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Figure 1 (Color online) POM was encapsulated in ZIF-8 for construc-
tion of high performance electrocatalyst for water oxidation'?”!
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Figure 2 (Color online) The structure of VWy,-1. (a) 2D [Ni(bix),],>"*
layer; (b) linking modes between 2D [Ni(bix)z]f”+ layer and the POMs;

(c) schematic representation of the 3D layered structure; (d) 3D structure
along the b axis™

BT FH1,2,4- = EMEFERE 0 g &R A L2, FE
e gE R, A ALECAR S 4 )R PH B - = (8] 3 o i
MR AN T &R - A0SR RS R. %4
J& - HLE T T 3R [Ni(HL0),) > FHES 7 3L, B
R [NI(H,0), 1 5 A1 0] 5V 4 & o0 B [VW 150401 BH 25
- FH 43 (B) S5 A RS S50 18 = 28 8 0 - HE R 44 L
{H4[Ni(1t-H,0), |, [Ni(rt-H0),1sNig(Tri)o4 }-[VIVW 150492
24H,0(Tri,1,2,4- = & M), A a0, dF—2 i
Keggin il Z2 i [VW 1,0.40] 5 48 24 W VO HE 4] 75 i 7 2
& B TR IVW 0V,0ul, 3K £ 4 8 U 1 B
55yl /N LA BH SN B EIKs 4k 4 8 A ML i B AL
SHIAE FE I = 4R AE ZE AR HINi(1t-0),]5[Ni(rt-H,0), 15
Nig(Tri)os} [V W1V Y2040Vl [V WV V3040V™,]24H,0.
AN, BAFSE T X AL A P Y A2 AT Dk i E A
frERE, EITAIE TR AL, 7K TR
FRSEEL T HL A AR i HL O 11 HEL A £ S0 AL T fil iR 56
UL DA U 4 T AU T ol B Keggin B £
fif 3 EJE 2R EL M Z IR LY. Flt, 7E 2 e R4
A B D) 3RAS T 0 LA U 4 s Bk PG I Keggin
RIZHR. 20114, B SCR A IS T UL T
ol B U 35 1 19 Keggin % £ R { VND1,040(VO), ).
20144F, A S T3 R A PORGE T LAHLER
F b s SR 5 IE AU Keggin il { VNb,, ) 2 R 7%, g
BT RV B TR O e, B —4EfLiE
gk, IR T OB AR ERE. 20144E, ER
PR PIRGE T LV T O RO LR R £, O



Bt R

AT HAT IR 15 1

2 Anderson! % [ 3EHESL A Bl

Anderson® ZRAE N Z R LFEH — PN EHZENK
RN 52—, 67" MoOg(2 W) /\ I 4 [F 58 L 5
JE& - NI AR . 5 4 () Keggindi, Dawson-#I &
FiR A L, Anderson-7 Z2 R FE 30 H 2k A9 SF- TET 4544
AMo(k W) L TR 24 K /i, el e
R NEE, 5T H5EESEE PN, 5 5b,
Andersoni Z2 i 1) & 480 3% 11 Ji& 7 S [] A 7 A =
SHIE A PSRRI A A, ZR TR ENE
. HArdiE i) Anderson Z R, A DIAE R o4
YT EKRZ, FEALESRBULEKE TR
A, Ga’, Te®™, T4 DI EHICE IOy
Anderson ™ Z R G W C LG8 T ) 25T, T
DLt 3 45 )& oM FP 0 B9 Anderson 28 2 iR HE 42 61 kLR
15 TR,

20054F, T BIIREIH PHE T 3T [CrMogH0,4]
WA 4B B T (L) BE TR I — dE BEARS5 H . Bl
J&, AT LA [CrMogHOo4] R S H o0 5 i -0 &
(LafllCe)dH 25 ¥4 50 T 2451 = 4 T CHEZR AL AL, Wi adili AN
PRHFLIE B9 R SF 43 31910.0 Ax8.5 AFI10.7 Ax6.2 A,
e B AR S PSR AEFLIE . 20074F, VEARER
2 OV R AR R B T2 A XU RS, 1 —
1% 45 [ Cr(OH);MogO 17 2 1R 43 ¥ W T8 i — 4 5 IR 45
g, 38 o S T Y B — 4 o 1 S AE SR, 201 14,
An%E N H]FH [CrMogH 60,41 5 4 14 21 256 TF 1 — 4
W25, 3 I U T el T 1 A 11.8 Ax7.7 A
AFLIE = 4E 7 T 450, 20144F, WangZ: ARk T
2051 3 F [CrMog(OH)0 151 1 — 4 22 T2 Jk 45 J& A7 HLAE
2R kL. 2B A IAE AN . AT . K BHYE R
ST R L5 A A B A R R PR . 2015
4, Wang: AR FH K $k 4 8 T 249 3 F [CrMos
(OH)6018]B/‘J%}%ﬁm{’hﬁ%H{CULO.Sl[CrMO6(OH)6018]
(H,0)}-0.5L'(CtMog-1) Fll {Cua(L,)>[CrMog(OH)5O ]
(H,0),}-2H,0(CrMog-2)(L' ,N,N'- — (3- itk & HT i Jiz )-
1,2-Z%58; L2, N.N'-Z(3-MEE PR ERE)- 1,3-9 k). 1 &
¥ CrMog-14& 1 —4E Cu-CrMog L HLEEZH i, 1318 o
A AL E 2 1 — dERR R 5. 16 &9 CrMog-2 /2
— B = 4 2RI 4 T A HLHEZR M RL, R B (412.6)
FHhAL

20174F, Gong% N**HRIE T LA[CrMog(OH)O ]

[ B T4 £ [Cus(1,4-ttb) (H,0)g] (ttb, 1- =2 Mk-4- DY 4
W 2 ) 4 4 JE A HLJZE B Y = 4E HE 42 25 F [Cus
(1,4-ttb)4(CrMog(OH)4015)(H,0)s]- 10H,O( 5] 3). 74 k.
RN e Iz AL A 9 h A7 78 36 SRk mG VR AR B4R
e W Z AL A Y X W S s | ER R R B R e
(Il i 21N P B ELAT R A 1Y) 68 A R A
BT, Ay [ RL T 4 O B 2- 5 R R -2 (4- it
WE)-1,3-T4 — EE Fic /458 i1 5 Anderson B £ R .04 &
B, SEILXT Andersoni 2R (184, T K E
9 1.47 nm A 5K B 0 (TBA);[MnMogO,5L,]-2CH;
CN(MnMog-1). FEIZZERI T, 34 F2 3L & i+ vl LLAI
L 24 IR T B TR E N £ e ik 2 iR AR, o
e bR/ — 2 58O U 4R T LA
TE L = AERESE A BHTBA)6[Cualy [MnMogO 5L, ], 2DMA
(MnMog-2) 1 (TBA)s[Cusl,][MnMogO,5(L)s],-4DEF
(MnMog-3)(TBA, n-PU T 3EE:A48 21, DEF, N,N- .23
H L, DMA, NN-—H 3528 4). 25800 =
W, 7E4kA¥IMnMos-2H1, 14~ [MnMogO,sL, > HE 57 B
JC52 N CuyLFEAIE, 11Cuyl, 541 [MnMogO 5 Ly
SUEIUATE, TE A =48 BT 4 NI F i B B ik ik
AHRERA R BT HEABRRRSTFLIE, BT =
LR, AL e FEA 1.01 nmx1.01 nm
AFNFLE, 2 AP FLER R R i569.4%, & T
Z A A R TELE P MnMog-3, 1 Cu,L % 5 4
A~ [MnMogO 5L, #E 5 oM, TR 4Ef% -4 HLAE
8. MHARWE Z Al I RS 24.877 A, )2 52 Z IR
IR, SET A EAT2.30 nmx2.45 nmAYFLIE. 1k
A PIMnMog-319 25 BRI KT 1.4%, FEXFEANTHIEALL |
AT R R 2 PEREEA T T F5E.

B 3 (MR IL AP Cus(1,4-ttb)y(CrMog(OH)s015)(H,0)s]- 10H,0
1 =Ygt

Figure 3 (Color online) View of the 3D structure of [Cus(1,4-ttb),
(CrMog(OH)¢015) (H,0)s] 10H,0™

3289



A % b B 2018118 £63% Z32H

// ¢

,%-

B4 (RO REY =4S, (2) HLEYMnMog-2 B =4GR -AHUERHrclih); (b) LE¥IMnMog-3 Hh — 482 WA ) =4l 5y =,
afili —4EfLIE™)

Figure 4 (Color online) View of the three-dimensional (3D) structure. (a) View of the 3D cluster organic framework of MnMos-2 along the ¢ axis; (b)
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view of the 3D stacking style of two-dimensional (2D) layers in MnMog-3, showing one-dimensional (1D) channels along the a axis
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Polyoxometalates, a class of discrete nanoscale molecular metal-oxo clusters, have excellent catalytic and photoelec-
tric/electrochromic properties due to their excellent electronic storage and redox capacity. They possess of plenty of po-
tential applications as efficient catalysts in the development of clean and green fuels. However, polyoxometalates are
easy to agglomerate and deactivate in the catalytic process, and possess of low specific surface area. Therefore, it is ex-
tremely urgent to introduce polyoxometalates into crystalline porous materials with well-defined structure, modifiable
channels and high porosity. The introduction of transition metal into polyoxometalates can not only regulate their charge
number, but also optimize their band structure. As well known, polyoxometalates, as one kind of unique metal oxide
cluster, have been considered as promising secondary building units for construction of porous frameworks because of
their adjustable compositions, variable topologies and oxygen-rich surface as well as their diverse physical and chemical
properties. Recently, more and more attention has been paid to introducing polyoxometalates into frameworks to func-
tionalize porous frameworks materials. So, these transition metal-centered polyoxometalates should be ideal building
units for the design and synthesis of porous crystalline framework materials. These crystalline materials are expected to
be used in the fields of single-molecule magnets, photocatalytic water splitting, desulfurization and so on.

This review is directed to cover the main advances on the development of transition metal-centered polyoxo-
metalate-based framework materials. In the past several decades, researchers have synthesized 1:12 Keggin type
and Silverton type polyoxometalate, Anderson type polyoxometalate Waugh type polyoxometalate, Evans-Showell
type polyoxometalate and heteropolyvanadate-based framework materials by hydrothermal method and convention-
al aqueous solution method. The water oxidation and photocatalytic degradation of organic pollutants of the
framework materials were detailly studied. For example, the Keggin anion [C0W12040]6’ turned into an efficient and
robust electrocatalyst upon its confinement in the well-defined void space of metal-organic framework (ZIF-8). In
the electrocatalytic process, the [HsCoW,040] @ZIF-8 composite crystalline framework materials is very stable for
water oxidation that could retain its initial activity even after 1000 catalytic cycles. The catalyst has a turnover fre-
quency (TOF) of 10.8 mol O, (mol Co) ~'s™, one of the highest TOFs for electrocatalytic oxygen evolution at neu-
tral pH.

Further, the POM-based crystalline framework materials were used for oxidative desulfurization and the decomposi-
tion of chemical warfare agent. In these fields, the porous frameworks with catalytic active manganese(IV)-containing
heteropolyvanadate [MnV3055];- as nodes and rare earth ions as linking units have been successfully prepared. These
multifunctional polyoxometalate-based porous framework materials exhibit selective adsorption behavior and remarkable
catalytic activity as heterogeneous catalysts for the oxidation of sulfides. A novel manganese(IV)-containing symmetrical
heteropolyvanadate K;[MnV3033] - 18H,0 to KyLi,[MnV 4040] - 21H,0 was also prepared, which is an deficient catalyst
for the oxidation of 2-chloroethyl ethyl sulfide with tert-butyl hydroperoxide oxidizing agent. In this catalytic process, a
TON of 40 is achieved in 8 h, showing potential application toward air decontamination technology. The results show
that the transition metal-centered polyoxometalate-based crystalline framework materials possess of many functionalities,
especially as excellent catalysts. In this paper, the research progress of crystalline framework materials constructed from
transition metal-centered polyoxometalates is systematically summarized, and the challenges and opportunities in this
field are also presented.

transition metal, polyoxometalate, framework materials, catalysis, photocatalysis
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