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BTN,

WIZ, MUTRLIeANU R =TV Tk
FIRLT, Al & v e i 2 B s L7z
Ni, Rh, Ir, Mn7eEDEBBER —E 7128 =N
D, TARNURE vy 7S THHTIO, R — ot
SrTiOs D AN EALIT R B LT, 720 Th, NaTaOglLa NaTaO;Ca
SITiOyRhIE, KFAERKRICH L CAHEE & 01~07 um $1%: 0.1~0.4 um
IS EME R OMRBL A CH LN '

Dholz, ZOIMEE, RO b) TR ~5HK
PEIE TS Reclsy )i SADL % Tl N OPAN
BB 45, £z, SITIOLIrAS, ek s AF A
TTIEHDH, KFEFITERFE A RS IZH
600~700nmETO WIS EZRTLa b,

W LTz, 512, TiO, Rl T, EE NaTaOg3Sr NaTaO,:Ba
EOTDOIF—L T Bt Coz s,  AE0I~03um HIAE: 0.1~03 um
WSOND R THER STz, ZINHDORERIT X2 7 EEEE %N —E 7 LT=NaTa0,
LS ETEBEBN—E 7 TR ffﬁ;‘zmﬁﬂz Sefi D F I AT TR

WZBWTRT T AT G R LGN TR
DoTeZ IR T, BREESRBRN—EU N LRKE T FIHAREICA A THLZEN R,

MR- 45T LD A BR R 12 38UV T, AgaVO,, AgysPrysTiOs, SnNb,O72E D AT IR
PR 2 RN U, LARTRWZ L7Bik[EARIZ, Agdd=<eSn5s#liE 23O2p#lliE L0 A fHlI Al EE
%%%ﬁéﬁkﬂ“é:kﬁ%rﬁwﬁiﬂf%ﬁ%\f:zfz/ﬁﬂ%ﬁ%%E75>a:iw, NoRZ =T
DFR#HE IR DZENTEZ, 72 Th, SnNb,Ogld, B RIIELE FTlxdH D0, KFEF-ILMmHE
AR CELBAL L CHDZ b otz UL, KGRIGE LT NV R =T
TR LT,

AIRRE IS T CAFARICIENEZ R Y, AR A AL NSRS DR koo Bl %
WL, SBIZ, ZRHLOL SO BEEERETER T 581280, ZL<Da=—rn D@ iEHE K
??Eﬁkjtﬁﬂii@;%ﬁb‘tbto et L D BALR MBI ARIEBR I B W CEVE IR U LD v R

V=TV N FETHLIENHLNE ST,

ZDINT, B OILMBEO R AL T, YHFHBE LI NV R =TV T OFZMENE
FEESNT, /k@(b)fairméoto (2, TRHDORFICESE, BHPIDOKREZRBAED—>TH-7-KD
ARG A AR R D BRI IR LTz, F7, Yo m R CHE AR EMIGICBWT, F
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JREED N RBNB S ARESR 3N DR WEENT, LU EOBERO NG, R ~ &l
ST, LT D((b)-(d) Tl ~5,

(b)/K D AR RN FR IR DB S — Z A — LR DORESE —

KB CTH D SrTiO,:Rh & —_—
Fe 58 2B B i i T H 5 BIVO,,
Bi,MoOg, WO, Z &b, B  FHt
friEREL T Fe? /Fe* /M ESHHT
LIZLY, ARG T CoKRDKSE
LEEFEA~DFERGIZRII LT (K Fed*
3), 22T, BiVO, ZHW-EXITh -
L B EEAVES U, KOTERSY wd:>
FREOGCRI LT, KFBARDTZDD O,

3+ 2+
e KRR

Pt B, WIS EEZ 20— ERFRHE RO AE
U RN EESN TG, £2T, Pt ATHERROHER
(=7 I R B BRSR L T R R M3 KOS O

RuOx WEZN THHZEE RWE LT,

Z DB WD Z I WS I S AL, RRFMEERIEEN GO, £z, BnER
EL T IV MERLE X DZENALIE 2T, UL, EFBEICEY AL SrTiO,:Rh & -
BETIE, K 0.3%D BFILRLMESNR D T, T2 T, ZONMIEZR O EIE AL 2K D012,
SrTiO,:Rh DERIEERFILTZ, TOREER, V7 u A THLHER BB TECKBE IIEZF]
T 5L, BEAETHLNTZL DO LB RIS EN ) a2t booTz, ZiuE, ZhbDE K
EEHAWDE, BEAEIDORIR O D2 WG R G ONDT20 Thd, ZOXINTT /B bt fik
5 (¥ 100nm DY A X% FF SrTiO,:Rh & BiVO,) & W= el A 1%, 520nm £ T A 1HE%F]
FTE, 4220nm TEFIER 3.9%% 52 2LV Frla o (X 4), 61T, BEIRBE RS T
(AM-1.5) IZB W Th KD FE RS fEINEIT T HZENHER SN (X 5), KBSt R —Z#i%)h
RLLTEL, 0.1%DZNHEB/HITND, AIFLREHER RIS ITERLEL UL, K&V
~LTHA,

fili: 30-50 mgd D, ¥ 7 FeCl, pH2.4,

10
5 filitE: 50mgd D H
X <o SEREAE 0.5mM FeCl,: pH2.4, 180mL 2
D 4 et @ > 8 L AM-15(100mW cm?)
2 .{z . § € BESHER: 33cm?
E sl L keuEy 5 W 6 | EFWE: 3%
€ SITiOgRh > 4 3 & ABRT L F—
g Machhiit g B ° THRME - 0.1%
Z 2t ) '- s &1 o)
:,E, . y = X 2
[ PR c =
g4 — 8 % & 2
< EEAO e .
0= e Th M. 0 2 4 6 8
350 400 450 500 550 600 Time / h
Wavelength / nm St B2 5+ BF /B
4 (Ru/SrTiO4:Rh)-(BVO,)-FeCl, 52 DK D 5 (Ru/SrTiO4:Rh_ZK#E)-(BiVO,)
IR RE T BT 7 ar AT L ~FeCly SR IZEDKNLD Y —F
—F 2RI TR K D i rE L — — AR =R
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(o) KBS PR T T bR BB K E AR D 7280 DFRAL W [E A A C A DB T — BEIRIETE AL
WZEAETEEE —

[ AR TE il % FERE & U TR BEER FHZ LY, B35 R DI ITHI 2 3 T AKIEHR D D KB AL USRI
EEVE B A Al CulnS,—~AgInS,~7ZnS ZBA%E L7z, AgInS,~ZnS TI%, FHD—HBIZ K
72T ) AT T REE R AT (K6), BifiiE Tho Pt 2 WEE T DHE, TOTy U |THINAIZ
HEFSNDZ e DD -T2, ZOIMREER TIE, TORME T /AT T 1#EEN, BrCER LR T
OB 595281280, @IEERSELNTZEE 2 BD, CulnS,~AgInS,~ZnS DA S,
EVRLE, Bhfihide, SOSTERIRZRFIUTZAE R, Ru/(CuAg) sIngsZn, ,S, JEftiEa D &, BREUKRS
Yt (AM-1.5) BB&F 7 T K,SO,+Na,S KI5 8L/hem? DK FEA IR E N FHNTZ, ZOIEMEIT,
W ZD ST EIEEZ R T ZENEOILTWD Pt/CdS L0b ED -T2, 2O ST, Angew.Chem.
MO T L RFEFRIN-, F LT, TAUAD C&E NEWS 28 12HY FiFsis-, &512, 830nm FTH
SR B LU IR OF 23 ATt 7 B amib P e fil i (Black Photocatalyst) D BHFEIZH L
TILT2(® 1), 2, ERTBWVIER, FBfES 0NN oD A m TR o Tl
VI | EEY A TR R Tl — 7, FEIEREEA RO Znln,S, @ Zn O—E% Cu,Ga Ti&#i
(EVEAE) LT= Zng 25(CuGa)g 1o5In,S, JEMRIEEAS K B A RIS b P2 R 3282 RVWE L= (K8) . o
i1, Z ORI E N DHERISND IO, 9 1R T IO & 2 Hr > T D, £7=, Cu D

300W Xe lamp+
L4274 L5 —

K

Absorbance / arb. units

1 1 1 1 1
300 400 500 600 700 800 900 1000
Wavelength / nm

K,S0,0.5M+Na,S0.1M

6 KEAERIZEIEMEEZ RS
Pt/AgInS9-7ZnS EE A fik
BT ) AT T HE

7 Black photocatalyst %V 7= /K FE ARk S
W AR T RV

300W Xe lamp+
L4271 LB —

ARG

Absorbance / arb. units

300 400 500 600 700 800
Wavelength / nm

K;S0;0.25M+Na,S0.2M 9 Zno,75(CuGa)0_125InZS4 Sefitt o
8 Pt/Zng15(CuGa)y 195In,S, Atz L5 G
RSB ER AT BV
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E P IO EE 5 3R < 72 D70, RERR AR REFF> TS, ZIVHDRHEI 72 E /L
Txuy— (BT /A= — Dy DR M) 0N REE D, AL T T o E il
IEMEDOFRBUZET 5L TWAHEE ZBIVD, ZOJEAEIE, 700nm FTORIEEZF|H TX, 420nm (2
BT 10%D ETINRE 52 712,

(DTARNURF vy 7R TIO, O RIEGINE L — ER—E V78R —

Rh & Sb -7 4 B4R —1° 7 L7= TiO,:Rh/Sh(EG=2.2e V)i, AIHIEHRST T2V TRYFRER K I
DM A RS IEEZ R U= (1K 10), Sb/Rh=0, 0.5 Ti, e MBE I Bbh
IRolz, ZRBDOMBED AL R ThHh 72, ZHUTH LT, Sb/Rh=1 TIZRBMIZARY, £ TOfE
EMEE R U2, 202912, TiO, Sz B Tid Rh (2% 35 Sb DR —v 2 7 BNEMED I H
ICARA] R CHDZENAGNEIR ST,

B AR LS (ESR) 38 LT X BRI S T G5 38 A7 ML (XANES) , SR A7 L
(DRS) HITE DS, FMRgEEM: 23 TiO,:Rh Tk Rh* 721 Tk RAY O FELE DS HERR S LT- DTk L
T, b mWIEMEZ R LU TiO,:Rh/Sh TIE Rh NEIELARWZ ENHERRENT=, ZDTEND, Jefil
PIEME O ARSI RES S H L TRY, ZoiEMITI Rh 2N BG NICIE R LIZE RN —i%E
REINARE T DB L > THLIVTWDZEN DTz, TiO,:Rh/Sh CHEARBEIETED GO T
DIE, FFEE T OLEL THEMITEN N TL £5 R DA A2 @R b A 4 Th D Sh> DR —r
TN LTI D LN TE =B THD,

11 12 TiO,:Rh/Sb DEEF L G DWW R 2T, T2 TOREIL, v hdT7 7414
— CHIEI L7, TEPED R LT E A I A L DAL S BN E—HLT-, K=/ hTh
% RhY DU RE Yy T IR LTZ B R T — AL AR AR ~ D N RPN ER 2 L > THEITL T
WAZENH BN 2572, TiO:Rh/Sb Seflii X, BeseA kit el L Ci%, 600nm FEET
DEW RO A THIRENELNDE W R AR,

ZDIHNT, IR TICEAEMAEICLY, HAEKRLIZE L ELO RS T OIS20030
AR HENL DI AR A NI CWDZ LRGN o T2, KIEZ N—T7LOILFFFRICEY, 2O
BRI R — U 7 R, B O ARG ENE TiO,:Cr/Sh etz AW =F v U7 # A F 307
ADHENES B ET2>TUND,

20 8
< fil4%:0. 3¢ — = B — fintgt - 0.3g
= BRIGTER: 0. OSMTELSR K 7871 50n] ° RI5&:0.05mol L' AgNO,aq. >
E ig%ﬁvﬁ‘P%reTﬂlﬁﬂﬁ%ﬁﬁmg ﬁ S 6 8 : 300W Xe-lamp g
SR e~lam 3 ] .
2 1o ELET 2440nmp = BRI Cutoff filter cg}
c —>> Orange o o
2 ' Bl L 5, 3
5 ' = S ®©
R e R : 5
I i o il
G 5 ! % @
2 1 [1q N
© 1 0 Fr—@
x 0 ' 300 400 500 600 700 800
0 0.5 1 1.5 2 2.5 3 Wavelength / nm
' Ratio of Sb to Rh codoped 11 TiOZ:Rh(l.3%)/Sb(2.6%)ﬁlﬁﬁﬂiili@
10 TiO,:Rh(1.3%)/Sb(x%) D AT Ml T1Z AR K VAT 7 O 2 A B P 0D
BT HIAMEIEHED Sb R —E L 75 W Bk A

Oi% kIR

YRR TR T =/ hO BAEMEBR O EE LD REX 12 [TRT,
(Ru/SrTiO4:Rh) =(BiVO ) Y filifila A Z 212 XD, KO AR ESRITEREI LT, ZOfiR o
JREPE 13 520nm THY, B HID HEZD 600nm (ZHV2DIT-SLZENTETZ, UL, KFELEE
O BEEEIX 15L/hem? THHOIZH LT, AWFFETIE 0.35L/h-m? L7 o7, BARMEIZIXZEL /20>
7HOD, ORI FRASEER R AEE AW ZR TR ARSIV THD, —F, K
TARNVX—ZEHAS G TR, B 5414 5 TR B IR DO KB E RS T, IGE K E

13



75 Ru/(CuAg)yslngsZn, S, T 630nm R
7ny .5(CuGa), 1»5In,S; T 700nm, Ru/(CuAg), -InS, E{*;}(?gj;°s=Rh) BHRIE: 15Lhem?

T830nm LRV R R ETINE T A IEAMENEE || 525 o a0 R O e - 104%
FEINT=, B2 Ru/(CuAg)ysInS, 7T 77 % ot  rusgouinzes

HUANMIK T AR ETHE 2 D72 Kk E A §ﬂ$1th‘;§x§ : Pt/ﬁnj_g\((i:g;)x|n254

WG ARIECa D, F77, Ru/(CuAg), sIng »Zn, ,S, & A "5:/((:/\\25:&.132
JAWAZ 128D 8L/hem? DKL REE DS

Nz, FERDRITO KB V- FERER R

(2007 4 8 A, Ao H)IZTEWT, :
(Ru/SrTiO4:Rh) ~(BiVO)~(Co $&AKL R w7 2)Hh5 I
PR B 7o A — N 2 FH N K D52 4245 fi% 300 400 500 600 700 800 900 1000 1100
BTl 140mL/h+m?, Ru/(CuAg)y singsZn, Sy B /nm

SR A N oA A R TLHIE 5 T KSR O 12 ¢l B g oo B A5 il L ERLLR
BT, 4.3L/hem” DK RAERRED HER S LT,

ZREDME, V=T Ial— =L D LU E TRV SO0, Bl IR L TS
B N T —F— ARV = AR ERE CE I LT B RH O/ R Th D,

(I-DR R DN E ST

NURTZ P =TV TN L D8 2 O RIRSEISE AR B OB 23T, it T 47 7Y
—DFEEIL, HRAMIZATEWLEDOENR D, ISITIE, AR RO IO 72 b3
BNTH, RN T LB D, 77, 600nm TEFIER 30%0 HAEEIZITEL TRV, £
WMo TERIERL TWAIEITIHALTH D, ECaANOMBEIZHLH DO, AR E
PERY R SEfRBE A Y — T — AR e Y = VAN RSN 8, RERT VAT AL—TH
Do
= 1 IRV DD YD BRI IE, TRHDLISB LI W TER SR —E 713 R
W, TEROGIEE, A O AL a) T e w ) ZE O SRR S8 2 351 5 5 ik
AT RERE T,

(1-5)ALIAF7E & D Erig:

SeFRIEEK 3 RO DR TR L — T OEIIZZEAFE T 2 TETWDHED D, WD, &
OHFT, END 2,3 DT =T NOKRD ARG RICAME DSBS TS, Bl Tart
VY REBLN TV R L LT, FERIFOE LIS 7 L— 71, Pt/SrTiOs:Cr,Ta-WO,~37
FRLVR I AZIOERESNTE 7 A — LR TR 19D B FIUEREZHA L QD ZONARIT,
WO, Z W TWDT2®, 450nm FEEETO R HDELFIHTEZRW, 7238, ZZTHWOLA TN
Pt/SrTiO5:Cr,Ta YL, ARV R V=T U 7 ChOIVOILBLLRIBARE LT Gl ¢ Hh 5, F
7o, BRRORBODZ )V —7"TlL, KO AR5 RNAIEE /R B — il i TH 5
Cr-Rh/GaN:ZnO Z#EL TS, ZOXAET 3%FEE DB FIRE 525, ZOXflEo SR
Fro 7L GaN & ZnO OFEIEHTRED, mUWIEEEZ R THOIE 450nm B E ORI E R, Z
NHOYMEEL I ~_5 L, K7 vy =/ NCRZE S (Ru/SrTiO;:Rh) ~(BiVO)-(Fe LRy 27 2)70 5
5 7 AR—LRNFIEDOBFHRIIMN T UL THY, BT, JVEEEETORHENEAFIH
AIREE VR E FE o> TV, FTe, FIRNEISEMER AL AW TRPED Y —F— ARy
U EREFER LD, bbb OJNELRB3HH TTHD, — 5, b yefit i, B<H
HILTUWA Pt/CdS Kb mzh =R, B ERH TEXAL D0 BRI, F7z, Black Photocatalyst T
RFESNDIONZ, KFAFBIAEEL CTESEF R EDRE THD, ZOLINZ, St BB 5 O
BLEDDOART N—T DRI N 77T R0 D,

TAVH TR —T— ARy =7 a2 B3 ESTEYD, ZOWE5 BN AL TS, 7 AU
HDTFIVE—E OHEEE RHRYTIE, FIEERBMRLCOFERERICHBERINTND,
F2, R FBIEABE DM 2L 2 — 47 Mo TWED, TRHACIBRICTE - THY, Hi-/e il flx
Aoy, 3—ay/ T, ARBEKIEERE T B EmREL A G b2 T 2R D%
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DBRFEPTHOIVTEY, KOMRIZEE T2 AR IO BERIT 2 AL, 1272, Tt FEH
MG T2 T DREMRE T, KL RF — 2N FRE L THRUDEH]ESILT
BY, BRE R CIEMARRIVIEN RV RIT R, —F7, FE, B, EEONFEE S SEfti K5y
FRICKRERBELEZTETRY, SZOBEMAKUT/RDHEZATHL,

Qe R D4 R WIFFE D 2D F

@Q-DRR DA% DR FLA

WEFETHED TEINV N =TV VRIS 52 L2, 0758778 e il i fil 15 % B
FHTELZENHIRFEND, £, 4 HDNMBED SR E1TY, LD, SO NMMEET 175
V—DFRFEZXD,

7 A% — DA OREEL W T, B RRSEAATE T CORFENEZ DO E BN UNVER TE R
kit 2L I B o C, KDOFERNRREMD D A REME R H D, &5I2, JRELAIZIZAK D43 iR
H7p 1.23eV LOBIRVNURE vy 7 2RO L 6 2 D ATRENES S D, F7, KB LERFE 27y B
AR CEDREMEN S D, DI A AL, Fill Z A% — LR DBIFESe, AR SEAhEA
ToKFBER T DB RS AT LOREE AT T,

KT =7 NCRRR SV X, KRNSO BB R TE5, 70l x X, V<200
MRS, T ER LR FEDIBETTEUSG, K NIEERA A DAy fiR, WA WS E DR IE M%7
FTZENFERINTWD, F2, BIREON R =TV 7 TRESN-E B, &%
RELTHHEZDEVIRERD, 4 I B RFO BARLALO LRI THELN TS, 2O,
BV A ZEZ DT LY, ZOFRNPE REAFE CELLVIIEF I =— 72 Rt 2 R,

-2 ESNDRIFHAMTOE ~ DY K h F

()BT - AT M Zh

INURZ =T VT DRESE, et T A7 IV —DFE, ZHUE T A= ADRERIZLD,
B L DOEE MM AN EREEINTZ, ZNODREDA LRI MIE D, RFZETHLITN
VR T =TV IR A ALY, OSBRI B W TR R R A RIFE T IEN TSN,
DT 53 B B X OVE LD O FE 0 B O BIZKELF HTHZENMFEIND, 720X, BUHE
DWOMDT V=T, Bl KA CAEE DR U <RI TS,

(b)FE2= B M Zh 3

FERF G TEDHLLDOD, KNHDY —F— ARy = G EBI AT o R E e A AL
Iz, ZAUZEY, ZOMZE B OTE B ENRSLICE FLEMRESND, T2 2I0E, ZmptH, Bl
RKEECTORER, BRBHFOBRED NG~ H2ENG, ZO8mMMabind, ZOZEziE
LT, — Al /0 fif O BB IAL, SHITIE, =/ — - HBRER B [ RE D AR Tk
% B AR TR F RN B OHEE A MRS 2L O LIS NS, ZHUCEVELNDRUERIE, AFEHDO A
RO HIERDFFREIZ T Bk CE D EfEE S D,

3. 2 StREER A A (RSB ERY H ETNV—TF)
(DAFFZE S Jiti PN 25 B OVl

(1-1) - (1-2) SEhti HIERB LOERMNE

AFTENI K Z K FE EER TRy iR CEDHRCARBED BRI 2 B L LT, KA KB LR Ty fif
TX, REREMEZ RO E A AT, 825 30 FEROFFRICE VLT A BEIREOEB&EA4
> (Ti, Zr", Nb™, Ta™) & te 4 MRt RSN C& T, RIFES NV —7 T3, Znbo
" EBFREOEBRIEWITINZ, d°E FIREZFFSHEA G R A4 (Ga*, In*, Ge", Sn", Sb™)
T oA BB L D K RIS U M7 e it b 2 5 2 b2 R L C& 7o, RFZE T, £
(2 d°,d!,d"0s?%,0d° FEFIRRED K BB AA L T /B A S DEEALSELZEICE-T, &
JEER LW Rk 3 D FE AR BN TR SO DT M FR s &7 D8 B — 4 B A A 2 )\ T RS0 DY i {4
DRPTHE G E 5 %2, SO E R ELOBENEEZ D 5/ R G & o B b S Wb
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L EE AR OO PG B I 2 (XD AR B B ER A Ao, 2B 2 %, B AR S B L) D
AT, fr SRR mEICOIS AL, FEDLABEZ RIS L, TRelrdfih
BEZ SN T gEZ FEREL T,

i) A B IRRE D IR 42 B A AL T D Pb> LA B IRBEDEB & JE A4 WO A A bt
7z d"%s*-d° E-IRAED PbWO, & B L4

ii) d'%® FETRIED IR G EAA Pb”Ld" B RO G EAA Sb” 2 A G HET
d'%s*~d " B F-IRHED PbSh,0s & BIEAL B LN P> D —h% 2 i DB & & A4 THEHL
72 Pb,_M,Sb,0s(M=Mn?*,Co* Ni**,Cu®) & J& ¥

i) d° EFIRBED B -Ga,0, BL W ZnGa,0, & BB I IBAF L Z B LT B
~Gay M,,05( M = Cr*",Rh*,In*,Co*) I L O ZnGa, M,,0,(M = In*,Y*" AIP) & BBt

iv) d'°FEFAIRAED In,0, L Y,0, D InOs BEN YO N HAZ EFLIC IV EZEOEIAE THALS
72 Y, In, O, B AR & R b4

v) A B IRRED GaN EJEZEWIC 2 i 4 MOBEAA4Y M 2L M N
GaN(M=Zn*"Mg*,Be*,Si"",Ge") 4 JB 2L W

vi) A0 TR AE D ZnGa,0, & Zn,Sn0, @ GaOg,Sn0g,ZnO, J\ A3 LT ZnO, MU i A Z [E AL,
IZEVEEOEIA THEAILSETZ ZnGa,0,~Zn,SnO, [EIART 4 & B LW

vii) °d° BIRIEO A TR CeO, 12 2 3D R A4 M ZEIMLTZ CeOy(M=
7Zn* Mg*" ,Ca?",Sr?",Y*" La*" In*) & B et

HHET2EEEBERILIIL, Sk B A4 Za L EMER LY, RERE-CYIRE & % R
LU, IR CTOBIROBERIZEIV AR LT, &RELY GaN X, YU%s B4 %5 e Bl LY
SRR E I FEIEL, T =T FCEIRBER T DI EICI AR LT, &5, BT
TRuO, Gt B LOE R AT/ BESE O Lz, 2o, /5Bl VT,
Rug(CO),, Z THF 1 CEIFHEFL, 623~673K THALLFRLAZTT -7,

IR PR SRR 32 Y ARBETS M O FEAR I I X FASHAE BR R 2 VY, ZE R I TSGR ACERE L= A
o ST IO EME R L, 8L, 0.25~1gl L7, JEMREICIE, 250W Hg—Xe 707, %
721% 400W Hg T 7% FAV=, RUSEIZIE, 7307 2RI RS o s P s BR SR 2
oo BAEERBRBIEY B IO R EY O RFTEEDEIE, X BREPTF—BLOTvr A~
JMVIRE, RiEZK B IR EHABIT2IREFBBIE B L OVE 0 AT MVHNE, YRR
BRI TSR ATRRAE U B AT MV, FEHAT LB X O AT MV EIC L VR~ T, 5
B (DFT)EICKVE S & BB b)C8 R B O /N NS IR L, KR IZB DA hE
F B L OMEEFEICOWTOH AT, BLEICE S EFBUEAEL R o 58 7 &2 o Sl
TEH DR BURERE A AR LTz,

(1-3) Al

(a) X 11zl LT RuO, 2L 7= d's*~d° BB IR BE D PbWO, IZ351F BRI St D%
REE bR T, HRREHNC I KRR LR NZITLF Rt TAKRL, PbWO, 23K D S
KU TR i b 705 &% R LTz, YEMBEEPEIZ RIEX 3 PbWO, DO BERRIEE KA 7R L
OHHE: RUO, RAENED D, EWEiaTEA S D PPWO,IC RuO, &7 /5 SR 52 L TEWIEPED T
BRI HZEEALNILT, ZNETA EHIREOESEEMIZOWTIEL, TiY, Zr™, Nb™, Ta®" A4
EETDIBAE D KD FRICK U TR EZFF O ZEN ST D, [HREIC d° B IRAEZEFF
2 WHZOWTIRINETITHRE N 2L, ZHITH T AT B DS K D43 R B U CiE M
RO LB IR LT R O OHIT, FHDEEE DR B E/ro7-, X 2 |12 Pb OEEELSEZ
Pb,WO,(x=0.2— 1. )Y fil &M 2774, Pb O &EZALF R L0b %<5 kit 3E Lz
25, Pb DAY SE DL MBHENEIIEIINL, x=0.75 (1 Tl RERDZEEZ R LTZ, ZDPb A
F o RIBIZEAIEVERINE, WO, ORISR Z 5%, TSI B O o B2 e+
HZEIZE S THIELINATEZ LI LT, B EPLBIEIEIZ LD REHRD, POWO, OFfifE
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FHT O2p+Pb6s (+W5d) B, F7-, {miEH# L W5d(+02p+Pb6p)#ililE THERL <41, Pb6s6p#iLiE ™
MEFBIMzEEE~DEF5IZL->T, WE %ﬂ?@/\/]\ SECMEINL, Uz ko TEWBE)

Eab O E - S IEALMEC D728, m\ ol EE

Amounts of products / pmol

0 2 4 gq,.8 10 12 14

El1 RUO,IBIPOWOICHIT B KRR
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"Layered Oxides Intercalated with Rare Earth Prepared by ESD Method"

Rare Earths 04 in Nara, Japan (2004 77 T XA [E R =)
2004 45 11 7 9 B GREFHF AR

17 4R

18. J. Yu, A. Kudo
"Preparation and Enhanced Photocatalytic Property of Large Pore-sized Mesoporous Titania"
4™ International Symposium on Transparent Oxide Thin Films for Electronics and Optics
(TOEO4), April 7-8, 2005 (Tokyo BIG SIGHT, Japan).

19. A.Kudo, H. Kato, and A. Iwase
"Highly Efficient Water Splitting over M-doped NaTaO3 Photocatalysts (M= La and alkaline
earth metals) with Surface Nanostructure"

China International Conference on Nanoscience and Technology (Chinanano2005)
June 9-11, 2005 (Beijing, China)

20. J. Yu, A. Kudo
"Hydrothermal Synthesis and Photocatalytic Property of Bismuth Molybdate Nanosheets"

China International Conference on Nanoscience and Technology (Chinanano2005)
June 9-11, 2005 (Beijing, China)

21. A.Kudo, I. Tsuji, and Hideki Kato
"Development of Visible-Light Driven Photocatalysts for Water Splitting"

XXII Internatinal Conference of Photochemistry, July 25, 2005 (Cairns, Australia)

22. S. Kohtani, Y. Ohama, I. Tsuji, A. Kudo, and R. Nakagaki
"Photoreductive defluorination of hexafluorobenzene on metal-doped ZnS photocatalysts under
visible light irradiation"

XXII Internatinal Conference of Photochemistry, July 25, 2005 (Cairns, Australia)

23. 1. Tsuji, Y. Shimodaira, H. Kato, H. Kobayashi, A. Kudo

"Highly active visible-light-driven sulfide photocatalysis for hydrogen evolution from an
aqueous solution containing sulfide and sulfite"
International Chemical Congress of Pacific Basin Societies 2005,
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28.

29.

30.

31.

32.

33.

34.

35.

Dec 16, 2005 (Honolulu, Hawaii)

Y. Shimodaira, A. Kudo, H. Kobayashi

"DFT method estimation of standard redox potential of metals and organic and inorganic
compounds"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 18, 2005 (Honolulu, Hawaii)

Y. Hosogi, H. Kato, H. Kobayashi, A. Kudo

"Energy structure and photocatalytic activity of niobates and tantalates consisting of Sn’+ with a
5s” electron configuration"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 16, 2005 (Honolulu, Hawaii)

A. Iwase, H. Kato, H. Okutomi, A. Kudo

"Formation of surface nano-step structures and improvement of photocatalytic activities of
NaTaOj; by doping of alkaline earth metal ions"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 16, 2005 (Honolulu, Hawaii)

Y. Miseki, H. Kato, A. Kudo

"Water splitting into H, and O, over Cs;Nb4Oq; photocatalyst"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 16, 2005 (Honolulu, Hawaii)

J. Yamaguchi, H. Kato, A. Kudo,

"Photocatalytic reduction of CO, over photocatalysts based on NataO;"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 18, 2005 (Honolulu, Hawaii)

N. Aono, A. Nagane, [.Tsuji, H.Kato, H.Kobayashi, A.Kudo

"Photocatalytic hydrogen evolution over CuxAg; xinS, black photocatalyst under visible light
irradiation"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 16, 2005 (Honolulu, Hawaii)

I. Ogasawara, H. Kato, A. Kudo

"Visible light response and photocatalytic activities of Rh-doped strontium titanates with layered
structures"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 16, 2005 (Honolulu, Hawaii)

T. Kurihara, H. Okutomi, Y. Miseki, H. Kato, A. Kudo,

"Photocatalytic reduction of nitrate ions over K;Ta;B,Oy,"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 16, 2005 (Honolulu, Hawaii)

Y. Sasaki, A. Iwase, H. Kato, A. Kudo

"Effect of co-catalyst on activities of Z-scheme photocatalysis systems for water splitting under
visible light irradiation"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 16, 2005 (Honolulu, Hawaii)

A. Tsuji, T. Utsunomiya, H. Kato, A. Kudo

"Electrochemical reduction of CO, under normal and high pressure on sulfide semiconductor
electrodes"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 18, 2005 (Honolulu, Hawaii)

H. Matsumoto, H. Kato, A. Kudo

"Visible-light-response and photocatalytic activity of SrTiO; photocatalyst doped with iridium
ions"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 16, 2005 (Honolulu, Hawaii)

H. Kadowaki, H. Kobayashi, Y. Soya, J. Sato, N. Saito, H. Nishiyama, Y. Inoue

"Effects of Zn on the Photocatalytic Activity for Water Decomposition of RuO,-Dispersed
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37.

38.

39.

40.

41.

42.

43.

44,

Indates and Stannates with d'° Configulation"

The 21" Century COE International Symposium on Global Renaissance by Green Energy
Revolution, August 8-9, 2005 (Malaysia)

N. Arai, H. Kobayashi, N. Saito, H. Nishiyama, K. Sato, Y. Inoue

"Water Splitting by RuO,-Dispersed LnInO3;(Ln=Sc,Y,La) and YInGe,0; Photocatalysts with da'°
configuration"

The 21% Century COE International Symposium on Global Renaissance by Green Energy
Revolution, August 8-9, 2005 (Malaysia)

T. Ikeda, S.Fujiyoshi, H. Kato, A. Kudo, H. Onishi,

"Time-resolved infrared spectroscopy of tantalite photocatalysts"

International Chemical Congress of Pacific Basin Societies 2005,

Dec 16, 2005 (Honolulu, Hawaii)

T. Ikeda, H. Kato, A. Kudo and H. Onishi

"Time-resolved Infrared Spectroscopy of Visible Light Response Photocatalysts: TiO, Codoped
with Chromium and Antimony"

JST Joint International Symposium on Creation of Nanoscale Designed Surfaces and their
Electronic and Catalytic Properties, 2005 % 9 H 24 H (Tokyo).

K.Tomita, V. Petrykin, M.Kakihana

"Preparation of TiO, photocatalyst from aqueous solution using water-soluble titanium
complexes"

4th International Symposium on Transparent Oxide Thin films for Electronics and
Optics(TOEO-4), Apr 7-8, 2005 (Tokyo)

T.Mitsuyama, K.Ikeue, S.Matsushima, M.Machida

"Effect of ion-exchange on electronic structure of layered perovskitephotocatalysts"

International Chemical Congress of Pacific Basin Societies 2005

Dec 15-20, 2005 (Honolulu, Hawaii)

T.Mitsuyama, K.Ikeue, M.Machida

"Photocatalytic Property and Electronic Structure of Layered Perovskites"

11" WIEN WORKSHOP, 2005

T.Mitsuyama, K.Ikeue, M.Machida

"Photocatalytic Property and Electronic Structure of Layered Perovskites, A’ A, 1BnOsnr1(A’=Na,
Rb, Cs, A=La, Ca, Sr, B=Nb, Ta)"

The 10" Japan-Korea Symposium on Catalysis , 2005

K. Izawa, Y. Matsumoto

"Visible Light Photoelectrochemical Activity of K4NbgO;; Intercalated with Photoactive
Complexes by Electrostatic Self-assembly Deposition”

17th Joint Seminar of the Busan Branch of the Korean Chemical Society and the Kyushu Branch
of the Chemical Society of Japan

May 26, 2005 (Kyungsung University, Pusan, Korea)

U. Unal, Y. Matsumoto

"Synthesis and Photoluminescent Properties of Titanate Layered Oxides Intercalated with
Lanthanide Cations by Electrostatic Self-Assembly Methods"

17th Joint Seminar of the Busan Branch of the Korean Chemical Society and the Kyushu Branch
of the Chemical Society of Japan

May 26, 2005 (Kyungsung University, Pusan, Korea)

18

45.

46.

H. Kato, Y. Sasaki, A. Kudo

"Overall water splitting under visible light irradiation using Z-scheme type photocatalysis
systems"

The 5th Tokyo Conference on Advanced Catalytic Science and Technology (TOCATS)

July 23, 2006 (Tokyo)

Y. Miseki, H. Kato, A. Kudo

"Water Splitting into H, and O, over Alkali Niobate and Tantalate Photocatalysts"

The 5th Tokyo Conference on Advanced Catalytic Science and Technology (TOCATS)

July 23, 2006 (Tokyo)
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57.

58.

59.

60.

Y. Hosogi, H. Kato, A. Kudo

"Synthesis of nano-plate SnNb,O4 and SnTa,Og by SnCl,-flux treatment of layered perovskite
compounds and their photocatalytic activities"

The 5th Tokyo Conference on Advanced Catalytic Science and Technology (TOCATS)

July 23, 2006 (Tokyo)

R. Niishiro, H. Kato, A. Kudo

"Photocatalytic activity of visible-light-driven rutile-type TiO, doped with transition metal ions"
The 5th Tokyo Conference on Advanced Catalytic Science and Technology (TOCATS)

July 23, 2006 (Tokyo)

E. Suzuki, Y. Hayashi, J. Terasawa, H. Usami, 1. Tsuji, A. Kudo

"Kinetics Study on Photocatalytic Hydrogen Generation from Water Using Sulfur as Electron
Donner"

The 5th Tokyo Conference on Advanced Catalytic Science and Technology (TOCATS)

July 23, 2006 (Tokyo)

A. Iwase, H. Kato, A. Kudo,

"Nanosized gold particles as an efficient cocatalyst for photocatalytic overall water splitting"

The 5th Tokyo Conference on Advanced Catalytic Science and Technology (TOCATS)

July 23, 2006 (Tokyo)

Y. Hosogi, H. Kato, A. Kudo

"Synthesis of Nano—Plate SnNb,Og and SnTa,O¢ BY SnCl-flux Treatmen tof Layered
Perovskite Compounds and their Photocatalytic Activities"

The 1* Tokyo Workshop on Solar Light Energy Conbersion (TOSLEC)

September 5, 2006 (Tokyo)

H. Kato, Y. Sasaki, A. Iwase, A. Kudo

"Photocatalytic water splitting into H, and O, using Z-scheme photocatalysis system with visible
light response”

First International [IUPAC Conference on Green-Sustainable Chemistry (IUPAC-ICGC-1)
September 11, 2006 (Dresden, Germany)

J. Yu, A. Kudo

"Synthesis, Characterization, and Photocatalytic Properties of Nanocrystalline BiVO,"

The Asia Pacific Congress on Catalysis (APCAT4), December 6, 2006. (Singapore)

J. Yu, Y. Zhang, A. Kudo, X. Zhao, H. Li, P. Guo

"Photophysical, Photocatalytic and Photoelectrochemical Properties of 2-Dimensional Bi;MoOg
Nanoplates"

The 3rd International Conference on Energy and Environment Materials (ICEEM-3)

December 8, 2006 (Guangzhou, China)

N. Saito, N. Arai, H.Nishiyama, K. Domen, Y. Inoue

"Overall Water Splitting by Metal Ion Doped p-type GaN Photocatalysts with d'® Electronic
Configuration"

XXIst TUPAC Symposium on Photochemistry, April 2-7, 2006 (Kyoto)

N. Arai, N. Saito, H. Nishiyama, H. Kobayashi, K. Sato, Y. Inoue

"Photocatalytic Activity for Water Splitting of RuO,-Dispersed LnIlnOs(Ln=Sc,Y,Ln) with q'°
Configuration"

XXIst TUPAC Symposium on Photochemistry, April 2-7, 2006 (Kyoto)

H. Kadowaki, J. Sato, H. Kobayashi, Y. Inoue

"Water Splitting to Hydrogen by RuO,-dispersed AInGeO4(A=Li,Na) with d'°-d'® configuration",
MRS Spring Meeting, April 17-21, 2006 (San Francisco, USA)

N. Arai, H. Kobayashi, N. Saito, H. Nishiyama, K. Sato, Y. Inoue

"Photocatalysis for Water Splitting by RuO,-Loaded MInO;(M=Sc,Y,La) with da" Configuration"
MRS Spring Meeting, April 17-21, 2006 (San Francisco, USA)

N. Arai, N. Saito, H. Nishiyama, K. Domen, K. Sato, Y. Inoue

"RuO,-dispersed p-type GaN Photocatalysts for Overall Water Splitting"

5th Tokyo Conference on Advanced Catalytic Science and Technology, July 23-28,2006 (Tokyo)
H. Kadowaki, H. Kobayashi, J. Sato, N. Saito, H. Nishiyama, Y. Inoue

"Effects of dopants on photocatalytic activity for water decomposition of Ba;ZnsIn,O;; and
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68.

69.

70.

Ga,03 with d" electronic configuration"

5th Tokyo Conference on Advanced Catalytic Science and Technology, July 23-28,2006 (Tokyo)
H. Kadowaki, H. Kobayashi, N. Saito, H. Nishiyama, Y. Inoue

"Overall water splitting by In’" and Y*" doped ZnGa,O, photocatalysts with d'° electronic
configuration"

The 7th International Symposium-The 21st century COE program

September 29-30, 2006 (Nagaoka)

N. Arai, N. Saito, H. Nishiyama, K. Domen, K. Sato, Y. Inoue

"Effects of metal ion doping on photocatalytic activity of GaN for overall water splitting"

The 7th International Symposium-The 21st century COE program

September 29-30, 2006 (Nagaoka)

K. Tomita, M. Kobayashi, V. Petrykin, S. Yin, T. Sato, M. Kakihana

"Hydrothermal synthesis of TiO, nano-particles using novel water-soluble titanium complexes"
ISHR & ICSTR 2006, August 7, 2006 (Sendai)

M. Kobayashi, K. Tomita, V. Petrykin, M. Yoshimura, M. Kakihana

"Direct synthesis of brookite-type titanium oxide by hydrothermal method using water-soluble
titanium complexes"

ISHR & ICSTR 2006, August 7, 2006 (Sendai)

M. Kobayashi, K. Tomita, V. Petrykin, S. Yin, T. Sato, M. Yoshimura, M. Kakihana,
"Hydrothermal synthesis of nanosized titania photocatalysts using novel water-soluble titanium
complexes"

IUMRS-ICA-2006, September 14, 2006 (Korea)

T.Mitsuyama, K.Arayama, K.Ikeue, M.Machida

"Structure and Reactivity of Hydrated Layered Tantalate Photocatalysts for Water
Decomposition"

The 5th Tokyo Conference on Advanced Catalytic Science and Technology (TOCATS)

July 23, 2006 (Tokyo)

T.Mitsuyama, S.Ando,A.Tsutsumi, K.Arayama, K,Ikeue, M.Machida

"Photocatalytic Property of Lanthanide Oxysulfides"

6th International Conference on f-elements, September, 2006 (Poland)

T.Mitsuyama, K.Arayama, K.Ikeue, M.Machida

"Structure and Photocatalytic Property of Multilayered Perovskite-type Niobates/Tantalates"

The Asia Pacific Congress on Catalysis(APCAT4), December 6, 2006. (Singapore)

T.Mitsuyama, S.Ando, A, Tsutsumi, K.Tkeue, M.Machida

"Synthesis, electronic structure and photocatalytic properties of La and La-In/Ga oxides/sulfides"
The Asia Pacific Congress on Catalysis(APCAT4), December 6, 2006. (Singapore)

K. Izawa, S. Ida, U. Unal, Y. Matsumoto

"Fabrication of Layered Niobium Oxysulfide and Investigation of Structural and Elemental
Composition"

2006 MRS FALL MEETING, November 28, 2006 (Boston, U.S.A.)

19

71.

72.

Y. Hosogi, H. Kato, A. Kudo

"Synthesis of a new Ag-Ti oxide using molten AgNO; and its photocatalytic activity,"

Europacat VIII Conference, August 30, 2007 (Turku, Finland)

M. Kobayashi, K. Tomita, V. Petrykin, M. Kakihana

"Single-step synthesis of TiO,(B) nano-particles by hydrothermal method using a water soluble
titanium complex on the material fluorescence properties"

7th Pacific Rim Conference on Ceramic and Glass Technology (PacRim?7)

November 14, 2007 (China)
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Y. Matsumoto, U. Unal, N. Tanaka, A. Kudo, and H. Kato,

"Electrochemical approach to evaluate the mechanism of photocatalytic water splitting on oxide
photocatalysts," J. Solid State Chem., 177, 4205-4212, (2004).

Most Requested Articles, 2006
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U. Unal, Y. Matsumoto, N. Tamoto, M. Koinuma, M. Machida, K. Izawa,

"Visible light photoelectrochemical activity of KyNbgO;; intercalated with photoactive
complexes by electrostatic self-assembly deposition"

J. Solid State Chem., 179 [1], 33-40 (2006).
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Y. Shimodaira, H. Kato, H. Kobayashi, and A. Kudo,
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"Investigations of Electronic Structures and Photocatalytic Activities under Visible Light
Irradiation of Lead Molybdate replaced with Chromium (VI),"
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