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Studies on multielectron-transfer mechanism in photocatalytic oxygen reduction
by flake ball-shaped bismuth-tungstate particles
(Z L= R—IVBIRZ v T AT VBRE A~ AR 12 L D
JEAIRERE SRR ST UG 2 31T 2 L8 T BB I B3 5 i JE)

IR TR DM T 4L TN D AR — REAREE RO X, KR ZE bR E 280 L CTREE
BT HNITHARKE, BREFOEBILAYZBILSET 22 00)SHPHIFF STV D
—RARODEDITEZ D Z D201 Z DK & WEEEDFE HZE W % 1 @E%kbfahfwé
25, BRI T 5 KR8 E OB E L R OXt 5 L 72 DB ILS T2 3 EH S vt
ZENEL, TOKEBEDOHAZEBRIZIONTIHDICEm SN TEL LITFE A0,

EARIESS T, FEGaO/Sy RHEED 5 6, BT H 2 b8/~ S - E - 38
T, JEREIC X o> THEMR L7 IEANEILZE - L, BRROBEITCKOBRILIL, T ib
EETFEIELICLD DO THD. BHOMLZEILHNEZ 2720121, BEFO=RLX—N)
BILSNOWE OIEEBMEM LV EWZ &, METHFO= VX —NBb S 5 WE OFE
WEMBMN I VENZ ERMNETHD.
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o TMETH 2 LA I L2012, ERAMEDSCZ e ZRALZY, &M%&/:%$
MR EDTEHFEE R—T LI TN b TE 7= [2—5], WInbE™H
BLEIX ieaeﬁ%éhfw&w.oiw,Tﬁt%%ﬁf%ééﬁ&m%ﬂ@w@@%m
FTHEEMEIHE LS, AR THL LW AEEMIEH TH L X VT AT VREAT ALRETH 5.
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Fig. 1 FE-SEM images of a representative FB-
BWO nparticles (W/Bi = 0.55) in different

magnifications.

JLd DN IE4%EF  Fig. 2 FE-SEM images of FB-BWO samples (W/Bi = 0.55) after 90-min
BILHETIT S 572 sonication in (a) acidic, (b) neutral (water) and (c) basic suspensions and
DT L. BWOTIX  those sonicated for (d) 30, (e) 60 and (f) 90 min in their neutral suspension.
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Fig. 3 Cross-sectional FE-SEM images of FB-
BWO particles (W/Bi = 0.55) after FIB milling.
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AEHIL, general introduction
IZBWT, MEnl & L ik, H
BT eZAZFH LTS, £7,
FBRL 722 CTH D Z & 250
2L, WEREITZERDHFLWE
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7 b— 27 RN— VR IIBEEH [6—
9] IZWE»-» T, ML A~ X
(Bi(NOy)3) & X T AT U NU L (NaWo,) DIRGYOKEASISIZE > TERR LT
(Fig. 1). #a~vA 7 a A — MNVONREFFDIZHL DD LT, BILE A~ 2Z (Bi0,) &W0,%
ﬁﬂk?élﬁ%?ﬁ*@ﬁ%ﬁﬁw%%ﬁ%%ﬁBXmﬂ§~yﬂ%%kbkﬁﬁ¥ﬁ
A RXH108F ) A— PARRE L /NN L, S5IZIRIERTOR O RRE OB -8 % £
EWVH B MENEETH S,

AWFFEIZIRBNT, T, FBRIF R ZEMIETHY, a7 2202 L2 T LI
L7c. KT 2BE 0T 5 &, NENZZERN S DM 5D B, WICHNENGEE - 72
BEOW R ITE<BlEsn o7 (Fig. 2). HidH 5 WITEFEMEOWT N OGE T h2EHE
ERRO LN Enb, b EH EIFEL TV 7 N EIRALERIZ X - TR 7= rlRE
HERRC& 7=, F£72, WHEHF OEMN 72 WD FIETH AN E A 4 B —Lax y%‘/ﬁ%ﬁ
D&, BETHEN K > TUHENE Z D72 OB TR W, NENRHFETH D Z & DR
T&7z (Fig.3). X5\, WA/ ETEMBIE CIE, ETMRNEIRTE 52~ A 7 v A — hRE
LR O/NEWRIFIZOWTIE, TOEAEE L= Eon- (Fig 4). EEIZ, ROFBAL
TR DAY OB IR W TIEEN S E B IILSND I L ZEEEMREMNEZ H HW
T B F 70 ML X D RGEEIC DWW T OMFZET S, FB-BWOZMilli-Q/KH TR — 1 I v
ML TH, 7L— MROKBITLBE I ho T,

observed thickness (arbitrary unit)
calclation thickness (%)

posmon/um

Fig. 4 A TEM image and observed/simulated cross-
sectional thickness profiles. Thin solid lines are
simulated thickness profiles of spherical hollow particles
with shells of homogeneous density with different
thicknesses (55%, 50%, 45% and 35% of the outer radius
from top to bottom).
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135 min¥ TlE~ o
A7 maA—hkH Fig. 5 SEM images for solid samples of W/Bi = 0.55 prepared by

A XDOWTE, 140  quenching after hydrothermal reactions for (a-c) 135 min, (d-f) 140 min, (g-
min CHETEF @ c 1) 145 min, (j-1) 150 min and (m-o0) 165 min. Samples were prepared by
#UBWOD > = /L back-side sampling.

MAERLTH ED

TG DTGR89 5 LAUETHIE, 20135 mink 140 minD DA AR A2 T
2. EASRAPTHHBI (N0 1%, KITMZ D ETTEBITNKRGREIILT, Kb A~ X
(Bi(OH)5) =0 &6 29 AN /K 43 fift A= B ¥ C &> % [Bie0s (OH) ] (NOs) s 3H,0 (BO5) [11] =
[Bis0, (OH) ] (NO) ¢ H,0 (BO4) [12] 72 XD EHGILENAERT B L SN TVABD, EBOKIS
TR O pHIE RS 57> B, BOSRCBO4 % & Lo S MK SRR DIREM & 72> T 5 L Eb
Nz, ZOE A AAF T KEY (B0x) BHEMED & DK A TR T 2 SHERIL 7. »
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nanoparticles starfruit BOx particle FB BWO/BOx + HWO

Fig. 6 Schematic representation of the proposed mechanism of FB BWO-particle production

SX D, T AT PR TH DNaW0IX, MAKGHES VT, KREKISRNZIZ S v 7 AT Vg
(HWO) D/ ~—BHHWIA Y I~—& UTHFEE L, HEEMEOBOxDHEIFBL - DR 1Tl &
LTHELTWD EMEEB LTz, KBESUNZ LD RRNOIREN EH 325 &, BOx EHNOD K& A
2 o TBWOSAERT % & & BITHEPEREST 2. 72 F LI 7L opinh, Z0OK
IR BSLEEBR 451450120 minfREENBEHFE IS/ o7, £z, 135 min T/ = F L7GAD
Fry ZOXIBRAZ—=TN—=VROKRLFPREOENDLZ ENHY, MAITIZIEE A~ AT
T, 2, EVBWODERRE Tl O I iEmSAE L CTAELT b D EEZXDH I ENTET.

OO RAEE LD & AR IIFig 6D X 91T 7. HWOIZE b7~ BOxikE,
BOx@HWOD FE A NI T, NN D ERA~ AN, WIS X T AT UG I N T, Kk
BN ZEDBWONERR T 5. 55 ILAHFB-BWOIL, 90%iUT < 23BWODFESETH U, BOxCHWOIXIE
EAEERGF LW Wb, £z, HETa T ERDIEERNRNTZD, TLE kL
el EIL, ZLb—0rRT L — FNOWRBERIZOHET D ENARETHD.

DX, ZOFB-BWOIZ & 2 it s IS DS, BRFR N FDOLEFRILE ST L%,
< OMDEER ENEDOIEAREE & DO HEgIZ & & ST, 757 RIS HRREE L7z,
L 7caBHAFBRL -, N2 RAAR —/L IV L7 2F 8 ORE, S 6122 b D3 2% N
ZN500C, ZEXHTRERK Lo A stefEA M L7z (Fig. 7). FiatE WML & WMHI X [RIIX RE
IZHEICE > THEILED, SEIERUENETIXIFEEAEBEWNI R -T. £, B
IZ X > CTHERBmBENUGREIZ 2o 72, RO THISNDEIL L VITHNIT/hE
<, FBRIFNEIC T L— MRRIFIZREI SN0 EEZ T WolE ), BERkic X e m
HEOJWAIHE T TEIZREL, BN b— FDEE L TRE 72 ki - 2Rk L
TWaboLEbhi.

Z 35 OBWOREL D Y BEE M A, W03 KO0, & fe#e L= (Fig. 8). TiO idbbsiiE
DENO THREI 255 DUZ L THR R LTz, SRS & LT, BRFEFIE T CORRR ORI



fi# St (CHyCOOH +
20, — 200, +
2H,0) [13—15],
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Fig. 8 Photocatalytic activities of BWO, tungstena and titania
samples in (a) CO2 (bare), (b) CO2 (with loaded Pt), (c) Hz2 (with
loaded Pt) and (d) Oz systems.

TRV, mO s e & R O4/HO,»
B % IS0 C & 2 BB RS % - ‘Lichosvipiop
: Dl _—— [ H7H,
FrotgretEpr Bt o &k, &< cB anatase type TiO, / (O V [pHO))
\ . M e 0,/0;-
IZEE &R DA RKIZ rutile qu_gg%z) ......... ¥ _— (~0.28V)
HLWHEEZEz2b0 T L—— L. B0 g E- (oo_z;g\zlc[:,zm])
5. Fi=, ZDOFB-BWOS, WO, / T0,/H,0
¢ LA N AN (0.50V) 0V (vs. SHE)} L(1:23V [pHO)
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T 5O, SR 7 T VB CBB pH=0 PH=7 PH=14  SEP

MFEOLEFRILNEZ D
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S il S5 R C % 8 BT 72 SO
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Fig. 9 Estimated conduction band-bottom (CBB) positions of
anatase, rutile, tungstena and BWO and (standard) electrode

potential as a function of pH.
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