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Figure 1 (a) Quantitative statistics of POMs and catalytic literature in the world; (b) the top 10 countries in the total number of POMs and catalytic
literature, the embedded illustration is the proportion of POMs catalytic papers in the total papers of POMs; (c) quantitative statistics of POMs and
catalytic literature of China in the past decade; (d) the top 10 countries in the total number of POMs literature (color online).
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Table 1 The modularity, type and function of PONbs/POTas, POTs, POMos, POVs, POPds, POMs and OF-POMs
A=) e TR o AESEit] PERE Sk
1 K 5[ Ti,0,][SiNb;;,04] Keggin [9]
K,Na,[H,3NaOgCuyy(Nb;Op)s]; Naj,KsHs{As,Cuy[Cu-
(H,0)]12Nbyg0) 0}
2 Nay;Kg[Co,4(OH),6(H,0)sNb3cO16]; Cs, sNa, {ASszfr [10]
(02)4014H, 5}5 Cs4Hy[P,Se;Nbg(0,)60,,]; K 4Nag[HyNi -
(H;0)5Nb3,01,]; K3NayHo(H,en),[FesNb,sOre)
HyNagK;,Csy[HyNbs,0150]; Naj7K ,H o[LizKCNbg; 055515
3 NaygK ¢H o[ LigCNb; 14,0516] Nbs, Nogi, Nog 1]
4 H;LiyyNasKg7[NbaggOr65(OH)45(CO3),0] [12]
[Cu(en),]4{[NbsOoH,]JK(H,O)s} ,(Haen); [Nag(H,0),3)][Li-
(H,0)(H;0)][(Tas045)]; L
5 . Lindqvist 13
[Nag(H,0),, [Li(H,0),JH(Nb(Oy5)); [Cu(en)[TagO a [
{[Co(2,2"-bipy),]3[Nb, (O]},
6 H5[(CH;)NT5[PNb 5,040V 0),(V'401)1] Capped Keggin  EARIL 5] [14]
[CIIJS(CzNsz?ﬁ]4[Cu”(C2N2H8)ﬁ$HzO)z]z[P Nb12040VVV'
7 0,]; [Co™ (CoNyHg)3]o[Co™ (CN,Hy)o(H,0)0]0.5- Capped Keggin R A Y [15]
[Hy sPNb1,040 V'V 0,]
[Cu(en),]; s[Cu(en),(H,0)[{[VND;,04o(VO),][Cu(en),]}; .
8 [Cu(en), o s[Cu(en)y(H,0) L {TVNb1,04(VO)][Culen)]-  Capped Keggin [16]
[Cu(2,2-bipy),]}
[Cu(en),]5{[Cu(en),][H,V NbsO30]}; [Cu(1,2-dap),]s- _
9 [H,V,Nb O ]: Heterop;);tye(;xometa [17]
[Cu(1,2-dap),][Nay(H,0)o][HViNbsO3]
v 1l IV vV Substituted and
10 PONbs/POTas {1V (H2O0)s}tos{Co (en)r}4{SNbgV "5V ") 5504525} (OH)4 25 capped Keggin Sk R [18]
" [Co(pn);Ji[HPNb,gV"*,040(V"* 0);]: [Co(pn),]s[PNb1;O4-  Substituted and el [19]
(V" 0)l capped Keggin
12 [Co(pn)s]s[PNb;,0,4(V' O)e] Capped Keggin K51 [20]
Ki@{[Cuy9(OH);(H,0),(en)g(trz), ][Nb24Og7(OH),- N
13 (H,0)314}5 Isopolyoxoniobates Y fb =4 21]
[Cu(en),]@{[Cuy(en)y(trz),]6(NbesO155)} 5 {[Cu(phen)]s- cages 2R
[NbgO,6][As,NbsOy,]}
Cs, K 6Nay[Ta;gP 1, Woeo(OH)4(H,0),0540]; Mixed-addendum 3 A b e
14 Tl 22
Cs6KoHo[Yb,Ta 5P 1, Woo(OH)6(H,0)160360] Dawson [22]
CssK4{Cr3[TazP,W504,],(H,0) 10} 5 Mixed-addendum o 34 [ | gt
15 JEHEAL S 23
Csg sKgNayHs 5 {Cry[Ta;P, W 504,]4(H,0)15} Dawson 23]
Derivatives of
16 NagK;[(Tag019)4HsC0504] Lindqvist [24]
Derivatives of N N
17 Cs3[Ln(H,0)s {H,(Ta0,)sA34054} ] Lindavist HECR [25]
KsNay[P,W5056(Ta0,)5]; KgNagH,[PsWqTa ,(H,0)4-
(OH)30536] Mixed-addendum S it o
18 Cs;3K;5 5sHg s[SiWo(Ta0,);057]; Cs9sK4Hs 5[ TayOg- Keggin and Dawson TefEfer [26]
(SiW,yTa;049)4]
Derivatives of
19 Cs3[HoP4Tag(0,)50,5]; (CN3Hg)s[H4P4Tag(0,)024] Lindqvist [27]
20 Cs,,K3H;[MnTa,sSisWs,05.] Mixed-addendum e [28]

Keggin
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[Cus(pz)s(CD(SIW 1,040)]; [Age(qx)s(P2W15062)]; .. N ARTENN
21 [Ce(H,0),(pde) )L [SIW,,041] Keggin; Dawson HI{L%, JGBUKE  [29]
22 {Na(H,0)¢} CCug(pdc)sK ;*78(H,0)(P,W505,), Dawson B R [30]
23 (Hbm);(PW ,0,4); [Cu6(ﬂx)9(PW12040)2]; [Cuy(gx)4(HPCu- Keggin [31]
1139,
24 [Cuy(L1)3(H,0),(HyW1,049)] [32]
POTs v |
[(Mn(H,0))3(SbWoO3;3),]; [W14Ce 6061 J([W3BicCe ;- . : Ny >
25 (H,0).0 . ][B--BiW,Ore])s Trivacant Keggin Y&k, HL [33]
(DMAH);)Nay[H;o(WO,) {Ln(H,0)5(TeW 5045)}];
26 (DMAH),Na;[H ;¢ {Ln(H,0)s(TeW 3044) } 4]- [35]
(DMAH) ,[He{Tb(H,0)5(TeW,0¢1)}.]; (DMAH);Na,-
[H,Tb(H,0)4(TeW ;04)]
27 TBA 4(Me,NH,)sHsAg,[Agy7(Si;W15066)s] [36]
28 [Ag16@(W70,6),@Ag74S,(iPrS)40(nPrCO0) 4] AggW iy [37]
29 M-bridged [NaPsW;,0,,0]"*” (M=Mn, Fe, Co, Ni, Cu, Zn) Preyssler [38]
30 [H,N(CHj3),]¢HsNaK {[NaMngO4(OAc)s][A-0-SiW,05,],}  Trivacant Keggin  SOgkRfiEAs [39]
) . Isopolyoxomolyb-
[Cuy(pz)(M03040)],; (Hepy)s[Ag(B-MogOy)]; [Mo,0,]- B BL Sz
31 ’ date; K ; N 42
S0.75M0yg2504; (Hbipy)s[PMo,040]; (CsN,H7)sH[P,Mo050,3] astf;ndgifm AL B [42]
g
32 {[Ln(H,0)4(pdc)]s} [XM0,,04] Keggin JHUR G [43]
33 POMos (TBA),PMo,0,0Zn,(CO,) Keggin COM L [44]
H{[Na,K Mn,(PO,)(H,0)4]3{[M0sO ,(OH);(HPO,);-
34 (PO4)]4[Mng(H,0),]} (MogP,} AL CO B0 R [45]
H{[NasCoMn;(PO,)(H,0),]3{[M0s015(OH)3(HPO,);- o CH,4
(POY)]4[Co, sMn, 5]}
35 TBA4[(A-0-PMo0yO3),(bpy)s] Trivacant Keggin [46]
H,o(CsH1gN30,), {(M0gO26)M0,24Ce40374(H,0) 60 H -

36 (CeHNO,)e} Molybdenum blue [47]
37 [e-PMoV¢Mo"",05,(0H),Zn,](TPB)s » Keggin xS [48]
[(phen),V¢O,,(CH;0H),]; (Hytren),(Hstren)[V,5GesO4-  Isopolyoxovana-

38 (OH)((CD)]; [Zny(dien), ][ {Zn(dien)},V,,Sb,0,,(H,0)];  dates; Heteropo- & RA [50]

[Zn(dien),],[ {Zn(dien)} ,(V4SbgO4,),(H,0)] lyoxovanadates
39 (H1V5pdn)6{[CIC(HI%/VIVISSi604g)](VV02)2}; Heteropolyoxovana- _— 2]
(Hopdn)(Hpdn),[HgV' " 15S15045][Co(pdn),(H,0)] dates
[Co(pdn),]5[Cox(pdn),][V16Ge;0.44(OH),(H,0)];
40 [Cox(en)s][Co(en), Ta[Co(en),(H,0)][V16GeyOse- He“’“’p(‘l’ge"sx"vana' TRk RE [53]
(OH),(H,0)]
POVs [Coy(mIM)s(H,0),]V,405; [Ni(mIM),(H,0)]V,40,; )
41 [Cd(eIM),(H,0)]V,04[Zn(eIM);],V,0O5; Isopolyoxovana- &G ELL. TRIL [54]
[Zn(ipIM);], V40125 [Co(eIM);],V401,; [Cu(eIM),],V,40,- dates LZE=N
[Mn(mIM),],[H, V(O]
42 {Zn(en)s}3[V/SbsO4(H,0)] Heteropolyoxovana- [55]
43 {Ni(en);} 3[VIV] SSbm(‘OM(HzO)x]; {Ni(cyclen)(en)},- Heteropolyoxovana- 56
[V14SbgO,4,(H,0)] dates [56]
44 [CA(enL[(en),CASiyV O (OH) ()] TEICTOPONOROVEE ez gisggp [ss)
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Nay Ho[Pd;5(Se03)10(13-0)1ol; NagM" {Pd5(SeOs)g(ha-
4 0O)g}] (M=Cu, Zn, Co, Mn) Pd;s; Pdiy [60]
46 Na2H3[Crdelz(uySeO3)8(u4-0)6(u3-0)2]; NagH;[Pd 5(ps- Pd [61]
Se05)s(14-O)gln]; 2
47 [Pds(Cys)s(CysH),][Pdg(CysH)s]Cly; [Pdg(HCys),0](NO;3), Pd; [62]
48 POPds LaPd,,(C3;HsNO,S);(C3HgNO,S),, Pd;, [63]
K, 5[(CH;),NH,]g s[anti-Pt'5(a-PW/;050),]; ,

9 Kl.s[(CHs)zNHz]s.s[Syn'Ptllz((’v‘PWnOw)z] Lacunary Keggin [64]
50 Nas[MPd,,04(PhAsO;),] (M=La, Ga, In) Pd [65]
Nas[LaPd,;,04(OH);(PhAsO;)s(OAc)s] 12

Nago[Pd7,036(C,H5CO,)54(PO4)36];
51 Pd,,. Pd 66
NaseH,4[Pdgy0,2(CH,CO3)55(POy)4, ] 7T [66]
52 [Niyo(OH),,(MMT),,(SO,)](NO;), Capped Keggin [67]
53 [C020(OH),4(MMT)5,(SO,)](NO3), Capped Keggin [68]
[Coy0(MT) 12(13-OH)a3(13-O)(SO,)(CH;0)] B
54 C d K 69
[Coa(AMT) i (MT)(1s-OH)z»(15-0)o(SO5) (H,0)] apped Keggin [
55 POMs (M=Ni, Big[FeO,Fe ,0,,(0H);,(0,C(CCly)y,]- [0,C(CCly)] Keggin [70]
56 Co, Fe, Ti) H[ Tiaa(15-0)so(OiPr)(OH) )] Tiyy [71]
57 Tisy(u-OH),(1-0),14(13-O)s50(14-O)s(PA)34(OiPr) 5 Tis, JEHEAL T [72]
58 [Ti1g057(OHy)30(SO4)]"" Tijg (73]
59 [Ti;(OH),0,4(PO,)(OiPr) (] Derivatives of  J&fEHCO, =i [74]
[Ti},0,5(PO,)(iPrPO,);(OiPr),,] Keggin M #£4L N HCOOH
60 [HeV">V" 14054 OH)y(L1)s]; (Me;NHy)ge[(V'0)14(OH);0; v (76]
(L1)s] 6

61 VVGOIS(mIM)S; VIV2VV4014(mIM)s§ VIV2VV4014(BIM)8 Vs WA [77]

[(MIM);M050,6)]; [(VIM)sM030,]; [M0,0,]S97sM0g 5504 Mog, Mos, Moy, a2,
62 (mIM);MoO, MoO, e (78]
6 [Pd(dpa)(acac),[VO15(OMe),J: [Pd(dpa)(acac) ,[V,O) - v, w0

(OMe);]
64 KWSi[BOD, ] HAb 2 [80]
65 Nay(CHgN)He[(C;H7A505)6W1,034] Wi, [81]
OF-POMs
[ArNMo40,,NC(CH,0);MnMo40,3(OCH,);CNMo4O, ;-
66 Moy [82]
NAr]
[(CaNyHg)i(CH;0)5V"50 5 [(CoN;Hy)y(CH;0), V' VY-

67 v O] v v COF M with [83]

[(C3N,H 0)s(CH;0),V "4V 4044]; [(CsNH 4)o(CH30), V' 4- s LyE=REa

VY0,
68 [N(C4Hy),]5[MnMogO 5 {(OCH,);CNH,},] Anderson ] 2 FL g I [84]
69 [VsOs(OCHs3)1,0P(CH;);]; [V6Os(OC,Hs),,0P(CHs)s] Vs i [85]
p ) 27—, ) )

70 {Na(3-PyB),[M;P,W 50014} 5 {Ky(5-PymB)5(5 Dawson (86]

PymBH) ,[M;P,W 504115}

a) AFRER L, £ & BEENEY S TP /KRR 5T B4 %, 465 bm=benzimidazole; qx=quinoxaline; DMAH=dimethylammo-
nium; pz=pyrazine; bpy=bipyridine; HAc=acetate acid; bipy=2,2'-bipyridine; mIM=1-methylimidazole; eIM=1-ethylimidazole; vIM=1-vinylimida-

zole; Cys=cysteine; TPB=1,2,4,5-tetra(4-pyridyl)benzene; pdn=1,3-propanediamine; en=ethylenediamine; tren=tris(2-aminoethyl)amine;

dien=diethylenetriamine; ipIM=isopropylimidazole; 3-PyBH,=3-pyridineboronic acid; 5-PymBH,=5-pyrimidinylboronic acid; MMT=2-mercapto-5-
methyl-1,3,4-thiadiazole; MT=2-mercapto-1,3,4-thiadiazole; AMT=amino-5-mercapto-1,3,4-thiaoldiaze; BOD=bodipy; HOiPr=isopropanol; HPA=-
propionic acid; MB=methylene blue; CWAs=chemical warfare agent simulants; OF=organic functional
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Table 2 The results of different reactions catalyzed by POMs

5 et AL I 2 7 T(Cyr(h)y  fBATEE (%) SCHR
1 H;PW,,04 T2 128/6 Rate constant 0.9 [108]
2 [Cu(BTC)g][H;PW ,04] L8 LR IK A 60/7 Conv. >95 [95]
3 H;[(Cu,Cl)3(BTC)gLL[(CsHN)PW ,0400]5s  DMMPK fift 50/8 Conv. 93 [109]
4 H,PW,,0,,@MIL-100(Fe) Piatt 110/12 Yield 96.3 [111]
5 NENU-3a fig k. 60/15 Conv. >99 [112]
6 H,PW,,0,,@ZIF-8 Ptk 60/3 Conv. 84 [113]
7 —_ AILs/POM/Ui0-66-2COOH [UERYE S 110/6 Conv. 95.27 [114]

&1
8 HPA/ZIF-8 P22 4t 200/2 Conv. 98.02 [115]
9 H;PMo,,0,,/PC R HAL 80/2.5 Yield 95 [117]
10 [NMPH]H;[SiW ,0,] J KA R 80/1.5 Yields 83~94 [118]
11 [HMTH],H,[SiW,04] T KA R 120/0.25 Yields 82~92 [119]
12 H;PMo,,04 J KA R 25/0.5 Yields 90~99 [120]
13 HiPW,0,, i Bk 60/5 Yields 81~93 [121]
14 POM@MOFs Biginelli < 100/0.5 Yield 92.3 [122]
15 TBA,[y-HGeW ,05] AR AL, 40/0.017 Yields 85~98 [120]
16 TBA,[WO,] {21 E —E AR 100712 Yields 85~96 [121]
17 TBA,[WO,] {2l E A AR 14024 Yields 90~99 [122]
18 (CzH"N)‘ZNaZ[Hg{C;(Hzo)S} (TeWsr et pp 80/1 Yields 93~99 [125]
132
19 TBAg[a-Si;W3O0¢] Knoevenagel 48 & 32/3 Yield 96 [126]
20 B Na, ([SiNb;,04] Knoevenagel4i & 25/0.5 Yield 98.5 [127]
21 [H(y-SiW 14032)5(1-0)4]"~ Knoevenagel 4 & 32/2.5 Yield 96 [128]
22 Tris-LDH-Zn,(PW), Knoevenagel4i & 80/6 Yield 99 [129]
23 K,HNbO,, Knoevenagel 4 & 25/0.75 Yields 95~100 [130]
24 TBAgNbO,o; TBATa,00 Knoevenagel4i & 30/8 Yield >99 [131]
25 Ni(1-mIM),[Ni(H,0);5],V 00, Knoevenagel 4 & 40/1 Yields 96.2~99 [132]
26 {[Cd(DMF),Mn"(DMF),TPYyP](PW,,0,0)}  KiH:EA AL 80/12/TBHP  Yields 25.6~92.7 [133]
27 [Ni,H; s(bpy)s(H,0); 5(Cl)os1[BW12040]  AXTFRF23E4L  40/60/H,0, Yield 75 [134]
28 Co(BBTZ),][H;BW ,04] KZIRFEWEL  70/7/H,0, COHV%‘;:%(‘;; Sele. [135]
29 CZJ-6 mENEDENL  50/24/0, Yields 0~99 [137]
30 [Pd(dpa)(acac)]o[VeO,:(OMe)g EHBEMN  65/16/TBHP Csfl‘zgg'g:?g ? [79]
ALt b
ViV R Convn.63.3~99;
31 [PNb;,0,V V' 0] FHER A 60/24/TBHP Sele.90 3-99 [15]
e Conv.17.6~22.5;

32 [PA(NH;), 15[V 190as] FRZEM 90/36/0, Sele.88.6-98.6 [138]
33 Cu(I)/{PMo,,} FHC-HEE  90/10/TBHP  Yields 16~97 [139a]
34 V,0,,(eIM)g [EES=NIA 130/12/0, ~ Conv-10.2-100; [78]

Sele.29~96.7
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35 [Pd(dpa)(DMSO),1,[HPMo,,V,04] R 90/36/0, ~ COnv-98.1~99.8; [141]
Sele.91.5~99.1

36 Gd,H,0,[WZn{CuH,0},(ZnW,0,,,] JIg 17 B 4 A 50/12/0, Yields 52~99.9 [142]
37 18C-silyl-POM [(EEs=Rid 25/12/H,0,  Yields 36.9~53.2 [143]

" Conv.53.5~100;

1PN 7Sy et >
38 [Zn(eIM);],V,0,, IR I AL T0/24/TBHP Q2 100 [54b]
39 PW,Ni-Cd-MOM WEHIMEA 65/16/H,0, Conv.96; Sele.96 [151]

111 -

40 [(RCH,),Co (bpzzé](}:,ig“ (R=H, Me, L o fy e cotfiss 602400,  Yields 64~100 [156]
41 [PA(DMAP),(acac)],[V4O;;(OMe)s] 3R/ Ak /Heck 100/10 Yields 55-87 [157]
42 Cu(I)/{NbsO,o} F5 BEN-1E AL 100/20/0, Yields 19~93 [158]
43 . (Coumarin);HPMo;,; VO, iR (RS 150/8/0, Yields 35-79 [159]

Sk Comy. 425985

) onv. 5~98.5;
44 a-[Cu(mIM),]V,04 AL AN 40/4/H,0, Sele. 56.8~100 [162]
45 [Niy(C,0,)(dpa), J[(C4H0,)(VO,)], TORIREY S AL 100/4 Yield 100 [163]
46 [Cu(dpa)(acac)(MeOH)L,[V(0,;(OMe)s] A IFMEW AL 40/6/H,0, Conv. 100 [164]

S 32 e A A Conv.97;
- [BE 175 45 >

47 PMoV crho-ZIF TR AL 25/12/H,0, Sele 9356 [96b]
48 Metal-POM@MOF-199@MCM-41 R IFmE AL 80/3/0, Yield 99.1 [165]

\ - Conv.89.6~93.8;

e ;
49 POMs@Pd,L, ZORIEMERY AL 60/9/TBHP Sele.85.7-93.7 [166]
50 Vy@iPAF-1 TR FEEmY AL 80/5/0, Conv.100 [167]
51 [C,VIM]PMoV, TR IFmEN AL 100/24 Yield 98.9 [168]
52 [Bmim];PMo,,0,,/UiO-66 ZORIEMERY AL 80/2/TBHP Conv. 100 [169]
53 H3PW ,0,0/Zr0, B R — 100/3.5 Yield 4.3 [175]
54 o-[(1-C4Ho)sJoP,W 1,04 (Co " Br) A IR IR TS 15072 Yield 98 [176]
55 [(n-C7H,5)sN]s[a-SiW;034Co] B IR BRI 15072 Yield 97 [177]
56 [(n-C;H,5),N1¢GeW ,;MnO;, A BRI TR 150/2 Yield 95.4 [178]

PN 7y e e
57 [(n-C4Ho),N];H,GeW,Mn;(H,0);05,  ~ m”%@’g A 150/3  Conv. 94.9; Sele. 98 [179]
58 [(n-C4Hg),NT,H[PW |, Co(H,0)O5,] E IR B R TR 150/12 Yield 99 [180]
59 Ni-POMOF G IR B2 T 60/48 Yields 10.4~96.8 [181]
60 TBA;H,Fe' [H(ONO,),|PW, O3 (HNO;)  BEAFAL 7 25/40 Conv. 92.8 [184]
61 R A TBA-polyV, B ARAL 5 ) 25/0.5 Conv. 100 [185]
62 H 3[(CH3),NT 15 [PNb,040(VY0), (VV,01,),] BB 32877 RT/2 Conv. 100 [14]
63 Mg;Al-LDH-Nby R A A2 ik 771 RT/2 Conv. 95; Sele. 97 [89]
64 K,H[(H,0),Col[AsMogO,,(Ala)(PHBA),]  Béfiftk 228k 25/0.08 C°nv‘>9989'59; Sele. [186]
65 KsH[Co(H,0),][As""MogO,,(PABA),],  Bfif Ak RT/0.2  Conv. 98.9; Sele. 98 [187]
66 {Nb530765(OH),45(CO3),,} B4 fpp Ak 2 il 771 RT/263 Conv. 46 [13]
67 K 5Css 5[ 7-SiW (039Cu,(N3),](SiW (Cu,- Ve SR AL, 22 S 10/1 0, Conv. 100; Sele. [188]
(N3),) 100

68 [C15H3;N(CH;)5],HNbGO R A A2 g 771 RT/0.33  Conv. 100; Sele. 98 [189]
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(8:%2)
Fr5 R Ak FERY S o7 T(Cyt(h)  fEALIEM: (%) SCHR
69 Zn,Cr-LDH-PW,,Ni(H,0)0;, R fiA Ak 2 7 RT/3 Conv. 98; Sele. 94 [90]
70 [W,0,,]% A HLEL = UV;37/4 Conv. 96 [99b]
71 H;PW,,0,; H,SiW 1,04, B AL UV; RT/8 Conv. 99 [190]
7 Na,W,05,/Si0, AL TCF UV, 20/4 Conv. 50 [191]
73 Mg, Alg(OH)34(W;0,,) RefrA B UV; 28/10 Conv. 97.6 [192]
74 W B K([Ni(H,0)SiW,;035](SiW;Ni) P AR5 FHIAB UV, 20/3 Conv. 95 [193]
75 PW,-TiO, FRMRILENTYY UV, 204  Conv. 55.6~99.4 [194]
76 \;]{131}2)\1%3%‘;’& ‘%&%{;ﬁgz) FefRgeRlis e UV, 35073 Conv. 88~96 [195]
77 Ag/AgH, SiW,04; Ag/AgHPW/Cu,0  JaPRfREFIERE  Vis; RT/2.83 Conv. 96~99 [196]
78 [CH,L1],[(CuL1,)(PMo"'sMoV;0,,)] W fie 58 5 BB Vis; RT/2 Conv. 92.31 [197]
79 [1-(C4Ho)4]5[ V6013 {ZnCg HssN5sO,4 ) 5] P72 9B Vis; RT/4 Conv. 96.7 [198]

a) NEIEEL, £eREARELEYI TNl KIERID T 24 % 485: PHBA=p-hydroxybenzonic acid; L1=4,4"-bis((1H-1,2.4-

triazol-1-yl)methyl)biphenyl; RB=rhodamine B; DBT=dibenzothiophene

). FEAEEIHA R T, POMsIELYEREA ZPOMs %
S 24U S 45 M s, 52— g0R = A/ 52
W SE AR, DLR $% I8 A4 BPOMs ) 22 51 (I JR ) 5
POMSsHEMFISE M AT IR IR,

2.1 ZHEAR

TEER, 24 ERRIEAL AR etk 2
B AL S AT 52 1 0638, 20024F, Nymanif@i2H ™ ¢ 56
kI8 T KegginB! ZHARNAEY), TTRE T ZHAFL
SEWFFCETAIR. F SRR T VA R 2 R
. A TRRBA" P E R 2 e R I s k2
SEAUS A T A U AR, AR T ND ATV
YENPOMsH ZRE5 Ky i) 22 (BC) S 7, it BRI
B AL A RO ER Bl (1 1L 1 XU T fE POMs AL 7),  DARY
FH TR S ORI R e 7. 201148, FRATTHR
TE 1 PRI A A 5T U 1) 2% 2 B8 80K { VN, 040
(VO),} (K2(a)), HLERIGTE T ZHRATEM LK
RO B S 3RATT XARIE T = A5HE T {V NbgOs,} IR
R AR E2(b)). LA EFRPREL B POMSIH & i
FRHARAR 2 4 Rt T a7

20165, BATE LT HBIEAC S &I, BRAEN
HhCa 2% T 24 22 R AL U (SNBgV' VgV | 5504505} (]
3(a)), %% BH S T3 B8 /4 i 4 S B G B 1 L AL AR
B S SO ELIE(VOPO,), AR T W N 2% SR T
I VY ELIE FIPND g V2 040(VO), (K3 (b)) RS ELIE 1

(@) (b)

Bl 2 (a) {VNDb;,040(VO),} ERHEIEL; (b) {V,NbsOs0} HeHLiR AL
2 BB T ERAR ST (4 R )

Figure 2 Ball and stick representation of {VNb;,0,,(VO),} (a) and
{V,NbsO3,} Nb/V mixed type polyoxoanions (b) [16,17] (color online).

C)

B3 =MRNEEZE TREZHEE. (a) {SNbgV" -
VY125045253 "™ (b) PNb;gV,040(VO),™”; (¢) PNb,044(VO),
(OH),"™ (2% fi # 14))

Figure 3 Polyhedral representation of three vanadoniobates. (a)
{SNbVY VY| 2504525} [181]; (b) PNb;gV,04(VO), [19]; (¢) PNb,04
(VO)4(OH); [19] (color online).

PNb;,04(VO)s(OH), (El3(c)), #—H4h % 1 el A%
{OEIESa
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20174E, FAE R T /N HUIE 2 4 AR [Co' (pn)s],
PNb,,04(V' 0)s(OH)5*20H,0 (Kl4(a), pn=1,2-diamino-
propane), £ [} &5+ 5 & i 5 i & SR E 3L T
dn R0 20194, KA IRE IS TN 1202
MEEPORERE-THI R ZHRAEK, K@
{[Cuyy(OH);(H,0),(en)g(trz),; ][Nb,O47(OH),(H,0);]4}
AR H TR 3DAELE )37 F5 98, [Cu(en),]@{[Cuy(en),
(trz),]¢(NbegO,55)} (KEl4(b), en=ethanediamine,
Htrz=1,2,4-triazole). X MUAE YA BT K HTHE
PRI LR, 20204F, 2R IR GG T As
2% JR T IR 9 S % { [Cu(phen)]s[NbgO19][As,NbgO5,]}
(phen=1,10-phen anthroline), #—P 4% 1 IR ELELHE 4
TR AR JR T 2.

H #i Ta-POMs B ST 40 T2 B B, S FRAT]
I R T A HL-TEHLA Ak 2 B A [ Tag0 0] Y, 2F 5t
P R 5 R 22 e i Y 4% 2 4 SRR 1) 4 )
PERHEAT TR, XIRDECT R Ih 4y B T 55 (Ta,,
Ong} AT {Tay 4050} 7%, BT T Ta FUR DGR A
PERE. 20174E, SR m et G mias I T B
Ta B 4 A T BN 2 A B SR Py(Ta0,)60,5]
FI[P,(Ta0,)s0,,1""".  Bhi R At Fodth 2 5 7 5 A 51 %
BRI T (5%, folr, BN E T gk gein
HOVRMAC A [MnTa SicWs,0,3,], ME— S5 T 2HEA K
&=

22 ZHEH
IEER, SHEMRE AL LRI R R A

TSR 2 . AR AL 4k & L T RS
AHL-TLEHI M Keggin MBS E %, F5 T LHARN L

Bl 4 (2) {PNbj;04(V"O)g} 7R El; (b) {NbgsOgs} L%
52 (R )

Figure 4 Representation of (a) {PNb12040(VWO)6} and (b) the cage
formed by {NbgO;ss} [20,21a] (color online).
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FIZEAY. 20124, AR A MERE-2,6-— F i (H,pde), FX
E T 4B A WK R A Dawson 22 £ 48 5 41 25 1) 4%
R, AL BN 0-[P,W 0] s — MR
AL IR {Cug(Hpde)e ) S AN T = M T KGR T
“PEFE ALK, [Na(H0)] B FAE M, MR T
RS (R U TE M H (1 5)0.

TATAE 7T AT R R A ) 2 45 A A 1 T A B At
B AR IWO oK R 3R WL [W 0, 4
¥y, 1337 [Cuy(WsOpn)(L1)y(H,0),]-2H,0 (L1=2-ami-
n0-4,6-bis(2-pyridyl)pyrimidine) 25 5.

20144, fEBA AT F IR ANRIIBOL R, BA1E
J T AN T AR [Cus(L1)3(H,0),(HyW,040)]+4H,0
(1a, 1b; L1=2-(4,6-bis-(pyridin-2-yl)pyri dine-2-yl)pyr-
idine) (El6), 15247 FH[H,W,,0,0]" /K WA 46 S5 R
i, $RAGIEFEAL S H[Cul1],[H,W,,0,40]*5H,0. HEN

B 5 DawsonZ £ % S5 I OUE- 1 TR 2 B0 (4
)

Figure 5 Representation of double cluster-flower basket formed by
Dawson polytungstenlates [30] (color online).

[W50:]%aq
[(CH5) N]a[W1052]
. Possible intermediate
Cuy(L)y(H;0),[H, W}, 0]
Nago[H:Wi200)

Apairof enantiomer 1a,1b

B 6 H,W 0, AR IR (M2 h% )
Figure 6 The formation of cis- and trans-H,W,04 [32] (color
online).
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Ao I PR R A U T - [H, W1 ,0,40]° ™ 1 BT 84 5
1k, HAFE| T B2 6 S (DFT) ATE 2,

20184F, T . fKEBIRMZHD I T 4R
PRI =R Z A (X W05} (X=Sb, P, As). HlHK
REGEELV W VY ,040Va]s [VIWV50,0V1Y,),
B T R R I A R R B,

AR R+ 2 A AR T A R
HRSCHERAUIRHET T ARG AR, 283k 7t -
i+ & B2 A FENME. 25, SRS GRS
VA VEIE T & 1044 48 o0 ) A R
{W, 4CGN606| ]([W3Bi6Cem3 (Hy0);0,4][B-0-BiWO33]3), } .
ARG ¥ iH4 % T ZEDawson i £ 4 7% Ln, Te,-
Wi+ LngTe,Wo,. Tb,Te,Ws, ToTeW ., Al L HFIEK)
Anderson®(TbTeW,), (1&17)7.

RN [ 75 E T R F A R S R G 51 S T
2RISR, TR AR, ) & X e AR A BTV
SR Z BB A, 20194F, Suzukil#] AP Fi DawsonZ
[Si,W5066]' Z A FENE N T FIMEMR, FRIhF 3] 712
ﬁﬁ%;{j{ E(] {Ag27} 17Jr[Sizvvl 8066]31@]@* ﬁﬁ%( 8). P
PRRIALP TR A [W0,6] ' AR 18 13 8] 7 SD/Ag84a,
PA_E R ) S ARG K BRI T — 4B fE.

Schimpfif fHZH 42 ! H1 [NaPsW 300,01~ 5 Mn.
FelSil Vi & 8 B3 TR IE 13 & iR & i S A ) = SEHE SR
MEL BRITCE W] SO 12 4 i 28 T I R 2, HE L4
SR FMAER AN, M SR NE &R AR S
NLZIhEEE AR A BT E T BT ik

20204F, JH ERIEE NS B T 2 E 4
O ZHAE, RIS P) A X IR 3 a5
A% ORI U BE FLAEALAT A, 5 [ LA g o )
R KR B T — R A A5 7 T2 = IR 454
MRERS SRR, X THRETEREZSREHEAGHEE
(IFEES '

23 ZHEE

[Mo,0,]" F[MogO,] 4538 8 1 9 7] 2 40 A% 1)
FAMF R TTHEH 2 B E Miller
R 2H 1 A A A R T TR AR AR AR T R4
E{Mo,5,}, TR (Mo sqt~ (Mo}, MIBE K
{Mo,s} AL ZE H HT B KK 2 0 S5 {(Mosgs) -

20094, FRAIE S B(Hepy)s[Ag(B-MogOy¢)]
(cpy=4-(5-chloropyridin-2-yl)pyridine)&s & ¥ £ tH & %

{TbTeW .}
B 7 A B R A T R 2 T (R4 i
FHE)

Figure 7 The generation of five types of Ln(IlI)-containing tung-
stotellurates [35] (color online).

P

[SIW04"

dimerization assembly

[{AG27}T(S1W,50g6)5]*'

K 8 {Ag27}17+[Si2W18066]317ﬁ%%’ﬁ%%@[%] (X 2% i
)
Figure 8 The generation of {Ag27}17+[Si2W18066]317 [36] (color
online).

fsLnt B B AR T R 5K eggin4iH {XMo,,040!
VRN, 8 26 7E B A T BRI 28931 07 4 R A ALIC
R R G W) — Y HE R 4546 FL3E H 1 {[Ln(H,0)4(pde)]4}
[XMo,,0,0]*2H,0 (Ln=La, CefINd; X=Si; Ge). i% L{F
SHPOMSHEAL 71 i [ AR AL AR B 1 Hri R (E9)™,

20184F, VAR SR K #EB R T w1l
CO, AL He-Keggings kA #I(TBA),PMo,,0,40Zn,-
(CO,). TAMAXFRETTHA 1/24 {e-H;PMo ' gMo "' -
Oyot~ 1/4NCO LM — AU T B85 PH B 1 FH R AN
SEHIZ0T BT [RAE, 22 R AR R i
HES RS 2 A KL 5 FINENU-605 X NENU-
606HEZLFA K], FHAE/K T SZHL T COMEHEME AT OB HEAL
FEAL FCH, R 3.

TR A AH AR LE A ML AN R E 1
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B9 (a) {[Ln(H,0),(pdc)]s}[XMoy,040]E5HHTT; (b) Kp
TR (4 ROR P )

Figure 9 (a) Representation of {[Ln(H,0),(pdc)]4}[XMo;,040] unit);
(b) schematic diagram of molecular sieve topology [43] (color online).

R, 20194F, Suzukiif i ZH " 7E A HLA B b A FH B i
[A-0-PMogOs]" FHHHE IE J5E 0 1A 15 2345 2 i 22 4 S R ATE
e T HfaE . CroninZ SR A R 48 B TR
SRR T ERFHHER N IR E R EHLY, &
B T Z51Mo,5,CesO376 IF MR (EN0), I TAE NG
REZEH FHEPOMSIRAL T &%,

HEr& & A s R . s s ik
LA 5 7K i e v A T A O B oA AT 88 2 — A Bk K.
FREMEBAS G T M AEEFENET RZHA
SR 2R EH(SCU-19), FEdEAT T 8l sk, A
POMs [ 8 FH$E AL 138 77 ).

24 ZHERK

ZHEARMRE L, GHRAEE, FREAR
FIRZ A 2 A Y5t T 5 A s A E
SR AR, RS Bl FZ
EREERRTTIE T A5 TARE DY, s i i
H Al B ERAN 201 54 R R 126 T 2 LA B = 5T
B R 255k 0,

20124, BAVEE] T PG (V'Y 5Sis04 ) AW
{H2VIV158i6048)](VV02)2} A [H6VIVISSi6048] [Co(pdn),-
(H,0)], B AN (VY 0,} 5 (V" 5Sic0us} £ B B T
PTBR 2 TR G K, J5 3 81 [Co(pdn),(H,0)]
PR (V" 1581045} TE B DEER G54 5). Bt 5, @i 13y
HHUEME, BATE R T YA EV,4Ge,044(0OH),-
(H,0), KILT 16T 4440 A 7% B A5 SchlaflifFiF
(4"6")[1(4,6)- 123 DHE 4 45 1)

20174F, Benschififi 4 h@ it /K #ak 1538 7 KA
PE R B 86 9L {Zn(en); 15[ V,5Sbg04,(H,0)]
*3en*10H,0. JAHE/HTRM, 7E72 h i JL a5 /i1
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Confined Reaction Vessel

Symmetry
{Mo1}  Breaker
‘ Ln"l
R COOH
{Mo8} .
or
R._ COOH
.‘ NH,
{Mo2} Amino acid

B 10 7S 4L R o 2 T (4 R )

Figure 10 Schematic diagram of induced assembly to form molybde-

num blue [47] (color online).
-
\ < é‘
A (-
{a-SbgV,,0,,}

{Siﬁv1 5048}

‘ A
oo )
: TEOS ‘\ Sb,0,
‘ GeO,
{GeV16045} )

{B-SbgV,0,,}

) {V1 8042}
éggj \

{Cd,GegV;,04} {Sb,V,50,,}

Bl 11 {SigVis)s {GeVigls {GesVinhs {SbgVis} K {Sb,V 6}
{1 2 TR 2 2 (R o )

Figure 11 The polyhedral representation of {SigVs}. {Ge;Vig}~
{GegVip)~ {SbeV 4} K {Sb,V ¢} clusters [52,53] (color online).

KA e R R e, BEER I, WERRIHE
PRIV 1,SbsO } IS, R4, 12 2H i i i it
FBORIDFTEA TR T 240 S it A e,

20184F, T i @ma L Al II[WV,0,,-
(RCO,)5(SO ) BLESBEME A F BT, S8 LS T M
KISF L Al G0 E 03 C oo AL E 7% 3 Goldberg £ TH
K. 20204, o NI @ e KGR T NZ
HI{V 1§04, ) 5 AT A2 1T R AR XUER B A RE AR, 28 2 Cd, Sig-
V12040(OH)s.

25 ZRteRANH

o1 St R AR AL DU AT SR AT, B
PR 5% R A 2 I POMs SIS T4k 2 I 3 D) R TE.
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Kortz25 7%} Z A AT & 7 KA, £F2018
TEX 2 4 JB AR I R I S AR T LA

20124, AL F2142760.72~0.86 A [ ffid
BEEEE TIENGHW SR, AT 6 RE AR
Na[M"Pd,»(SeO05)s(1y-O)g]snH,0 (M=Co Zn, Ni, Cu,
Mn; n=7~9)FINagH,[In""Pd,»(Se05)g(114-0)s]3+24H,0
(E12). T LB TR NI Cr B 1(0.64 - A)E 94
W, AR T Ao Fh 2 2 AU #ENa,H, O Pd -
(u3-SeO3)8(p4—O)6(p3—O)2]-25H20[60’6l].

FATCAF L2 &R (L-H,Cys)1E N Th BERC 4,
BT B 4 X ZE R TR 5 K B T I 2 A A
[Pdy(Cys),(HCys),][Pds(HCys)s]Cl,224H,0'*. 20164,
PAT I T H P 25 R B (EST-MS) e U4 $2 2 T 7
[LaPd,,(Cys);(HCys),,]*49H,0 F 2H % i F2 11 m ] {4
{Pdy(HCys)o}, NIXEWAWVINIE M BTA IR T
IR 4, AT R RIR R, ST X
SIS 2 AR R, A& DETHHE A Ak
SR, TIE B A NS SRR R R (P Y 2 T 5
ST KR TR R T (P}, JEAERE PP
T R 13) 4,

20174F, Poblet 2 Kortz5 4 fEPEAHIF 58 T 248
A I 2 R 1) B AR BH B T IR/ N BT RS, A
E R AR A T PG 4R S, 20184F, CroninZE 7]
L ALIR(NMR) = 808U 1% (HPLC) Ml BT i 2%
WE5¢ 7 E A {Pd,,} Propl {Pdg,} Gly (Prop=propionate,
Gly=glycolate) KIN I, ot @ R M ST e
R R - AR R T 5%

2.6 At ¥ REHAR NS EIR A%

20094F, TSP TIRIE T B No-Keggin
R - [ 12-48 B AU O R 15 E, A WL E Reth)
[Nig(OH),,(MMT),5(SO4)](NO;),*6H,0, 1% 5% e FE i
R “Keplerate” BILE (I 14). B, EiT S VL
A, A RCT =BRSS5 1E K eggin Y
12-E R EFEL A, [Coyy(OH),(MMT),5(SO,)](NO5),
*6H,0'""\ [C050(MT),5(113-0H)3(13-0)(SO4)(CH;0)]
*2EtOH. [Coyo(AMT);;(MT)(13-OH)1,(13-0),(SOy)
(H,0)|EtOH*4H,0'", % H4h & T 14 Gt iiKeggin
FH S 7B 2 2 R T I R .

20154F, Nymanif iz """ 52 5 # WAk S AL
R, NEDRMZEEREIREATRE MR =S, AT

Structure Type
of The Cluster

B B

[PA1<(Se0 100y ONe(ILO)]'™  [Pdyy(SeO)s(h; O)X]" [Py SO s(1; Ol O)X]*

By

Central Atom [ ]
) =M1/ X=Cplt
Template /Stuctural  sialiVetal Cations  Transition and Main Group MetalTons  Transition Metal Ton
Directing Agent Na“orK° Co™,Zn2",NI2°,Cu2*, Mn2* orIn3* -

(radius) (0.954-1.334) (0.72A-0.864) (0.644)

B 12 BHETFAESaRESEEE (MERER)
Figure 12 Cation-induced synthesis of new polyoxopalladates [60]
(color online).

[Pt'(a-PW,;059),]" [PU";(H;0),(a-PWy;05),]*

PRI T 3% ¢

} {Pt';}

2
» 2e red. 8

B 13 P SURIRUR A i A & B S ALY (R4 i
&)

Figure 13 Synthesis and conversion of a pair of cis-trans isomers of
Pt-tungsten oxygen clusters [64] (color online).

[a-PWy,05]"

(a) (b)

Bl 14 (a) o-Kegginff(5h)BisEkE 3L (b) &)
W, B WU {M,o(OH),(MMT) 5(SO,)} (M=Ni, Co)%
T 5 H PO (01 4% iR P )

Figure 14 The polyhedral representations of (a) a-Keggin cluster and
(b) {My(OH)»(MMT)5(SO,)} (M=Ni, Co) with eight M caps [67,68]
(color online).

BT K egginiY {Fe, 5} i%.

i 5 1627 K 70 R K R THO T I BHLAS
IREAT, BRI, mAz R AR A R R TE. 20164F, 5K
fa K& RS GG 1 B ) s 0 2 ) B4R
Hs[Ti42(lvl3'O)éo(OiPr)zu(OI'I)12)][71]5511%EE SRR/ 3
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1% fH ) Tisy(u-OH),»(11-0) 14(113-0)50(114-0)5(PA) 34 (OiPr) 55
(HPA=propionic acid)"”. 20164F, T — i @isH " i i&
T RIRHM R Eg%i(/f\iﬁ%[’ri18027(OH2)30(SO4)6]6+5
FOP KR EA I R R ENE. 20194, == HE IR
AU A LB . BRI B RAR K E, &
BT EBITIVE VB R 7425 1 2 i K eggin U PTi, o J2 H
=R EERIPTL, AR, PR T “KegginZ 4 Y.

27 AHUEREM S &R AR
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Figure 15 Molecular structure of three organic functionalized and the
phase transformations. (a—c) Molecular structure of compounds 1-3 and
the transformations among 1-3; (d, e) crystal optical micrographs of
compounds 2 and 3 [77] (color online).
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Figure 16 Organophosphonates-functionalized POVs with “capsule”
shape and different sizes [80b] (color online).
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Figure 17 Illustration of the POM-LDH [88].
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Figure 18 Schematic representation for the mechanochemical synth-
esis of POMs@ZIF-8 [96a] (color online).
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Figure 19 Probing the self-assembly mechanism of Ln-containing
sandwich-type silicotungstates [101] (color online).
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Figure 20 Illustration of four POMs@MOFs. (a) The hydrolysis of
ester catalyzed by NENU-3a [95]; (b) assembly diagram of NENU-11
[109]; (c) esterification reactions catalyzed by different crystal facets of
NENU-3 [112]; (d) the selective oxidative decontamination of thiols and
H,S catalyzed by [CuPW,;059]@HKUST-1 [110] (color online).
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Figure 21 H;PMo,,0,¢-catalyzed carbohydroxylation [117] (color
online).
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Figure 22 [NMPH]H;[SiW,,0,.]-catalyzed dehydrative coupling
[118] (color online).
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Figure 24 Pd-polyoxovanadates-catalyzed oxidation of benzyl-
alkanes. (a) TBHP as oxidant [79]; (b) O, as oxidant [138] (color online).
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Figure 25 Cu/POMs-catalyzed aerobic oxidation of benzyl-alkanes
[139a].
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Figure 26 (a) V,0,4(eIM)g-catalyzed aerobic oxidation of salicylal-

dehyde [78]; (b) ternary catalyst-catalyzed aerobic oxidation of alcohols
[141] (color online).
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YITECul/ {NbgO o} FuMHEAL T A A F AR L, B )
M T C-NEE, P EiE593%. Mk A &R/
% 4 JR AR SE R A A o R e B2 (46 1 368 P T e 2
R e AR, 5 e R T
Tl DA 55 3% 3R THI VG 1 79 e M 1 22 4 R0 S A 77,
B RO I A FR K AT AR . WIE AL
HF R RIIZR NE ) T A XA EBOT 2

3.3.5 SEAUBEHLR B

LA, RV AR B &R i
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Figure 27 Pd-POVs-catalyzed coupling reaction [157] (color online).
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THIEHI4E T IR AE BB Ze-MOF I 2 2 15, R INAE A AL
AR FR Ze-MOF AN 4+ %2 5 2 10) 45 B 5 iy B 1) 476 .
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HyPW ,0,0/ZrO, LT, & BLE FBERICO, & i R
T HEsRI [ M, POMsH Bronsted i 4457 BE AL 75 1L FF
Pt S0 R 7 AT 1

B JE, FATHEF T ¥ & B B Dawson4h 4
TBA-P,W,;M (M=Co". Mn". Cu")#{tCO, 54
P I 2 R R P A TR0 20054F, oA TR H A
EEERA RN, AEE /}# JBIAIKeggin [ (n-
CH,5),N]eSiW,;;MO3, (M=Mn". Fe''. Co". Ni". Cu")
AT LA COBE AL 5 BRAR IR PO G, HMn". Co''. Ni
UHAR AL A TR AN Cu B A T, SR
WZ 5 B4 HR 29 (a) R LB HEAT, 2 J5 AT 23 il
T IR 4 e HHUR B = B K eggin B 9 56 R 2 B 26
TEG IR IR G R AL PE F, 8o 1T ANEEJE 4
TR AL RIE M) 20124E, 45 & ColltfEK cggin®t)
[1n-C,Hy),NTHPW,,Co(H,0)0,,f fb & BRI IR B BRI 11
SCES S DL RDFTHR THE, AR H T2 RN H %
25 Co(IN AL T B VAL IR A, Tha —
HACo(11D)-fik B HH &= Hh R A (1) [ S HLEE(EI29(b)). H
FH 2 VAR K 458 1) S 56 S HF T DFTENR TS 28 HH 1) el 2
BLTFRE, ABIE T FTEIHEN I POMs H i % 4 J& Cofl
SEIHCO, 5 T HIFE T HLER (29 ()™,

20194, 2V 87U ZE S R PR 3 SRl K A 5K
W&, AT AT POMSHIMESEA B POMOFs. & BLX Ff
A LIRS T POMOF s AR AT LLAG 25 ke ok B A
R HHIES A AICO,, MG IR ER R .

3.4.2 fRZRHR) AR
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i RO N B — KA, FEARE
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CWAs B A i FME SRR AR B8 77 (A A0 5 B It 9

DBTO DBTO,
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Figure 28 Oxidation of sulfides catalyzed by alkoxopolyoxovanadate
[164] (color online).
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Figure 29 The plausible mechanism of synthesis of cyclic carbonates
catalyzed by HPW,,Co(H,0)O;4 [180] (color online).
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W pAR(E131)
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o o
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8! _\O—?—O/_ 3 N,C—\O_P_o/—CH, oo
CN OH

hydrolysis

£ dation N,

o o
A~ IS+ AN
CEES CEESO

B 30 {PNb;,040(V 0)e(V"Y,0), MEALE RS L ) (%%
R )

Figure 30 Catalytic conversion of warfare agents catalyzed by
{PNb,,0,(V'0),+(V'"",0,,),} [14] (color online).
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Figure 31 Catalytic conversion of chemical warfare agents catalyzed
by Mg;Al-LDH-Nby [89] (color online).
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Figure 32 Catalytic conversion of chemical warfare agents catalyzed
by PONb emulsion [189] (color online).
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R 3 KEHERAE NG RYE LG

Table 3 Organic pollutants and organic dyes in water

Fe5 WL LA KA DL
1 Cyclohexane hexachloride (HCH) Rhodamine B (RB)
2 Erythrosine BS (ERB) Pentachloronitrobenzene (PCNB)
3 Alizarin S (AS) Methyl orange (MO)
4 4-Nitrophenol (4-NP) Congo red (CR)
5 Methylene blue (MB) Naphthol blue black (NBB)

Neutral red (NR)
Orange II (OII)
7 Trichorofon (TCF)

Ponceau G (PG)
Eriochrome blue black B (EB)

VAT R A s AR BRJS, FRATIHI& T
fLKegginIPOMs/Si0, KX NayW1,05,/Si0,, K ILKHH]
HHLEAR ZIHCHFIPCNB A A MU 5 YW TCF, 15 1%5W
FLPOMSHEHI T & 4 2 ol A e g1,

BEAN, AT IR 2 P DI T W0, H
FEHZBFLDHEZEHE, #1%& 7 HRERUA ALY
Mg, Alg(OH);36(W70,4)*4H,0, R IZAE A AL )
TER AR R T 58 4 B AR A HLIE SRR 25 3R 0 LR
Co,fHCI" .

SRR R B 4R IR £ SR A
1K [Ni(H,0)SiW ,050] iZ B AE A — F A I FL A4
Bl BESE SCHLN RBAR AHG AL 1A R AR, T
a4y & B2 IR B TIO 2 MR T 48 4 i Ak
SN, R BIPOMs 5 TiO, 2 [ 78 Y i Ak id R i A7 4
F 0 ) . s A5 B 2 PR i O e g 4
IGAIE.

Ak, POMs AT A F A] WG G iAot 7t 52 2]
KVE. BATE T Ag/AgHSIW K Ag/AgHPW/Cu,O ]
WIEHEA T, R IAEAFIFE AT WOCER ST X RBEE A HL
JURLR LA T DAL TE . 201048, (digagt
R B 25 K eggin ! 2 1R FEHEAL A RHE 1 0L
RS R DK RBEZIN2 h 100% RS

R AEPOVsAA AT WG IE T M, i
Sk, B B S0 LA AT TG A A A F 2
FE BT ANLE REL/SPUIR Sh-nh k7 77, 1M1k
TEA] WL RS T SRR o6 2 P B IR OB AT .
RUEIEIRS IR G, JeIEATE T RETRFFI0% LA E(&133).
X i 3 IR R4 T 5 POMs 45 749 24 4k 9 POMs 1 7]

Photocatalytic
removal of organic dye

-

Bl 33 NI WG AL 2258 SHIAB! (4R
)

Figure 33 Hexavanadate-porphyrin-based photocatalytic removal of
rhodamine B [198] (color online).
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Abstract: Polyoxometalates (POMs) is a kind of metal-oxygen clusters with well-defined structures, controllable

composition, and excellent properties including acidity, redox properties, etc. In recent years, POMs have shown

potential application in the field of catalysis, materials, energy conversion and pharmaceuticals and become a hot

interdisciplinary research area. This review focuses on the recent progress in the structure design of POMs and their

catalytic properties, mainly including POM structure chemistry, acid-base catalysis, redox catalysis, photocatalysis, the

catalytic conversion of CO, and toxic molecules. In addition, the future development of POMs-based catalysis is

prospected.
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