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Progress in Polyoxometalates—Catalyzed Water Oxidation
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Abstract H, is considered to be a clean, efficiently and renewable energy because H,O is the only product when H, com-
bines with O,. The splitting of water into H, and O, by sunlight is viewed as one of the most promising ways to produce clean
and sustainable energy that is expected to meet the future need as environmentally friendly and renewable energy sources.
Artificial photosynthesis water splitting is currently the most ideal energy conversion mode, and it has attracted many re-
searchers’ interest. Through this way, H, can be separated from reaction system or in-situ used when a solar cell designed
together. Water oxidation is identified as the bottleneck of water splitting because it requires a multi-electron stepwise build-
ing up of very high redox potentials. So, development of efficient and stable water oxidation catalysts (WOCs) is the key step
in overall water splitting. Polyoxometalates (POMs) are a versatile family of early transition-metal oxide nanoclusters. Owing
to the unmatched physical and chemical properties of POMs, they have been widely applied in catalysis, medicine,
nanotechnology and materials science. Development of POMs as WOCs has given rise to more and more interesting of re-
searchers because the all-inorganic ligands of POMs can resist the strong oxidizing environment of water oxidation reaction,
which is a shortcoming of many organometallic complex WOCs. POMs have the nature between metal oxides and molecular
catalysts (the so-called molecular metal oxide), thus, this kind of WOC combines the stability benefit of heterogeneous
WOCs and other molecular benefits of homogeneous WOCs, which give rise to the attention of researchers. Based on a con-
siderable number of POMs have been designed as WOCs so far, it is necessary to carry on a review for previous POM-WOCs
work. In this review, various different type transition metal substituted POMs as WOCs were described and commented in
detail.
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Figure 1 Structures of polyoxometalates
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Figure 2 The process of POMs catalyzed light-driven water oxidation
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Figure 3 Polyhedral ~ and  ball-and-stick  model  of
[Ru™,Zn,(H,0),(ZnWs0s4),]"* . Red ball: O; green ball: Ru; yellow ball:
Zn; gray octahedra: WOg; yellow tetrahedra: ZnO4
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Figure 4 Polyhedral and ball-and-stick model of [Ru'Y,04(OH),-
(H20)4(y-SiW10036)z]m*. Green ball: Ru; red ball: O; gray octahedra:
WOg; pink tetrahedra: SiO,
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Figure 5 The stepwise transformation of Ruy-(SiW), catalyzed water
oxdation. Adapted with permission from ref. 41. Copyright (2009)
American Chemical Society
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Figure 6 Polyhedral and ball-and-stick model of [Ru'Y,05(OH)(H,0),-
(y-PWmOm)z]Q*. Red ball: O; green ball: Ru; gray octahedra: WOg; pink
tetrahedra: PO,
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Figure 7  Ball-and-stick model of [Ru"(H,0)SiW,05%]°  and
[Ru™(H,0)GeW,,03]° . Red ball: O; pink ball: W; green ball: Ru; white
ball: Si; blue ball: Ge. Adapted with permission from ref. 48. Copyright
(2011) American Chemical Society
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Figure 8 The mechanism of Ru-SiW,; and Ru-GeW, catalyzed water
oxidation. Adapted with permission from ref. 48. Copyright (2011)
American Chemical Society
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Figure 9 Polyhedral and ball-and-stick model of [{Ru;03;(H,O)Cl,}-
(SiWo034)]"". Red ball: O; pink ball: Ru; gray octahedra: WOg; orange
tetrahedra: SiO4
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Jirs st BBk CLRT BARER: I A6 \HIA: WOg; #3(5 DUTH
’fZIS: PO4

Figure 10 Polyhedral and ball-and-stick model of [(TrCl,)KP,W507,]" .
Red ball: O; green ball: CI; yellow ball: Ir; gray octahedra: WOg; pink
tetrahedra: PO,

B2 B T iz A Y AE 2l K 78 & 40 1Rk
[KP,W07,]" ™ #l [IrCly(H,0),] ~, JF H. [(IrCL)KP,Way-
0,]" 1 IrCl3([(IrCl4)KP2W20072]147E@é}ﬁﬁfr%ﬁﬁ—ﬁl
T 30 A AR ) 18 AL K S AR G PE 7 AN BE HE BR
[(IrCLy)KP, WO ] 75 N 41 1] fi 23 ASRRUE, BT LA
1’@ ’ﬂ‘] J% 253 7/)\ y‘J [(II"C14)KP2W20072]14 o ﬁg /i? 75: LJ
[Ru(bpy)s]* " A FII 41 HEAL K AL .

33 B EESBREKENELFT

T Ru Fl Ir 2 5t 4 Jm, X B LI
B, TEVe A MIERRAIF ST 2 S B FHE-SL jr L 53k
BB St 4 Jm I K S AR AR R R A B Hill
SEB3E 2010 4ERIE T BT AN &R AR iE
KA A i L ) ——Najo[Cos(H,0)5(a-PWoOs,),]
[Cos-(PWo),, B 11]. Ath AT 7E W 2 #h 22 vh 4k & v LA
[Ru(bpy)s]” A A ST T HAE AL K AT B (135
PE, HAEHEA S (TOF maa)iS B T 5 s~ L %AE7E BT
BB R KA R R s ). O AT
7 BEE UE A S A RN AR R RERREN. A,
MATT SR ZA A TG BR S (R K SR Ak s N, 7R
FRER PR R, FEALBU(TON) By vl ik 224, &1~
HHy 30%05%. I AL ERAHF & AE R, Cosm(PWo), 5
Ruy-(SiW ), 1 5 s IR

Bt )5, Finke A StrackeP™5i%4k & W4E AL 24 41
N AR AL RN AT R IAE A R R %Ak
HWIATE, E R SR 1R ) ——Co0,, JF
HLAIE B T AR A% A T R A 0 i A 4 IE 2 AR S A 1)

138  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B 11 [Coy(Hy0)x(0-PWeOs34),]" I 2 THI A FNERAR S5 ML, 41 ¢ 5]
Bk O T SEIEEK: Co Jit T KA )\THIfA: WOe; B4 PYHIA: PO,

Figure 11 Polyhedral and ball-and-stick model of [Cos(H,O),(a-
PW,03,),]'"". Red ball: O; purple ball: Co; gray octahedra: WOs; yellow
tetrahedra: PO,

Co0,, MAFIMH Cos-(PWo),. I, H WG EIA
ZAC A PRI AEAE Ak 25 K AR A B A iR il
BIMI CoO,, 7 H 2L CoO, ik /K S Ak S v 1y IF
Cos-(PWo), AL, LN T A Ak 22 K AL R A K A
AL 2 K A A 2 TR TR DX ) A S A . AE Ak 250K
AT, 24 m 5 R R T B8 2 4 BH AR Al BT 2 At i
LB B 75 2 AP JF H, Bonchio 25074l T
s NG RREARTE A G AL & R Cos-(PWo),
A fEHR CoO,. (HIFII MAF B A YA nl fe
AFEM, B RED IR T K A

FERNYSRTISE I F N FINE LIt
WO 2 5. e RNV A& MR 4 — 34— RUE,
AR A M B ) 8. T2, Finke 55 M AE— MK
7R B (2.5 pmol/L) A g (13 A7 (=13 'V ovs
Ag/AgCYZATEFWIGL T Cos-(PWo), I HLMEAL K4 AL
PR AR IAE LS AE T Cosm(PWo), I & 2553 4
B Co”7(0.17 pumol/L), {ELIIS: I JE 1 A2 % 1 L
HEBFEMRES CoO,. IFH, AT, A1k
HEHLAR SN = A AR R R R T EEIAE Y CoO, (1)
HEAAE A SE S FI IR Cog-(PWo), ALK S8 S2 . 33X M
—EFERE UL TN A 4 X A A R AL K SRR
I3 AR R TR 5 .

AR, Hill S5 A — AN BRI AR E T (2
umol/L), X iZHEAL M GAEAL « 5 S N A H A Ak = T
FOFEAN BT TWFE AR TR, AT b
WP S e FRRE I MR [ £ 0.07 pumol/L 1) Co™ "
2 umol/L [¥] Cou-(PWo), BT AEZAhATT [FI B SLAF B
T, H Coy-(PWo), SR Co™' L K I 2E B )
CoO, H A 2 = T AL 7 (dominant catalyst) FIRUR. L
HEAAE B3R JE Cog-(PWo)y, ML —AEIE )
BIARA P, LA LA TAESZBR Bogds T %45
FEA TR 460 R R vE o, W) INE o 4 TS B 78 23 HL T 9%
POM-WOC #2475 %
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Hill A}y Cos-PWo 1] Si HCh S AT RE S A — N
FLEPE WOC. A4 B LA B 438 (1 T VA R B
e H AR A, AT FOH i POM——
K0.,Nag 5[ {Co4(n-OH)(H,0)3 } (Sia W 19070)]*3 1H,O(Coy-
Si,W o, WA 12 FT7). O F Col FIt W8 M A2 (1) £
FESETEF I, BT LA B (0 9 3 1 45 W A AE P b ]

yy

putiing
o

E 12 [{C04(H'OH)(HZO)3}(Si2W19070)]“_H,{Jgﬁ'ﬁ:ﬂ]}**ﬁ%%*@*ﬁﬂ.
BB O JiT; WBIER: Co Jil1; K /\THAk: WO, FEaPUTH
1A: Si0,

Figure 12 Polyhedral and ball-and-stick model of [{Co4(u-OH)(H,O)3}-
(SiszOm)]l'*. Red ball: O; blue ball: Co; gray octahedra: WOs; orange
tetrahedra: SiO,

TACAERR . B T, ZEYH) UV-vis
HR 3B )T A, Horh DA pH=9.0 IRIBIER £h 22 b iss
W R L, AT E I S 2 R MBRIL T 1 JE Y pH
=4.8 MESIRERZE Il H 13 2] T 57 —Fh POM A&
—KoNa[ {Co(H,0)} (u-H>0),K{Co(H,0)4} (SiW15045)]
25H,0 (CoK-Si;Wg). kL7 KK NAF R TG T
B 57 [SiCo(H,0)W1,050]° 1) POM. £ 50#, Al
INA Coy-SiyW o 234 JRUNT #4582 ZK AR S b :

[{Co4 (L-OH)(H,0)5} (Si; WigO0)]"' ~+K +9H,0+H"
— [{Co(H,0)} (1-H,0),K{Co(H,0)4 } (Si, WisOe6)]'"
+2[Co(H,0) '+ W03~

[{Co(H,0)} (u-H,0),K{Co(H,0)4 }(Si» WisOg6)]'"~+
4WO3 +8H" — 2[SiCo(H,0)W;,050)]° +K+10H,0

BARZNED AR E, B @™ —
Co,K-SibW,s 1 3% T AL A Cos-SibWyo 1 13, H
[SiCo(H,0)W,030]® EHEALIT . 83t AR JL st iiE i o)
NN Coy-SiaWg A . B[] 91 Bl Y (R 4 A6 1 (1)
Cou-SiyW o HEAL KSR S N B i = IR IR 25 (2)
Co4-Siy W o FOTE PERE IS 1] BRAR AR D2 (3) Co4-SiaW o 7E
SN T 9 ] A AR 1.

Sakai 25U 2012 4ERIE T Rl LUEH S A1 4L
B I 2 4 8 SR £h——(NH,4)3[CoMogO,4Hg] (Ander-
son T, & 13)F1(NH,)s[Co,Mo;0033H4] (Evans-Showell
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BB I3)RE R IR KA Y. Ik, SN2 4
J SRR R K B AR KR R R e 2 AR B At AT
T AH DGR P HERR T 2 48 R 3h7E R N4 A T 40 i
h CoO, IR W] .

B 13 [CoMogOaHe]* H[C0o,Mo0100s5H]® ™ [ 2 THI AR FIER K 45 H A 8L
ZLEAER: O JRF; W AAER: Co JRF; 460 \MI{E: MoOs

Figure 13  Polyhedral and ball-and-stick model of [CoMo0,4He]*~ and
[C02M01003XH4]67. Red ball: O; blue ball: Co; green octahedra: MoOg

Car 1 Patzke Z5CHRIE T Cou-(PWo), HIZEIUML A
) ——0-K;Na;[Cos(H,0)5(SiWeO0s4)2] [Cos~(SiWy),,
14 AL R DG 3R B K S Ak I . 1% AR R 2 T Tk 1)
0-KNa[ {Ru303(H,0)CL } (SiWoO34) & il — TAF. [ FF,
Coy-(SiWo), [ EL i H AR BAF B, BT Lz &P Zi k)
AT I PR SR AT E . A ST T A R
BRGRIRH 25 1 A2 AN ). PRIRIEDUS, 1% Co-POM/PS 1))
REDRFF MR AR 1) Cos-(STW o)y AH 24 (R 1.

B 14 [Coy(H,0),(SiW0s4)]"" HIERKREEMIBIAL. 2T (B[ BR: O JRT
WEBER: Co T At )\THME: WO $ Y 4: SiO,

Figure 14  Polyhedral and Ball-and-stick model of [Co4(H,0),-
(SiWy034),]"*". Red ball: O; blue ball: Co; gray octahedra: WOs; yellow
tetrahedra: SiO4

LT YK 2 1 T E 4 LU sandwich-type 1)
POM-NayH;[Co,Bi (a-B-CoWg034),]*54H,0 (Co,Bi,-0-B-
CoW,) Fll Nay,[Co,Bis(B-B-CoW,034),]*48H,0 (Co,Bi,-B-
B-CoWo) ALK 15 BroR), AL T RIKEh KA
V. Co,Biy-0-B-CoWy S 71 Co,Bi,y-B-B-CoWy 15 ik
Ji ik o BN 4 moAR 4 1k i A3 B 0 . Pyri-
dine-2,6-dicarboxylate [¥] I A X} Co,Bis-a-B-CoW, [ 2]
B IFE I Co,Biy-0-B-CoWy Fl Co,Bir-B-B-CoW, Yttt
P/ TON 435000k 9.5 1 30.
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Bl 15 [Co,BirB-B-CoWOss)o]"* (4)FI[CorBix(a-B-CoWoOsa)o]' (47)
(2 AR ERME SE MBS 2 Ek: O JR T P ER: Bi; ¥R
B: Co; Kt )\ A: WO, Wit \IfifA: CoO,

Figure 15 Polyhedral and ball-and-stick model of [Co,Bi,(B-B-
CoWyO34)]" ™ (left) F1 [Co,Bix(a-B-CoWyO34),]™* ~ (right). Red ball: O;
yellow ball: Bi; blue ball: Co; gray octahedra: WOg; blue tetrahedra:
COO4

BT, Mascaros 25 CHRIE T —Fh H AT b ik S A5 R T
%« At o AW 2 48 AR H /K A i1k 77
—NagKs[Coo(OH)3(H20)6(HPO4)2(PWo034)3] [Coo-
(PWo)s, B 16]. &5k, A/t T HLT
Coo-(PWo); [MHEALAT 4. HLAA SN AE LL FTO HIAR ALK
B AR A BIAE g BEARCRI AR B i L 600 mV o [ryish L3,
HAE pH=7 (IR TR M (LA 1 mol/L, NaNO; /£ 4
RO EAT. SRR I AT, o
AR MAEFH =N 1 mmol/L [f] Cog-(PWo)s
ARG, LRI E] T 3 mmol/L. {H R4 HH
R R AT, TEBAR R 47 &5 - — =0 Finke Bt
AR CoO, BiAERL. I H., AP E Il i 1%
ST B T B B P 5 1 rRA T

Bl 16 [Cos(OH);(H20)s(HPO4):(PWoOs4)31"™ 1 25 T 44 Rl R AR &5 # A5
A AEER: O JRT; Ry tEk: Co; BEEEK: PIRT; A \THA:
WOs; B JU[Hi{A: PO,

Figure 16 Polyhedral and ball-and-stick model of [Coy(OH);(H,O)s-
(HPO4)2(PW9034)3]]67. Red ball: O; pink ball: Co; black ball: P; white
octahedra: WOg; black tetrahedra: PO4. Adapted with permission from
ref. 63. Copyright (2012) American Chemical Society
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TR RN IS R R AN Coo-(PWo)s], AR I HLIR
FHT— A R LT — 3 (H2, M OE T — &
FISEHAEW] T Cog-(PWo)s AL 1 1] LAAE 4 B IE (1 ¥ 4H
WOC. 2,2'-BRIEEE(2,2'-bpy) 7E HLMF SN 2 TR I S,
KR, ©r LRGSR [ Co™ 4, MIfFHLIE CoO,
e B R AR R IF L, A2 [Co(bpy)s ] & AL
KA VRN, AR5 AT WAl S N, R A & L gt AT
RETHE, AH/NTRIN 2,2-bpy (IO (T HLALAE. 495 %
N ZE RS, B AR E BT T AR AN T Cog-(PWo)s I IV
VU, WITEHI . 3 H FTO Hibki®) SEM I Bon
HRW A & XwiE W] 74 LR &ET,
Coo-(PWo)s fiffi S AT LUIAE Ky HAE Y WOC.

[, AT 138K % POM T AL LA NaClO A%t
FUTAIIE SV, T8 3k — 28 41 1 %o o S 6 2 I AU R £ A
FIRTELB, Fe N AT pH R #2350 5 N I TON,
TOF i FIZE =3, 24 Coo-(PWo)s 1 NaClO #7351
1072 F1 3.3 X 10 mmol/L I, TON 1 TOF ;i 7135 410
351 h7"; 2 Coo-(PWo)s 1 NaClO ¥ FE 4514 1 A1 107
mmol/L, FLMNIEE A 35 CH, &5 R al ik i =
50%. AATIFEIFES AT Coo-(PWo)s 7EIE SN 4641 IR
SEPE: ()R NI UV-vis 76 5N RIS 6 2251k (2)
SN 45 R B TC AN K ISR HH (3) M 45 B 1)
U TR A AL A I FT-IR A1 XRD iF B 3L 454
Coo-(PWo); HHI; ()N bpy TS MNEHGE, AR
N 25 FITG bpy MR 25 AR TH]. LA Cog-(PWo)s
HAE BILERS SV 4 R AR Co® L IE i CoO, i
.

BRI T TR IE T — M A M S E T %
] Keggin M £ 4 J& & MR # —K,[Co"'Co"(H,0)-
W1,03] (Co™-Co"W,, 17) A 1R 0 B Bl /K A8 A Je
NS R AN SR Keggin 7922 4 @ 400 £ i
FH T A KA OV, [ AR 3 0K S TR A i 4k o
FEINZ &8 AR E I KA AL,

BARZALEWT 1956 4Emk O A R0 %1
AR GE R — B AR IR IE, LI N B RN 4,
BT CAFRAT T IL G Al T VER IR AE. B 5, FRATD6 oAk
T Xeray B ATHRIAR, IR AR ) T AR
XA A S DI A e e AR I A AR T T
BHZA AT i S Keggin 4544, [FI,
Keggin Z5H4 00 Co R ik S AR AT 15 1E W A7 AE.
Bl T AR T &R, T8 T L7 b &1
Keggin &4 POM, H AN = A& 8 I 72 P,
R+ Keggin 45 F AR K Co R 1 IC ikl ik i A4 AT 40
B, ICP TR HT 45 AT K, Co, W LLiZAL SR FE 184k,
22 ——K;[CoCo(H,0)W 030+ 15H,0 M iH 5L Lk
filH43 8. FTLL, AT Keggin Z5HISMNEIK Co J5 14
WEAELE. A5, Hl Co IIMMESE BVS tHE N +3 4.
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B 17 [Co™Co"(H,0)W 1 03] [N HIARLE HIAFEAL. 21 (] BR: O Ji 15
WA \TH A Co"Og; A4 \THIMA: WOg; W (4 UTH {4 Co™0,
Figure 17 Polyhedral model of [Co™Co"(H,0)W,,03]” . Red ball: O;
blue octahedra: Co"Qg; gray octahedra: WOg; blue tetrahedra:Co™0,.1"!
Reproduced by permission of The Royal Society of Chemistry

P B BH 257 f s s R A AR L Co oA +2 f. Hidiid
XPS AIUEIAHSZAT +2 Mt Co £E4E. FTLL, AL &k
E Bk 2 H bR L & ) ——K,[Co™ Co" (H,0)W 03]
15H,0. fEMF RN AT, Co™-Co'"Wy, s T Rk
YIS K EAALIEPE, T 2Bl Ks[COHW12039]$D
Ks[Co™W,050] ] %% A AT ] fif 4b 3% ¥E . X T K-
[Co"W ,030]Fl Ks[Co™W1,030], Co Ji AL T Keggin
gERIL, SMEIM 12 NMERIR T4 W, B A
() Co MUEAMEALIETE, KB T Co™-Co"W,, (41
Co JF T AT e S NA 4. Co™-Co"W, FlT K¢[SiCo"W,,050],
Ks[PC0"W1,030], K¢[GeCo"W ;0301 #4354 — >4

R 1 L4 AR H KSR B RS
Table 1 The summary of catalytic effects of POM-WOCs

Co Ji ¥, HECHHEMNRMFORE T, X—AFiE
J8 T Ke[SiCo'"W,10s9], Ks[PCo"W 03], Kg[GeCo"W1,05]
HATRZE B A AL TG YE. XU T AR a5
e 6 R AL A P A S P, Horp oo +3 i Co X
Co"-Co"W, AL IEEGHES 1. Ks[Co'"Co'(H,0)-
W 11050] 11 K7[Co™Co" (H,0)W ,050] I 45 K6 A AL, 1
F i KA E 2 A FH A0 Co MITEARR. Bl
HEMPL AL IEYE, {3 Kg[Co"Co™(H,0)W 03071 5%
MW PARRE, RIS AEDE. T Co™-Co"W, 1
S R AR IS TR AN S AP = A, XU T
Ly 3 i Co X 4 Co"'-Co''W, R PR B T HE 24E
H.

—RIISEAUEI T Co™-Co"W; F /b AE S N I [
B 9 PR TGS RS2 . (1) RV S IV DLS Ky,
TeG K ORI s Q) REAEIR R 2 AR F B Co™ i
AL, IXABEE T R Co® M Co™-Co'"W,, Hiif
e BRI TETER A, Co™-Co"Wy, i) UV-vis A&k
W 23R (@)l EAL ) FT-IR A1 Co™-Co"W, 1)L
P8, HHAERTEER S co™-Co'"w,, ML (5)HEot
RGN W, 221 h (4L, Co™-Co'"W, it J5i I
P [Ru(bpy)s]™ IBE I LT R R A EAE; (6) AL
Mtk 24 h JE R0 AR B AR LE R R LS
P R MAGTUIREE . PP S, pH . ST
WRIE L BRI B AR ARV B2 E PN 1) s N 4% A1 0 1
JRUAE T X6 b . M m R A B 3R Bl 7K
AL RONTE T, ILER 1.

POM-WOCs Reaction conditions

TON TOF Ref.

RsKo[Ru";04(OH),(H,0)4(y-SiW 00
sl O OHL(HO)(y 100:0):] phosphate buffer (pH 7.2)

[Ru(bpy);](Cl04); as the oxidant, 20 mmol/L sodium

18 045~0.60s ' [39]

Xe lamp, 420~520 nm, 5.0 mmol/L catalyst, 1.0 mmol/L

RsKo[Ru™;04(OH)2(Hy0)a(y-SiW10036)2]
phosphate buffer (pH 7.2)

Li; ()[RLIWA(M-O4)(H-OH)2(H20)4("{' Siw, 0036)2]

[Ru(bpy)s]*", 5.0 mmol/L Na,S,0¢, 20 mmol/L sodium 180

0.08s " [43]

488 O umol/L  0.125s ' (0.43

0.172 mmol/L (NH,),[Ce"(NOs)g], in H,O (pH 0.6) [40]

CAT) mmol/L CAT)

Xe lamp (420~520 nm), 5.1 pmol/L catalyst, 1.0 mmol/L

Cso[Ru"4,05(OH)(H,0)4(y-PW0036)5]
buffer (pH 5.8)

[Ru(bpy);]CL,, 5 mmol/L Na,S,0s, 20 mmol/L Na,SiFs 120

0.13s ! [49]

LED lamp (470 nm), 50 umol/L catalyst, I mmol/L

(x-KéNa[ {RU303(H20)C12 } (SIW9034)]
buffer (pH 5.8)

1.5 mmol/L [Ru(bpy);](ClO,); as oxidant, 30 mmol/L NaPi

Nayo[Cos(H20)2(a-PW9O34),] buffer (pH 8.0)
u .

[Ru(bpy);]Cl,, 5 mmol/L Na,S,0s, 20 mmol/L Na,SiF 23

0.7s" [50]

Xe lamp (420~470 nm), 5 umol/L catalyst, 1.0 mmol/L

Na,o[Cos(H20)2(a-PW9O34),]
borate buffer (pH 8.0)

[Ru(bpy);]Cl,, 5.0 mmol/L Na,S,05, 80 mmol/L sodium 224 [55]

Xe lamp (420~520 nm), 10 pmmol/L catalyst, 1.0 mmol/L

Ki02Nag [ {Cos(u-OH)(H20)3} (Siz W19010)]
borate buffer (pH 9.0)

[Ru(bpy);]Cl,, 5 mmol/L Na,S,0s, 25 mmol/L sodium 80

0.1s " [60]
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POM-WOCs Reaction conditions TON TOF Ref.
300 W Xe lamp (400~490/800 nm), 20 pmol/L catalyst, 0.4 .
107 (3.6 ymol/L  0.11's (20 pmol/L
(NH4);[CoMos04Hg] mmol/L [Ru(bpy);](NO3),, 3 mmol/L Na,S,0s, 0.1 mmol/L [61]

borate buffer solution (pH 8.0)

300 W Xe lamp (400~490/800 nm), 10 pmol/L catalyst, 0.4
mmol/L [Ru(bpy);](NOs),, 3 mmol/L Na,S,0sg, 0.1 mmol/L
borate buffer solution (pH 8.0)

LED lamp (470 nm), 42 pmol/L catalyst, 1 mmol/L
[Ru(bpy);]Cl,, 5 mmol/L Na,S,0s, 20 mmol/L Na,SiF [50]

(NH4)s[CoaMo019035H,]

(I-Kl 1Na1 [CO4(H20)2(SiW9034)z]
buffer (pH 5.8)

NaClO as oxidant (330 mmol/L), 10 % mmol/L catalyst, 0.9

NagKs[Cog(OH)3(H20)s(HPO4)2(PWs034)s]

CAT) CAT)

154 (1.9 umol/L ~ 0.16s™' (10 pmol/L[ .
CAT) CAT)

24 (20 pmol/L 0.4s ' (42 umol/L

CAT) CAT)

410 351h°" [63]

mmol/L sodium phosphate buffer (pH 8.0)

LED lamp, =420 nm, 1.0 mmol/L [Ru(bpy);]Cl,, 5 mmol/L 360 (1 wmol/L

0.5s ' (5 pmol/L

K;[Co"'Co" (H,0)W1,03] ) [65]

Na,S,0s5, 80 mmol/L sodium borate buffer (pH 8.0) CAT) CAT)
. . LED lamp, 455 nm, 1.0 mmol/L [Ru(bpy);]Cl,, 5 mmol/L

K oH[Nis(OH)s(OH.)3(Si2W15066)] . 60 (2 pmol/L CAT) [67]
Na,S,0s, 80 mmol/L sodium borate buffer (pH 8.0)
Xe lamp (>400 nm), 10 pmol/L catalyst, 1.0 mmol/L

NayHs[Co,Biy(a-B-CoWO34),] [Ru(bpy);]Cl,, 5 mmol/L Na,S,0s, 50 mmol/L sodium 9.5 [62]
phosphate buffer (pH 7.4)
Xe lamp (>400 nm), 10 pmol/L catalyst, 1.0 mmol/L

Na;4[Co,Bix(B-B-CoW4034),] [Ru(bpy);]Cl,, 5 mmol/L Na,S,0g, 50 mmol/L sodium 30 [62]

phosphate buffer (pH 7.4)

34 ERMZEESERMRKELELT

4k Co % 48 R sh /K SE AL AL T B R B
Rt b E AR SR I £ AR AR B K A AL
BAFI— Ni 1248 AR SR A LTIy Rk
LT . Hill 975 2012 45 XARE T & Ni N2 &84
1% #h——KoH,[Nis(OH)s(OH,)3(Si2W15066)] (NisSiaWs,
B 1) e IR Bl K K SR N, (R A 7R g A
[Ru(bpy)s]> Ay Ak FIAE S S N 452 R (AL K S AK BB
Wk Nis-Si,Wig 1B & 7 45wl %1 — A K
[Nis(OH)s(OH,)5]* 4 [ 52 A UL 7 A [STW 180666 I H
L. ZEEINiS(OH)o(OH,)s]* #ecHh, 45—/~ Ni Jii
TARLF AR, EAETAT WO, NHARANE. 5
Z R BT iR B 0-KeNa[ {Rus05(H,0)Cl, } (SiWo014)] Fl
0-K;1Na;[Cos(H,0)x(SiWoOs,), 1 2L, % AL & 9 11 [ 25
T REA[Ru(bpy)s]* T AN, 4 BE i [Ru(bpy)s]”
TE AN . o8 A& AE ) | W38 & 78 s e N 4k A
Nis-Si,W g [RIBH B 7 #04 Fl [Ru(bpy)s]" " OGN &5 F,
[Ru(bpy)s]* # AR, B &N 414, [Ru(bpy)s]”
Bl AR SR ) BB AR IR H IR [Rubpy)s]” -
[Nis-Si, W s]ULIE. I H.[Ru(bpy)s]* " -[Nis-Sio W] [ ¥ i
JE 5 [Ru(bpy)s]* -[Nis-Si, W] A, JITLA, Nis-Si,W g 5%
B b DU 6 (1 9 K0k A A K S Y, Tl
Bk 1

e, AATIEN T A EY 2 MAE DR, %
AR R A0 BT 8 S PR T ORI, B A X
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M7 T3] T ZAE R AR R AR, JF I
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Figure 18 Polyhedral and ball-and-stick model of [Nis(OH)s(OH,)s-
(Si;W15066)]"% . Red ball: O; green ball: Ni; gray octahedra: WOg; yellow
tetrahedra: SiO4
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