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PW ,, 0% T2k BB 3L R (/- FL MCM-41 1 SBA-15 |, 1Z 528 Z ek ) vl A, & FIH. Li
AU - | SRR SE T Ik A T B AR A 1 A AR B LR PW,/Fe, 0, @ SiO,,
H1F Fe,0, MTIA, Z A AL 2 B K400 B M 7T [SCHE BE. Wang 280 R K #0465 ik 1 4 T
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4-bptzb, ZBCALR AP L I A R AF R e AT P TRl B iz Ak R eT LAl S5 R, Cao
SR P A AR AR T R -Z MR LUK [ GeW o/ TH ], , I AE T FR A A R 47 (1Y
SCMEACRE AR ISP, 2EA PR TS Yead B rh B VR T (6, P E 2l FH A P
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1.1 F ST

H,[ a-PW,0,,] - 20H,0(PW ,) . #5IR4N . RERREN . IR | fHFRPE . WRIREA . BEIR . B lR Al H JLAE
X R ar el 0T E 25 48 A AR 25N A PR\l IR ZE I K i Millipore Milli-Q #H kK R 481515
(18.2 MQ).

UV-3600 B E4Hh-1] WL-3f 2040 43 OGBS i ( H AR B B2 v ) 5 D8FOCUS AU M K X 5 4 A1 5 X
(PXRD, 7% Bruker A H]) ; inVia BUEOGH 2 V615 (2 [E Renishaw 2 ) ; Nicolet Nexus470 7 {# B
AR LT AP SEIE Y (25 [ Nicolet XA T]) 5 CHI660e L fb2: T AR, (i RIS A IRAT]) , R
AR R (VABERR A TAEEM, Ag/AgCl FUAR NS HLHM , FAZZ M XF R ).
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15H,0(ZnW,,). XW ,04(X=P*", Si*", B, Zn*") BBRIRSG 14 Je Z2 RS WLIE 1, Hid O P&
0, M4, O N =& BN O, AR =4 J@ i = R FH A 4.
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Fig.1 Ball-stick( A) and polyhedral( B) structures of Keggin type heteropolyanions
XW,,0%(X=P*, Si*, B, Zn™)
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2.1 XW,0, B#EK XRD FR1E

Kl 2 A Keggin BIZWR XW ,0%(X=P>, Si*, B*, Zn™) ) XRD j&&l. 4 FiZ R XW ,05 (X=P™",
Si*, B, Zn®)1E 20=3°~80°Ju Nt B T — RIVE IR AT 6, RIWIHEHAE ; @ 584 XRD
TEEINT L, ATET RO E A H 5 SCER[19] AR —8, RIIC &M T 24 Birfb &9
22 XW,0 BILISM i SH 8k RE

4 Fl Keggin BIZ [ XW,,0% (X =P, Si*", B, Zn™) (LI HMEIETE 400 ~ 1100 em ™ L FEI P HEL T
— 75 Keggin B Z IR IFFAEM N, 43 5H )8 F X—0,, W—O0,, W—0,—W, W—0,—W [XFFRok
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Table 1 Infrared vibrational peaks of XW,,0 N a
(X=P*, Si*", B*, Zn*")(em™)
Compound Ux—o, Vw—o, Vy—0 —W Vy—o0,—w el -
PW,, 1082 980 889 792
SiW,, 1019 979 925, 879 783
BW,, 1004 958 911 807 ol N
ZnW , 432 935 877, 833 783, 703 - : - : -
15 30 45 60 75
4 Ff Keggin B LR XW ,04 (X=P>", Si*", B, 20/C)

2 Se =D S -1y . : .
Zn®") P G R (18] 3) 7 920~ 1010 em™ YN Fig.2 Powder XRD patterns of different Keggin
EI/‘J s L]& m%ﬂﬂ & T W—O0 d E/‘J 1 Hﬁ éﬁ yfﬁ ijJ fl% ? 1 LI& s Z'T: type polyoxometalates
540, 900 Cmflﬂﬁﬁwqﬁméﬂﬂ)ﬁ?W—O—W E‘J'ﬁazfﬁ a. ZnWyy 5 b. BW 55 c. SiWyp; d. PW,.

PRBMA 2 T ATLUAR L, BEE XW ), 0 B AR I, W0, 18 e 205 % 3 W82 W0 i) IR
Borm#sh.
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Fig.3 Raman spectra of different Keggin type Fig.4 UV-Vis absorption spectra of different Keggin
polyoxometalates type polyoxometalates
a. ZnW 5 b. BW 55 c. SiW 55 d. PW . a. ZnW 5 b. BW 5 c. SiW 5 d. PW .

2.3 XW,05 BYEIM-AT Ik
Kl 4 4 4 Ff Keggin BIZ MR XW,,05,(X=P°", Si*", B™, Zn™" ) AW (2. 5 wg/mL) FEEHM-A] TLIRZ IO
i AL, PW,,, SiW,,, BW ,7E 195 F1260 nm Bl BT 2 A7 A g | I8 T Keggin B Z R
0,—~W F1 0, —W B (L) 248 (M) 19 # A7 TR BRIE (LMCT) ' W AE ZoW ,, 1925 14 v 7] B 47 16
ZnO, VYRR WO, /AR, [ HIFER Zn0 1 WO, 2 Fpl SAREEIEE, 7EAMX B 1 45 i,
24 XW,0L BB ZEFEE
T S EIMRZEERT S AN F HO 24 R T 1) Keggin B Z2 IR 1 HL AL 2% S AR IR TS P E A TF 9. 8% 100 mg
L XW 0% (X=P> Si*, B*, Zn™) % T 10 mL

pH=1 1% 0.5 mol/L H,S0,/Na,S0, ZEMaw T, 1 g L— d
N \ ST 3 ps e e 1 111 W
FHHEHEE S 50 mV/s B9 45 0F T I XW o, 73 A 706 T/l v ¢

11

IR, B S AT, 78 PW,, SiW, IOEERR
G B 3 X WO /W AT i A AL A R
AN T 1le( T/17), 1le(TM/707), 2¢(M/M")
AL R AR S A 5 B o0 e R A i R

I, ZRIIE T 0 50B A EOR N, 5 T A T T o .
TERETIRRAR, S AL J5i0de 1) S A 3 7 1) A% 2l . [ ENV(vs. Ag/AgCl)

st , Bifi 5 22 1% BH 125 1 FL far 59 18 i , EAIL Fig.5 Cyclic voltammetry of Keggin type
AT R , X F T3k 22 1) R far 23 2 TR BH 5 polyoxometalates
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TSR] 3 PR A
2.5 XW,05 3t A ERR S e fgiE

DLR ISR BRI 0 2P A AR, BT AR O 2R T 1) Keggin B 2R
XW 0% (X=P, Si, B, Zn) W GMEACREARE M. FORET B T H B 2 R e fR 6w, & 10
min P EFBRAGWOCIE (A) , HRICHELFERR R (n) [0 = (1-4/4,) x100%, FH, A Dy ¢ I 20 B0
FE, A HWITRBT 2RO RE | B0+ | AR & | IRY o0 AR R 1 pH (H 55
Xof M A B2 i PR A 338 1 ) 5 i
2.5.1  HG R F A Keggin A % B XW , 00 A48 (4 &M MO E M8y & ZEH AT 10 mg/L,
WAL 0. 10 mg/mL 4504 F, X 4 B & AS[F] AL 24 51 Keggin B 212 XW,, 04, (X =P, Si*",
B, Zn™) SHEAL B AR F SRS 05 PR EA T EL . NIEL 6 T, Bt G REAS (R A B4, Y AR () ' e i %
Wi, HoP ZoW UL VERRLE , SR TAE ZoW L FOS5 K P IRIBAEZE LA Z00 R WO, 2 SRS
1) ZnO, PUTERF WO /\TE R, & MU AR AL 2800 R DBmeE v 78 PW,, SiW,,, BW,,
B ORI A I BRAS, Z2RR15 f T RE s, X B SRR ) o' i Ak S Ak R i BB T B AIK.
I, FORTR O A JEF 1Y Keggin B 22 (10 7 DA Ak B¢ A T LR 09 35 PR BT 24 Zn W, >PW,, >SiW |, >
BW,,, 7EJGHE 60 min B PW,, ZnW Xt F A8 (1 B AR 50531 A 98. 75% F11 99. 12%.

Phin(e/cy) XERBTE (o) VEE, B In(c/c,) 5B B IE H, FRHIX Keggin B £ R
XW 00, (X=P™, Si* | B™, Zn*") JCME AL A B B Sy — U, S 12 TR AT RN N In( e, /cy) = kit
(G, kRN B ¢, R ¢ 20 SRR MR o AR IR B 2 H B VR ) . PW,, SIW,,
BW,,, ZnW , JEAE AL AR H JERE 3l 7 25 BRI 2 A0 ¢ R 5003 31 0 0. 9937, 0.9842, 0.9916, 0. 9840,
FN R ZEHE 514 0. 0683, 0.0668, 0.0017, 0. 1108 min™' [ WK 6(B) ].
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Fig.6 Degradation rate of methyl orange( A) and degradation ratio vs. irradiation time(B) using

XW,,0% (X=Zn*, B*, Si*  P*) as photocatalysts
2.5.2 AR G E EAEEAE NP AR B 530 0. 025, 0.05, 0.10, 0. 15, 0.20 g/L,
JKP - BB 10 mg/L 2500 T, BEOCHALTE MR A B9 Z R EAL ] ZoW |, X HT LR 10 R fir Rk
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Fig.7 Degradation rate of methyl orange with different Fig.8 Degradation rate of methyl orange with different

ZnW , catalyst concentrations concentrations using ZnW,, as photocatalyst
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AR B R, AP0 55 I 43 B4R S, Xk FEY A 1 Y AR i T 3 o p e

253 R ATIREAMBEHERE D FHWEN0.20 o/L ) ZnW ,7E R4, 20 X E N 10,
15, 20, 25, 30 mg/L [ S BGIEAT G AL A, i1 8 vl UL, BG4 0 T FF A8 Uk 32 1 34 i
FH LA T R A R R AR 1R P TR PP A I B A 3 n, X S8 At W e ik, 0 AMG Y i R
FAR, BRI ZoW , R RESE 2B /MU = B P 5728 0T

254 pHEXFEBBEHEEH DY BEZMRMAELT ZaW, W EH 0.20 o/L, HFERHKE N
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TERE A SRS G . I 9 T L, Bl TR R pH (EAIFEAR, ZoW ,XF MO [ R Af R R W 1 . 3 2 [
Hy . BWEERZR pH ERIRRAC, B IR 95T iy (E L far, B4k %) F A8 BB 05 A b W i 7E 2 R BH
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Fig.9 Degradation rate of methyl orange in

0.5 mol/’L H,SO,/Na,SO, buffer

solution with different pH value

methyl orange by ZnW,,
a. No. 1; b. No. 2; ¢. No. 3.

Fig.10 Repeatability of photocatalytic degradation of
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Photocatalytic Activity of Keggin Type Polyoxometalates XW,, 0’
(X=P*, Si*", B*, Zn*") Toward Degradation of Methyl Orange’

WANG Bin"**, WU Yingga', LIU Zhelin®, WANG Xiaohong', AN Zhihua'”,
ZENG Jun', YANG Peng', LIU Zongrui'*

(1. College of Chemistry and Chemical Engineering, Inner Mongolia University for the Nationalities, Tongliao 028043, China;
2. School of Chemistry & Environment Engineering, Changchun University of Science and Technology,
Changchun 130022, China;
3. Departmennt of Chemistry, New York University, New York NY 10003, USA;
4. Inner Mongolia Key Lab of Carbon Nanomaterials, Tongliao 028000, China)

Abstract A series of Keggin type polyoxometalates with different central heteroatoms was prepared by the
conventional aqueous synthesis method and characterized by powder X-Ray diffraction( PXRD) , infrared spec-
troscopy (FTTR) and Raman spectroscopy ( Raman ). The optical and electrical activities of the polyoxometa-
lates were studied by UV-Vis spectroscopy and cyclic voltammetry (CV). The influenece of central heteroa-
toms, catalyst dosage, substrate concentration and pH values on photocatalytic activity of the polyoxometalates
toward methyl orange were investigated. The photodegradation activity of different Keggin type polyoxometalates
toward methyl orange is in the order of ZnW ,>PW ,>SiW ,>BW ,.

Keywords Polyoxometalate ; Photocatalytic activity; Dagradation; Organic dye
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