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Introduction’

The problem of the hydrogen production by
photoelectrochemical method, which is based on
the water decomposition reaction on molecular
hydrogen and oxygen under solar irradiation, is
already studied some decades. The semiconductor
oxides, which can effectively absorb solar light
and have photocatalytic activity, are used as
catalysts of this process. The efficiency of a
photocatalyst is determined mainly by its spectral
photosensitivity range and quantum yield. The
most reassuring results are obtained with
photoelectrodes made of titanium dioxide TiO,
(rutile) and strontium titanate SrTiO;. The
sensitivity of these photoelectrodes only in the
ultra-violet range of the solar spectrum as a result
of large band gap (~ 3 - 3.2 eV) is the main factor
limiting their efficiency. Therefore, the main
direction of investigations of the photoelectrodes
made of TiO, and SrTiO; is connected with the
search of possibilities to improve their spectral
characteristics. In the present work the results of
investigations of the photocurrent spectral
dependences and quantum yield of ceramic
photoelectrodes made of semiconductor oxides
TiO, and SrTiO; modified by means of partial
reduction, doped with impurities or fluorinated
are presented.

Results and discussions

The samples of TiO, doped with 1 at.% Nb
and SrTiO; doped with 0.1 and 0.3 at.% La and
1 at.% Y were prepared by the method of solid
phase reaction. Furthermore the fluorinated
SrTiO; samples (0.5 + 5 at.% F) were synthesized.
The semiconductor phases made of TiO, and
SrTiO; were obtained by means of their partial
reduction in environment of inert gas (helium)
also. The homogeneity of synthesized samples
was controlled by the X-ray phase analysis. The
specific resistance of synthesized samples is about
10 Ohm-cm at room temperature.
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The influence of synthesis modes and doping
impurity on the spectral -characteristics of
themodified photoelectrodes made of TiO, and
SrTiO; is investigated. The measurements of
spectral dependences of the photocurrent were
carried out in a conventional homogeneous
photoelectrochemical cell (aqueous electrolyte 1M
KOH) with a platinum counterelectrode at the
external electrode potential +1.0 V vs. SCE. The
light source was a xenon lamp with the 150 W
power.

The photocatalytic activity of all investigated
photoelectrodes is limited to the wavelengths A <
430 nm. The spectral photosensitivity region of
reduced photoelectrodes TiO,. is somewhat wider
than the region of spectral photosensitivity of
reduced photoelectrodes SrTiO;. and is shifted to
the long wavelengths. The maximum of the
photocurrent corresponds to the wavelengths A =
350 and 323 nm for the photoelectrodes TiO,_, and
SrTiO;., correspondingly.

For the partially reduced TiOs4
photoelectrodes, the increase in temperature and
time of the heat treatment does not essentially
change a behavior of the spectral dependences of
the photocurrent, though the photocurrent
decreases a little. This is connected probably with
some disturbance of the ordering of the TiO,
crystal lattice. This is testify by the results of the
X-ray phase analysis. The doping of TiO, with
niobium somewhat narrows the range of the
photoelectrodes’ spectral photosensitivity (A =
300 = 380 nm in comparison with A = 300 +
420nm for the partially reduced compositions),
however, the maximum of the photocurrent
displaces to the longer wavelengths and
corresponds to the wavelength A = 373 nm.

The region of the spectral photosensitivity for
all investigated photoelectrodes made of SrTiO;
covers the energy range from 3.2 to 4.1 eV.
However, the position of the
photocurrentmaximum depends on the type and
concentration of doping impurity. The doping of
SrTiO; with small concentrations of lanthanum or
fluorine results in the displacement of the



photosensitivity maximum to longer wavelengths.
The results of investigations of the spectral
characteristics of the photoelectrodes made of
fluorinated SrTiO; are shown in Fig.1.
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The spectral distribution of the quantum yield
was calculated on the base of
photoelectrochemical measurements of the
photocurrent spectral dependences. The maximum
of the quantum yield does not coincide with the
maximum of the photocurrent. The maximum of
the quantum yield is shifted in comparison with
the maximum of the photocurrent by ~ 0.15 eV to
the higher energy photons for all investigated
photoelectrodes.

The investigations of the character of
interband phototransitions in the semiconductor
near the edge of the fundamental absorption allow
to determine that the main contribution to the
photocurrent of synthesized photoelectrodes is
given by two direct and two indirect optical
transitions. The threshold photon energies
corresponding to these transitions are calculated.
The examples of such calculation are shown in
Fig.2 for partially reduced photoelectrodes
SrTiOs (1) and TiO, (2).
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Conclusion
The investigations of the influence of

impurity-defective compositions on the spectral
characteristics of seramic photoelectrodes made of
semiconductor oxides TiO, and SrTiO; modified
by means of partial reduction, doped with
impurities or fluorinated are carried out. The
spectral distribution of the quantum yield is
calculated and the character of the interband
optical transitions near the edge of the
fundamental absorption of the semiconductor
photoelectrode is investigated. It is established that
the photocurrent in investigated photoelectrodes is
stipulated by two direct and two indirect optical
transitions. This is connected with the complicated
band structure of semiconductor oxides. The
threshold energies of photons corresponding to
these direct and indirect optical transitions are
calculated. The displacement of the maximum of
the quantum yield to the longer wavelengths takes
place for the SrTiO; photoelectrodes at the low
level of fluorination and doping with La and Y.

This work was carried out in the framework
of ISTC project number A-322.
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BBenenue

YKe  HECKONBbKO  JECATHICTHHA  YYCHBIC
3aHUMAIOTCS TPOOJIEMON TOJMY4YeHHsI BOAOPOIA
(hOTOITEKTPOXUMUIECKAM  METOAOM, KOTOPHIi
OCHOBaH Ha PEaKIMM pPA3JIOKCHUS BOJbBl Ha
MOJIEKYJISIDHBIE ~ BOJIOPOI ¥ KHCIOPOJ  TIOX
JICICTBUEM COJIHEYHOrO W3JydeHHs. B kauecTBe
KaTajgu3aToOpPOB ATOr0 MPOIECcCca HUCIHOIb3YHOTCS
oOanmaromnye GoTOKATATUTHIECKOH aKTHBHOCTBIO
TTOJTYTIPOBOTHUKOBEIE  OKHCIBI, 3(PPEKTHUBHOCTH
HeﬁCTBHH KOTOPBIX OIpeaACIACTCA TJIaBHBIM
oOpa3zom ux 00J1aCcThI0 CIEKTPATBHON
(hOTOUYBCTBUTENFHOCTH U KBaHTOBBIM BBIXOJIOM.
Haubonee 00HaIe)KUBAOIIIE pe3yabTaThI
MOJy4eHbl Ha (POTOIJICKTPOAAX U3 JIBYOKUCH
tutana TiO, (pyTwi) W THTaHaTa CTPOHIIHS
SrTiO;. UyBCTBUTENBHOCTH OTHX JJIEKTPOIOB
TOJIBKO B yabTpaduoIeTOBOM obmactu
CONTHEYHOTO CIEKTpa BCJIEACTBHE IIMPOKOU
3amnpenieHHo 30HBI (~ 3 - 3.2 3B) sBmsercs
[JIABHBIM  OTPaHMYHMBAIOIMM  S(PEKTHBHOCTD
(akropom. IlodTOMYy OCHOBHOE HampaBJICHUC
rccienoBannii (oToaNeKTpooB Ha ocHOBe TiO, u
SrTiO; c¢Bs3aHO C€ IIOMCKOM BO3MOYKHOCTEH
YIIYYIICHUS UX CIEKTPAIBHBIX XapaKTepHCTUK. B
HacTosmle paboTe TpHUBENEHBI PE3YJIbTATHI
HCCIENOBAHUM  CHEKTPAJIbHBIX  3aBHCHUMOCTEH
q)OTOTOKa U KBAaHTOBOI'O BbIXOJa KEPaAMHYCCKHX
(hOTORIIEKTPOIOB HA OCHOBE TIOJIYIIPOBOAHUKOBBIX
okucioB TiO, m SrTiO;, MomuGUIIIPOBAHHBIX
IIyTEM ux YaCTUYHOT'O BOCCTaHOBJICHUA,
JICTUPOBaHUS WIN (TOPUPOBAHUS.

Pe3ysabTaTthl u 00Ccyx1eHue

Metonom TBepmodazHOW peakiuu  OBLTH
MOJIy4eHBI  JIeTUpoBaHHBIE  00pasmpl  TiO,,
cogepxkamue 1 ar.% Nb, m obpasusr SrTiOs,
comepxkamue 0.1 u 0.3 ar% La u 1 ar.% Y.
Kpome  atoro  cuHTE3MpoBaHBI  OOpa3IbI
¢ropupoBanHoro SrTiO; (0.5 + 5 ar% F).
[TonympoBomuukoBeie (a3l Ha ocHOBe Ti0, u
SrTiO; ObuM TONyYeHBI TakXKe IMyTeM HX
YaCTHYHOTO BOCCTAHOBJICHHS B Cpelie WHEPTHOTO
raza (remuit). ['OMOTEHHOCTh CHHTE3MPOBAHHBIX
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o0pasioB KOHTPOJIUPOBAIach METOI0M
penrreHodaszoBoro ananusa. CUHTE3UpPOBAHHBIC
o0pa3rpl MMeNnd TpPH KOMHATHOW TeMIleparype
yaenpHoe conpotuBieHne ~ 10 OM.cM.

UccnenoBanock BIUSAHUE PEKUMOB CHHTE3a U
JNETUPYIOIUX TpUMeceid Ha  CIEeKTpalbHbBIE
XapaKTEePUCTUKN W3TOTOBIEHHBIX KEPAMHUYECKUX
doToanekTpomoB. U3MmepeHHs — CHEKTpPaTbHBIX
3aBucHUMOCTeld  (OTOTOKA  MPOBOAWINCH B
TOMOTCHHOW (DOTOIICKTPOXUMHUIECCKON sTUCHKe,
HamojHeHHol anekTponutoMm 1M KOH, ¢
IJIATUHOBBIM IPOTUBOAIEKTPOAOM IPHU BHEIIHEM
cMmerneauu +1.0 B oTHOCUTENHEHO HACHIIIEHHOI'O
KaJIOMEJIHHOTO AJIEKTPOA CpaBHECHUSI.
HcrounnkoMm cBeTa CIIyKHJIa KCEHOHOBAs JamIia
morHocTtho 150 Br.

doTokaramUTHYECKas ~ aKTUBHOCTH  BCEX
HCCJICJIOBAHHBIX  (DOTOAIEKTPOJIOB HA OCHOBE
MonupuupoBaHHbIX OKUCIOB TiO, u  SrTiO;
OrpaHUYMBagach JUIMHOW BOMHBI A<430 HM.
OO6nacTh CHEKTpalbHOW (HOTOUYBCTBUTEILHOCTH

BOCCTAaHOBJIEHHBIX (hOTORIEKTPOIOB TiO54
HECKOJIbKO  IIUpe  O0JacTH  CIEKTPaIbHOM
(hOTOUYYBCTBUTEIBHOCTH BOCCTAHOBIIEHHBIX

dotoanexrpomoB SrTiOs M cMelmeHa B CTOPOHY
JUIMHHBIX ~ BOJH. MakcumalibHasi — BEIMYUHA
(hoToToKa HabOIIOMAETCS HA JUTMHE BOJHBI A = 350
u 323 M nns potoanekrposoB TiO, u SrTiO;,,
COOTBETCTBEHHO.

Jmst JaCTUIHO BOCCTAHOBJIEHHEIX
(hOTORIEKTPOIOB Ti0,4 YBEITUYCHHE
TEMIIEpaTypbl W  BPEMEHU TEepMOOOPabOTKU

CYLIECTBEHHO HE H3MEHSAET XOJ CIEKTpaJbHOMI
3aBUCUMOCTH  (OTOTOKA, XOTS ¥ BEIWYHHA
(OTOTOKA HECKOJIBKO YMEHBIIAETCSI. DTO CBSI3aHO
C HEKOTOpPBIM HapyIICHHEM YHOPSIOYCHHOCTH
KPHCTAJIIMYECKOIT peLIeTKH, 0 yem
CBHJICTEITILCTBYIOT Pe3YIbTaThl PEHTTEHO(A30BOTO
aHanmuza. JlermpoBanume QotodnexTponoB TiO,
HAOOWEM  HECKOJIIBKO  CyXaeT o01acTb WX
CHEKTpaIbHOH (oTOUyBCTBUTEIHHOCTH (A = 300 +
380 M mo cpaBHenuto ¢ A = 300 + 420 vM ans
JaCTUYHO BOCCTAHOBIIEHHBIX 00pasmoB), OJHAKO,
MOJIOKEHUE MakcuMyMa (OTOTOKa cMmemaercs B



CTOPOHY JUIMHHBIX BOJH M COOTBETCTBYET JIJTHHE
BOJHEI A = 373 HM.

Hns Bcex oanektponoB Ha ocHoBe SrTiO;
(hOTOUYBCTBUTENILHOCT, ~ OXBaThiBaeT  001acTh
seprui ot 3.2 5B mo 4.1 »3B. OpnHako,
NOJIO)KEHUE MaKcUMyMa (POTOTOKa 3aBHCUT OT
TUMAa U KOHIEHTPALMH JIETUPYIOIIETO 3JIEMEHTA.
Ilpu manbix KoOHUEHTpauusix npumeced La u F
uMeeT MECTO CMeIICHUE MaKCHUMyMa
(OTOUYBCTBUTENBHOCTH B CTOPOHY IJTUHHBIX
BOJIH. Pe3ynbTaThel MCCIIeIOBaHUN CHEKTPaIbHBIX
XapaKTEPHUCTUK (hropupoBaHHBIX SrTiO;
(hOTORNIEKTPOIOB MIPUBEIEHBI Ha puC.].
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Hcnonb3ys pe3ynbTaThI U3MEpPEHUN

CIEKTPaJbHBIX  3aBHCUMOCTEH  (OTOTOKA,
paccuMTaHO CHEKTpajJbHOE paclpeneneHue
KBAaHTOBOro BbIxogja. llonoxeHne makcumyma
KBaHTOBOTO  BBIXOJa HE  COBIAJaeT ¢
MOJIOXKEHUEM MakcuMyma QoToToka. s Beex
HCCIICIOBAHHBIX (OTONIEKTPOLOB MAKCHMYM
KBaHTOBOTO BBIXOJ[a CMEIIEH MO0 CPaBHEHHUIO C
MakcuMyMoM ¢Qototoka Ha ~ 0.15 3B B
CTOpOHY (POTOHOB ¢ OOJIBITICH SHEPTHUCH.

UccnenoBanus xapakrepa MeEX30HHBIX
¢doTonepexonoB B IMONYNPOBOAHUKE BOIW3U
Kpast 11oJ10ckl yHIaMEHTAIBHOTO MOTJIOMICHHUS
MTO3BOJIMJIM ONPENENINUTh, YTO OCHOBHOW BKJa
B ¢doroTok CHHTE3HPOBAHHBIX
(OTO3IEKTPOAOB AAIOT JABAa MPSIMBIX M [Ba
HENPAMBIX ONTUYECKUX epexosa.
Paccuutanel NOpPOTOBbIE 3HAYEHUS DSHEPIUU
¢$oToHOB, COOTBETCTBYIOLINE 3TUM
ONTHUYECKUM MEepPEXOAaM. Ha puc.2
MIPEJICTAaBIEHbl ~ TpPHUMEPHl  MPOBEIECHHOTO
pacdyera A8 YAaCTUYHO BOCCTAHOBIIEHHBIX
StTiO; (1) 1 TiOy4 (2) hoTORIEKTPOIOB.

29 3,1 3,3 3,5 3,7 3,9 41E0B

BoiBoabI

IIpoBenenst HCCIIEJOBAHNUS BITUSTHUSA
IPUMECHO-IE(PEKTHOIO COCTaBa Ha CHEKTPaJIbHbIE
XapaKTePUCTUKH KePaMHUUECKUX (HOTOIICKTPOIOB
Ha  OCHOBE  MOIU(DUIUPOBAHHBIX  IIyTEM
JIETHPOBaHUA, YaCTUYHOTO BOCCTAaHOBICHUS WIIU
¢dbTOpUpOBaHMUA IOJYNPOBOJHUKOBBIX OKHUCIIOB
TiO, wm SrTiO;. Paccuutano chekTpaibHOE
pacnpeznencHue KBaHTOBOTO BBIXO/a u
HCCIIEZIOBaH Xapakrep MEX30HHBIX
(oTonepexoa0B B MONYIPOBOJHUKE BOJIM3U Kpas
MTOJIOCHI (byHIaMEHTaIbHOTO MIOTJIOIIECHNS.
VYcraHoBIeHO, 4TO (HOTOTOK B HCCIEAYEMBIX
(doTo3MeKTpoAaX OOYCIIOBIICH IBYMS MPSIMBIMH U
JIBYMsI HENPSIMBIMH OINTHYECKHMHU MEpeXoaMH,
YTO CBSI3aHO CO CJIO)KHOM 30HHOH CTPYKTypou
MOJyIPOBOJHUKOBBIX ~ OKHCIIOB.  PaccumTaHBI
MOpPOTOBBIC ~ 3HAUEHHWS  JHEPTUd  (QOTOHOB,
COOTBETCTBYIOIIME  MPSIMBIM M HENPSIMBIM
onTuueckuM mnepexoxam. s doroanekTponos
SrTiO; mpu HU3KOM ypOBHE GTOPUPOBAHHS H MPH
nerupoBaHun La u Y HMMeeT MecTo cMelleHue
MOJIO)KEHUSI MAaKCMMyMa KBAaHTOBOI'O BBIXOZJA B
CTOPOHY JUIMHHBIX BOJIH.

PabGoTa BbiNonHeHa B pamkax rpaHTta A-
322 MHTL.



