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Preparation of WO3/Cd,SnO4 and Its Photocatalytic Activity of Water-splitting for

Oxygen Evolution

ZHAO Xueguo, HUAN Zuzi, L1 Xiachong
(Jingdezhen Ceramic Institute, School of Materials Science and Technology, Jingdezhen 333001, Jiangxi, China)

Abstract: Cd,SnO, powder with a spinel structure was synthesized by a solid-state method. WO3 nanoparticles as
heterogeneous nanoparticles were loaded onto Cd,SnO, particle surface to form WO,/Cd,SnO, heterojunction
photocatalyst. The WO;3/Cd,SnO, photocatalyst was characterized by X-ray diffraction, scanning electron
microscopy and UV—Vis spectrophotometry, respectively. The photocatalytic activity of the WO3/Cd,SnO,
heterojunction was performed via the O, evolution performance under simulated UV—Vis irradiation when KIO3; was
used as a sacrificial agent. The results show that the photocatalytic activity of the WO5/Cd,SnO, heterojunction was
superior to that of pure Cd,SnO,, and WO3; nanoparticles loaded on Cd,SnO, particle surface can improve the
interfacial electron transfer and the O, evolution. The stable average oxygen evolution rate is 200 pmol/(g-h) when
the amount of loaded WOj is 2.3% (in mass fraction).

Key words: cadmium stannate; photocatalysts; heterojunction; photolysis of water; oxygen evolution rate

AR, PREE RN — N H ™ E A R, KR A SRR R R s R
SAKA, 5 AR DAAE A R ORI IE B T B RIS B e O T R RIABE I A, B 9838 LUK
FHERSTBEVE AT AT SR, SRR B KB RS AL A AN I TR et Sl s sE 2
KFHBERIFH iz —, BEUAKFSIE AREERIR, 76 =R i BE Y s A 1E I K 0 iR
NASFER, P24 ESTTE RS G n A Rl T =28 10 S AT A A /K
(A A WL A A RS, B AR A e I S5 3 Rt AR I Tt s e A 70 A3
Wk H 3. 2014-04-20. BT H#: 2014-07-17.

HEETH: SR e miE .
BEE. BEE (1976—), B, &% TR,
Received date: 2014-04-20. Revised date: 2014-07-17.

First author: ZHAO Xueguo (1976-), male, Senior Engineer.
E-mail: zhaoxueguo601@163.com



.,
Cd, SN0, Skt B A B i S i M, H ARSI (<3eV), TR G R4, (HAT
Fe 2, 4lifCd,SnO ML DG EAL T EOE PERAIG . 2 SR S R 3R m e AL I R RCR I
B ARG TR R gk SR MR, A uRE R TR, i
CdoSnO ML AR KIIRE S7, ASCHE R [ AH RS2 6 i Cd o SnO A LAl |, 5 REF
WO 3 B A 1R 5 4 5 FLRE(0.5e V) A 43k RO A 98 1 (2.7 V)™, K WO 3 [ 372 Cd, SN0, i 14 71
LM, FHAER] WOEHHL R G HHTF T M KIWO 35§ Cd, SnO i A4 71 6 A 7K A S8 BE O R W)

1 52 56

1.1 R &

S BT FRAA W 4l I RN . LR IR AN, SLIR KRB TK.

DGR SRS NIERL, @ AR R BIE A B WO3/CdaSn0 40 4 — i B I &4
FZIRARVENK, PITEBIR G J5 n(Cd?):n(Sn*") =5~6(BE /K tb), BN AE &S 8k Wi, 16
RS 58 4 (I CA> A B i AR CA(OH) UTIE 3 R NETIEMIE I I I B KIS BE . e B ip
1T 1000°C BB IRIR 3h, H1#5CdO/Cd,SNO 1A . Fi ] — 52 B (R $h R 1 2: CuO T il %%
HEE ., 4ifCdSnOMEILFIFMA . B — 2 EHINa;WOIAENKH, AR5 s D= ihig,
PRRIENL, PR AR BHE S IR P AEC SN0 BURLL 1T, 1 8 5 TR P52 5 Cd SN0, &
o BZBHRON D 3 F 600°C FRERE, BIATH| & HIWO3/CdoanQ, 2 A AT 4
1.2 FESRIE

K HAHE EDMAX-RB XS by RATHA BT RE S AR S5, Cu K 4@ 5T, LR 40
KV, HHN 40 mA, 1=0.154 18 nm, AR AIRIER, FHERE 20=10°~70°, FHERN
0.02(C)/so ¥ AKE fis Fe v J5 AT AT S 0, R IR TH BB P AT S R 8 . SR H AT
JSM25900 ZUFHH HL T MBS A RS . F H ARIEM-2010 BY3% 5 HE1 WAl ML 82
r RIS, A A LaBe, JIiE HL A 200 kV. K Nicolet 7000-C% Fourier 2L A G4 (1 %k
o 4000~400 cm™, ZHERg 4 e YRR AT AR T, BURER A R A Br S0 AR
BT AN . SRS (GC-950 &Y, _F ik (i (2% A BR 2 7)) 3T AL S
PRI, A 58 2R F Lamda 850 25 4h—T WL(UV-Vis) I £1 41 3 5 B THIUAE: ft (1 28 75 52
.

1.3 FERENTEERIE

3 9 B AR YR(250W AT ) e R BLES, AR A R R G (EURMER) MHAE IR
ARSI . SEit B 1gMEAbTR), [NCA 600mLZ: 5T /K A1 0.30g/IKIO,, TERE/IHiHET, %
FHASAH B R B S AT A

2 AiR5WHE

2.1 YyragE st

Kl 1 A4liCd,SnO o Fl & AN [A) i 2 73 BIWO 3 FIWO 3/Cd,SnO 4 [IXRDiE . K] 1 Ha BA
A, LA RN L, SR A R REVEAE 1000°CHBsE 3hA R ffICd, SN0, il B 5E 3,
HAT 5 FRUER i (JCPDS 80-1466)H 37, /7 #1Cd,Sn0,4 1 (130), (200), (111). (131). (211).
(221). (241)FN (400) &7 AT UEAH— 2. WO3 XS Cd,SNO 4 FIANTH WAL B %A 520, X ]
RESE WO 3 5 2 U/ i



S JCPDS 80-1466 Cd,SnO4
g 25 2.390N04/CdySN0,
g == = =
—~4 (=)
©) e & g
kst .k‘ i J‘MMMM&MJWM
1 1.5%W04/CdySn0y
© 1
i T S MWM A K MW«WM }‘
l%\NOg/CszﬂO4
(b)
Lo Ak‘ " '“m“b‘_wlniﬁmm
@ CdySnOy
| 1n A: 'L J.; .k'\ ll M'h AIJM‘ \l.m '1 ”“] M
10 15 20 25 30 3B 40 45 50 55 60 65 70

20/degree

K1 4iCd,SnO,AAFAWO ;& EIWO3/Cd, SN0, i RIXRD:
Fig. 1 XRD patterns of pure Cd,SnO, and WO3/Cd,SnO, with different mass fra:ticn ot WO3
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Fig. 2 SEM photograph of 2.3%WO,/Cd,SnO, powder and its corresponding EDS spectrum
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Fig.3 TEM photograph of 2.3%WO/Cd,SnO, powder and its particle fringe
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Fig. 4 FTIR spectra of pure Cd,Sn0O, and 2.3%%WO,/Cd,SnO, powders
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Fig.5 UV-Vis absorption spectra of x%WO5/Cd,Sn04(x=0, 1, 1.5, 2.3) powders and t(ehv)>~hv curve of Cd,Sn0,
powder
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K6 x%WOs3/Cd,Sn0,(x=0, 1, 1.5, 2.3) AL AR KT AL AE 5 6 BT TR 5C R
Fig. 6 Relationship between 0, evolution performance of x%WO3/Cd,Sn0,(x=0, 1, 1.5, 2.3) and illumination
time
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NHE—Normal hydrogen electrode; CB—Conduction band of semiconductor; VB—Valence band of semiconductor; e —Photoinduced
electron; h*—Photoinduced hole.
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Fig. 7 Schematic diagram of the charge transfer and separation in the WO3/Cd,SnO, photocatalyst under UV-Vis
irradiation

M7 WTEEH, R RWOSM T CdoSnO, BRI R M5, H1T-WO3 S A7 Fi AL
(Ecv=0.5eV; E,=3.2eV) ¥t Cd,SnO MM AT I AL, D6l S, CdoSnO, SRS ™ A1
L TAEF A T2 B BIWO i 2, TIWO 3523y AE 73 /U 23 R F) Cd, SnO , e
2z, RFESERIEGR TEC SN0, SWO PRI B 7012, A 2 1 A T RGE.
117 HEREEAEWO 3 R I DG AR LT 2 TE M P IKIOs Tl 3R, I HR IO A e, 84 1 Hr %k
W5 R PR A O FIH A, 21 T CdoSnO AN AT M . 4k B ITWO 3 1 B 3
E, HTWO IR AN AR KL 71 A A A~ AR BUR R I E, BATIR KRR,
AMERN 1A AR BURL S ) I, o E e 1 AR RORL S K R Ak i AL
I HEAIWO 3 PR B 388 I AN BE DR 5 v - A R AL 1

345 i

CLBIRANAN LR AR N JERE, SR IETARYE il 46 2R A1 R Cd o SnO ik, FF#ECd2SnO 4
PRIURE R [ A WO3, 1l WO 3/Cd,SnO 4 5 B A5G HEAL . WO 38X Cd,SnO i AL i



AT TERA — R,

1) Friil & 1Cd SO N PR 2R 55 5 2.3eV;

2) /DEWO; LAY K TR 3 (10~20nm) B % 7ECd,SnO kL K T, 7E 1] DL AR, R 40
WO B i 2 $2 51 Cd, SnO e i AL AT 20 1

3) HWO, i #iE N 2.3%M, 2.3% WO3/Cd,Sn0, i 7K 481 % 1] i 31| 200pumol/(g-h) 4
o

SR
[1] OOSTERHOUT Stefan D, WIENK Martijn M, van Bavel Svetlana S, et al. The effect of
three-dimensional morphology on the efficiency of hybrid polymer solar cells[J]. Nat Mater, 200%. 2:
818-824.
[2] ARICO Antonino Salvatore, BRUCE Peter, SCROSATI Bruno, et al., Nanostructure 1 materials
for advanced energy conversion and storage devices[J]. Nat Mater, 2005, 4: 365-375.
[3] Z=hl. KFAGGHEAHIE AR VEEMPRARD]. 6 56BECR, 2013, 11(1): 1-¢.

LI Chan. Opt Optoelectron Technol (in Chinese), 2013, 11(1): 1-6.
[4] COUTTS T J, WU X, MULLIGAN W P, et al. High-performance, tvansparent conducting
oxides based on cadmium stannate[J]. J Electron Mater, 1996, 25(6): 9353-64Z.
[6] % M, 5KFL, FEE, & SRR LE SGMARII flwr S AT TG RE ).
TERR Th# 9, 2013, 41(4): 567-574.
LI Huan, ZHANG Qinghong, WANG Hongzhi,et al. J Chin Ceram Soc, 2013, 41(4): 567-574.
[6] HUANG X, LV J, LI Z, et al. Electronic structure and visible-light-driven photocatalytic
performance of Cd,SnO4[J]. J Alloy Compd, 2010, 507(2): 341-344.
[71 HUANG Xianli, SHI Haifeng, LV Jun, et al. Photocatalytic O, evolution performances of
Cd4xIn,_4Sn,O4 (x=0.1, 0.3, 0.5, 0.7, 1.0) conducting oxides [J]. J Phys Chem Solids, 2010, 71:
880-883.
[8] HEAIE, AR, FHEE, 5. SnO.-TiO E & CHEALFIKI S & AMIERE[)]. MR, 1999,
20(3): 338-342.
[9] YOUNG Tae Kwon, KANG Yong Song, WANG In Lee, et al., Photocatalytic behaviour of
WO;-loaded TiO, in an Oxidation Reaction[J]. J Catal, 2000, 198(1): 192-199.

[10] ZHANG Jian-rong, GAO Lian. Synthesis and characterization of antimony-doped tin oxide

(ATO) nanoparticles by a new hydrothermal method [J]. Mater Chem Phys, 2004, 87(1): 10-13.
[11] SALMAOQUI S, SEDIRI F, GHARBIN N. Characterization of h-WQO3 nanorods synthesized by

thermal process [J]. J Polyhedron, 2010, 29(7): 1771-1775.

[12] MATSUMOTO Y. Energy Positions of Oxide Semiconductors and Photocatalysis with Iron
Complex Oxides [J]. J Solid State Chem, 1996, 126: 227-234.


http://scholar.google.com/citations?user=KqdaxxIAAAAJ&hl=zh-CN&oi=sra
http://www.sciencedirect.com/science/journal/09258388
http://www.sciencedirect.com/science/journal/02540584

	[12] MATSUMOTO Y. Energy Positions of Oxide Semiconductors and Photocatalysis with Iron Complex Oxides [J]. J Solid State Chem, 1996, 126: 227-234.



