OMJIaH O0OFIMKJIMIM. [rccepranus
TaJAKUKOTHU V36exkucton  Musuimii YHUBEPCUTETH WIMHUU-TAAKUKOT HILJIApU
pexacuHuHT Ne @-OT-2021-237 “Ky€m Hypu Tabcupuia CyBHU (POTOKATATUTUK
napyaiad BOJOPOJ OJIMII: HAHOCTPYKTypaidu (OTOKATATU3aTOPIapHU CHUHTE3
KWJIMII Ba XOCCAJapUHK Ha3apui Ba SKCIiepuMeHTan Taakuk atumr’” (2021 #-x.B.) Ba
Kanyouit Kopes Kymo wmummii texnonorusmap wuHctutytd 2011-0017965
“Development of visible-light water-splitting system using nano-structured
semiconductors” (2011-2014 iiit.) maB3ymapuparu (QyHIAMEHTa] JOHUXalapH
noupacuga OaxapuiIu.



TagKUKOTHUHT MaKcaau METaJI OKCHJIJIN APUMYTKa3ru4
HAHOTY3WIMAJIADUHU CHUHTE3 KWJIWII Ba yJApHUHT (U3HK-KUMEBUH  Ba
(doToKaTaIUTUK XOCCATapUHU aHUKJIAIIIaH HOoparT.

TaakukoTt Bazudanapu:

MeTaul OKCHUJUIN SIPUMYTKA3ru4 HAHOTY3WIMAIH (POTOANEKTPOIAPHU KyJIal
Ba KaMmMxapK ycyljiapJa CHHTE3 KWIUII Ba YyIapHU (DOTOIIEKTPOKUMEBUIA
XOccalapyuHu TaAKUK THUII;

MHUC OKCHJIM HaHOCTPYKTypajapu (HAHOPOJIApH) acocHujua p- THUIJATH
APUMYTKA3TUWIN (OTORJIEKTPOJIHA FOBAKIM TEMIUIAT KYJUlaraH XoJija KyJjai Ba
coalla ycyljga CHHTe3 KWiIuIl Ba (GOTOdJIEKTOpIapHun Mopdosorus Ba
MHUKPOCTPYKTYpaJapyuHU TaAKUK KUJIHILL,

MHUC OKCHIIM acocuparu ¢oTodNeKTpojiapuiard (HOTOKOPPO3USl  ydpall
MyamMMOcHHHU Oaprtapad sTtuml. byHna, Muc okcuau (QOTOIEKTPOIHU TaHJIAHTaH
xuMosi  Marepuaiiapy  Ownan  kormmad, CuO/ZnO  Ba  CuO/ZnO/TiO;
TEeTPOCTPYKTYypajgap OJUII Ba YyJIapHU MOP(OJOTUK, MaKpPOCTPYKTypaBUi,
(OTORIEKTPOKUMEBHI Ba POTOKOPPO3HTa OAPKAPOPIUK XOCCATTAPUHH YPTraHMIIL

xocun KwinHrad CuO/ZnO dotosnexkropomyiapaa kymuianwiran ZnO xumos
KaTJIaMU KQJIMHJIUTUHA (POTORIEKTPOKUMEBUM XOCcamapura TabCUPUHU YpraHuIil;

dbotokopposusira 6apaom CuO/ZnO HaHOPOI Ba IONKA IUIEHKA acoCUAaru
(OTORNEKTPOATIAPHU  CUHTE3 KWIMII Ba  yJIapHU (b OTORIIEKTPOKUMEBUI
XOCCAIApUHU KUECHUM TaJAKUK ITHIL;

raJIbBaHUK-TIOTEHIIMA UINTUPOKKUAA TuApoTepman ycyiaa Ag/ZnO merasi-
SAPUMYTKA3TUd HAHOCTPYKTYpaHU XOCHUJ KWIMII Ba YyJlIapHU MOP(OJIOTUK,
MUKPOCTPYKTYpaBuii Ba (DOTOKATATUTUK XOCCATIAPUHY YPTaHMIIL;

TagKNKOTHHUHT O00BbEKTH MHC OKCHUJIM, TUTAaH JUOKCUAM Ba PyX OKCUIU
HAHOPOJJIAPU XaMmJla KyMyIll HaHOCUMJIapuaaH uoopar.

TagKUKOTHUHT NpPeAMEeTH MHC OKCHUIU, TUTAH OKCHUAM Ba PYyX OKCHAU
acocuJard HaHOCTPYKTypajapHU Ty3WIMacd, MOpQoJIOTHK, (U3UK-KUMEBUN
xoccanapu, (POTOIIEKTPOKUMEBUN Ba (HOTOKATAIUTHK XOCCAIAPUHHU TAJKUK
KWJIMIIAaH uoopart.

Tagkukor  ycyuiapu.  Tagkukorimapaa — 3J€KTPOH — MHUKPOCKOIIHS,
PEHTTEHOCTPYKTYpPaBUH, peHTreH-(POTOINEKTPOH CIIEKTPOCKOM U,
dboTocnekTpockonusi, (HOTOKATAIUTUK Ba  IUKIMK  BOJIbTaMIIEPOMETPHS,
XpPOHOAMIIEPMETPUK Ba IJICKTPOKUMEBUM uMmnuaanc crnekrpomerpusi (DUC)
Tax I KaOu TaAKUKOT yCyJutapuan (oigaiaHnuira.

TaagKMKOTHUHT WIMMI SIHTWINTH KyHuaaruiapaan noopar:

MHUC OKCHUAM HAHOPOJJIapy  acocuaa p-TUN  YTKa3yBUAHJMKIra 9ra
APUMYTKA3TUWIN  (HOTODEKTPOJHA OJUIIHM FOBAKIM TEMIIAT Epaamuaa
AIIEKTPOKUMEBUHN UYKTUPHIL YCYIIU UIIA0 YNKUIITAH;

UK 6opa HaHOCTpYKTypasn n- TUILH T102/CdS/CdSe dhoroanon Ba p-Turiu
CuO/ZnOITiO; dhoTokaromiapaaH TaIIKWI TONraH (OTOAIEKTPOKUMEBUH suciika
TY3WIAM Ba s4YEHKa IapaMEeTpJapuHUA TYJIUK YpraHull HaTWKacura acocaH
TaHJaHTaH (OTOANEKTPOIapHU OUp (HOTOZIEKTPOKUMEBUI sUeilkaga KyJulall
MYMKHWHJIUTH UCOOTJIaHTaH;



MHUC OKCHUAM HaHOPOJJIapd acocuaa P-TUN  YTKa3yBUAHJMKra 93ra
APUMYTKA3TUWIN  (QOTOANEKTPOIHU  (oToKopposusira  OGapmoumru  ZnO
HAaHOPOJJIapUJAaH TalIKWI TONraH XuMosi Kariamu osBazura 80% Oynuim
TabMHUHJIAHTaH;

CuO mnanopon wmopdomorusra 3ra (POTOIICKTPOTHUHT XOCCAIAPH FOTKA
wi€Hka acocugaru (QorodnekTpoara HucOATaH YCTYHJIWTH — DJIEKTPOJAJIAp
boTorNeKTpOKUMEBU  XOoccaiapuHu  Oatadcuin  KUECHI TaxJIWIM — acocHa
MCOOTJIaHTaH;

CuO/ZnO nHanopomsapu acocuaaru (QoTodyiekTpouiapaa Kymianuiaran ZnO
HAHOPOJ XUMOSI KATJIAaMUHUHT KAJIMHIUTUHU (POTORIEKTPOAHUHT (HOTOKOPPO3US
0apIOILIUTH Ba 3JIEKTPOKUMEBHI XOccalapura HOUM3UKIN OOFIUKINK/IA SKaHIUT U
MCOOTJIaHTaH;

Wik Oopa TaJbBaHUK-TIOTEHIIMAT HWINTUPOKUJIATH TUAPOTEPMAN YCYIHU
JUCIIepC HaHO3appaJlk cucTeMara Kysuiarad xoiga Ag/ZnO Metami-spuMyTKa3rud
HAaHOCTPYKTypaJIapy CUHTE3 KUJIMHIaH.

TaagKMKOTHUHT aMaIuii HATUKAJAPH Kyiinaaruiaapiad noopar:

BEPTUKAJI TAPTUOJIIAHTAH METAJI Ba METAI OKCUJl HAHOPOJIAPUHH FOBAKIIH
TEMIUIAT €pJlaMHJla CUHTE3 KUJIHII YCYJIU SPaTHIITaH:

pPyX OKCHUIM HaHOpPOJA XHMOs KaTiamura sra Kopposus Oapmom CuO
HaHOTY3WIMaJIX (DOTOZIEKTPOAJIAP OJUHTAH;

EPYFIIMKHUHT KYPUHYBUM HYp crieKTpuaa (aon poTosnekTpoasiapaad uoopat
aBTOHOM (poTOsTUEIKA SIpATUIITaH;

METaUT-IPUMYTKA3TUWIM HaHO3appajapHU CHHTE3 KWIMIIHUHT TaJbBaHUK-
MOTEHITUAIUINA THAPOTEPMAIT YCYIIH UIILIA0 YAKUIITaH.

TagKMKOT HATHIKAJAPUHUHI MINOHYJIMJIMIY FOBAKIM TEMIUIAT €paaMmuja
ANEKTPOKUMEBUN UYKTHPUII Ba TabBAaHUK-TIOTEHIIMAT UIITUPOKHUIA THAPOTEpMA
ycyJulap/la OJMHTaH HAHOCTPYKTypajap CKaHJIOBUM BJIEKTPOH MHUKPOCKOMUS
(SEM), Tpancmuccuon anektpon mukpockorus (TEM), perarrenorpagpus (XRD),
sueprus-nucinepe, YB-KYP Ba penrrenoporosnextpon crexkrpockonus (EDX, UV-
VIS, XPS), UMKIUK BOJBTAMIIEPOMETPUS, OIJICKTPOKUMEBHA  WUMITHIIAHC
CHEKTPOCKONUSCH KaOU TaAKUKOT yCYJUIApU dKaMJIaHMacu OHMJIaH aCOCIIaHA/IH.

TagKMKOT HATWKAJTAPUHUHI WIMMHA Ba aMajMi axamMMATH. TaaKUKOT
HATIKAJAPUHUHT UIIMHUI aXaMUSTH MUC OKCUIN HAHOPOJIAPUHU CUHTE3 KUITUIITHU
FOBAKJIM TeMIUIaT EplaMuia JJIEKTPOKUMEBUN UYKTUPHUII YCYJIWHU UILIA0
YUKUIIAAH, ITYHUHTACK, METAJII OKCUJ] APUMY TKa3THUJIAPHUHT MUKPOCTPYKTYPACH,
MOpQOJIOTUSIC Ba  TApKUOWHM  yJIApHUHT  (POTOKATAIUTHUK  XOccajapura
OOFNMKIUTUHA TAJAKUK OTHIN, Ba TaJlbBAaHUK-TIOTCHIIMAT HWINTUPOKUIATH
THAPOTEpPMANl CHHTE3 >KapaéHuJa MeETAUI-SIPUMYTKA3rud HaHO3appajap XOCHII
OYIuII MeXaHU3MJIAPWHU aHUKJIaIAaH noopar.

TankukoT HaTHKaIapUHUHT amanuii axamusti N- turum TiO,/CdS/CdSe Ba p-
turuin CuO/ZnO/TiO2 (poTodraeKTpoIap CHUHTE3JAHTAHIUTH Ba yJjap acocuaa
aBTOHOM (POTORJIEKTPOKUMEBUN suelKa TY3WITAHJIUTH, aBTOHOM (oTosiueiika
épraMuia CyBHH (POTOANEKTPOKUMEBUN Mapyanad BOJOPOA OJUII MaKcaauaa
Kyyam  MyMkuHiard, AgQ/ZnO  MeTa-IpuMyTKasTud  HAHOCTPYKTYpaTapHH
CUHTE3 KWIMIIHU TajdbBaHUK-TIOTEHLIMAN HWIITUPOKHUIATH THIPOTEpMall yCYJIu
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UIUIad YMKWITAHJIUTU Ba Oy yCyJlHM OOIIKAa TypAarn MeTaul-IpUMYyTKa3rv4
HaHO3appaJapHU OJUINTa KYJUTall MyMKUHIUTH OUJIaH U30XJIaHA M.

TagKuKoT HATHKAJAPUHUHT SKOPU KWIMHUIIM. MeTtann okcuajiapu
acocuia HAaHOTY3WIMIUIA SPUMYTKA3TUWIap OJUHUIIKA Ba (HOTOKATATUTHK
xoccajiapy OyinJa OJMHIaH WIMHKA HaTHKalap acoCUIa:

MHC Ba pPyX OKCHIJApPU AaCOCHJIArd HAHOTY3WIMAaJapHU CHUHTE3 KHJIWII
metogonorusicu  Kanyomwit  Kopes  Uexxy  Mwwuit  YHuBepcutetu
Ne2014M1A7A1A03045383 “Plasma Diagnostics Using Fast Thomson Scattering”
dbyHmamMeHTan Joduxacu goupacuia (poTodrneKTpoasiapAa ANEKTPOJ/INEKTPOIUT
yerapacuja 3apsaja  y3aTWIMII XOCCaJapWHM TAAKUK KWINIIIA KYJUIAHWITaH
(Kanyouit Kopes Uexxy Mwmnuit YauBepcutetununr 2022 itun 15 deBpangaru
MabIyMoTHOMacH). Hatwmxkana ¢otokopposusira Oapaomn  (QoTOINEKTPOIapHU
CUHTE3 KWIHIII UMKOHUHH OepraH;

rajbBaHUK MOTEHIMAT UIITUPOKHUIATUA THAPOTEPMAIl CUHTE3 ycyiu JKanyouit
Kopes Uexxy Mwmii Yausepcuteru “Study on the laser aided diverter diagnostics
of ITER burning plasma” Ne2010-0020077 dynmameHTan JIoiuxacu JoupacHjia
dbyHKII0HaN HaHOo3appaiap oymiaa Kyananuiarad (QKanyouit Kopes Yesxxy Musnuii
VYuuBepcutetununr 2022 iun 15 ¢eBpangarm mabiymoTHomacu). Hatmxkana
KyMYII Ba pyX OKCHJIH aCOCHJIa METAUI-IPUMYTKa3TW4 Ty3WIMAIH HaHO3appauap
OJIMII UMKOHUHU OepraH;

METAJJT OKCUUIA SIPUMYTKA3rM4 HAHOCTPYKTYpAJIApHU CUHTE3 KWIHMII Ba
YJIapHUHT MOP(OJOTUK, MHUKPOCTPYKTYpaBHil Ba (OTOKATAIUTUK XOcCcajapu
Oyiirya OJMHTaH MabIyMOTIapJaH I0KopH uHnakt-dakropiu (IF) 233 ta xopuxkuit
KypHajuiapaa HaMyHaJIaApHUHT MHUKPOCTPYKTYpaBUi TY3WIHILH,
(bOTOANEKTPOKUMEBHI XOCCAIM SIHTU MaTepHAIIAPHU SIPATUI Ba QU3HK-KUMEBUN
taxauin yayH (oimananunran (Advanced materials, 2021, V.33, Wiley&Sons,
IF=30.849; ChemSusChem, 2017, V.15, Wiley&Sons, IF=8.928; Solar Energy,
2016, V.136, Elsevier, IF=5.742; ACS Applied Energy materials, 2019, V.2, ACS
Publications, IF=6.024; Nanoscale, 2020, V.12, RSC publications, IF=7.790;
Applied materials & interfaces, 2019, V.9 ACS Publications IF=9.229; Journal of
Alloys and Compounds, 2017, V.494, IF=5.316, Elsevier; Sensors and Actuators B:
Chemical, 2014, V.214, Elsevier, IF= 7.460; International Journal of Hydrogen
Energy, 2017, V.42, IF=5.816, Elsevier; Applied Catalysis B: Environmental, 2019,
V.256, Elsevier, IF=19.503; Renewable and Sustainable Energy Reviews, 2016,
V.54, IF=14.9, Elsevier). Hatmxana Typiau MeTall OKCHIIN SPUMYTKA3THUIapHH
dboToKaTAMUTHUK Ba POTOINEKTPOKUMEBUN XOCCATAPUHN TAXJIWIT KUITUIIT UMKOHUHU
OepraH.

TagkukoT  HATWKAJAPDUHMHI  anpolamusich.  Maskyp  TaaKHKOT
HaTWXamapu 25 Ta, )xymiuagas, 20 Ta xankapo Ba 5 Ta pecrmyOyMKa UMUK aMaui
aHKyMaHJapuaa Mabpy3a KWIMHTaH Ba MyXOKaMaJlaH YTKa3WuJIraH.

TaagkuKOT HATHKAJAPWMHHMHI bJOH KWIMHMIIM. J[ucceprauus MaB3ycu
6yitnua »kamu 36 Ta WIMHI MIOM YOI STHITAH, UIyNapAaH, Y30eKHCTOH
Pecnybsiukacu Onuii aTTecTanusi KOMUCCUSICUHUHT JTOKTOPJIMK AUCCEPTALMSIIAPU
acocHil WJIMUI HaTHWKaJapUHU YO 3TUIL TaBCUS 3TUJITaH UMUK Hampaapaa 19 ta
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Makouia, )xymianas, 1 Tacu pecriyOnuka Ba 18 tacu xopmxuil )KypHajIapaa Hamip
ATUIITaH.

JluccepranMsIHUHT TY3WJIMIONM Ba Xa:KMHM. J(Mccepranus TapkuOu KApUL,
ontuta 000, Xynoca, ¢oinanaHwiran amabuériap pyWxatu Ba WIOBajapiaH
noopar. JIuccepranusauar Xxaxkmu 200 OSTHU TaIIKWII STraH.

JTACCEPTAIIUSIHUHT ACOCUM MASMYHHA

Kupum kucmuaa nuccepranus MaB3yCUHUHT J10J13apOJIMTH Ba 3apypHilIUru
acocliaHraH, MakcajJ Ba Basudanap, TaIKUKOT OOBEKTIIApUW Ba MpeAMETIIapu
GepuIraH, TaAKUKOTHHHT ¥Y30eKicToH Pecry6mkacuna (GaH Ba TEXHONOTUSIAPHH
PUBOKJIAHTUPUIITHUHT YCTYBOp HYHAIMIUIApUra MOCJIHMIH KYpCaTWIITaH, YHUHT
WIMHI SSHTWJIMTY Ba aMaJIni HaTHKallapu 0a€H KMJIMHTaH, OJIMHTaH HATUKAIAPHUHT
WIIOHWIWJINTY AaCOCJIaHTaH, Ha3apuil Ba aMajauil axamusitd ouud Oepuiira,
TaJIKUKOT HATH KAIIAPUHUHT aMaJIMETra )KOpUH 3TULI UCTUKOOIIIapu Oyitnya Xynoca
KWJIMHTAH XaMJla 40N STWITaH WIUIAp Ba JUCCEPTAIUSHUHT TY3WIUIIHM OYiinda
MabJIyMOTJIAP KENTUPHUIITAH.

JuccepranussHuHr “TaafKMKOTHUHI Ha3apuH acocjapud Ba Makcaajapu”
ne6 HomuslaHraH OupuHYM 00012 CyBHM (OTOKATAIMTUK Tapyainad BOJAOPOJ
OJIMITHUHT Ha3apuil acociapu KelaTHupwiran. byHaa cyBHH (OTOKATaIUTHK
napyajganmHu - QyHIaMeHTan MeXaHU3MJIApu TYIIYHTUPWIraH OYynul, Epyriuk
AHEPTUSICUHM (POTOKATATU3ATOP 3appayaja ITYIUIIN, 3aps]l TAllyBUYMIaPHU XOCHII
OynmuImM Ba CUPT peakuusapu kabu acocuil Oockuwiap €putwiran. CyBHU
(oTOKaTANMTHK Mapyajamja acocaH MeTaul OKCWJIapH, Ccyiaduuiapu Ba
KapOuajiapu  acocujaru ApUMYTKA3rud  MaTepuayiap  KyJUIaHWIAOW.
MarepuannapHu MOCIApUHU TaHJAll, yjiapra KyHuaraH Tajnadiap Ba KyWwiran
Tajabra Moc paBullfa MaTepraa (PU3MK Ba KUMEBHM XOCCATapHUHU Y3TapTUPHIL
ycyJuiapu anoxuaa 0aéH 3THITMH. BOOHUHT SIKyHHJa CYBHU TAILIKWII 3TyBUYMJIapa
napyanad BOJOPOJ OJUIIHUHT (POTOIIEKTPOKUMEBUN yCynu 0aéH >Twiiran 0ynuo,
OyHna  Ky/UlaHWIaAuraH  (POTORNIEKTPOKMUMEBUN  sUEHKaNapHU  TypJiapw,
($hoTORNEKTPOT KOHPUTYpALMSIIAPY XaKKa MABJIyMOTIIap OepUiTaH.

Huccepramusauar — “Ti0O2/CdS/CdSe  Ba  CuO/ZnO/TiO. acocuparm
(orodiekTpoaIapHU CHHTE3 KHJIMIL, XOCCAJAPUHM YPraHull Ba YJIapHU
TAIKUA Ky4JIAHUIICH3 (OTONIEKTPOKUMEBMH CYBHHM Mapyajail siYedKacuaa
Ky/utam” 1e0 HOMJIAHTaH HWKKMHYM 0o00una ¢otosnexkTpokuméBuin  (DIK)
Ayelikaza CyBHM mapyanad BOJOPOJ HUUIA0 YUKApUII YYyH MYIJDKaJUIaHTaH
Hanoty3wiMain CuO/ZnO/TiO2 HOTOINEKTPOAUHN CHHTE3 KHUJIHUIII, XOCCATapHHU
TaxJIWJI KWJWII Ba TallKW KyudJlaHunicu3 unuioBun OOK gueiikaga KyJoamn
MMKOHHUSITIIApUHU YPraHUI OMIaH OOFIINK TaJKUKOTIIAp HATHKAJIAPH KEITUPUIITaH.

Opnatmna ®OK sueiika Oup, N- €Ku P- TUTIIATH IPUMYTKA3THUIN (OTOIIIEKTPOT
Ba METAJUT KapIlly 3JEKTPOJaH TAIIKWI TONTaH OYiIuO, MKKU JIEKTPOAJIap Y3apo
TaIlIKH JIEKTP 3aHKUPU OWIaH yliaHraH. GOTOAIEKTPOKUMEBU N STUCHKAHUHT TaIllKU
ANEKTP 3aHXKUP KapUIMIUTHHU EHrud caMapajiy HWIUIAIIMHYA TaMHHJIAIIIa
KYyLIuMYa 3J1eKTp KywiaHui oepuiaan. @oTorNeKTPOKUMEBUN STUEMKAHUHT TAlIKHU,
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KYIIMMYa SHEPrus MaHOancu3, TYJIUK Ky€Ell SHEPTUsICHAa aBTOHOM MIIIAl OJIUIIIH,
YHH BOJOPOJI UILIA0 YUKAPHILA HICTUKOOOIN OYIHIIN YIYH MyXUMJIUD.

100 nm
—

l-pacm. TiO2 Ba CuO  HaHoTy3waIMajJapuu  MOpPGoJIOTMK  Ba
MHUKpocTpykTypaBmii Taxamiad. (a) TiO2 Ba (b) CuO dororaexrpornapan
kyHAajdaHr kecum COM cypariapu. Muku pacMiiap HAHOCTPYKTYpAaJIapHU
okopuaad kypunumm. (¢) Ti0Q2/CdS/CdSe Ba (d) CuO HanoTy3WIMAaNapHH
TIOM mukporpaduriapu.

Tamku »ornekTp MaHOAWCH3, AaBTOHOM HIUIOBYM  (DOTORIEKTPOKUMEBUI
suciikanm (Self-biased éxu unassisted photocell) xap mkkana smexkrpoau N- Ba p-
TUTIJATH IPUMYTKA3TUWIA POTOIIEKTPOIaH HOOpaT XoJia Ty3ulll MyMKuH. byHna,
N- TUNgArd sSpuMyTKasruwid ¢otodnektpoaaan (dotoanon) Oz xocun OYIUIT
peakuuscu Ba P- THUIAArd ApUMYTKazruwin ¢oTodnekTpoanan (dportokarox) Hy
XOCWJI OynuIn peakuusiapu amaira omaad. Maskyp 6o6ma ana myHmain @OK
suelkana KyJulaHwirad (potoaHoJ Ba (DOTOKATOMJIAPHU XOCWJ KWJIUII, YJIapHH
XOCCAJlapuHU aJOXuAa-aJIoXHla YpraHuil Ba yJapHU KyJularaH Xojja Ty3WIraH
apToHOM wunuioBun OIK dueilka mnapameTpiaapuHU aHUKJIAIL HATWKAJIApU
EpUTHUIITAH.

OunuHrad (OTORNEKTPOAJIAPHU OMpraivKaa UIUIAIIMHU aHUKJAIIIaH aBBall,
Xap MKKalia 3JIeKTPOIHU (POTOAIEKTPOKUMEBUIN XOCcalapy aloXuaa YpraHuiIu.

Xap ukkana ¢otodniektpoaiapau Mopdoiaoruk COM Ba MUKPOCTPYKTYpaBuid
TOM Hatmxkamapu l-pacmaa kentupwirad. Harwkanapman xap HMKKana
(G OTORIEKTPOITIAp HAHOYIIYAMIIU TY3WJIMAra 3ra aKaHJIUTUHU KYPUIL MyMKHH.
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2-pacm. (a) TiO2/CdS/CdSe Ba (b) CuO nanory3uiaMaan GoTod1eKTPOAIAPHI
HMKJIUK BoJbTamnepoMerpusi HaTwxkajaapu. ZnO/TiO; wnka miénka ouiaan
Komianran CuQO nHanory3swiaMaiau ¢orodjiekrpogHudr (¢) CIM Ba (d) TOM
MHUKporpadgJiapu

doroanos cudatuaa Kyuianwirad ya xui, A1-TiO,, A2-TiO,/CdS/CdSe, A3-
Ti0,CdS/CdSe-HT, snekTpoayIaHUHT IUKIMK BOJbTaMIICPOMETPHUS HATHKaJIapH 2-
(a) pacmna kentupunrad. Hatwxanap 6apua porosnexktpoasiap aHOAUK (HOTOTOK
TCHePALMsICUHY HAMOMIII STUIIMHYU KypcaTau Ba Oy yJaapHU N- TUILIA IPUMYTKA3THd
SKaHIUruHu Ounaupaau. Hatwxkanapnan, A3 ¢GoTodneKTpon KoJraHaapura
HUCOATaH 3HT IOKOPH (POTOTOK IeHEPAMSICHHNA HAMOUII STIAHWHU KYPUIIT MyMKHH.
by natmxka TiO, Hanopoiapunn CdS/CdSe kBaHT HyKTajgapu OWIaH KOMIIO3UT
reTepOCTPYKTYpa XOCHII KWJIMHTaHU OWJIaH TYITYHTHPHUIIAIH.

Muc okcuam acocumaru (Gotokaton (2-(b) pacmra kapaHr) p- THIIArud
($OTORIEKTPOATIAPTU XOC KATOIUK (POTOTOK TeHEpAIMICUHA HaMOUII 3TIU0 OK Ba
KypuHYBYH HYp Tabcupuaa moc pasuiga 0.5 V (vs Ag/AgCIl) xyunmanurira moc
xenyBun 1.2 mA/cm? Ba 0.9 mA/cm? matmkanapHau KypcaTau.

Muc okcuau TaKUKJIaHTaH 30Ha dHeprusick ~1.7 eV ra TeHr KYpuHyBYH Hyp/a
aKTHUB OYNTaH METaJUT OKCUJI IPUMYTKA3TH4 MaTepHra 0o ¥3 SIeKTPOH 30HAIapU
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YKOMJIAITYBH Ba DJICKTPOKMMEBUN MOTEHIMAIMTAa Kypa BOJOPOJ XOCHJI OYJIHII
peaknuscura MOC HCTHKOO/UTM Marepuan xucobnanHaau. bupok, CuO
doroaexomno3uiiisg TOTeHIUATH ((HOTOKOPPO3Usi TOTEHIUANN) Y3 BJICKTPOH
30HANapU oOpacua >KOWIAIraHauru cababmu (OoTOIIEKTPOKUMEBUI ITApOUTIA
CuO um ¥3u porokopposmsra yupaiam, Hatmwkaga CuO dotosnextpon cudarnaa
KYJUTAaHWINIIK 4YekiaHrad. by kamumnuk xamuuiukau Oaprtapad stumpa CuO
CHUPTHJA MaxcCycC, KOppo3usra OapAoll KaTjiaM XOCHJI KWJIHMII OpKajdd amMaira
O PHIIAIH.

(a) (b)
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3-pacm. n-TiO2 Ba p-CuO acocuparm ¢(OTOIIEKTPOAJIAP HINTHPOKHAA
Ty3uwJaran ¢orossyedikanuar (a) cxematuk Ba (b) 3HepreTMk 30HaJAp
auarpaMma Ty3HJIHIIH.

By umina xopposusira 6apaomn kamiam cudaruga CuO cupruga ZnO/TiO,
IOMKa TUIEHKacH SPin-coating (Mapkas3iaH KouMa Kyd TabCUPHJIA TUIEHKA YCTHUPHIII)
ycynuaa yetupuiau. Muc okcunu acocuiari (hoTodIeKTpoACUPTHIA XOCHIT OYIran
IOITKa TUIEHKAJIapHU MOPQOJIOTHIBHIA Ba MUKPOCTPYKTYpaBHii Taxiwm 2-(c) Ba (d)
pacMiapia KeAaTHpwiraH. XuMos Kariam cudartuaa Korianran 80 HM
kamuamkaarn ZnO/TiO; ronka miéaka CuO cuptuaa TEKHC, Y3IUKCU3 TUIEHKA
XOCHJI KWiIranu 2-(c) kynnanaur kecm COM mukporpaduscuian Kypuil MyMKHH.
Komnanran miénka cudaTt Ba Kpuctai Ty3uiamacu TOM MuKpockonu €paamua
HaMyHaHW KYHIAJTaHT KecMuaaH aHukiaanau (2-(d) pacmra kapanr). Hatwxkanap,
XOCHJI OYJIraH Kataamiap pexanamrapuwirad ketMakeTukaa (CuO—Zn0O—Ti0Oy)
y3JIUKCHU3 TUIEHKA KYpUHHINUAA Xocusl OynraHuHu kypcatau. FOxopu napaxkana
KaTTanamrupuwiran TOM Hatwxkanapu 3bTHOOp Owmnan Yypranunranga ZnO
KatnaMu OeTapTuO TapKaliraH HaHO3appalapJaH uOOpaT SKAHIUTH aHUKJIaHIU (2-
(d) mukm pacmra kapanr). Kymmanwirad (GOTOKOPPO3MSIaH XUMOS BaTIaMHUHU
ONTHUMaNT KAIMHIWTUHU (GHUKIam ydyH ZnO KaTiiaM KaJIWHIWTHHU Y3rapMac
cakiaran xonga 110, kammam kamuaiurd 100 empan 400 amraua y3raptupu0
Tekmumpuiau Ba aekrpomiap C-1, C-2, C-3, C-4 pakamnap OwiaH OeNTuIaHIN.
Hatwkanap TiO, karnam Kanmmaauruad — omuimm  CuO  doTtosnekTpon
KOppO3USOApIONUIUTUTa TYFPU TPOIMOPIMOHAT Ba Xocuil Oynran (OTOTOK
reHepalusiCura TeCKapy npornopIruoHal SKaHIUTHHHI KYpCcaTIu.
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Vpraumwiran n- Ba p- Tumgark ¢orodnextpomtapun (TiO./CdS/CdSe Ba
CuO/ZnO/TiOy)  kymmaran  Xoima  TamlKM  KYWIAHWIICH3  WIUIOBYA
(b oTO2NIEKTPOKUMEBHI sTueiika Ty3uiau. byHna, anextpoiap Oup-oupuaan Haprox
(mpoToH yTKa3zyBUM MemOpaHa) MemOpaHacu OWjlaH aXpaTWIraH UKKH aJoXuja
siaeHKaIapra >KOnIamTupuiInb ¥3apo Kucka TytamTtupuian (3-(a) pacm).

DOTOSICKTPOKUMEBUN SYEHUKAIATH UKKH SPUMYTKA3TAWIN DJIEKTPOJIAPHU
SHEPreTHK 30HATAPUHUHT JauarpaMmMacu 3-(a) pacmia Kypcatuiaran. MabiiyMKH,
SAPUMYTKA3TUUIN  DJIEKTPO]L ANEKTPOJIUT  OujaH KOHTaKTJIaIIIIraHaa
APUMYTKA3TUUHUHT N- KU P- TUIAArWINTUra Kapad yHHMHT SHEPreTHK 30Hajlapu
caTXM IOKOpHra €ku mactra OyKwiaad. DHEpreTUK 30HajJapHU OyHAaN OyKUIUIIH
AIIEKTPOAJIAp/Ia XOCKI OYITyBUYM 3aps/] TAllyBUMJIAPHU XapaKaTUHU OeNTruiain Ba
HaTWXKala Kalcu DIEKTpOJ CHUPTUJA KaHAak peakuus (OKCHUIJIAHUIL EKU
KaTapuiIuIn) coaup OYIUIITN aHUKIaHAH.

Hatwkana, 6usHu xomat yuyH, 1102 acocumaru N- THIUIM SPUMYTKa3TH4
cUpTHIa OKcHIaHu peakiusicu (Oz Xocuil OYIUIIN) Ba P- TUILIA SPUMYTKA3TH4
cuptuna Kartapunum peakuuscu (Hp xocun 6ymumm) conup OYmanu. Ty3unran
MKKU TUIIArd (GOTOANEKTpoIapiad nubopar Gorosyeiika UIIAIIMHA TeKITUPHIL
Y4yH MKKaia Typ GOTOIIEKTPOa OUp XWJI MHTEHCUBIIMKIATH KYPUHYBUM HYp OHIiaH
épuTuian Ba suedika BosbT-ammep xoccanapu (BAX) anumknangu. dortokaton
y3rapmac caxyanran xonaa (C-1) yu xun portoanon umrupokuna (A-1, A-2, A-3)
Tyswirad ¢orosueitka BAX kypcarrmsuiapm  3-(0) pacMaa KeITHPWITaH.
dorosiueiika ounk 3amwxkup kywianumu 0.803 Bt. Tenr 6ynmu6 A-1, A-2, A-3
(dhoToaHOTap YUYH OJIMHTAH KUCKa TyTanryB Toku Moc pasumiga 0.19 MA, 0.55 MA
Ba 1.56 MA ra TeHT. DHI IOKOpPH Ba KHYUK KUCKa TyTalllyB TOKH KuimaTtaapu Al-
TiO; Ba A2-TiO,/CdS/CdSe-HT doToanekTpoaiapy yuyH Ky3aTHiau Ba Oy KeTMma-
KeTnuk 2-(a) Hatwxkagaru  (HOTORNIEKTPOIAPHUHT  (POTOAIEKTPOKUMEBUIN
xoccanapura Moc Kenaau. S'bHu, N- Ba P- TUIAArd (POTOANEKTPOIAp UIITUPOKHUIA
Ty3uiraH (GoTosTUeKa caMapaopIUTy Ky UTaHWITaH (POTOIEKTPOIIAPHH XyCYCUi
camapaJopJINTura y3Bu€ OOFJINK SKAHIUTH aHUKIJIAHIH.

bapua cunTtesmanran QoTOINEKTPOIApHUA TYpJH KOH(purypanusiaa Kyniad
Ty3uirad orosiueitka BAX Ba camapanoimru Xxuco01aH Iy Ba OJTMHTaH HaTUXKajiap
1- »xagBasnga )xaMiIaHTraH.

1-skaaBaj. Yprauwiarad orosiueiikanapauar BAX kypcarruuiapu

C-1:A-3 0.96
C-2:A-3 1.35 085 0.83
C-3:A-3 1.03 0.8 0.64
C-4:A-3 0.92 0.8 0.57
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y6xacuz, C-1 Ba A-3 QorosnekTpoiap UIITUPOKUAAru Qorosyeiika
caMapaJiopJIMru OolKanapura Kaparaija Hr IOKOpU KHifMaTra ara.

HuccepramusHuar «ZNO xumos katjaamin CuO HaHOpPOAJIapH acoCHAATH
(oTOIIEKTPOVIAPDHY CHHTE3 KWJIHII Ba YJIAPHUHI (POTOIIEKTPOKMMEBHIA
XoccajJapuHm» J1e0 HoMmJlaHTaH yarHun 606uaa CuO/ZnO HaHOTOTapH ACOCHIATH
(bOTORIEKTPOITIAPHU OJIMII YCYJUIAPH, YIAapHU MOP(HOJIOTHK, MUKPOCTPYKTYpaBUi
Ba (DOTOANEKTPOKUMEBUIN TaXJIWII HATHKAaJIapH MyXOKaMa THIITaH.

CuO HaHOpPOTAPUHU OJUIIHU UKKK OOCKUYIN KyJiai Ba cojJja yCyiu >KOpUi
KuauHran OynmuO OyHzJa aBBajd BepTUKal TapTUOJaHTaH MHUC HAHOPOIapU
HaHoroBakian Al,O3 komum épaaMua 3JeKTPOKUMEBUI YYKTUPHUII yCyJia OJIMH/IM.
Cyur, muc nHanopommtapu 300°C nma xaBoma Tepmuk okcumrann®0 CuO ra
avnanTupunan. Hatwxkana siexTp YTKkasyBUaH TaryiMKAa BEPTUKAJ TapTUOIaHTaH
CuO nanopomtapuaan n60paT GOTOAIEKTPO OJTUHIH.

4-Pacm. CuO Ba CuO/ZnO Hanopoajapu acocuaaru (poTo3IeKTPOJIapHU
COM mukporpaduiapu. (a) BepTUKAJ TAPpTHOJIAaHTaH MUC HaHOpoaiapu. (D)
CuO nanopoanapunu cupt cypatiaapu. (¢) CuO/ZnO nanopoaiapmu
acocuaru GoToIJIEKTPOAHUHTI KYHAAJIAHT KECUM CYPHHMIIIH.

4(a) pacumaa MHC TJJACTUHACU TAaTJIUTH YCTHAA BEPTUKAN YCTUPHWITAH MUC
HaHopoiapuHun COM mukporpadpu kentupwirad. Hanoposiapuu nuamerpu Ba
y3yHJIMTH Moc paBuiiia 150 um Ba 5 MM ra tenr. Hanopoanap vanoroBakiu Al,O3
KOJIUN €paMuia YCTUPUITAHIUTH YIyH KOJIHI YITYMIAPWHY Y3rapTHPHUIN OpKaJIA
HAHOPOJIAPHU YITuaMJIapyUHU OOIMIBAPUIIT MYMKHWH. MUC HAHOPOJJAPUHHU TEPMUK
okcuaniaa xocun oyaran CuO nanopoytapu 4(b) pacumaa xenrupuniras.

Muc okcunu Takukiaanrad 3oHacu Top (1.4-1.7 eV) Oynran spumyTKazrud
Oymb YyTKa3yB4YM 30HAa MUHMMYMH Ba BaJICHT 30Ha MaKCUMYyMJIapH >KONJIAITyBU
Oyiinya CyBHM Mapyaialiijard BOJOPOJ XOCHUJ OVIHII SpUM pPEaKIUsICUra MOC
matepuan xucobnmanamu. [Hyawmar yuyn CuO kypuHyBUM HypJa akKTUB
doTokaTanmm3aTop MaTepuan cudatuga KeHr ypranwiaradn. Ammo, CuO
JEKOMIIO3UIIMS TMOTEHLMAINM YHHUHI 30HAJapu oOpacuja >KoMamrad Yy4yH
dboToKaTAIUTUK IIapouTiaapAaa Oy Martepuan (DOTOKOppo3usara ydpauiu.
Marepuanau HOTOKOPPO3UAIaH CaKJaIlra KapaTUiraH cTparerusiiapaan oupu 0y
YHU KOppo3usira 6apo1n 0o1ka Mmatepraln Ouiian Koriaiaal noopar. Jlucepranus
ummaa CuO dorosnektpoauau Gorokopposusaan cakiamniaa ZnO HAHOPO XUMOS
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KaTJIaMu KyJanuiras. 4(c) pacmaa ZnO HaHopoasiapu OuJiaH KOTIJIaHTaH BEPTUKAI
CuO nanopoayIapu TaCBUPJIAHTaH.

CuO/ZnO xommno3ur GoTodnekTpoann Pentren auddpakrTorpaccansapu Ba
(OTORNIEKTPOH CHEKTPOCKOMHS HaTHKajapyu HaMyHana aiiHaH qomuHanT CuO Ba
ZnO OupukManapiaH HOOpATIUTHHU HcOOTIaau. DOTOIIESKTPOJIAPHU OITHK
xoccanapu CuO 1.5 eV Ba ZnO 3.2 eVra TeHr 3KaHIUTHHHI KYpCaTIu.

CuO/ZnO  dorodnekTpoaHu  (HOTOIIEKTPOKUMEBUI  XOccajdapyd LUKIIHK
BostbTamIrepomerpust (5(a) pacM) Ba xpoHoamrepmeTpuk (5(b) pacm) ycymapaa
TafaKuK dTiiad. 5(a) pacmaa kenrupuirad CuO Ba CuO/ZNnO hoTodaeKTpoIIPHH
BOJIbTaMIIEpOMETpHsl  rpaduknapuaan  (HOTOTOKHH KATOAUK COXaJa XOCHII
OyNraHauruHu  Kypumumu3 MyMkuH. by CuO HM p-THIUIM  SpUMYTKa3TU4
skanuruAad gaionar oepaau. CuO Ba CuO/ZnO doroanexrpomtapaa -0.5 V (vs
AQ/AQCI) kyunanwumaa xocusa OYirad (OTOTOK 3HUIATH KHHMATIapy MOC paBHIIIa
-1.4 mA/cm? Ba -0.9 mMA/CM? TeHT KaHJINTH aHWKJTAHTH.

@ _ _ (b)

0.0 0.0 m—mm
< |l T-0.5
50511 5
2 .E.\_ BRIV e
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= ! o
§1.04(|Y _—cuonr < —CuONR  °
= J =-1.5
| e Cu0/ZnO NR il [ CuO/ZnONR
4 A
1.5 -2.0

1 v L oy LT T, O YL P O, . SO, O
0.5 -04 -03 -0.2 -01 0.0 0 200 400 600 800 10001200
Potential (V vs Ag/AgCl) Time (s)

5-Pacm. CuO Ba CuO/ZnO ¢doTodraexkTpomiapau GpoToIeKTPOKUMEMUA
xoccasapu. (a) CuO Ba CuO/ZnO ¢oT03JeKTPOINPHA HUKITUK
BoJIbTaMnepoMeTpusi Ba (D) xpoHoamnepMeTpuK TaXJInJLJIAPH.

dortoanekTpoiapau  Oapkapopiuru  5(0)  pacmma  KENTUPWITaH
XpOHOAMIEPMETPUK ycyll €paamuaa Oaxonanau. bynpa, QoroanekTpomsiapHu
boToToK 3uuwKrk KuiiMatiapu yarapmac kyananuiiga (-0.5 V (vs Ag/AgCl)) y3ok
BakT gaBomuja ymuanau. Hatmxkagan CuO acocuparu (OTORIEKTPOAZIA XOCHI
Oyaran (OTOTOK 3UWIMTH KUMMaTh Yiayaml JaBOMHIA Y3IyKCH3 Kamaiuo
OOpHUILIUHY KYPHUIIT MyMKUHKUA. POTOTOK 3UWINTA KUMMATUHUHT OYH1ail KaMaluIim
CuO =M (DOTORTEKTPOKUMEBUI IMIAPOUTIA TAYANAHUIIN OWIaH TYIIYHTHPHUII
MYMKHUH. V3 HaBOaTHaa, Oup xwui mmapoutna, CuO/ZnO doTtosnekTpoaaa XOCHI
oynran (GOTOTOK 3WUIUTH KUHUMATH Yadaml JaBOMHUAA JESpJIH Yy3rapMmaras.
DOTOIIEKTPOJIAPHUHT  OApKApOPJIUTA  XOCWUJ  OynraH  (OTOTOK  3UWINTH
KAHMAaTIapUHU 1acTiIa0ku Ba cyHru Kuiimatiaapunu (5(0) pacmaa A Ba B 30Hanap)
HucOamtapu onmHau Ba Moc pasumiaa CuO Ba CuO/ZnO dotoanekrpoyiap yuyyH
20 % Ba 90 % TalIKWI 3TOU.
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6-Pacm. (a) CuO Ba CuO/ZnO ¢otozekrpoaiap yuyH Nyquist rpaduru (b)
CuO/ZnO $oT03/1eKTPOAMHNHT CXeMATHK TACBUPH.

DOTOAEKTPOIAPHU  [TUKIUK BOJbTAMIIEpOMETpHUs HaTmkanapura (95(0)
pacmra kapasr) 3tuOop Oepud kapainca CUO ¢oTolrnexTpos (GOTOTOK 3HUIUTH
kuiimatt CuO/ZnO ra kaparanma kynpok. Dotoldnekrpoiapaaru Oy GdapKHH
O6arapcun yprammm yuyH OUC taxmumm Oaxkapuwnau. 6(a)-pacmma CuO Ba
CuO/ZnO dotornekTpomtap yuyH Nyquist (3eKTpoaJIapHUHT XaKWKUH Ba
TaCaBBYpHUH HMITUIAHC KOMIIOHCHTJIAPUHHU OOFIUKJIUTH) Tpadurd KEATHUPUIITAH.
Hatmwxkanapnan, CUO >1IeKTpOIUHUT DIIEKTPOJI/IICKTPOIUT Yerapacuiard 3apsii
y3arum Kapuwarn CuO/ZnO  snektpoara HucOaTaH aH4Ya KUYMK SKAHIMTHHH
kypuHaau Ba Oy CuO »snextpomnmaru (HOTOTOK 3UWIMTHMHUHT KHIMaTH KarTa
SKAHIMTHHE KypcaTann. Y3 HaBoBTuaa CuO/ZnO snexrpomnarn ZnO “ypyr” Ba
Zn0O nanopon katiaamiapu (6(0)-pacM) 3IEKTPOA/3IEKTPOIUT YeTapacuIary 3apsij
y3aTUIl KapIIWJIUTHHU OIIMIINra OO Kelaau Ba HATIWKaga KUYUK (OTOTOK
3UYJINTH KuiiMatura cabad Oymaau.

HuccepramusauaT “Zn0O xumos Kataaman CuO HaHOPO Ba I0NKA IUIEHKA
acocugaru  (POTONIEKTPOVIAPHUHT  (POTOIIEKTPOKUMEBUI  XOCCAJIAPUHU
Kuécuii ypranum” ne6 HomianraH TyptuHuu 600mma CUO HaHOpOJ Ba rOTKA
TUIEHKAITN ¢doToanexkTpoIap CHHTE3JIaHAIH. DOTOINEKTPOITAPHIUHT
MOPGONOTHUACUHU (SIbHU, HAHOPOJ EKM IONKA TUIEHKA) yJIapHU 3apsij y3aTHII Ba
TaIllMII XOccajapura TabCUPU KaTop (POTOANEKTPOKUMEBUN ycyiuiap €paamMujia
kuécuit ypranuwau. CuO HaHOpOUTApUHU CUHTE3U MKKUHYK 0004a 0aéH >THiIran
ycynga amanra omupwind. CuO  romka mnéHKacw — IOKOpW  Jlapakana
nojgupoBkajganran muc TmactuHaciHu 300°C nma xaBoja TEPMHUK OKCHJIAIl
Epnamuna xocun KWuHAM. ZNO HaHOpoAJapuaaH MOOpaT XUMOS KAaTiaMu Xap
wkkana typaaru CuO saexktpoaniap cupTuia OWp XWJ MIAPOWTAA THAPOTEpMA
ycynaa Yyerupwigu. Xocun Oynran (orosnektpomyiap Mopdosorusicuau COM
MuKporadapu 7-pacMaa KeITUPHUIITaH.
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7-pacm. CuO/ZnO nanopoaapu (a) Ba onka miénkacu (b) acocuaarn
¢poroznexkrpoanapuanar COM mukporpaduiapu.

Hatwxkanapnan mryau kypuin myMkuakua, CuO/ZnO nanopotapu (7(a) pacm)
TarJIMKra HMcOaTaH JIeAapin MepHeHAuKyIsIp yceran 6ynmuo, ZnO HaHOpOMIApH Xap
oup CuO HaHOpo IapWHU Xap TOMOHAaH Oup Tekuc Kormiaran. CuO/ZnO romka
miéakamu  goroankerpoqaa CuO karmam  Kamuaiauru  ~850 HMra  TEHT.
@DOTO3EKTPOUTAPHUHT CAMAPAJTOPJIUTHHA OIIUPUITHUHT MYXHM YOpayapuaaH
oupu oy 3apsia TalllyBYMJIapHU PEKOOMHAIUACUHA KaMaTupuo
AJIGKTPOJ/IJCKTPOIMT  dYerapacuja  YJIApHUHT  y3aTUII  KAPIIHJIUTHHH
KaMaWTHpUINUIIIaH uOopataup. ByHma, aekTpoa MaTepualrMHH HaHOYIIdamjia
OynmIy Myxum xucoOmanaau. KKy Typaaru GoTodIeKTpoyTapHUHT MOP(OTIOTHK
Ba reOMETpUK (papKJIapHHU yiapAard 3apsj] TallyBYWIApHU PEKOMOWHAITMACH Ba
Y3aTHUIMIIUTa TabCUPH (DOTOTOK 3UUIUTH KUHETUKACHHU TaXJIMJ KUJIUII OWJIaH
anuknanau. byama, ZnO katmamcu3 xommarn CuO HaHOPOJ Ba IOMKA THIEHKAIN
dboTodeKTpOATIAp KUECTAH/IH.
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o R o< o-
p39930009 930004 B 5] AN oo,
0.1 - o
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0.2 % 094 @-3- W) \q‘ y
5 >
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p—— 15 R S0HEHBEV0 © CuONR e
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8-pacm. (a) Ba (b) moc paBumaa CuO HaHOPO/ Ba IONKA MJIEHKAJIH
¢oTodrekTpoIaAp YUYH (POTOTOK 3MUJINIU KMHeTHKAacU rpapuru. (¢) CuO
HAHOPO/I Ba I0NKA IIEHKATU (oTodekTpoaaap yuyn Ln(D)-Bakr rpaduru.

Kentupunran 8- (2) Ba (0) pacmiapuaa syiekTpoaiapaaru GoTOTOK 3HUIUTHHA
BakT OYiinua y3rapuin rpaduriapu oeprirad. bynaa light on Ba light off aykranap
EpyFnuk MaHOanMHM €KUK Ba YUMK XoJlaTJIapura Moc kemanu. Hatwkanapaan, xap
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WKKaja fJIeKTpojuiapia EpyFiauk MmaHOau EHranjna (oTOTOK KUHMATH KECKUH
omum (lj - xomar) Ba yuranma kamaiinmm (lf - xonar) xKy3atwiaau. By xomatiap
XOCHJI OYIraH TOK ailHaH EPYFIUK TabCUPHJIA XOCUT OYAran (POTOTOK SKAHIUTUHU
ounaupaau. bynnan tamkapu, li Ba It xonatnap opacuaa GoToTOK KUHMAaTHHU BaKT
YTUIIM OWjIaH 3KCIOHEHIMAI KaMaluIIMHU KYPUILIMMA3 MYMKHUH.

By »okcnoHeHnMan KamalMil AIEeKTpoajapiaaru 3aps] TallyBUMJIApHU
pexkoMOuHaruscu owian 6orauk 6yau6 CuO HaHOpO T HAMyHara HuCcOaTaH FOIKa
TUIEHKAJIM HaMyHa/1a PEKOMOHMHAITUS JKapa&HU yKa1ajl SKaHIUTHHA KypuHaau. 8- (a)
Ba (0) pacmiapunan |l; Ba It xomatimapra Moc (GOTOTOK Ba BakT KWMaTiapuja
dboiinaganub 3IeKTpoaIapaard peKOMOMHAIINS BaKTUHH aHHKIam MyMKUH (8 (¢)
pacm).

(a) (b)
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9-pacm. (a) CuO/ZnO HaHopoa Ba wNKa mIéHKa yuyH Nyquist rpagurn. (b)
IEKTPONIAPAATH EPYFINK WTUIHIIN Ba 3apsi/l y3aTUIHII KapaéHIapUHU
CXeMaTHK KYPUHMILHN.

CuO ronka mI€HKaNIM Ba HAHOPOJAJIM HaMyHaJap y4yH PEKOMOWHAIWS BaKTH
Moc paBuiiaa 1,44 cek. Ba 3,67 cek. skannuru anukimagan. by CuO Hanopomm
ANEKTPOJl YUYH PEKOMOMHAIMS BAaKTH IOMKA IUIEHKAIUTa HUCOaTaH MKKA MapTTa
CeKWH HKaHnuruHu anrnaranu. llynnaii kunub, HaHOPOA MOPQOJIOTHSICUTA dTa
aNeKTpoIapaard  (OTOTOK  KUHAMATUHU  KaTTaIMIM  yJjapJaard  3apsij
TalTyBUMJIAPHUHT KOHIEHTPAIMSICUHU KYTUIUTH Ba AJICKTPOHJIAPHUHT SIIAlll BaKTU
Y30KJIUTH HaTIKacua 1ed Xyroca KUIUIT MyMKHH.

®dorosnextpoiapa ZNnO xuMosl  KaTJlaMd  YCTUPWITaHIAH  CYHTH
doTosstekTpokuMEBUI Xoccaiapu Takkociaanranga CuO/ZnO HaHopon Ba IIEHKA
acocuaaru snekrpognap gororok kuiimarnapu -0.5V vs Ag/AgCIl na -0.5 mA/cm?
Ba -0.81 MA/cM? DKaHIUTH aHUKJTAH/IH.

dotoanekTpoaiapuu  xoccaimapu  OMC  EpmamMmma  TakKKoOCJIaHTaHAa
AJIEKTPOI/3JCKTPOJIMT Uerapacuaaru 3aps y3ytui kapimmiura CuO/ZnO nanopon
acoCUIary JIEKTPOJl YUYH KaM SKaHJIUTH aHUKJIAHIH.

[ynaait kuaubd, HMKIUK BosbTamnepoMeTpus Ba DM C Taxyini HaTHKanapura
acocmann® CuO/ZnO waHoponx acocuaard (OTORIEKTPO IIEKTPOKMMEBHIA
Xoccajlapy IOMKa IUJIEHKA acoCHUJard dJEKTPoJAra HUcOaTaH YCTYH SKaHJIMIU
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ucootnanau. by ycrynnuk 9(0) pacmaa KenTpuwiIraH OMWIIIAPHU KaMJlaHMa
TabCUPU ACOCHJIA SKAHJIMHINTH aHUKIaHau. bynap: (1) Oup-kaHua covmIMIIIap
9Ba3ura EpyrIUK IOTWIMITHHUHAT Kydaiuiy, (2) 3aps TauryBUniIapHUHT APPy3us
V3YHJINTA KUCKAPHWIITK HBa3ura peKoMOWHanus >kapaéHuHA Kamanumm Ba (3)
HAHOPOJUIAPJIHU XaM y3yHIIMTH XaM KYHJAIaHT HyHanuuiapu 0yiinad Kynai 3apsn
Y3aTWJIMIIU ~ 9Ba3ura AJIEKTPOM/3JCKTPOIUT dYerapacuja 3apsia  y3aTHIUMI
KAPIIWIUTUHA KaMaduIuanp.

Huccepramustauar “ZnNO xumost KaTjaaMu KaJduniauruiu CuO HaHopon
acocuaaru  ¢orodiekTpoaiapHud  (GOTONIEKTPOKUMEBHIA  XOCcajgapura
Tabcupu” 1e0 HomuaHraH OemumHun 0Oobuga CuO HaHOpOMJIapH CHUPTHAA
rupoTepman ycynjaa ZnO HAHOPOJ XMMOS KaTliaMd TYpJiu XWJl Y3YHJIHK Ba
3UWIMKAAQ ~ YCTUPUITaH  (POTODJIEKTPOJIap  CHUHTE3JIaHTaH Ba  yJIapHUHT
(OTOAEKTPOKUMEBHI XOCCaNapy YpraHuiraH.

ZnO HaHOPOI XMMOS KaTIaMH KATWHJIWTH THAPOTEPMAl CHUHTE3 BAaKTUHU
Y3rapTupuIl OusiaH OOMKAPUIIIH.

10-pacm. CuO/ZnO nanopoa acocugaru gporodaekrpoaaapun COM
mukporpadguapu. (a) CuO nanopomiapu, (0) CuO/Zn0O-2 namyHna, (c)
CuO/Zn0O-6 namyna.

By nmia rugporepmai CHHTE3 BaKTH 2 coaT Ba 6 COaT JaBOM dTTaH HaMyHatap
Yyprauwiaau Ba HamyHanmap Moc paBumpa CuO/ZnO -2 Ba CuO/ZnO -6 ne6
OeNruIaHau.

10-pacmpma ypranwnran HamyHajgap Mopdororusicu COM mukporpadiapu
kenrupuiruH. 10(a) pacmaa Beprukan taptudaanran CuO wanopomnapu, 10(b) Ba
(c) pacmnapaa (nuku pacmiiap) 2 Ba 6 coaT JaBoMHAa THAPOTEPMAl CUHTE3IaHTaH
CuO/ZnO namyHanap KeATHPHITaH OYVINO TUAPOTEpPMa CHHTE3 BAKTUHH OIIHUIIN
ZnO HaHOpPOAJIAPUHU 3WWINTH Ba Y3YHIUTHHH OIIWIIWATA TahCUP KUIUIITUHU
KypullM MyMKUH. HaMyHanapHu MUKPOCTPYKTypaBHM Ba OIITHK XOCCAaJIapu
Pentren nuddpakrorpamMmacu Ba CrieKTpoQoToMeTpus ycysuiapapuaa YpraHuiin
(moc pasumiga 11(a) Ba 11(b) pacmnap). Xap ukkana, CuO nanopoa Ba CuO/Zn0O,
HamyHanapuHu Pentren nuddpakrorpammacu ypranuaranga 43.4°, 50.3°, 74°
napna Cu tarnukra moc kenyBuu (111), (200) and (220) ytkup mudpakius THKIapu
aHWKJIaHTu. Muc okcuaura Moc kemyBuu auddpaknus nukiaapu 35.5°, 38.6° Ba
60.94°napna Hamo€H Oynranuau Kypurmmu3 myMmkuH. [y 6unan 6upra, CuO/ZnO
HamyHaga CuO mwukmapuman Ttamkapu rekcaronan ZnO (100), (002) sa (102)
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TeKuciaukiapura moc auddpakuus nukiaapu 31.66°, 34.32°, Ba 47.46° napna
aHUKJIAHH.

CuO/ZnO NR
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11-Pacm. CuO Ba CuO/ZnO »j1eKTpoaIapHUHT MUKPOCTPYKTYpPaBHii (a) Ba
ontuk (b) xoccanapm.

Xap UWKKaJla HAMYHAHUHT ONTHK XOCCAJIAPHAAH yiIap KYpPUHYBYM HYpP
CHEKTPH/Ia aKTUB SKAHIUTHHU KYPHUII MyMKUH. MUC OKCHIIM HAHOPOIJIH SIEKTPO/T
orumm  criektpu 300 HM-800 HM  OpaiMFHa DKAHJIWTMHA KYpUII MYMKHH.
CuO/ZnO namyna rotuaui crektpu 300 HM-400 HM opanurugarun Y® coxara Ba
400 um -800 HM opanuKaa KYPUHYBUM coXara MOC Kellagau Ba OyJap 3JIEKTPOIHUHT
Zn0O (3.2 eV) Ba CuO (1.5 eV) koMnoHeHTIapura MOC KeJa/Iu.

DOTOANEKTPOATTAPHUHT 3JIEKTPOKUMEBU I xoccanapu LIUKJIUK
BostbTammnepometpusi Ba DUC ycynnapu €épaaMuia Taxiauil KAJIUHAA Ba HaTHOKaIap
2- )KaJBaJIJIa KSITHUPUJITaH.

2-manBaj ®oTod1eKTPOJIAPHH NIEKTPOKUMEBU TAXJIWIN HATHXKAJIAPH

Photoelectrode Jph T, Stability
(mA/cm?) (ms) (%)
CuO NR 0.23 1146 59.9
Cu0/Zn0-2h 021 82.5 86.7
CuO/Zn0-6h 014 59.4 97.6

2-xanBannan CuO dorosnextpoa cuptugaru ZnO Xumos KaTiaaMu KaJTuHIUTH
yHJIa xocua Oyiaran ¢otorok kumarura (Jd) Ba (oToreHepaimsaga XocumI Oyiaran
3apsil TAallyBYWJIAPHHUHT sAIIaml BakThra (TN) TeCKapH MPOMOPIMOHANT SKaHIUTH
Kyputmmmu3 mymkuH. SIsau, CuO, CuO/Zn0O-2 Ba CuO/ZNnO-6 namynanap yuyH Jd
Ba TN KuitMatnapu moc pasumiaa 0,23 mA/cm?, 0,21 mA/cm?, 0,14 mA/cm? Ba 114,6
Mcek., 82,5 mcek., 59,4 mcek.ra tenr. llly O6uman OGupra, ZnO xumosi KatjiaMu
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KaJIMHJIUTUHA ~ OWIMINM  (POTORNIEKTPOUIAPHUHT  OapKapopiurura  TYFpu
MIPOTIOPITMOHAI OYITNO eKTpoasiap 6apkapopiuru Moc pasuiiaa 59.9%, 86.7% Ba
97.6% Tamkwui dTION.

Tanmanran p-tumgarm CuO Ba Nn-tumparn ZnO  acocmmarm  CuO/ZnO
repepoTy3wiMalii  (POTOANEKTPOJHU OJMII MaxXajUluil P-N YTUII XOocui OyuIu
ABa3MTra 3apsi/ TANTyBUYMIIAPHU caMapalivd Y3aTHINIIN Ba PEKOMOMHAITNS KapaéHUHA
KaMmaluimy Kkabu Kymmmua wxoOud ad3aimukiapra 3ra. AMMO, OJIMHTaH
HaTWOKaJap/iaH ITyHH KYPUIIT MyMKWHKH, HKKHJIaMIH spuMyTKa3rud (0y epaa ZnO)
KaJIMHJIUTH MabJIyM 4YerapajiaH ouica IOKOpUJArd HKoOWuil Tabcupiap HaMOEH
oymMmanu.

JluccepTalusiHUHT “Ag/ZnO Hepapxuk MeTAUI-IPUMYTKa3ru4
HAHOTY3WIMAJIH  (OTOKATAIM3ATOPJIAPHM CHHTE3 KHJIMII Ba YJIApHU
(oTokaTaIMTUK XOCCAJAPUHM IIPraHuim” 1e0 HOMIIAHTaH OJITMHYM Oo0ua
AQ/Zn0O uepapxuk METAILI-IPUMYTKA3THY HAHOTY3WJIMAJIAPHU Y3HUTa X0C, COJIA Ba
camapajiop YCyci-ralbBaHMK TOTEHIMAT WIITUPOKHUIATH THAPOTEpMal yCyi
éplaMmia CHHTE3JIaHTaH Ba OJIMHTAH HAHOTY3WIMaJapHH (OTOKATAITUTHK
Xoccanapyu MeTuiieH kYK OVEéruHu (doTomerpamanuscuaa ypranuwiaran. byHpa,
AQ/ZNnO nanoTy3wnManapu AQ HaHOCHMIIAPW CUPTHIAH 3WY Ba TapTHOJIU YCraH
ZnO HaHOpOUIapUIaH TalIKWJ TONraH OYnuO, “Y3ak Ba moxijapaan” uoopat
HepapXuK IIaKWITa Jra.

AQ/ZnO HaHOCTPYKTypaJapuHU MUHTE3NAIIaH aBBajl A(Q HaHOCHMIIAPH
MOJINOJ YCyJiJa CUHTEe3NaHAu. bByH&a, rajJbBaHUK MOTEHIMAN WIITUPOKUIATU
ruapoTepMan ycyiaaa cuHTesnanan. Mabaym mmwkaopaa AgNO;s Ty3uHM 3THIICH
[JIMKOJIZIATd dpUTMAacura mojuBuHUIMUAppoauaoH Ba FeCls ty3u kymmaub Oup
KUHCIW SPUTMA XOCUJI OYIITYHra Kajap apalaliTUpUIId. X0oCcui OYrad apanamma
110°C pga uykma xocus OYiryH4a KU3AUPWIAU. XOocwi Oynran uyykma  Ag
HaHOCHUMJIAPUJIAH TAIIKWII TOITH OYIH0 yiap Tanad 3THIraH CylOKIUKAa (aleToH,
cnupT, CcyB) HaBOartmaru (¢doigamanumra Kagap cakiaaHau. benrunanraxn
Mukgopaaru Ag Hanocumiiapu TeHr mosiap HucOarmapaara Zn(NOs), Ba (CHz)eNg
JApPHUHT CYBJIary 3pUTMAacura KyIuau Ba alFOMUH peakTopra kuputuiaubd 90°C na
CaKJIaH/IH.

Kynnanwiran ycynna, TuapoTepMall peakiiys JBaoMuia d)puT™Ma TapKuougaru
AQ HaHOCHMJIAp AJIOMUH peakTop TyOura uykumu Hatmwkacuaa Ag/Al ranmsBaHuk
KOHTAKT XOCHJI KIJIaJIM Ba THAPOTEPMAIT pEeaKITsl TajbBaHUK STUeiika CTPKyTypacura
XOC peaKIysi acocuaa Oopau.

Maskyp ycynma Al peaktop ragbBaHHMK siueiika aHOAM Ba AJ HaHOCHMIIAD
Ko BasWBACUHU Oakapaau. AJIFOMUH aHOJ Ba AQ KaToiapAaru peaxiusiap
HaTIKacHIa KalTapwinin moteHimand AgQ ra Hucbartan manduii 0ynran Alman
anekTponsap Ag ra ysataau Ba Ag cuptuaa ZnO nanopoaiapu yca oonutaiau (12(a)
Ba(0) pacmutap).
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Al—>Al3*+3e-
0, + 2H,0 + 4e- — 40H-

Zn?*+20H — Zn(OH),

Zn(OH), — ZnO + H,0

12-Pacm. AQ/ZNO HaHOCTPYKTYpaJapUHH XOCHJI OYJIMII MeXaHU3MH.

Xocun 6ynran Ag/ZnO HaHOCTpyKTypajdapuHu Mopdosorusicu 13-pacuma
kenrupuiarad. 13(a)- pacmaa AgQ/ZnO HaHOCTPYKTypajapuHHU Xap Oupu OUp Xuiiaa
Ag HanocuM y3ak Ba ZnO moxJapaad TAKWI TONTaHIATUHA KYPULITAMA3 MyMKHH.
Hanoctpykrypanapau aiiHaH “Y3ak-moxjv~ Ty3WIMaJaH TaIllKWJ TONTAHJIUTUHU
13(0)- karranamtupuiran COM MUKporpaMMasa KypuIl MyMKHH.

AQ/ZNO  MeramI-IpUMyTKa3rid HAHOCTPYKTypajdapuHU  (HOTOKATATUTHK
xocamapu (akat ZnO acocuaard HAHOCTPYKTypaiap OwiiaH TaKKOCITaHHO
Ypra"uiaranaura cabalIu MeTauT TalKuI dTyBYMCH O6YVimara ZnO HaHO3appaiapu
(13(c) pacm) anmoxuma KUMEBUI YYKTUPHII YCyJia CHHTE3IaH TH.

Bt 7). )

13-pacm. Ag/ZnO nanory3uamanapuaa COM mMop¢oJI0ruKk MEKPOrpaMMacH.
(a) Ag/ZnO HaHoTy3MIIMAJIAp KamJIanMacH, (b) arona Ag/ZnO
HAHOTY3WJIMACHHHU KATTAJIALITAaH KYPHUHHUILH, (C) TAKOCJIAII YYyH
cuHTe3JIaHraH ZnO HaHo3appajap KaMJIAHMACH.

Curtesnanran AgQ/ZnO HaHOTY3WIMATApHA MUKPOCTPYKTypanapu AJ HAHOCUM
Ba ZnO HaHo3appanap 6unap Takkocaad yprauwnau. bynna, 20 38.08°, 44.28°, Ba
64.48° nmapna AQHUHT [O3ajlapyd Mapkaszjiamral KyOcuMoH (azacura xoc Oyira
(111), (200) Ba (220) Texucnuknapu HamoéH 6yman. Pakat ZnO HaHO3appaTapuaaH
noopat HamyHa 314 JKoitamiran rekcaronan ZnO ra xoc 6ynran (100), (002), (101),
(102), (110), (103), (200) Ba (201) Texucmukiaapu Moc pasuinga 20 31.76°, 34.4°,
36.24°, 56.6°, 62.88°, 66.32°, 67.96°, 69.08° mapna aHkJIaHaM. V3 HaBOaTH/A,
AQ/ZnO nanoty3uiManapaa Ag Ba ZnO nmapra MOC KeJTyBUM YYKKUJIAp aHUKJIAH]IH.
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baén stunran ycynaa cuntesnanran AQ/ZnO HaHOo3appanap aiiHaH “y3ak-
HIOXJM~ Ty3WJIMara 3ra 5KaHJIWIHM TPAaHCMHCCHOH 3JIEKTPOH MUKpockon (TOM)
Eépmamuna taxaua tuiaau. 14(a) pacmaan ZnO Hanopon AQ CUPTHIAH JeSIpid
NEPICHIUKYIAP YCTaHJINTUHU Ba ylap opacuja aHWK Yerapa OOJMTHHU KYpPHII
MKYMKHH.

(a)

0.24) mm
(k)

14-pacm. Ag/ZnO nanory3suamacuan TIM mukporpammacu. (a) Ag/ZnO
HAHOTY3WJIMAHU YMYMHH KypuHHLIH. (0) Ag Ba ZnO yerapajlapuHu
KATTAJIAIITHPWITAaH KYyPUHMILH.

['anbpBaHMK syelika mapoutuga ZN KaTUOHJIapu MaHuil 3apsannaHran Ag
karoara naTHIaaM Ba Ag cupti (111) Texkucnuruga ZnO KpucTain HyKIHALUAACH Ba
Veum skapaéuu OommmanHaau. ZnO kpuctaniuHuHr Meractadbmn Kytubmau (001)
TEKUCJIUTY OOIITKA KyTHOIM OYIMaran TeKHCIUKIAPUTH Kaparanjia oKOPUPOK CUTP
sHepruscura osra Oyarammuru  yayH ZnO  kpucranmuuau [001] #yHamumga
anu3atponuk ycumu kysatuiaau (14(b) pacwm).

OnuHraH HaHOCTPYKTypajapHU (OTOKATATUTUK XOCcCalapu METHICH KYK
oyérunun Yb Hyp Tabcupuaa goroaerpagalusCUHU YpPraHWil OWJIaH aHUKJIAHIH.
benrunanran KOHLIEHTpanMsiar METHJIEH KYKHMHT CyBJard SpUTMAacu
curtesnanrad  AQ/ZnO  HaHo3appamu  (OTOKATAIU3aTOpP  UINTUPOKUAA
dboToaerpagauusUIaHA Ba O€NTUiIaHTaH BakKT MHTEpBaIWAa IOTWIHI CHEKTPU
ynuab Oopunnu. MeTuieH KYK SPUTMACHHUHT FOTWIIMII CHEKTPUIAHTH acOCUi
gyKKHCH 665 HMIa HaMOEH OYIaM Ba BaKT YTHINA OWIAH YYKKH WHTCHCHBIIMTU
nacaiin6 Oopumm ky3atwiam (15-(a) pacm). Kysatunaran 665 Hmmarm 9ykkd
WHTEHCUBIIMTUHUHT BaKT YTUIIM OwiaH KaMainO® OOpHIld METHWIEH KVK
MOJIEKYJTACUHUHT ()OTOKATATUTHK TMapyajaHUIIMHU aHIJaTaau Ba Oepuirax
CUCTEMa YUyH TYJIUK NapyaaHuIil BakTH 240 MUHYTHU TalIKHWII 3TIU.

MetuneH KYKHUHT (DOTOKATaIM3aTop HINTUPOKUAATH (OTOAETpAIAIUsCH
Langmuir-Hinshelwood wmexaHW3MHHUHT TCEBAO-OMPHHYM TapPTUOIN KHUHETHK
KOHYHUATIapura OVilcMHaauM Ba JAerpajanus KWHETHUKACH MHUKIOPHH >KUXaTIaH
Kyiiaaru ¢popmyina EpaaMuia aHUKJIAHAIH:

In(C/Co ) =-kt

by epna, Cp Ba C; xyumanunran OVEKHUHT peakiys Oommaard Ba t BoKTaaru
KOHIICHTPAIUACH. K- TICEBI0-OMPUHYH TapPTHOIM TE3TUK KOHCTAHTACH.
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15-pacm. Ag/ZnO HaHOTY3WJIMAIAPHHE (POTOKATAIMTHK X0ccadapH. (a)
MeTHJIEH KYK JPUTMACHHM THJIMII CIIEKTPH, (0) YypraHujiarax
dorokarammsaropiap yuyHn In(C/Co) Hu BakTra 60FIMKIMK rpadurm, (c)
AQ/ZNnO ¢PoTokaTann3aTOPUHUHT GAPKAPOPJIMK rpaduru.

Vprauuiran dporokaranuzaropiap yuyH Ln(Cy/Co) Hu BakT Gyiinua y3rapuiu
11(6) pacmpma kenatupwirad. XuUCOOJIAaHTaH HaTWXajdapAaH pEakius BakT
KOHCTAHTAaCH KUHUMATH KyWJarn KETMAa-KEeTJIMKIA SKAaHJIWTA  aHWUKJIAH]IH:
Ag/Zn0=0.023 wmun?, ZnO NS=0.010 wmun?, Ba AQg=2.97x10° wmun.
Hatwxkamnapman  AQ/ZnO  HaHoTy3uwiMand — (HOTOKATAIM3aTOPHUHT  OOIIKA
TaKKOCJIaHraH ¢oToKaTanmu3aTopjapra HUcCOaTaH OKOpU  (HOTOKATATIUTHK
daoyurura sra aKaHJINTUHA KYPUIIT MyMKHH.

doToKaTaNM3aTOp MATEPUAJUIAPHUHT aAMAIMK KYJUIAHWIIWUHU TaMUHJIOBYHU
MyXUM OMIIIapaaH Oupu Oy KaTaJM3aTOPHUHT Y30K BaKT OapKapOpJIUTHIMD.
AbHM, KYUTaHUITaH KaTaJu3aTOPHUHT Y30K BaKT JaBoMHIa Oup Hewa Oop KaiiTa
KYJI1all OMMHUIIMAMP. Y Pprauuwiran QOToKaTaIu3aTop GapKapopIIUId ONTH MapTTa
dboToaerpaganus MUKIWIA TeKIIUpWIranaan cyur xam (15-(c) pacmra kapasr) y3
dboToKaTAMUTHUK (HAOJTUTHHY Ba UEPAPXUK MIAKIUHU HYKOTMAIH.
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XYJIOCAJIAP

1. Beprtukan tapTuONaHraH MOHOKPHMCTAJ Ba MOJUKPUCTAN TY3WIWIITa 3ra
TiO, HaHOTY3MIIMAIApH, MOC PABHUIIIA, THIPOTEPMAIT Ba DJICKTPOKUMEBUI aHO LTI
yeymnapuaa Yerupuiann. ONMHTaH HaTKaiap noiukpuctan ty3wmnum 110,
($OTORNEKTPOKUMEBHM  (DAOTIIUTH MOHOKpHUCTaATra HUcOaTaH CyCT HSKAHJIWTHHU
ucOotTnanau. Ymoy Hathxka, noiaukpuctan 110, ma 3apsja TauryBYMIIAPHHUHT
pexoMOUHaIMs MapKa3iapy KOHICHTPAIUSICH KYTUTUTH OMIIaH U30XJIaHIH.

2. CdS Ba CdS/CdSe manoszappauamapu  Oupuktupmirad  T10;
HAHOCTPYKTypaiu (GOTOANEeKTpoanapura (HaHOPOA Ba HAHOTPYyOKa) KylIMmua
TEPMUK HIUIOB O€pull yJapHU KYpUHYBYM HYp coxXacujaard ¢GHOTOTOKIApH
KuiiMaTiapuau Moc pasumia 2.3 MA/cm? and 6 MA/cm? ra ommmura caba6
Oynrannury anukaanau. bynnai wkobuit y3rapum CdS/CdSe nano3appayanapruHu
yIyamIapuHU  KaTTaJalllTaHJIMTH  XaMJa KPUCTAUIAITAHIMK  JapaKaCHHH
SAXIIWIAIITAHIATY OWiaH TymyHTUpwiau Ba xynocaiap HRTEM mukpockonus Ba
UV-VIS CIEKTPOCKOIUS YCyJUTapy OWJIaH TaCUKTaH/IH.

3. TiOy/CdS/CdSe n-turmmm  dortoanon Ba CuO/ZnO/TIO,  p-TuIUH
dboTtokarognapaan ubopat (GOTOIIESKTPOKUMEBUN sUelKka TYy3yWJIau Ba suehka
napameTpiapu  arpodiaumuya  Tagkuk ~— dTwiad.  Hatwkanma,  ypranwiraxn
dotoanexktpomnap kybraurn Vo=0.8 V  Ba 15=0.92 mapamerpmapra osra
doTosiuelrikaaa TalKU Ky4JIaHUIICH3 ULl OJIUIIN UCOOTIaHTH.

4. Muc okcuIu HAaHOPOUTAPUHH OJHUIIHUHT HAHOFOBAKIIM MeMOpaHa KOJIUITH
éplaMmia CHHTE3 KWIMII YCylIM WUNUIA0 4YuKWwigu. byHna, OupuHUM MHC
HAHOPOJIAPH JCKTPOKUMUBHIA UYKTUPHUII yCYIIH 1A CHHTE3JIaHAIM Ba yJIap TEPMUK
OKCHJTAI YCYIIU EpJlaMU/ia MUC OKCUIUTH aliJIaHTUPHIIA]IH.

5. Muc okcuau HaHOpOMJIapuiaH uOOpaT (POTOINEKTPOJHU IUKIIUK
BOJIbTAMIIEPOMETPHSI HATIKATapUAaH dJIEKTPOTHU P-TUIUIA YTKA3YBYAHIIMKIa ATa
AKAHJIMTH aHUKJIaHIU Ba Oy MaH(Uil moTeHnuamuiapaa Manuii GoTOTOK XOCHII
Oynrannuru Ownad tymyHtupwiad. Ly Ounan Oupra, GoTokoppo3us Tabcupuaa
dotoanexktpon Oapkapopiuru 20% dSKaHIWTH  XPOHOAMIIEPUMETPHS yCYIIU
€épaamMuia aHUKJIAHIK.

6. Muc oxkcuau Ha"HopomajapuaaH uoopatr (HOTOIIEKTPOAHU (HOTOKOPPO3US
Oownan Oornmuk Myammocu ZnO HaHopoanapaaH wuOopaT XuUMOS KaTJIaMHHU
ruapoTepMan ycynna ycrupuin OunaH Oaprtapad otuan. CHUHTE3 KUJIHII
HaTwkacuaa ‘Y3ak-mox”’ IIakwira 3ra OynraH Ty3uiaMmMa xocwi Oymau. ZnO
HaHopo yutapuau yetupwiui CuO HaHOPOJ/INEKTPOIUT derapacuaa OUp-TEKuc
XUMOSI  KaTjlaMMHM Xocwin Kwinm 23Basura CuO HaHOpom acocupaaru
dboTornextpoanu 6apkapopiauruan 90% ommupurira Epaam Oepam.

7. V3 HaBOaTua, CuO/Zn0O acocuaaru (bOTORIEKTpOITIApHU
ANEKTPOKUMEBUN HMMIMHUIAHC CTHEKTPOCKOMHS TaxXJIWIM HIyHH Kypcarauku, ZnO
HAHOPOIJIM XUMOSI KAaTJIMAMHHH YCTHPWIIMILIN DJICKTPOJ/IICKTPOIUT Yerapacua
KYIuMy4a 3apsijl y3aTHIll KapIIMIATHHA XOCUJT Kuitaau Ba HaTmwxkamaa CuO snektpon
(hOTOANEKTPOKUMEBHI XOCCATAPUHU CyCAUTUPAIH.
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8. Muc okcuau acocunaru GpotodnekTpoaHu Mopdosorusicu (HaHOpoHd €Ku
TEKUC KarjaM) YHHHT (DOTORIEKTPOKMMEBUN Xoccamapu - (HOTO-KOHBEPCHS
camapaiopJIuru xamjia 3apsig TallyBUYWJIAPHU ANEKTPOAaru Ba
AIIEKTPOJI/3JCKTPOIIUT Yerapacuaaru TMHAMUKACUTa KaTTa TabCUp ATHUILIN HAMOMIII
KWIMHIU. DKCIEpUMEHT HaTwxkanapura kypa CUO HaHOpoa Ba TEKUC KaTIamiid
Mopdonorusiiv GoTodIEKTPOIapAaru peKOMOMHAIIMS TE3TUTH MOC paBHIIDKa 3.67
c Ba 1.44 c skannuru anukjianau. by CuO nanopoa (oTosnekTpoasia AIeKTpOH
mudy3us HYnu KyTaiura Ba 3apsii TallyBUMIaApHU WUFHIL caMapaupoK aManra
omuiny cabaliau 3aps] TallyBYMWIAPHA PEKOMOUHAIMS TE3JIUTU TEKUC KaTJIamiiv
Mopdororusra sra OynraH (GOTOINEKTpojIapra HUCOATaH HMKKH MapTa CEKUH
OOpUIIMHY KYpCcaTIu.

9. AQ/ZnO  acocumarm  METALI-IPUMYTKA3THWIM  HAHOCTPYKTypajap
raJibBaHUK MOTEHIMAI WINTHUPOKUJATH TUAPOTEPMall CUHTE3 YCYJIUaa OJIMH]IU.
OnuHraH HAaHOCTPYKTypajdapHu (GOTOKATATUTUK XOCCaJapy METHICH KYK OVEFuHU
doronerpananusuiam  épaamuaa  ypranwiagua.  Hartwkamap,  0.023 MUH!
¢oronerpamauus tesmurura sra Ag/ZnO daommru 0.010 mun™ poroaerpamanus
Te3nukra sra ZnO HaHOCTpyKTypara HucOaTaH I0KOPU YKaHIUTHHH KYpCaT/Iu.
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INTRODUCTION (abstract of doctoral (DSc) dissertation)

The urgency and relevance of the theme of dissertation. Today, increasing
number of earth’s population leads to an increased demand for energy resources, and
the limited supply of natural fossil energy sources, such as coal, gas, and oil, makes
one think seriously about the energy sources of the future. At the same time the
products (SO2, NOx) of the combustion of natural fossil energy sources, cause
serious damage to the environment and ecology, and to solve these problems,
research and development of renewable, alternative energy sources such as solar
energy, wind, hydro and nuclear energy and their wide implementation is of
particular importance.

Worldwide conducted scientific studies show that hydrogen energy is one of
the promising solutions to avert a future energy crisis, and one of the effective ways
to produce gaseous hydrogen is solar water splitting by photocatalyst reaction. Many
research works are being done by the world's leading scientists on the synthesis of
effective photocatalyst materials, controlling their size and morphology, enhancing
their visible-light activity, suppressing the recombination of charge carriers formed
In the photocatalyst, loading with a sutable metal cocatalysts, study the kinetics and
mechanisms of photoreactions, understanding the charge transfer and oxidation-
reduction reactions at the photocatalyst-liquid interface.

Uzbekistan pays special attention to improving energy efficiency, reducing
dependence on fuel and energy products, and developing renewable and hydrogen
energy. In this direction, many technical activities are carried out, especially on a
large scale basic and practical research on the development of hydrogen energy
based on new approaches. The development strategy of New Uzbekistan for the
further development of the Republic of Uzbekistan® identifies important tasks aimed
at mastering the production of fundamentally new types of products and
technologies that ensure the competitiveness of national goods. In this regard, it is
Important to create cost-effective and environmentally friendly technologies for
hydrogen production using renewable energy sources based on local raw materials,
their use for waste disposal and environmental safety.

This dissertation research serves to a certain extent to fulfill the tasks stipulated
by the Decrees of the President of the Republic Uzbekistan N0.3012 “On the
program of measures for the further development of renewable energy, energy
efficiency in the sectors of the economy and social sphere for 2017-2021” dated May
26, 2017, N0.4422 “On operational measures to improve the energy efficiency of
industries and the social sphere, the introduction of energy-saving technologies and
the development of renewable energy sources” dated August 22, 2019, N0.4779 “On
additional measures to improve the energy efficiency of the economy and reduce the
dependence of sectors of the economy on the fuel and energy complex by attracting
free resources” dated June 10, 2020, N0.5063 “On measures to develop renewable

! Decree of the President of the Republic Uzbekistan Ne UP-60 “On the strategy of development of the New Uzbekistan
for 2022-2026 years” dated 28 January 28, 2022
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and hydrogen energy in the Republic of Uzbekistan dated April 9, 2021 as well as,
other Legislative documents adopted in this field.

Relevant research priority areas of science and developing technology of
the Republic. This study has been carried out in accordance with the priority di-
rection of development of science and technology of the Republic: VII. Chemical
technology and nanotechnology.

Review of foreign scientific research on the dissertation theme?. Research
in the synthesis of nanostructured photocatalytic materials and their application in
the production of hydrogen by photocatalytic decomposition of water is conducted
by leading world’s research centers and universities, including: Tokyo Institute of
Technology, Kyushu University, Tokyo University of Science (Japan), Sungyukwan
University, Seoul National University, KAIST, (S. Korea) Friedrich-Alexander
University, Erlangen-Nuremberg (Germany), California Institute of Technology,
Pennsylvania State University (USA), Polytechnic Federation of Lausanne
(Switzerland), Institute of New Catalytic Materials Science (China), National
Universities of Uzbekistan (Uzbekistan).

Numerous scientific studies on the synthesis and of highly efficient
photocatalyst materials for the solar water splitting application have been carried out
at the world’s leading research centers and universities, including: photocatalysts
based on metal oxides, nitrides, and their solid solutions have been prepared
(University of Tokyo, Japan); so called Z-scheme consisting of two photocatalyst
materials for complete water splitting under the solar irradiation has been developed
(Tokyo University of Science, Japan); highly efficient and stable visible light active
photocatalysts based on g-CsN,4 have been prepared (Soochow University, Suzhou,
China); photoelectrochemical systems consisting of visible light active metal oxide
electrodes have been developed (Ecole Polytechnique Fédérale de Lausanne,
Switzerland); Si based photoelectrodes with enhanced stability have been developed
(California Institute of Technology, USA).

A great number of research activities on the preparation of new photocatalyst
materials, enhancement of their visible light activity and efficiency are being
conducted in the world including: synthesis of narrow band gap photocatalysts,
improvement of stability of the photoelectrodes, in-depth study of the charge transfer
mechanisms at the electrolyte/electrode interfaces, development of the
nanostructural photocatalyst materials to suppress charge recombination and many
others.

Problem development status. A number of leading scientific centers around
the world are conducting research aimed at synthesizing efficient and stable
photocatalysts for the production of hydrogen using powdered or
photoelectrochemical methods and study their morphological, optoelectronic,
microstructural and photocatalytic properties. In particular, scientists such as K.
Domen, A. Kudo, K. Maeda, Michael Gritzel, K. Sivula have conducted research
on obtaining and studying the properties of high-efficiency photocatalysts and

2 Review of international research on theme of dissertation prepared on materials http://www.scholar.google.com,
http://www.sciencedirect.com and etc.
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photoelectrodes based on metal oxides, nitrides, oxynitrides with different
compositions and structures.

In Uzbekistan, a number of scientists are conducting research on the synthesis
and study of the efficient photocatalysis nanomaterials. Kadirova Z.Ch. have
developed effective photocatalyst materials based on metal oxides and sulfides for
industrial wastewater treatment application. Ruzimurodov O.N. have prepared
nanoporous materials based on various metal oxides and studied their photocatalytic
properties. However, preparation of the visible-light active nanostructured
photocatalysts with different morphology and size, study of the effect of generated
exciton dynamics on the photocatalytic activity have not been systematically
studied.

Relevance of the dissertation research plans of the scientific-research
works of higher educational institutions. The dissertation research was carried out
within the framework of the research plan of the Fundamental Project of the National
University of Uzbekistan, F-OT-2021-237 «Generation of hydrogen by
photocatalytic decomposition of water under the solar illumination: synthesis of
nanostructured photocatalysts and theoretical and experimental study of their
properties» (2021-present) as well as fundamental project of the Kumoh National
Institute of Technology 2011-0017965 “Development of visible-light water-splitting
system using nano-structured semiconductors” (2011-2014).

The aim of the research work is development of the visible light active metal-
oxide semiconductor nanostructures and study their physical-chemical and
photoelectrochemical properties.

The tasks of the research work:

synthesis of metal-oxide semiconductor nanostructured photoelectrodes by
convenient and economical methods and study their photoelectrochemical
properties;

development of low-cost and convenient methods to fabricate p-type
semiconductor photoelectrodes based on copper oxide nanostructures (nanorods) by
a using porous templates and investigate their morphological and microstructural
properties;

suppressing the photocorrosion issue in the copper oxide-based photoelectrodes
by coating the CuO photoelectrode with a protective layer to form CuO/ZnO and
CuO/ZnOITiO; heterostructures and study their morphological, microstructural,
photoelectrochemical and photocorrosion properties;

to study the effect of the thickness of ZnO protective layer on the
photoelectrochemical properties of the CuO/ZnO photoelectrodes;

synthesis of highly stable CuO/ZnO nanorods and thin film based
photoelectrodes and comparatively study their photoelectrochemical properties;

development of facile and low-cost method to synthesis an Ag/ZnO based
metal-semiconductor nanostructures in the disperse and study their morphological,
microstructural and photocatalytic properties;

The objects of the study are copper oxide, titanium dioxide, zinc oxide based
nanorods and silver nanowires.
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The subjects of the study are the structural, morphological and physic-
chemical properties, photoelectrochemical, photocatalytic properties of the
nanostructures based on various metal oxide semiconductors.

Methods of the research. The research methods used are UV-VIS
spectroscopy, diffuse reflectance spectroscopy (DRS), X-ray diffraction (XRD),
scanning electron microscopy with energy-dispersive analysis (SEM-EDX), X-ray
photoelectron spectroscopy (XPS), transmission electron microscopy (TEM),
photoelectrochemical  cyclic  voltamperometry,  chronoamperometry and
electrochemical impedance spectrometry (EIS).

Scientific novelty of the research work is as follows:

a method of electrochemical deposition using a nanoporous template was
developed to produce a p-type semiconductor photoelectrode based on copper oxide
nanorods;

for the first time a photoelectrochemical cell consisting of nanostructured
Ti0,/CdS/CdSe n-type photoanodes and CuO/ZnO/TiO, p-type photocathodes was
created and the cell parameters were thoroughly studied. It is demonstrated that the
selected photoelectrodes can operate together in a single cell without external bias;

the stability against photoporation of the copper oxide nanorods based p-type
semiconductor photoelectrode could be enhanced up to 80% by growing the ZnO
nanorod protective layer;

the photoelectrochemical properties of CuO/ZnO nanorods and thin film-based
photoelectrodes were comparatively studied in detail, and it was proved that the
properties of CuO/ZnO nanorods based photoelectrodes are superior to those of thin
films;

it was demonstrated that photocorrosion stability and photoelectrochemical
properties of the CuO/ZnO nanorod based photoelectrodes are strongly dependent
on the thickness of the ZnO nanorod protective layer;

for the first time, Ag/ZnO based metal-semiconductor nanostructures were
synthesized by galvanic potential enhanced hydrothermal method. The
photocatalytic properties of the obtained nanostructures were investigated in the
photodegradation of the methylene blue model dye and the advantages of the metal-
semiconductor structure over semiconductor structures without metal component
were demonstrated.

Authenticity of the research results of the nanostructures obtained by
galvanic enhanced hydrothermal synthesis and the template assisted
electrodeposition were justified by using of modern, ultrasensitive and highly
precise methods and techniques, such as UV-VIS spectroscopy, diffuse reflectance
spectroscopy (DRS), elemental, X-ray diffraction (XRD), scanning electron
microscopy with energy-dispersive analysis (SEM-EDX), X-ray photoelectron
spectroscopy (XPS), transmission electron microscopy (TEM),
photoelectrochemical  cyclic  voltamperometry,  chronoampermetic  and
electrochemical impedance spectrometry (EIS).

Scientific and practical significance of the results of the study. The scientific
significance of the results of the study are the development of a method of
electrochemical deposition for the synthesis of copper oxide nanorods using a porous
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template and the production of metal-semiconductor nanoparticles by galvanic
potential enhenced hydrothermal method in the dispersed nanoparticles system.

Practical significance of the research results. The synthesis of
Ti0,/CdS/CdSe n-type and CuO/ZnO/TiO, p-type photoelectrodes allows to form a
self-biased photoelectrochemical cell and use this cell for hydrogen production by
photoelectrochemical decomposition of water. Ag/ZnO based metal-semiconductor
nanostructures synthesized by the galvanic potential enhanced hydrothermal method
can be used for both hydrogen generation and photocatalytic decomposition of
harmful organic substances in wastewater from various industries.

Implementation of research results. Based on the scientific results obtained
on the synthesis of nanostructured metal oxides semiconductors and their
photocatalytic properties:

synthesis methods of the nanostructural CuO and ZnO were used to study the
charge transfer process at the electrode/electrolyte interface at the Jeju National
University, South Korea in the framework of the project
Ne2014M1A7A1A03045383 “Plasma Diagnostics Using Fast Thomson
Scattering” (2014-2019), South Korea (reference letter of Jeju National University
University, Korea from Fabruary 15, 2022). As a result, photocorrosion resistive
photoelectrodes could be obtained.

galvanic potential enhanced hydrothermal synthesis method was used to
obtain functional nanomaterials at the Jeju National University, South Korea in the
framework of the project “Study on the laser aided diverter diagnostics of ITER
burning plasma” Ne2010-0020077 (2010-2016), South Korea (reference letter of
Jeju National University University, Korea from Fabruary 15, 2022). As a result,
silver and zinc oxide-based metal-semiconductor nanostructures could be obtained.

research results on the synthesis of metal-oxide-semiconductor nanostructures
and their morphological, microstructural, and photocatalytic properties were used in
233 high impact-factor (IF) foreign journals to study the microstructure of the
samples, create new materials with photoelectrochemical properties, and
physicochemical analysis (Advanced materials, 2021, V.33, Wiley&Sons,
IF=30.849; ChemSusChem, 2017, V.15, Wiley&Sons, IF=8.928; Solar Energy,
2016, V.136, Elsevier, IF=5.742; ACS Applied Energy materials, 2019, V.2, ACS
Publications, IF=6.024; Nanoscale, 2020, V.12, RSC publications, IF=7.790;
Applied materials & interfaces, 2019, V.9 ACS Publications IF= 9.229; Journal of
Alloys and Compounds, 2017, VV.494, IF=5.316, Elsevier; Sensors and Actuators B:
Chemical, 2014, V.214, Elsevier, IF= 7.460; International Journal of Hydrogen
Energy, 2017, V.42, IF=5.816, Elsevier; Applied Catalysis B: Environmental, 2019,
V.256, Elsevier, IF=19.503; Renewable and Sustainable Energy Reviews, 2016,
V.54, IF=14.9, Elsevier). The results give possibility to undertake targeted synthesis
of visible light active photocatalyst and photoelectrodes based on metal oxides and
understand the charge generation separation and charge transfer mechanisms at the
electrodes.

Approbation of research results. The results of the study were reported and
discussed at 25 scientific and practical conferences, including 20 international and 5
domestic conferences.
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Publication of research results. There are 36 scientific works were published
on the topic of the thesis, including 19 scientific journal papers, which are published
in 1 Republican and 18 foreign journals indexed in Scopus and Web of Science as
well as recommended by the Higher Attestation Commission of the Republic of
Uzbekistan for publication of the main scientific results of doctoral thesis.

The structure and volume of the dissertation. The structure of the thesis
consists of an introduction, six chapters, conclusion, list of references, annex. The
volume of the thesis is 200 pages.

MAIN CONTENT OF THE DISSERTATION

The introduction justifies actuality and relevance, aim and objectives of the
study, and the object and subject matter are characterized, and the compliance of the
study to the priority areas of the Republic development of science and technology
are shown, the scientific novelty and practical research results are outlined, the
scientific and practical significance of the research results are revealed, information
on published works and dissertation structure are provided.

The first chapter of the thesis, entitled ""Research background and
motivation', gives the theoretical basis for obtaining hydrogen by photocatalytic
decomposition of water. The fundamental mechanisms of the photocatalytic
decomposition of water, such as the absorption of light energy by the photocatalytic
particle, the formation of charge carriers, and surface reactions, are explained.
Photocatalytic decomposition of water uses mainly semiconductor materials based
on oxides, sulfides, and metal carbides. The choice of materials, their requirements,
and methods of changing the physical and chemical properties of the material to
meet the requirements are described.

At the end of the chapter, the photoelectrochemical method of obtaining
hydrogen by decomposition of water components is described, which gives
information about the types of photoelectrochemical cells used and the configuration
of photoelectrodes.

The second chapter of the dissertation entitled "Synthesis and
characterization of TiO,/CdS/CdSe and CuO/ZnO/TiO: photoelectrodes for a
self-sustaining photoelectrochemical cell'* presents the results of studies related to
the synthesis, property analysis and application of CuO/ZnO/TiO, nanostructured
photoelectrode for hydrogen production by water decomposition in
photoelectrochemical cell (PEC) and its potential use in a photoelectrochemical cell
operating without external voltage. Typically, a PEC cell consists of one n- or p-type
semiconductor photoelectrode and a metal counter electrode connected to each other
by an external electrical circuit. The additional voltage is applied to ensure efficient
operation of the photoelectric cell by overcoming the resistance of the external
electric circuit. It is important that the photoelectrochemical cell could operate
autonomously under solar illumination without an external bias, which makes it
promising for hydrogen production.

An autonomous photoelectrochemical cell (self-biased or unassisted photocell)
with both electrodes consisting of n- and p-type semiconductor photoelectrodes
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without external power supply can be constructed. In this kind of photocell an n-
type semiconductor photoelectrode (photoanode) would be responsibe for O,
evolution reaction and a p-type semiconductor photoelectrode (photocathode) would
be responsible for H, evolution reaction. This chapter demonstrates the possibility
of constructing a self-sustaining photocell composed of p-type CuO nanoflake and
n-type TiO,-nanorod photoelectrodes that were prepared by low-cost solution-based
methods. The n-type TiO, electrode was sensitized with CdS/CdSe nanoparticles to
enhance its visible-light response. The photocorrosion of the CuO photocathode was
significantly suppressed by coating with a ZnO/TiO, protecting layer. The effect of
the protecting layer thickness on the efficiency of the photocell was discussed.
Before testing the combined operation of both electrodes, their microstructural,
morphological and photocatalytic properties were examined separately.

il )
\) Hlvn:v;,“‘

Figure 1. Morphological and microstructural analysis of TiO2 and CuO
nanostructures. SEM cross-sectional images of TiOz (a) and CuO (b)
photoelectrodes. The internal images are of the nanostructures, top view. (c)
TEM micrographs of TiO./CdS/CdSe and (d) CuO nanostructures.

The morphological and microstructural propertied of the photoelectrodes were
evaluated by using FE-SEM and TEM techniques, respectively and the results are
shown in the Fig. 1. The cyclic voltammetry results of the three photoanodes,
designated as A1-TiO,, A1-TiO,/CdS/CdSe, A1-TiO,CdS/CdSe-HT, are shown in
Figure 2 (a). The results showed that all photoelectrodes have anodic photocurrent,
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which indicates their n-type conductivity. From the results, we can see that
photoelectrode A3 showed the highest photocurrent value compared to the other
photoelectrodes. This result is explained by the fact that photoelectrode A3 has a
heterostructural composition consisting of TiO, nanorod based photoanode and a
CdS/CdSe quantum dots, which provides absorption of visible light up to 700 nm.

The copper oxide-based photocathode (see Figure 2(b)) exhibited typical
cathodic photocurrent generation indicating its p-type conductivity and the
photocurrent values were 1.2 mA/cm? and 0.9 mA/cm? at 0.5 V (Ag/AgCl) under
white and visible light illuminations, respectively.

o -+ C1-White
P ELe + C1-Visible

Jph (mAIcmz)
P
1

ASt+——T—TT T T
15 10 05 00 05 10 15 05 -04 03 -02 -01 0.0 01 0.2

Potential (V vs. Ag/AgCl) Potential (V vs. Ag/AgCl)

Figure 2. (a) Cyclic voltammetry results of n-type TiO2/CdS/CdSe
nanostructured photoelectrodes and (b) p-type CuO. (S) SEM and (d) TEM
micrographs of CuO nanostructured photoelectrode coated with ZnO/TiO>

thin film.

Copper oxide is a metal oxide semiconductor material with a bandgap energy
of ~ 1.7 eV that is active under the visible light. It is one of the promising material
with a suitable location of its band edge potentials for the hydrogen evolution
reaction. However, since CuQ's photodecomposition potential (photocorrosion
potential) is located between its bandgap, CuO itself undergoes photocorrosion
under photoelectrochemical conditions, which limits its use as a photoelectrode. To
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overcoming this drawback, it is recommended to form a special corrosion-resistant
layer on the CuO surface. In this study, a ZnO/TiO, thin film was grown on the CuO
surface as a corrosion-resistant layer by a facile spin-coating method. The
morphological and microstructural analysis of the thin films formed on the CuO-
based photoelectric surface is shown in Figures 2(c) and (d). As coated ZnO/TiO,
protective thin film with a thickness of 80 nm have formed a flat solid film on the
CuO surface, as can be seen from the cross-section SEM micrograph (Fig. 2(c)). The
quality of the coated film and the crystal structure were determined using a TEM
microscope (see Figure 2 (d)). The results confirm that the resulting continues film
sequence well corresponds to the synthesis process (CuO — ZnO — TiO,). After
careful examination of transmission electron microscopy results with high
magnification, it was found that the ZnO layer consisted of randomly distributed
nanoparticles (see inset of the Fig. 2- (d)).
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Figure 3. Schematic (a) schematic and (b) diagram of the energy zones of the
photocell formed in the presence of n-TiO, and p-CuO-based photoelectrodes.

To determine the optimal thickness of the applied anticorrosion layer, the TiO,
layer thickness was varied from 100 nm to 400 nm, while the ZnO layer thickness
kept constant and the electrodes were marked as C-1, C-2, C-3, C-4. The results
showed that the increase in the thickness of the TiO; layer was directly proportional
to the corrosion resistance of the CuO photoelectrode and inversely proportional to
the generated photocurrent.

A photoelectrochemical cell operating without external voltage was
constructed using the investigated n- and p-type photoelectrodes (TiO,/CdS/CdSe
and CuO/ZnO/TiOy). Further, the electrodes were placed in two separate cells
connected through a nafion (proton conducting membrane) membrane and shorted
to each other as shown in the Fig. 3(a).

The energy band diagram of two semiconductor electrodes in a
photoelectrochemical cell is shown in Figure 3 (a). It is known that when a
semiconductor electrode comes in contact with an electrolyte, the level of its energy
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bands bends upward or downward, depending on whether it’s an n- or p-type
semiconductor. This bending of the energy bands determines the movement of the
charge carriers formed on the electrodes, and consequently defines which reaction
(oxidation or reduction) occurs on the surface of the electrode.

In our case the oxidation reaction (O, formation) takes place on the surface of
Ti0,-based n-type semiconductor, and the reduction reaction (H, formation) takes
place on the surface of p-type semiconductor. Both types of photoelectrodes were
simultaneously illuminated with a visible light to investigate the operation of a
photocell by measuring the 1-V curves characteristics. Figure 3 (b) shows the I-V
curve characteristics of the photocell formed in the presence of three different
photoanodes (A-1, A-2, A-3) and the photocathode C-1. The average open circuit
voltage for the cell was 0.803 V and the short-circuit current values for A-1, A-2, A-
3 photoanodes was 0.19 mA, 0.55 mA and 1.56 mA, respectively. The highest and
lowest short-circuit current values were observed for photoelectrodes A1-TiO, and
A2-TiO,/CdS/CdSe-NT, and this behavior well agrees with individual
photoelectrochemical properties of the obtained photoelectrodes (Fig.1 (a)). That is,
the efficiency of the photocell formed in the presence of n- and p-type
photoelectrodes depends on the efficiency of the individual photoelectrodes used.

Table 1. Results of the I-V characterization of the photoelectrodes.

mm

C-1:A-3 0.96
C-2:A-3 1.35 085 0383
C-3:A-3 1.03 0.8 0.64
C-4:A-3 0.92 0.8 0.57

Photocell performance with all electrode configurations is summarized in
Table 1.

The photocell with the highly stable photocathode CuO/ZnO/TiO; and visible
light responsive n-type TiO,/CdS/CdSe-HT photoanode have demonstrated a
photoconversion efficiency of 0.57%, which is much higher than that from previous
studies. We conclude that the photocell consisting of visible-light-active p-type CuO
and n-type TiO,/CdS/CdSe-HT photoelectrodes can operate together without
external bias under visible-light illumination.

The third chapter of the dissertation entitled as “Synthesis and
photoelectrochemical characterization of CuO nanorods based photoelectrode
with ZnO nanorod protective layer” demonstrates the fabrication method of
CuO/Zn0O nanorods and discusses the results of their morphological, microstructural
and photoelectrochemical properties.
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A convenient and simple two-step method for fabrication of CuO nanorods was
proposed, which consists of (i) electrochemical deposition of vertically arranged Cu
nanorods using a nonporous Al,O3 template and (ii) subsequent thermal oxidizing
them in air at 300°C to form CuO. As a result, photoelectrode consisting of vertically
arranged CuO nanorods on an electrically conductive substrate could be obtained.

Figure 4 (a) shows a SEM micrograph of copper nanorods grown vertically on
the surface of a copper plate. The diameter and length of the nanorods are 150 nm
and 5 um, respectively. Since the nanorods are grown using an Al,O3 nonporous
template, the size of the nanorods can be controlled by changing the size of the
template. The morphology of the CuO nanorods formed by thermal oxidation of
copper nanorods are shown in Figure 4(b).

Copper oxide is a narrow band gap semiconductor (1.4-1.7 eV) and is a suitable
material for hydrogen evolution reaction according to the position of its conduction
band minimum and valence band maximum.

RT3 R Uﬁ,.

Figure 4. SEM micrographs of photoelectrodes based on CuO and CuO/ZnO

nanorods. (a) vertically arranged copper nanorods. (b) Surface images of CuO
nanorods. (c) cross-section image of the CuO/Zn0O nanorod-based
photoelectrode.

Therefore, CuO has been widely studied as an active photocatalyst material in
visible light region. However, because CuQO's decomposition potential lies between
its bands, this material is subject to photocorrosion under photocatalytic conditions.
As discussed in the previous chapter, covering the CuO surface with another
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corrosion resistant material is considered as one of the promising strategies. In this
chapter, an array of densely grown ZnO nanorods was used as a corrosion resistance
layer on the CuO nanorods. Figure 4 (c) shows the morphology of the vertical CuO
nanorods covered with ZnO nanorods. X-ray diffractogram and XPS spectroscopy
results of the CuO/ZnO composite photoelectrode have confirmed that as prepared
photoelectrodes dominantly consists of CuO and ZnO compounds. Optical
properties of the photoelectrodes showed that the bandgap energies of the CuO and
ZnO are 1.5 eV and ZnO 3.2 eV, respectively.

The photoelectrochemical properties of the CuO/ZnO photoelectrode were
investigated by cyclic voltammetry (Fig. 5 (a)) and chronoamperometry (Fig. 5 (b)).
From the cyclic voltammetry plots of the CuO and CuO/ZnO photoelectrodes,
shown in Figure 5 (a), we can observe the generation of cathodic photocurrent at
negative potentials, which indicates p-type conductivity of the electrodes. The
photocurrent values generated at -0.5 V (V vs. Ag/AgCl) for the CuO and CuO/ZnO
photoelectrodes were -1.4 mA/cm? and -0.9 mA/cm?, respectively.
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Figure 5. Photoelectrochemical properties of CuO and CuO/ZnO
photoelectrodes. (a) cyclic voltammetry of CuO and CuO/ZnO
photoelectrodes and (b) chronoamperometry analysis.

The stability of the photoelectrodes was evaluated by using the
chronoamperometry method shown in Figure 5(b). In this case, the photocurrent
density values of the photoelectrodes were measured at a constant voltage (-0.5 V
(vs. Ag/AgCl)) for extended period of time. The result shows that the value of the
photocurrent density generated in the CuO-based photoelectrode continuously
decreases during the measurement. This decline in photocurrent density can be
explained by the decomposition (photocorrosion) of CuO under
photoelectrochemical conditions.

On the other hand, under the same conditions, the value of the photocurrent
density generated in the CuO/ZnO photoelectrode almost was almost constant
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during the measurement. The stability of the electrodes could be evaluated by taking
the ratios of initial and final values of the photocurrent density (zones A and B in
Figure 5(b)), where it was found to be 20% and 90% for the CuO and CuO/ZnO
photoelectrodes, respectively.
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Figure 6. (a2) Nyquist plot for CuO and CuO/ZnO photoelectrodes. (b)
Schematic representation of CuO/ZnO photoelectrode.

It can be noted from the Fig. 5 (a), that photocurrent density of the bare CuO
photoelectrode is greater than that of the photoelectrode with protective layer
CuO/ZnO0.

This difference in the photocurrent values were further investigated by EIS
technique as shown in the Fig. 6(a). Figure 6(a) shows the Nyquist plot (dependence
of the real and imaginary components of electrode impedance) for CuO and
CuO/Zn0 photoelectrodes. The results show that the charge transfer resistance at the
CuO electrode/electrolyte interface is much lower than that of the CuO/ZnO
electrode, which explains the better photocurrent performance of the CuO electrode
over CuO/ZnO one. Higher charge transfer resistance (hence lower photocurrent
generation) in the CuO/ZnO photoelectrode can be explained by the presence of
additional layers in the form on ZnO seed layer and ZnO nanod layer as shown in
the Fig. 6(b), which leads to the increase of the charge transfer resistance at the
electrode/electrolyte interface.

In the fourth chapter of the thesis, entitled 'Comparative
photoelectrochemical study of the CuO nanorod and film photoeletrodes with
ZnO nanorod protective layer”™ CuO nanorods and thin-film based
photoelectrodes are synthesized and the morphology of the photoelectrodes (i.e.,
nanorods or thin films) and their effect on charge transfer and transport properties
have been comparatively studied using a number of photoelectrochemical methods.
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(a) and thin film (b).

The synthesis of CuO nanorods was carried out according to the methodology
described in the previous chapters. The CuO thin film was formed by thermal
oxidation of a well-polished copper plate in air at 300 °C. A protective layer of ZnO
nanorods was grown hydrothermally on the surface of both types of CuO electrodes
under the same conditions. The morphology of the obtained photoelectrodes is
shown in Figure 7 in SEM micrographs.
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Figure 8. (a) and (b) graphs of photocurrent density kinetics for CuO
nanorods and thin-film photoelectrodes, respectively. (¢) CuO nanorod and
Ln (D)-time plot for thin-film photoelectrodes.
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The results show that CuO/ZnQ nanorods (Fig. 7(a)) grew almost perpendicular
to the base, with ZnO nanorods covering every CuO nanorod evenly on all sides. In
the CuO/ZnO thin-film photoelectrode, the CuO layer thickness is ~ 850 nm. It is
known that one of the important measures to improve the efficiency of
photoelectrodes is the reduction of the charge carries recombination and charge
transfer resistance at the electrode/electrolyte interface. Therefore, it is important
that the electrode material to be at nanoscale.

The influence of morphological and geometrical differences between the two
types of photoelectrodes on the recombination and charge transfer resistance was
determined by analyzing the kinetics of the photocurrent density in the electrodes.
In this case, CuO nanorod and thin-film photoelectrodes without ZnO were
compared.

Figures 8 (a) and (b) show plots of the change in the photocurrent density at the
electrodes over time, where the light on and light off points correspond to the on and
off states of the light source. As a result, on both electrodes there is a sudden increase
in the photocurrent value when the light source is on (l; - state) and a decrease when
it is off (I¢ - state). We can also see an exponential decrease in the value of the
photocurrent over time between the I; and |; cases.

This exponential decrease is due to the recombination of the charge carriers at
the electrodes, and the recombination process in the thin-film sample appears to be
faster than in the CuO nanorod sample.

The recombination time at the electrodes can be determined using the
photocurrent and time values corresponding to the states I; and Is from Figures 8(a)
and (b). The recombination times for the CuO thin film and nanorod samples were
1.44 sec and 3.67 sec, respectively.

This means that the recombination time for the CuO nanorod electrode is
almost two times slower than that of the thin film electrode. Thus, we can conclude
that the magnitude of the photocurrent in electrodes with nanorod morphology is the
result of high concentration of charge carriers and long electron lifetime.
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Figure 9. (a) Nyquist plot for CuO/ZnO nanorod and thin film. (6). Schematic
representation of the light absorption and charge transfer processes at the
electrodes.
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Comparing the photoelectrochemical properties of the photoelectrodes after the
growth of the protective layer of ZnO, it was found that the photocurrent values of
Cu0/Zn0 nanorod and film-based electrodes were -0.5 mA/cm? and -0.81 mA/cm?
at-0.5V (V vs. Ag/AgCl).

Results of the comparative study of the photoelectrodes by EIS have revealed
that the charge transfer resistance at the electrode/electrolyte interface was low for
the CuO/ZnO nanorod-based electrode that of film-based electrode. Thus, based on
the results of cyclic voltammetry and EIS analysis, it was proved that the
electrochemical properties of the CuO/ZnO nanorod-based photoelectrode were
superior to those of the thin-film electrode. It can be concluded that the advantages
of the electrode is based on the combined action of the factors shown in Figure 5(b).
These are: (1) increased light absorption due to multiple scattering, (2) reduced
recombination due to reduced diffusion length of charge carriers, and (3) reduced
resistance to charge transfer at the electrode/electrolyte interface due to favorable
charge transfer along both the longitudinal and lateral directions of the
nanostructures.

In the fifth chapter of the thesis titled as **Study of the effect of the ZnO
nanorod protective layer thickness on the photoelectrochemical properties of
the CuO nanorod photoelectrode®, CuO photoelectrodes with different length and
density of the ZnO protective layer were synthesized and studied.

The thickness of the ZnO protective layer was controlled by changing the
hydrothermal reaction time.

nanorods. (a) CuO nanorods, (b) CuO/Zn0O-2 sample, (¢) CuO/Zn0O-6 sample.

In this study, hydrothermal reaction time was fixed at 2 and 6 hours and the
corresponding samples were designated as CuO/ZnO -2 and CuO/ZnO -6,
respectively.

The morphology of the synthesized electrodes was studied by SEM technique
and presented in the Figure 10. Figure 10 (a), (b) and (c) shows vertically arranged
CuO nanorod, CuO/ZnO -2 and CuO/ZnO -6 photoelectrodes, respectively.

It can be seen that the hydrothermal reaction time greatly affects the length and
the density of the ZnO nanostructures.
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The microstructural and optical properties of the samples were investigated by
X-ray diffractogram and UV-VIS spectroscopy techniques. When both samples,
CuO nanorod and CuO/ZnO, were examined by X-ray diffractogram, sharp
diffraction peaks (111), (200) and (220) corresponding to Cu substrate at 43.4°,
50.3° and 74° were detected. It can be seen that the diffraction peaks corresponding
to Cu oxide appear at 35.5°, 38.6°, and 60.94°.

However, in addition to the CuO peaks in the CuO/ZnO sample, diffraction
peaks corresponding to the hexagonal planes of ZnO (100), (002) and (102) were

detected at 31.66°, 34.32° and 47.46°, respectively.
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Figure 11. Microstructural (a) and optical (b) properties of CuO and
CuO/Zn0O electrodes.

47



The optical properties of both samples show that they are active in the visible
light spectrum. It can be seen that the absorption spectrum of the copper oxide
nanorod electrode is in the 300-800 nm range. The absorption spectrum of CuO/ZnO
corresponds to the UV range of 300-400 nm and the visible range of 400-800 nm,
and they correspond to ZnO (3.2 eV) and CuO (1.5 eV) electrode components.

The electrochemical properties of the photoelectrodes were analyzed using
cyclic voltammetry and EIS methods, and the results are presented in Table 2.

Table 2. Results of electrochemical analysis of photoelectrodes

Photoelectrode Jph T, Stability
(mA/cm?) (ms) (%)
CuO NR 0.23 114.6 59.9
Cu0/ZnO-2h 021 82.5 86.7
CuO/Zn0O-6h 0.14 59.4 97.6

Table 2 shows that the thickness of ZnO protective layer on the CuO
photoelectrode surface is inversely proportional to the photocurrent (J,n) value of the
electrode and the residence time (t,) of the charge carriers generated during
photogeneration. The photocurrent (Jpn) and t, values for the CuO, CuO/Zn0O-2, and
CuO/Zn0-6 electrodes were 0.23 mA/cm?, 0.21 mA/cm?, and 0.14 mA/cm? and
114.6 ms, 82.5 ms, 59.4 ms, respectively. At the same time, the increase in the
thickness of the ZnO protective layer was directly proportional to the stability of the
photoelectrodes, where the stability of the electrodes was 59.9%, 86.7%, and 97.6%,
respectively.

Formation of a hierarchically structured p-type CuO/ZnO photoelectrode has
additional advantages, such as efficient charge carriers transfer and reduced
recombination process due to the formation of a local p-n junction. Although,
photoelectrodes with p-n junction structure are advantageous for effective charge
transfer by decreasing charge recombination rate, our results suggest that positive
effect of the p-n junction could be suppressed if the thickness or/and density of the
secondary semiconductor is too high.

In the sixth chapter of the dissertation titled as **Synthesis and photocatalytic
properties of the Ag/ZnO metal-semiconductor hierarchical photocatalyst
nanostructures via galvanic-potential-enhanced hydrothermal method™ the
synthesis of Ag/ZnO metal-semiconductor nanostructures by a novel galvanic
potential enhanced hydrothermal reaction has been demonstrated. The
photocatalytic properties of the synthesized nanostructures were evaluated by
observing photodegradation of methylene blue dye under the UV light illumination.
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Figure 12. Formation mechanism of Ag/ZnO nanostructures.

As fabricated Ag/ZnO nanostructures consist of ZnO nanorods branches that
grow densely on the surface of Ag nanowires trucks.Before the synthesis of Ag/ZnO
nanostructures, Ag nanowires were synthesized by the polyol method. Silver NW
was prepared using a typical polyol method. Certain amount of AgNO; was
dissolved in ethylene glycol at room temperature. Another solution was prepared by
dissolving polyvinylpyrrolidone (PVP) in ethylene glycol and then vigorously
stirring the solution at 60°C. After complete dissolution of the PVP, the two
solutions were mixed together, and FeCl; was added to the mixture. The mixture
was then stirred and heated at 110°C in an oven for 5 h. The obtained product in the
form of Ag NWs was sequentially washed with acetone and ethanol three times,
dispersed in ethanol for further use.

A certain amount of Ag nanowires was added to an aqueous solution of Zn
(NO3), and (CH2)sN4 in equal molar ratios, introduced into an aluminum reactor and
heated at 90 °C.

This approach is similar to the conventional electrodeposition technique, where
the galvanic cell structure is used instead of external power. Here, the Al bottle
served both as a sacrificial anode for the galvanic cell and a hydthothermal reactor.
The Ag NWs that settled at the bottom of the Al container established Al-Ag contact,
where the Ag NW acted as a cathode. In the method used, during the hydrothermal
reaction, the Ag nanoparticles in solution form an Ag/Al galvanic contact by settling
to the bottom of the aluminum reactor, and the hydrothermal reaction proceeds based
on the reaction characteristic of a galvanic cell (see Figure 12 (a)). and (b)). As a
result, ZnO nanorods starts to grow on the surface of the Ag NWs.
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Figure 13. SEM morphological micrographs of Ag/ZnO nanostructures. (a)
Collection of Ag/ZnO nanostructures, (b) enlarged view of a single Ag/ZnO
nanostructure, (c) Collection of ZnO nanoparticles synthesized for
comparison.

The morphology of the obtained Ag/ZnO nanostructures is shown in Figure 13.
In Figure 13 (a) we can see that each Ag/ZnO nanostructure consists of individual
Ag nanowire and ZnO branches. The ZnO NR nanobranches grew perpendicular to
the side surface of the Ag NW backbone along its long axis. The enlarged FESEM
image shown in Figure 6.2(b) depicts the distinct morphology of the five-sided
grown ZnO NR with a 200 nm diameter. Since the photocatalytic properties of
metal-semiconductor Ag/ZnO nanostructures were studied only in comparison with
ZnO-based nanostructures, ZnO nanoparticles (Fig. 13 (c)) were synthesized
separately by chemical bath deposition.

The XRD results of the as-prepared Ag NWs showed sharp diffraction peaks at
20 38.08°, 44.28°, and 64.48°, corresponding to the (111), (200), and (220)
reflection planes of the face-centered cubic Ag structure (JCPDF #8937-22),
respectively. The ZnO NSs showed distinct reflection peaks at 20 31.76°, 34.4°,
36.24°,56.6°, 62.88°, 66.32°, 67.96°, and 69.08°, corresponding to the (100), (002),
(101), (102), (110), (103), (200), and (201) planes, respectively, of pure, close-
packed hexagonal ZnO (blue line) (JCPDF #361451).
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The formation of a distinct hierarchical structure was further confirmed via
TEM analysis, and is shown in Figure 14. The low-magnification, bright-field TEM
Image of a single Ag/ZnO NS clearly reveals the trunk-branch architecture of the
structure, where the exposed Ag NW backbone is indicated with arrowheads (Figure
14(a)).

(a)

0.24 nm
(994)

<

Figure 14. TEM micrograms of Ag/ZnO nanostructure. (a) General view of
Ag/ZnO nanostructure. (b) Enlarged image of Ag and ZnO boundaries.

Figure 14(b) reveals district interface between Ag and ZnO, where inter-planer
lattice fringes with distances of 0.28 nm and 0.24 nm were assigned to the (002)
plane of the hexagonal ZnO and the (111) plane of the face-centered cubic Ag,
respectively.

The photocatalytic properties of the NSs were investigated by degrading the
MB dye, a commonly used model pollutant, under UV illumination. Figure 15 (a)
shows the time-dependent absorbance spectra of the MB dye solution in the presence
of the Ag/ZnO NS. The main peak in the absorption spectrum of the methylene blue
solution was observed at 665 nm, which decreases over reaction time due to the
photodecomposition of MB molecules. It can be seen from our results that it took
240 min to completely decompose the MB molecules under given experimental
conditions.

The photodegradation of methylene blue in the presence of a photocatalyst
obeys the kinetic laws of the pseudo-first order Langmuir-Hinshelwood mechanism,
and the decomposition kinetics can be quantified using the following equetion:

In(C; /Cy ) =-kt
Here Co and C; are the concentrations of the dye used at the beginning of the

reaction and at time t. k is the pseudo-first-order rate constant.

The time variation of Ln(C/Cy) for the investigated photocatalysts is shown in
Figure 15(b). According to the calculation results, the value of the reaction time
constant was found to be in the following order: Ag/ZnO = 0.023 mint, ZnO NS =
0.010 min? and Ag = 2.97x10° min™. The results show that the nanostructured
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Ag/ZnO photocatalyst has a higher photocatalytic activity than other compared
photocatalysts.
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Figure 15. Photocatalytic properties of Ag/ZnO nanostructures. (a) absorption
spectrum of methylene blue solution, (b) graph of In (C/Co) dependence on
time for the studied photocatalysts, (c) stability of Ag/ZnO photocatalyst.

One of the crucial factors determining the practical application of a
photocatalyst material is its photocatalytic stability. Therefore, the cyclability of the
Ag/Zn0O photocatalyst was evaluated in this study by reusing the same photocatalyst
powder after centrifuge recycling. As shown in Figure 15(c), there was nearly no
decrease in photocatalytic activity after six cycles of the photocatalyst test,
indicating good photocatalytic stability.

CONCLUSIONS

1. TiO, nanorods were grown by hydrothermal method that allows growing
single crystalline TiO, on transparent conducting substrate at low temperatures. It
was found that TiO nanords have superior photoelectrochemical properties than that
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of nanotubes, due to the single crystalline nature of the nanorods, which was
attributed to the better charge transport properties and have low level of electron-
hole recombination. While grain boundaries in the polycrystalline nanotubes acted
as a recombination centers for electron-holes.

2. It was demonstrated that additional heat treatment of the CdS and CdS/CdSe
sensitized TiO, nanorods/tube based photoelectrodes induce a significant
enhancement of the photocurrent under visible light illumination up to 2.3 mA/cm?
and 6 mA/cm?, respectively. This positive improvement was found to be attributed
to the enlargement of the CdS/CdSe nanoparticles’ size as well as improved
crystallinity, which was reviled by in-depth HRTEM and UV-vis characterizations.
As a result, CdS and CdS/CdSe co-sensitized single crystalline TiO, nanorod based
photoelectrode with subsequently heat treatment demonstrated as high as ~30 % of
IPCE and ~50% of photoconversion at 500 nm in the visible light range.

3. For the first time a photoelectrochemical cell consisting of
nanostructured TiO,/CdS/CdSe n-type photoanodes and CuO/ZnO/TiO, p-type
photocathodes were created and the cell parameters were thoroughly studied. It is
demonstrated that the selected photoelectrodes can operate together in a single cell
without external bias at the open circuit voltage of 0.8 V and short-circuit current of
0.92 mA/cm?,

4, An effective and low-cost method of synthesis of CuO nanorods was
developed simple thermal oxidation of the metallic Cu nanorods, which were grown
on the conducting substrate by template assisted electrodeposition through porous
membrane.

5. It was found that as synthesized CuO nanorods based photoelectrode
demonstrated a negative photocurrent values at negative potentials during cyclic
voltammetry measurements, which indicates their p-type conductivity. At the same
time, chronoamperometry measurements have revealed that photocurrent stability of
CuO was only 20% due to the photocorrosion of CuO under the
photoelectrochemical conditions.

6. The photocorrosion issue of the CuO nanorod based photoelectrodes could be
suppressed by uniformly growing the ZnO nanorods over each CuO nanorods by
using hydrothermal synthesis. As synthesized structure formed co-called trunk-
branch structure. The growth of the ZnO nanobranches has greatly enhanced
stability of the CuO photoelectrode up to 90%, owing to the formation of dense and
uniformly grown ZnO NR layer between CuO/electrolyte interface, which protected
the CuO NR trunk from direct contact with electrolyte.

7. Electrochemical impedance spectroscopy analysis of the CuO and CuO/ZnO
photoelectrodes have revealed that growth of the ZnO protective layer hiders the
photoelectrochemical activity of the photoelectrodes by introducing charge transfer
resistance at the electrode/electrolyte interface.

8. It was demonstrated that structural morphology of CuO photoelectrodes
(nanorod and planar) greatly affects its photoelectrochemical performance, in terms
of photo-conversion efficiency, and the dynamics of photoinduced charge carriers
in the electrode and at the electrode/electrolyte interfaces. The experimental findings
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revealed that the charge recombination rate in the photoelectrode with the CuO
nanorod backbone was 3.67 s, which is two times slower than 1.44s for the planar
CuO electrode, due to the favorable electron diffusion path and effective charge
collection in the electrode.

9. For the first time, Ag/ZnO based metal-semiconductor nanostructures were
synthesized by galvanic potential enhanced hydrothermal method. The
photocatalytic properties of the obtained nanostructures were investigated in the
photodegradation of the methylene blue model dye and the advantages of the metal-
semiconductor structure over semiconductor structures without metal component
were demonstrated by demonstrating degradation rate of 0.023 min* and 0.010 min-
! repectively.
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BBEJEHUE (anHotamusi nokropckoii (DSC) nuccepramun)

Heabro uccaenoBaHusi SBISIETCS CHHTE3 HAHOCTPYKTYP Ha OCHOBE METAIUI
OKCHJIHBIX  TIOJYNPOBOJHUKOB, HW3Y4YeHHS UX  (UBUKO-XUMHUECKUX U
(bOTOKATaTUTHYECKUX CBOWCTB.

O0bexTaMH MCCIIEIOBAHUS SIBISIFOTCS HAHOCTEP)KHU Ha OCHOBE OKCHIA MEIH,
JIMOKCHU]Ia TUTAHA, OKCHJIA ITMHKA U CepeOpsIHbIE HAHOIIPOBOJIOKH.

Hay4ynasi HOBH3HA HCC/I€I0BAHMS 3aKITI0UACTCS B CIETYIOLIEM:

pa3paboTaH MeETOJ SJEKTPOXUMHUUYECKOTO OCAXACHHUS C HCIOJIb30BAHUEM
MOPUCTOTO MIA0JI0OHA /JIs1 TOTYYEHHUS TTOJIYyIIPOBOJHUKOBOTO (POTOIIEKTPO/I1a p-THIIA
IPOBOJUMOCTH Ha OCHOBE HAHOCTEPKHEH OKCHUa MEIH;

BIIEPBbIE CO3/aHa  (POTORIEKTPOXUMHUYECKas sA4YehKa, COCTOsIIas U3
HAHOCTPYKTYpHpOoBaHHBIX (oTtoanonoB TiO,/CdS/CdSe n-tuma u ¢doTokaTo 0B
CuO/ZnO/TiO; p-tuna, U3y4eHbI MapaMeTpPhl SIYCHKU U IOKa3aHbl, YTO BEIOPAHHBIC
(hOTORNEKTPOIBI MOTYT OBITh HCIOJB30BaHbI B OJHOW (hOTOIIEKTPOXUMHUUECKOMN
sTYeHKe;

CTOMKOCTh K (POTOKOPPO3HH IOIYIPOBOJIHUKOBOTO (POTOINEKTPOJA p-THUIIA
MPOBOJIMMOCTA Ha OCHOBE HAHOCTEPKHEW okcuaa meau ysenaumueHa 1o 80%
Oylarogapsi 3alUTHOMY CJIOI0, COCTOSIIIIEMY M3 HaHOCTepkHeH ZnO;

(OTORIEKTPOXUMUUECKHIE CBOMCTBA (POTOIIEKTPOOB HA OCHOBE HAHOCTEPKHS
OKCHJIa MEAM TOHKHUX IJICHOK OBUIM JETalbHO U3YYEHbI, U OBLIO JOKa3aHO, YTO
CBOMCTBA ()OTORIIEKTPOIOB HA OCHOBE HAHOCTEP KHSI IIPEBOCXOSAT CBOMCTBA TOHKUX
IJICHOK;

J0Ka3aHO, 4YTO (POTOKOPPO3HOHHAS CTOMKOCTh U DJIEKTPOXUMHUYECKHE
cBolicTBa (porornekTpoaa Ha ocHoBe HaHocTepkHeH CuO/ZnO B3anMMOCBS3aHBI C
TOJIIMHOM 3alUTHOTO ¢Jiost ZnO;

BIIEpBbIE ObUT pa3paboTaH METOJ THAPOTEPMAJIBLHOTO CHHTE3a C Y4acTHEM
raJIbBAHUYECKOTO MOTEHIMaNa Jis MOJIYyYEHUsS METauIO-MOJyIPOBOAHUKOBBIX
HAaHOCTPYKTYp Ha ocHoBe Ag/ZnO. bpuin jg0Ka3zaHbl MPEBOCXOJSAIINE
(oTOKaTATUTHYECKHE CBOMCTBA MOJYYEHHBIX HAHOCTPYKTYP MO CPABHEHUIO ¢ 0e3
METAIITUIECKIUMH TTOTYIIPOBOTHUKOBBIMU HAHOCTPYKTYpaMHU.

BHegpenue  pe3yabTaroB  HccjaeAOBaHWs.  Pe3ynbrarel  Hay4yHO-
HCCIIEIOBATENIbCKOM paboOThl MO CHUHTE3y U (OTOKATATUTUYECKUM CBOMCTBAM
HAHOCTPYKTYPHBIX TOJYIPOBOJAHUKOB Ha OCHOBE OKCHJIOB METAJUIOB ObUIM
BHE/IPEHBI’

METOJIbl CHHTEe3a HaHOCTPYKTYpHBIX CuO u ZnO ObUIM UCHOIB30BAHBI IS
M3y4EHHUs Mpoliecca MepeHoca 3apsiia Ha TpaHulle pasiesa dJIEKTPO/IEKTPOIIUT B
Hanumonansnom YHUBEPCUTETE Yemxy B pamKax IIPOEKTa
Ne2014M1A7AT1A03045383 "Plasma Diagnostics Using Fast Thomson Scattering”
(cpaBka HarmmonaneHOoro yHUBepcutera Uemky ot 15 ¢eBpans 2022 roma). B
pe3ynbTaTe ObUIH MOTYYEHbI POTOAIEKTPOIbI, YCTOUUUBBIE K (DOTOKOPPO3UU;

METOJl TUAPOTEPMAIbHOIO CHHTE3a C YCHUJICHHEM TaJlbBAHUYECKOTO
MOTEHLKaj a ObUT UCTIOIB30BaH I MOTY4YeHHs (YHKIIMOHAIBHBIX HAHOMATEPHAJIOB
B HarmonansHoMm yHuBepcutere Uemky B pamkax mpoekta "Study on the laser aided
diverter diagnostics of ITER burning plasma" Ne2010-0020077 (cmpaBka
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HanmonansHoro yauBepcuteta Yemky ot 15 despans 2022 roma). B pesyibrare
OBLIIN MOTYYEHBI METAUI-TIOTYTIPOBOTHIKOBBIE HAHOCTPYKTYPBI HA OCHOBE cepebpa
Y OKCHJa ITMHKA.

PE3YJIbTAThI I/ICCJICILOBaHI/Iﬁ 10 CUHTC3Yy MCTAJJI-OKCU-TIOJTYIIPOBOJHNKOBBIX
HAHOCTPYKTYP 5 1504 MOPGhOIOTHYECKHX, MUKPOCTPYKTYPHBIX 5
(hOTOKATATUTUUECKUX CBOMCTB OBLIIM HMCIIOJIB30BaHbI B 233 3apyO0eKHBIX KypHajlax
¢ BbIcOKMM wuMmnakT-paktopoM (IF) nmms m3yueHHss MUKPOCTPYKTYpbl 00pasIloB,
CO3daHNA HOBBIX MAaTCPHUAJIOB C @OTOSHGKTPOXPIMI/II{CCKI/IMI/I CBOMCTBaMH U (1)]/131/11(0-
xumuueckoro ananmsa (Advanced materials, 2021, V.33, Wiley&Sons, 1F=30.849;
ChemSusChem, 2017, V.15, Wiley&Sons, 1F=8.928; Solar Energy, 2016, V.136,
Elsevier, IF=5.742; ACS Applied Energy materials, 2019, V.2, ACS Publications,
IF=6.024; Nanoscale, 2020, V.12, RSC publications, IF=7.790; Applied materials
& interfaces, 2019, V.9 ACS Publications IF= 9.229; Journal of Alloys and
Compounds, 2017, V.494, IF=5.316, Elsevier; Sensors and Actuators B: Chemical,
2014, V.214, Elsevier, IF= 7.460; International Journal of Hydrogen Energy, 2017,
V.42, IF=5.816, Elsevier; Applied Catalysis B: Environmental, 2019, V.256,
Elsevier, IF=19.503; Renewable and Sustainable Energy Reviews, 2016, V.54,
IF=14.9, Elsevier). Ilony4yeHHbIC pe3yJibTaThl AAIOT BO3MOXKHOCTH IPOBECTH
HGHGHaHpaBHCHHBIﬁ CHUHTCE3 (bOTOKaTaJII/ISaTOPOB u (bOTOBHCKTpO,ZIOB, AKTHUBHBIX B
BUAUMOM CBCTC, Ha OCHOBC OKCHJIO0B MCTAJIJIOB H ITIOHATH MCXAaHU3MBI Pa3aCICHUS U
IICPCHOCA 3apsada Ha 3JICKTpOaAax.

Crpykrypa n 00beM auccepramuu. /{uccepraiiys COCTOUT W3 BBEJACHUS, IIECTH
IJIaB, 3aKJIOYEHUs, CIHMCKAa MCIOJIBL30BAHHON JIMTEpaTyphl, HpuiokeHus. OObem
mcceprarmu coctanisieT 200 cTpaHwuiI.
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