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LK IEPLICEHE L7z, AunPd KO Aug Pt ZFEEICHHFFS L 2 L IR L7 €9
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Various studies on functionalization of water-splitting photocatalysts have been performed
toward their practical usage. Control of the cocatalyst has been investigated and recently, in
addition to particle size control, alloying has been extensively used to achieve this goal.
Although it is essential to investigate photocatalysts with precisely controlled cocatalysts to
obtain a detailed understanding of the effect of heteroatom doping of the cocatalyst on the
photocatalytic activity and thereby establish clear design guidelines for functionalization,
previous studies have investigated photocatalysts with a variety of particle sizes and doping
ratios (chemical compositions) . In this study, we succeeded in loading precisely controlled
Auy Pd and Auy, Pt clusters on Bala,Ti, 15, which is one of the most advanced photocatalysts,
using precisely synthesized alloy clusters as the precursor. Experiments of the photocatalysts
loaded with the precisely controlled cocatalysts revealed the following three features of
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heteroatom doping of cocatalysts: (1) Pd is located on the surface of the metal-cluster
cocatalyst, whereas Pt is located at the interface between the metal-cluster cocatalyst and the
photocatalyst; (2) Pd doping decreases the water-splitting activity, whereas Pt doping improves
the watersplitting activity; and (3) this opposite doping effect is strongly related to the doping
position of the heteroatom. Furthermore, when Pt doping is combined with surface protection
of the cocatalyst with a Cr» O3 shell, a photocatalyst with higher activity and higher stability can
be obtained. These results will lead to clear design guidelines for creating water-splitting
photocatalysts with high activity and high stability.
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FHEWRERAKEZ T ANF—HE LA S~NOBITHIIRE ST 2 ARG (1) Y
WD &, IR FIZIZITERIZH 5, KEGGEKPOKFEZRET LI LB TH S,
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DORFETEERD AuDEBETEEZN EX 1 Schematic of photocatalytic water splitting using
HBZERHOEPII o7 700 K a one-step photoexcitation system. CB,
BEVEOME L ). Pd F— ¥ ¥ 7 13iE conduction band; VB, valence band; E,, band

o o gap. i) hydrogen evolution, ii) oxygen evolution,
O T %2, —F,. Pt F—¥ ¥ 7EE and iii) oxygen photoreduction.
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Au,s(PET),g Auy,Pd(PET)g Au,,PY(PET),g

2 Geometrical structures of (A) [Auss (PET) 5], (B)
[Auz Pd (PET) 15]% and (C) [Au24Pt(PET) 18]°

(a) +p-MBA  (b) ) +Bala,Ti,045
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AuzuPd (SR)1s b L < 13 AusPt (SR) 15 O ggwﬁ?g RCA O
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HAID Augs (PET) 15 (X 2A and 4A (a)). 3 Schematic of experimental procedure; (a) AuuM

J U AuzPd (PET)ss (4 2(B) and 4B (a)) AT Aus MOBEE s DAIBA) e
5 Uzq 18-y (p- y—Bala,Ti,O1s,

£ Auz PtPET)15(4 2(C) and 4C(a)) & AuuM —Bala,Ti;O5 (M = Au, Pd, or Pt), and

JE AR TREBEIZER L2 (X 3 (a))o (e) (AunPt); s—CrsOs—BalayTi,O1s
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4 Negative-ion MALDI mass spectra of (a)

All24 M (PET) 18 and (b) All24 M (PET) 18 — y
(-MBA) , (M = (A) Au, (B) Pd, and (C) Pt).
The insets show the comparison of isotope
pattern between experiment and simulation.
In these spectra, the asterisks indicate the

laser fragments
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5 DR spectra of (a) Aux M (PET) 15, (b)
AuyM (PET) 15, (p-MBA),, (c) AuxuM (PET)
18-y (p-MBA) y — Bala;Ti; Oy, and (d)
AuxM - Bala;Ti,Oy (M = (A) Au, (B)
Pd, and (C) Pt).In (c) (d), the absorbance
of BalLa,TisO ;5 was subtracted from the
spectra
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6 TEM images and particle-size distributions of (a) AuxM (PET) s, (b) AuzM (PET) 15, (p-MBA),, (c)
ALl24M (PE’F) 18+ (p-MBA);v - BaLa4Ti4Ol5, and (d) AUZ4M - BaLa4Ti4015 (M = (A) Au, (B) Pd,

and (C) Pt).
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X ZNZEN, Auss (PET) 15, (-MBA), (y=7—-15;4A(b)). AuzPd(PET) 1s,(p-MBA), (y =
1-9;4B (b)), J2U" AuyPt(PET) 15, (p-MBA), (y=3—-10; X 2(C) and 4C (b)) IZ/f)E S
LYY= DAPBIME NIz, 29 LB FRIBORFHZICEB T, 7T A7 — D5
A7 V(I 5A(a) (b),5B(a) (b),and 5C (a) (b)) Jz U A & - BAME: (TEM) 1% (1X] 6
A(a) (b),6B(a) (b),and 6 C(a) (b) JITARZ R ZALIZE L Rd o7z TNHOMERIIE, £
NENDZ 7 Ay —Tld, BRMEELZELSIELZ L%, —HOBRN 2 E XHmb 572
ZEERLTV5,

wohlzeEnEho s 5 A5 —%, HHEHPI2TBalaTis05 & —HICHEET 52 L T
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INLEERT TAY -OEPRELER D X
;) tf%ﬁ: <, Allzs\ ALI24Pd\ %) L < [y
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o
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Adsorption Efficiency (%)

_-_ll

Wia 77 A< EiEHH (ICP-MS) I & ) i O A Alzs  AuuPd AunPd AUPE APt
&f:o %@%ﬂﬁ%\ %7 52 % —Gi%‘/‘%% before after before after before after
F(>96%) T BaLasTisOs FIZWHAE S 7z 7 Adsorption efficiency of (a) before the ligand-
NG o(T7) . WMERBRIZBWT, exchange reaction (AussM (PET) 15; M = (A)
25 A7 —DOYBE (DR) A< 2 b L (K Au, (B) Pd, and (C) Pt) and (b) after the

ligand-exchange reaction onto Bala;TisO1s.

5A (b) (c),5B (b) (c),and 5C (b) (c)) L U¥
%R -SSR SR (X 6A (b) (¢), 6B (b)

(¢),and 6C (b) (c)) 12, REMZRZILITA (A) Au-Au
Chdror. SNHORRE. %7525 m
—IXZDF FOLFERBIT T, B =
T BalasTi,Os FIZWE SN2 & 2R <|(B) Ay Pd-Bala,TiiOu
LT 5 (BB Augs (PET) 15, (pMBA),— <
BaLa,;Ti;O15, Aus Pd (PET) 15, (»-MBA) , — e (C) Aoy PL-BaLaTiOn
Bala Ti;015, and AuzPt(PET) 15, (»-MBA) , —
BaLa;TisO15) |

25 LTHY T AY — O L7 oAl Sl
., BEERIITT300C THER L7z BERiE ; ! I I T I 1
® Au Ls-edge 7 — V) T2 — RIS X r(A)
LA B i (ET EXAFS> =BT g Ls-edge FT-EXAFS of AuxM-BaLa, Ti; 015
Au-SHEISENT S E—7 (~1.8A) V14 (M = (A) Au, (B) Pd, and (C) Pt) together

REBHM SN D572 (X1 8)s Au Ls-edge with that of Au foil.
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FT-EXAFS & 0 A SNAKHEE2 525 —0 Au OFRME(7.1-7.7)1%. 375\
HEED Augs (5.5) & Auss (7.9) IO WTHRIE D SN AR EBDOBDfEL 72 > Tz, BE
Bt O JGilEEo TEM BI21E, BERCHT (WA R) O 26 E ML L 72RO R -2 BHH &
N7z (K 6A (c)(d),6B(c)(d),and 6C(c) (d) ; 7272L. HBOFRIZ, Auos 72V LKA
HTHALTWDS)o TS DREEIE, BEEIZ X V) | Augs (PET) 15, (p-MBA) . Auss Pd (PET)
182 (P-MBA) ,» B O Aug Pt (PET) 15, (p-MBA) , 2> HLEAL T2 B S -2 &0 RNZERI
LR L72BD Auss. AuxnPd. AuyPt 1355 EEEH 3712, Bala,Ti, O RIZHFES
=22 R LTWA (LI, Augs — BalasTisO1s, AusPd — BalasTisO15, and Aus Pt —
Bala;TisO1s) o
PED X512, RIFZETIE. 6487 T AT —DOREAK. B T38#% FHv/-RmoB
KPEAL, ROHEY) 2 R COBR EZMAGDE LD Z LTy Auys LZED—DD Au 7% Pd
HLIZPLICIEEHD 572 Aug Pd S O Auy Pt 258 L HRE S5 Z & 7 { BaLlasTisOss
FICHFESELZ LI LZ(H3(d)e 29 L TIEEAK AN 148 B2 2 THlgE S 7z
a7 7 A5 - oL, [ERECEEAELERLZRE L L) CIIEHMICHETH) ., KA
DOHBEY ., UMD TOBITH %,

2.2 Au24M—BaLa4Ti4015(M=Au, Pd, or Pt) 0%15.'*%%
221 REFOF—7HE

29 LTSN AugsPd—BaLlasTisO 5 & AuxPt—BalasTi,O 5 (2B B RE T K
— 7 i & % Pd K-edge EXAFS (X1 9) & O° Pt L3-edge EXAFS (X1 10) 12 X ) # X 7=
(X 11)s

912, AuyPd-Bala;Ti,O; @ Pd K-edge FT—EXAFS #7/R9, FT—-EXAFS #H121Z.
Pd—Au LU Pd-SHEIHE I NS Y =7 BBl S N7z, Pd &BAERTE T & D&
PAd-O AR E)CRmEINBAIE =7 IIIREBIM I NG o7 TNODORFRIT.
AuyPd-BaLa,;TisO5 IBWT, PAIIHFFEE 7 7 A5 —DOKRMITMEL, SEMELT
WbHZEERLTWS, HIEAD AuyPd (PET) 5, (-MBA), iI2BWTiE, PdiZE&Ea T
HFUMIIZELTE D, S LG L Tidwiwn (X 2B) 0, BER OREEZL (X 5 and 6) D
B, PA2SERIICEE L. SHICAu XD S EfE LAz, 29 LR
R E Nz NSNS (K 11B),

Pd-S Pd-Au Pt-O

Au,,Pd-Bala,Ti,O;s Au,,Pt-Bala,Ti;O1s

0 T T L T 1
0 1 2 3 4 5 6
r(A)
9 Pd K-edge FT-EXAFS of Au, Pd— 10 Pt Ls;-edge FT-EXAFS of Auy Pt—
Bala,TisOy;5. The red areas indicate the peak Bala,Tis Os. The red areas indicate the
position assigned to Pd — S or Pd — Au bond. peak position assigned to Pt — O bond.
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10 1213, AusPt—BaLa,TisO15 @
Pt L;-edge FT — EXAFS %#/R$, Pt Ls
DYWL DA U112 Au Ly DL (> ~
11900eV; K 12) 715 5 7289, Pt Ls
D EXAFS 12200\, BRaid b, k
=83FTLMMWETE TRV, 2
® 72 %, FT —EXAFS H' 12 B W T,
Pt— @A A3 %R E TIEBIN T
T v, —J, FT-EXAFS #1128

W, Pl—O A RE SN A Y —2 Au,s-Bala,Ti,Oss Au,,Pd-Bala,Ti,Os AUyPt-Bala,Ti,O:s

Y - T V=~

DERWERE Tl X e 22 ki, 11 Proposed structures of Auss M — Bala;TisO15 (M

Pt ai O g:;f‘:ln:/a\ LVCV\;@) e é: %Zl—i Lwc = (A) Au, (B) Pd, and (C) Pt) (upper Side)
before and (lower side) during the water-splitting

Wb, FEER. AugPt —Bala,TisOp O
Pt Ls;-edge X S dr 5 A X7 MV
(XANES) &, PtO, ®ZFit e LSBTV S, BN OFEF, AunPt — BaLasTisO5 (2B W T,
PtiZz~5M®D O LHEALTWDL I EDPHLNIIHR o720 AuPt &4 7 / K T4HEETiO, 128
WL, Ptid, TiO, HORMBEZE KM N T v 7E3N, A4&F /KT & TiO, DR WAL
BTN —FIC L BEBYROHGITE2 X )HE SN TS, AuyPt-
Bala;Ti;O5 12B W T H KIS, Ptid AuuPt & Bala,TisOs DFRIEIAZE L. BaLlasTisOs
DD O EREELTWD ERENS (X 11C0),

COEHIT PAdE PLIRAKEXOILEETH Y 2236, HEFEEGEZ T A —HIZBWT,
B HAEICTHERET Ho Ptid Au &R, O & OKiEH%E < (318.4 + 6.7 KJ /mol for Pt—
Ovs 223 +21.1kJ/molfor Au—0) 15, 72X D EZ K DED O L#EETH I LV HETH %,
C D720, AuuPt—Bala,TisO; I2BWT, Ptid, AuuPt 7 9 X% — & Bala,TisO; DF
MCALE L7z R EN S (K 11C) s —. Pdid Au & IR, B & OFA D559\ (145 +
11.1 kJ/mol for Pt— O vs 223 + 21.1kJ/mol for Au—0) ¥, fit > T, Pd 2SF AN/ ET S
EFBIENIFFE L L v Pdid, Au HERT, REZALF =K EW(2.003Jm -
2 for Pd (111) surface vs 1.506 Jm~2 for Au (111) surface) W78, Pd 2SE I ET S 2
EHBIFMITIIIF T L RWAS, BEREFIC Au 2 SBEL 72 SEF AT 52 LT
ZF ) LA Z IR LT b SIS s (M 11B),

reaction.

2.2.2 AuzsM (M = Au, Pd, or Pt) DEi18#5:&

THOLZEFEFF—E 72Xy, HEEEE FAY —OFBRBEL L TRER-> TV
EHER SN D AuLs-edge FT—EXAFS & ) iHEF& IR 7 5 2 ¥ — 2B 5 Au O£,
Auss—BalasTisO15 < AuzPd —BalasTis 015 < Aua Pt —BalasTis O DNEICKE S B L R
Bbohs, —F, HESREZ I X5 —0OFWkE1E, AuxPd—Bala,TisOs = AuxuPt—
Bala;Ti 015 < Auzs — BaLa,Tis 015 DMEAIZ K E { 2> T4 (X 6A(d), 6B(d),and 6C(d)) -
—WHAEDKE %, Auss—BalasTia O DAL (~1.20m) IZBI L Tl Auss (SG) 15 % Hif BEAA
W, Fox o0k EE D —H L Twb, T2, B0REE(HR) TEM B oHllE
WCBWTHRABRERIEON. SNSOHFIZ, 82725 — (&) bl AunuPt)
Tl LD VAR BREEOE G TnD I EZRIBLTWA (X 11),
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7N — T OFEBE N OHERETRIC L A L. WMl % Au, 7 T A ¥ —1d. ZRITHIICIADS
o 7R A HL) 223V 19219, Auyg — Mg(OH) 2 1I22W T VEENME(DFDEMR L D .
Auy 25 Mg (OH) » FIZ TR ICHEE 2 A L7 REAR D LETH DL ETFHM I TWVE 17,
IS DORERIZHED L &, Aus — BalaTi4s045 (2B WTH, Augs 13, Bala,TisOy5 EIZT
WL A ) O 2 8MiEEE H L Tnb LI SIS (X 11A),

—H. Au, 77 A —IZPAdHLIEPtE F—E Y7 ¥5L, Au, 7?7\57—1 IR
INS T A ZFIFS T, VAR LHEEZ D DL 2 EDBROEET T A — T 201
ZZXODHLNIZEINTWS 8, AuyuPd — BaLasTisOs X OF AuwuPt — BalasTisO5 128
WTh, FAREBRRIREPEL D70, 29 LB EEOBIERFR I EBREINS
(B4 11Band C)»

2.2.3 AuxsM—BalLa;TisO15 (M = Au, Pd, or Pt) DFETN -ne

AR D@ ) . Auss—BalasTisO15 & AussPd—BalayTisOy5 Tl FHIIZ T Au 23MiiE L
TWwbo Aut O DFRBEIANF—ZHET Y RELE RV, TOZEHBMRLT, Fido
Au;—TiO; @ DFT (2B ¥ 45 3 Tld. Pl L d Auy &, Mg (OH) , K &\ 2 1312 T
Au-0O#HZHEHRLTVWAERZ EZTFUML TWAE Y, FEE Ausys—Bala,Ti,05 &
AuyPd—Bala,Ti;O15 ® Au Ls-edge FT—EXAFS (|X 8A and B) I2B W T, Au—-0 IZ@kE
SNBMEIZIEBRVWE =7 XN I TITVnE v, ThE0ERIZEDC L, Auys—
Bala;Ti;O5 & AusyPd—Bala,TisO5 Tid. HE2%ED Au-0O & L HHEET. Th
W&, &2 7 A% —1d, Bala,Ti,0s LIZHE S BE/L I T s LM NS
(X 11A and B)o Augs—Bala,TisO5 & AuxPd—Bala,Ti Oy 1&. AR SOCHIZ, il
BRI TESICEETLH, o2 LiZd, 29 LERHTOREDOFE SR L T
b EERME NG,

—J . AuxuPt—Bala;Ti;O; 2BV T, BIROME), FMEICTPtAMEL, 72 Pt
1Z Bala;TisO5 D Pt-0OfEZE L T 5 (K110, Ptid, Autltx5&. O
EDOREEHHR Y, SNSOERIZI Y, AugyPt i3, Augs KT AuyPd £ 9 3, BalaTisO1s

T b SN T W B EELEEINS W12, FEX AuxPtid. KAOERISHIZ, Mo

DE/ 7 7 ALY =T, MR TREL 2V, ZoZEd, 29 LMREXL

FLTW5,

: T T
11918 11926

I AU25-BaLa4Ti4015
— Au,,Pd-BalLa,Ti,O5

1.2

2.3 Electronic Structures of
AuzsM(M=Au, Pd, or Pt)
Loaded on BaLasTisO1s

HRSE Ay —DEET R

b A 72 ®, Auys—BalasTis O,

—
o
1

o
oo
]

Normalized Absorbance
o o
T 9

AuzPd—BalasTisO15. F Y Aup Pt— 0.2 — Au,,Pt-Bala,Ti,O45
Bala;TisO5 @%i%ﬁql}( X7 MIVE 0 : |_ Au foil |
HEL. 55 BaLla,Tis 015 DWLIL 11900 11925 11950 11975 12000

- Photon Energy (eV)
ZaELylWwe, €9 LTHEDS b/
12 Au Lj-edge XANES spectra of Auas M -

N M2 2, I]
Auss. AuyPd. K OY A924 Pt O 565 W% Bala;Ti;O15 (M = Au, Pd, and Pt) together with
WARY M VvEZRZR, K5A(), that of Au foil.
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5B(d),and 5C () IZRT o WTFNDONFEWINARY bvd, BT 2&5L7 A5 —DF
o (H5A(G) - (c),5B(a) — (¢),and 5C(a) — (¢)) LI REL RL > TS, HIAAD L)
2 HEFESE 2 5 A5 — oRHEE (X 1)1, AilMEERE 2 9 A7 - (M2)nFhs &
RELCELZSTWD, M61E, 29 LRMEEEOZLIZEY, BEFEdRE (LT
AHZEHRLTWAS,

12 121, Auss —BalasTisO5+ AuxuPd — BalasTisO15. & OF Aus Pt — BalasTisOss
® Au Ls-edge XANES Z/R3 o WINOWIUREHZDOEY —27 4, Au foil DZFN & T,
WIGREATRA LT Wb, 2OZ &, HEEE 7 5 2% =128 Tid, Aufoil & HRT,
5d LB OB TFHESEIM(d A= VE»WD) LTwDB I EERL TS, WIURE %D
¥V—27 %3000 Cltikxd %5 &, AuyPd—Bala,Ti,O5 & AusPt —
BaLa;TisO5 Tl Aug —BaLasTisOy5 & T, WIGREDE T T (5d BLEDOE 7%
JEASHEN) LT\ 5, AusPd J U8 Ausu Pt Tld, BREMEEOZIER LT, Pd(electronic
negativity = 2.20) L O° Pt (id. = 2.28) 75 Au (id. = 2.54) ~NOBMBE DAL 5720, Th
HTIX, Aug EHRT, Au OB TFHENEML7- LRI 5,

2.4 Effect of Heteroatom Doping on Water-Splitting Activity of Auzs—
BaLa4Ti4O15

29 LBl RE 1 F—¥ > 712X 0, SeiliE o KR5GS D X 9128/ T %
DPITDVTIRRIz, T OFEERTIL, 500mg OIEfl %2 350mL D KIZHHL S 2, B
7 v 7 (400W) IZTHER &L D SAVEZ IS5 5 2 & C KOS % #E1T S 872, AL
AR OBRE TN A U NTT T4 =12k ) EE L7,

13 12, Auy—BalasTisO15. Aus Pd—BalasTisO15« B L < 1% AuxPt—BalasTisO1s5
X DIELAMAKH, and O)) DEZRT, AL 72548 21X, AunPd—BalasTisO5 <
Augs—BalasTisO15 < AugPt — BalasTisOs DINEIZE K o720 ZTDZ EIE, Pd K=Y~
TVIKGREVE R A &8, — . Pt K=Y U 73 ARMEEEZ I E S 5580 58055 5 2
EZRL TS, Pt F—E Y 7 X KRG EEOR FIZOoWTiX, XD KE 7% Au-Pt
GaF ) WA % W W 72058 T D
WEXNTWD 9, K 1313, B 7 Bh (A) (B) (C)

160

il R L 7ot CiE, 2 LeRy
Rid, AuBbEOMAS—FH & PLicT 5 | ; H,
B L7220 THRBICEL S Z L &R % _ ‘ H,
LTwb, g go-
I LTRETF—Ey 7tk kg § | 5
LA YA THIMCI G R YI-N : o B
O, A HIZ, BFEF F—E 78 (‘_,’3 i
S G2 U % 4 O (21252 5 )
WEBCOWT LT, SO — e sl
BT, KRG KFEOHRE 13 Rates of photocatalytic generation of H; and O3
B2 EE LCIRIEL T b KEOAK by water splitting with AussM —BaLa,TisO15 (M

=(A) Au, (B) Pd, and (C) Pt) . Averages of the
N N — | 73 . ] ’
HEF RO DOERE SR L TS values obtained from several experiments are

1) BhfiiERE A OKFERRE. KT 2) Jib used in these figures.
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RETOWMEN D, RIS (A) (B) (C)
(M 1Gi). €2 cHheid, psor % without 0,
BT F—Cr 73, Shblchiz st ooz
2DV Tz,

Wb 5 A D K FZAERCRR IS, R R
(X5 =) DR E D A L 72k
— VPR RLHEE SN L FMHITTHE
HEL7KRFEZUMET ST ETHRED
2720 TORER, EHLHLORE T F—E
YT RATO A KREEKEDOY Als Au,,Pd Auy,Pt
MBS (M14), D L, 14 Rates of photocatalytic generation of H;, using
ELLOREFF—Y 7y, BifiiiEo methanol as a sacrificial reagent under a flow of
KREEBEZEOLHENH L L% Ar gas (labeled “without O;") or 7:3 mixture of

. C e Ar to air (labeled “with O,") by Auay M —
AY l/\ e}
A LT % (lower partin X 11) Bala, Ti, O (M = (A) Au, (B) Pd, and (C) PY).

without O,

4000
with O,
with O,

with O,

Gas Evolution Rate (umol h™")
1

TR R IC UG DHEAT L 5 SI2D w0 Averages of the values obtained from several
Tl USRI E HIZHEFE %R A (Ar:air experiments are used in these figures.

=7:3) L. FNICLY, KEEREDNE

DREEFITERLTH02MWET LT L THEAD o720 TOHIR, Auss —Bala TisO 5 Tl
KEEBED59.1% F TORPICE T > 72Dk L T, AunyPd—Bala,Ti,O5 K O
AuyPt—Bala,TisOs Tl ENEN, KEEMED33.0% KU 46.8% F Td L7 (A
14); TNHOFERIE, EHELORETF—Yr7d, HEBERECLZETSE5 LT
LRIRENHBHE, LDDIF, PA F—E U 7EE) LR REREHETHLZLEZRLT
5 (lower partin X 11),

UEDOKELD, Pd F—¥ r Z7IZBWTId, SEEEEREITCKICDMRERFED, KFEEL
REM EOREE LRl o 72720, Pd F—Y¥ ¥ ZI3KGRIENE 2 RD 372 L REN 5,
—J. Pt F=E Y 7ITBWTIE, KFEABRIN EORIRAS, LR % 7T SUS DO REAER) R
Z b %7290, Pt F—Y ¥ 73RS EEZ M ¢ LRI N5,

2.5 REFOEHICE>TRLES F—7THRDOER

CDXHIT, FRFETI, BB ETHEUASNICH L TR R EEZ 525, 20
TEIE WMEDO F—TMNEDEVARESERLTVELEEREINS, HADOHED,
Pd LU'Pt F—¥ 73 EE60, AuDETFERELZINESIE S (K12), KT & CER
FRILTIE, EHH3BTOZUIWMYHBLETH) (K1), PA L Pt F—E X712k %
NS M ORISHEEDOBIN 1L, EAMIZIZZ S Lz Au DEFEEOHMAES LT
WL ERDLNSL(K11BC)se L2 L%AH 5, AuyPd—Bala,TisOp 2BV Tid, Au £ 9
K E RIS 2 TSV PdBEE 7 I A% —REIAE LT (upper part in
11B)s AMIEHICIE, ) LA2PdIZSERHELTWDH 00, BRIz, SiE
SO, NEBALEIN-OBEER L, PAIZEET7 A —KEICTLEHLERoTVSE E
HeW < b (lower side in M 11B)s &9 L2 XL O PAdAFELET A28, AuyuPd—
Bala,Ti,O5 Tld. HEEEICHILAE D bIFRELIMESI N EMREN L, —H,
AuyPt—Bala,TisO Tl PtETI3H42 9 A% —& BalayTi,05 ORI IZALE L TV
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H5(H11C)o PtizAu L DA E TV L—ZALE LS00, 29 LIRS TIEX Aud
ADPREICHET L2 REMEL D S, EEET 283 R <, Bala,TisOs 25 &E 7 5
AF—~BEEELEHEMENDL(M1). 9 LRI E D, AuyPt — BaLa,TisO5s
Tl AuyPd — Bala,TisO £ 0. Au KA CTOKREARL & BEEFZREITCHINE L 72 & E5
N5 (X 14),

2.6 SEMKSBIAEORIRICHTT

Y bEd X512, Auy—BalasTisOp5 I2DW T, Bk L CTEED»— BT Pt K—E
YT RATH T TH RFEAEMBENI EL, FISER LT, KOREESH ET A E
PRSP ol T2, 29 L2Pt K=Y Y 27iE, W05 E I3 2L EEZ N
EE3EEZLEAWORIIE o7 ITNHOFRIZ. Pt F—Y ¥ 7id. Auxp—Bala,TisO:s
DR LR EOM GO FICAEN B FETHL I LERL TS,

—J, REEEETKSEZMHTENL, ESICEVWASRENREZEON1ETTH S,
INFETOMIEL D, Bbr v A X 2 il o RERE L D00 R FETH
HZENPHLNIZENTWEIY D F 7229 LRERIZOEMERTCOLER 7 9 A ¥ -
DEEIZOWT L, FHIBIREYED LI EDRWSNICENTVDS 7)), Fxid, EibtE»o
R ENE B AT B MBI AT T 5 B EHES 2 15 2 L 2 HINIZ, Aun Pt FKifi 2L
7O AEEBREED L2 kAT,

B b7 0 AL, KA DVBEICRE L HEZUR T LTI E T, MR
N5 e, FF 70 a3 (K, CrO,) % 3 L 72K BalayTia O # M A 720 T DFEERTIZ,
Cr @ #E # % BaLasTisO (2R L T, 0.3
wit% & 7% &) RIBEITRA L7 45
NS LT SRAE % A & B g
952 & T, BalasTisOy5 12 CryO; i
Tk & 472 (Cr,05—Bala; TisO) o 1551
7z Cry03—Bala,Tis 015 % Auy Pt (PET) 15,
(-MBA), (y=3-10) L KFTERA L. AusPt
(PET) 15, (»-MBA) , % Cr;03—BalLa,Ti,O;5
RS X272 (Aug Pt (PET) 15, (pMBA), —
Cr;03; — BalaTisO1s)o 1% 5 N7zl %
BERL$ % 2 & Ty AuyPt (PET) 15, (p-MBA) y
PO 2RI L7, 2512, B6Nh7:
e 2O E 1R RS 3 5 2 & T
HIFEE 7 9 A% —% Cr,03 IS D A £
w72,

Upper side in X 1512, 9 LTHHN

HR-TEM

Size (nm)

15 TEM images, particle-size distributions, and
HR-TEM images of (AuxuPt)1-3—CrsOs—

725t > TEM 1% & HR-TEM 4% 7R3, BaLaTis 015 (0.3 wt% Cr); (upper side)
TEM £121%. AuxPt (PET) 15, (p-MBA), — before and (lower side) after the UV light
Cry0s —BaLasTisO ®Fi4%(1.03 + 0.18 irradiation of 10 h. The thicknesses of the

- " Cr303 shell and the particle size are indicated
f— M-
nm) £ Y& TRE%, 1.33 £ 0.31 nm OF by black and dark blue double-pointed

FHABN SN, ZoZEid, 2Lk arrows, respectively.
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Cr,0; EAREDORIIC, B D EEDH T
DTS L 2R LT WD, A L7k T X
DORE5 A (Upper side in ¥ 15) X 1), ~
TT% FEE D AuyPt 288 4£ L. 1 — 3 @
AuxuPt X 0 72 % (AuaPt) 13 DS EAERW &

) N
o (6]

1 1
>
[
N
S
L)
i
w

I
(@]
o
(@]
b
w
©
o
QO
8
=
=
(@]
o

T
N
[ ]

Amount of Evoluved Gas (mmol)
o
1

"o TWwWdERERED SN L(AuuPt: ¢ 0, o
(AuzPt)2: (AusuPt) s =39.0:55.8:5.2), 10- . . ¢
HRTEM LD, Shof&sr 5A5 — .
DR DI Cr0s BARK SR TwnEE £ o, °
& A3ERR S 17z (Upper side in 14 15) il Auy,Pt-Bala,Ti,Os
41612 (AuzPt) -3 — Cr,03 — BaLaTi;O15 o4 —=—g— 8484848 F-
L0 A L7725 R 2R, 2 oo, Time ()
AuyPt—Bala,TisO & 0 b #9720 5O 16 Time course of water splitting over (AuPt)
SMAEEFAELZ(X16), AfAEE L, B 1-3—Cr;03—BaLa,;Ti; Oys. In this figure,
& & BB L 72, 10 BRf o time course of water splitting over Aus Pt —
TAEF 171, SEIRERT L 0 . PR A Bal.a,Ti,Os is also described for comparison

MUK L 72 (lower side in X 16) ASERH] pUrpose.

N7ze LLGAS, ZOREORINE(1.33 £ 0.31nm — 1.56 + 0.57nm) (X, Cr,0; X
D7\ Augy Pt—BalasTisOs DA (1.11£0.19nm — 2.84 + 0.93 nm; X 6C (d)) & X
e, EMIHHIE N TV, NSO EIZ. Pt F—Y Y 7L Cr.0; K = A
bes e, BiFErOELREREET HMELZBIR LG5 2 E2RBL TV 5,

29 L72Cr03 IRDOTHIZBWT, SHOEBRTIIRE RO, ~T77% FEED AuxPt
PEELTLE o720 p-MBA L, SG & HERT, LW OBATERELEEZAEL TV,
F 72 AunPt (PET) 15, (p-MBA) , (y = 3-10) IZB WV Tld, & TORMF-2BUKMEERRIE %
AHLTWDEDITTIEZRV. fit5> Ty AunPt (PET) 15, (0-MBA) , (y = 3—10) 1Z. Auss (SG) 15
E0DH, CrO; RMECFTHE WAL T DIETTHbS, oL, TOTERERNERD, &4
[ DFEERTIZ. Auss (SG) s ZRIEAMRICH W2 BEOFEBRE TR, BRI, 75 X
T —DEDP G EESEL T LE 2SN D, F/20 Cro0s BB Ol 12D
T, 100 FEMORKISEIIE. HE2R25 L, KFREOWMAPEBHM SN (H16), 29
Lz, DFLAETOEEY FAY —% CrOs IR TEAZTIEVnaRWnZ L ICREL
TWh LN SINS, 4%, IO OEL Wik TE L REOHHMIL L Cr,05 IS
L B R#ICHEO L, Wb EE» OB EN T AT A2 Bk L5 S WfFES
N5,

3. #&8
K7 TId. BUKMEFF T — MCRESNBESE 2 5 A5 — %2 Wi o i B2
Wb HERENY. L. FU2X D, BalasTisOs FIZ. AusPd MUY Auawu Pt 2 A58 123 FR S
DRI Lze Z 9 L CETREE RIS S L7z Byl o $HFF S 7l ic o wn ¢
M a47o5 2 & T, ORI FRF—Y U 7B LT. UTO 529285027,
D)PAdREE 7 5 A% —KEIWEL,.PtIZEE Y 5 A5 — LMo I AE ST 5,
2)PAKRPt F—¥ U 27I2&kh, /7 5A% —ho AuIZETFEBEEZN X5,
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3) Pt F—Y ¥ 73K EEEOH L2 FRE S 555, Pd F—Y ¥ 72K EED
KT 2T 5,

4) 2 LB EoMBEIE L7 F—E v 7881k, BETFO F— 7V EI K
(5 LTw5

5 Pt F—Y 7L Cr,0; EIC X 2Pl RTRELZ M AGDLES L, HICHEIEED
OEEENEAT A NMBEZ BT 52 EARETH %,

INHDHMEIE, EiEEr D SR BN B T 5 KRS HICARER RT3 2 B 2 iR THE
SHCBD L LHIfE s NS,

T/ BKEFA T — FERMTICHVS &L Auys DAL ST, MBOBRIE D4
BROEE7 FTAY =IOV TOHORHEBEICHER TSI ENTRETH L. o T RFELHW
He, KLTHOWEROEE7 A7 =723 THhL, Me2 ILFHEOESR/ 2 5 A %
— % BaLasTisOp FICHEFCTEX 23T TH S, T/ow RAPPE, FHHEPIZIE, Bk
P 2 D DR RICAEIS L COBEHRETH 5. 5% AWZE T L7 HiE2
Wb ZETy ARG BT B Bl O bk & R RIEE DO MBI DO WT, XD
INFE R HAE S NL Z EPHFF s b,

4. i
AWFGEIE. HAHS T-H R T2 B & OW BN 2 2 THbRIZ b O TH b, Z2IC
WiEE KT,
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