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Abstract: Due to the advantages of their easy regulated composition, structure and size along with the excellent
electronic storage and redox activity, polyoxometalates have broad application prospects in the fields of catalytic,
photoelectric, and magnetic, etc. It is much favored by chemists especially in the field of catalysis.
Polyoxometalates are easy to deactivate due to the agglomeration in the catalytic process, and its specific surface
area is low. The introduction of polyoxometalates into a well-structured, porous framework material can better
solve the above problems. Therefore, these materials have become one of the research hotspots in the field of
polyoxometalates chemistry. In this paper, the polyoxometalate-based host-guest framework materials are
classified according to their synthetic methods, namely in situ synthesis, impregnation synthesis and mechanical
grinding synthesis, and their advantages or disadvantages are discussed separately. We further summarize the
performance and application of these materials in the fields of catalysis, dye adsorption and degradation, proton

conduction and photoelectric sensing, and prospect its future development trend.
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Table 1 Synthetic methods, properties and application of POMs@MOFs(COFs) materials

Guest POMs anion Host MOF's material Synthetic method Property and application Ref.
[PW 1,040 HKUST-1 In situ — [31]
SiMo104)
PMosW O]
H,SiW1,04) HKUST-1 In situ Acid/base catalysis; [32]

Hydrolysis of esters
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[HPMo,04]
[HAsMo 0]
[PW 104> [(CuCl)y(BTC)s] In situ Acid/base catalysis; [33]
Hydrolysis decomposition of DMMP
[PW 1204 [Co(dpdo)s] In situ Acid/base catalysis; [34]
Hydrolysis of BNPP [35]
[36]
[PW 1,04 [Cux(Hy0)o(bpp)Cl] In situ Electrocatalysis; [37]
[PMo;040]* Reduction of nitrite
[XM ,04]" {[Ln(H,0)4(pydc) ]} In situ Photochemistry; [39]
(X=Si, Ge; Photoluminescent
M=Mo, W)
[PW 504" MIL-101(Cr) In situ Acid/base catalysis; [40]
Knoevenagel condensation of benzaldehyde
with ethyl cyanoacetate
[PMo,00]* MIL-100(Fe) In situ — [41]
[CuPW,,05)" MOF-199 In situ Oxidation catalysis; [42]
Aerobic oxidative degradation of thiols and H,S
[PW 104> MIL-100(Cr) In situ — [43]
[PW 04> Cd-Mn"-Porphyrin In situ Adsorption; [44]
Oxidation catalysis;
Dye a dsorption;
Oxidation of alkane
[BW 104> Ni-PYI-MOF In situ Oxidation catalysis; [45]
Asymmetric dihydroxylation of aryl olefins
[MogOns]* [Cu(BBTZ),] In situ Photocatalysis; [46]
HER by water splitting
[HPMo,0.4] [Co(BBPTZ)s] In situ Oxidation catalysis; [47]
Oxidative desulfurization
[PMo,040]* [Zn(bimbp),| In situ Electrocatalysis; [48]
[Zn;(bimb),C1(MoO4)] HER by water splitting
[PMooV ;04| HKUST-1 In situ Oxidation catalysis; [49]
Hydroxylation of benzene
M-[PMogW O] MOF-199 In situ Oxidation catalysis; [50]
M=Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd Oxidative desulfurization
[PMo,oV,0.0]™ HKUST-1 In situ Electrochemistry; [51]
Electrode materials for lithium-ion batteries
[CuPW ,05]™ HKUST-1 In situ Acid/base catalysis; [52]
Remove methyl parathion from hexane
solution
[PW 1204 MIL-100(Fe) In situ Acid/base catalysis; [53]
Esterification and acetalization reactions
[PW 204" HKUST-1 In situ Acid/base catalysis; [54]

Dominant crystal facets catalyze the
esterification or biodiesel production

of fatty acids (C12~C22)
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[P,W 1506]" Ui0 In situ Photocatalysis; [55]
Visible-light-driven proton reduction in
water splitting

[PW 1,04 Ui0-67 In situ Electrochemistry; [56]

[PW 05> Electrode materials

[P2W 506"

[PW 1,04 Ui0-67 In situ Oxidation catalysis; [57]
Oxidative desulfurization

[CoW ,040]* MIL-101(Cr) In situ Electrochemistry; [58]
Performance improvement of quantum
dot solar cells

[PW 504" Z1F-8 In situ Oxidation catalysis; [59]
Oxidation of sulfides to sulfoxides and sulfones

[PW 04> Cu-TPB-MOF In situ Adsorption; Photocatalysis; [60]
Dye adsorption;
Photocatalytic degradation of dyes

[Niy(H,0),(PWg04y),]"" UiO In situ Photocatalysis; [61]
HER by water splitting

[PM ;04> rht-MOF-1 In situ Oxidation catalysis; [62]

(M=Mo, Si, W) Adsorption;
Oxidation of alkane;
Dye adsorption

{(PWy),M,} TTF-COFs In situ Electrocatalysis; [63]

(M=Co, Ni) Electrocatalytic ORR

[PaW15V306]™ MIL-101(Cr) In situ Photocatalysis; [64]

[P,W(NiOH,)06,]%; HER by water splitting

[P,W"(CoOH,) 0"

[Co"Co"W,05(H,0)]" MIL-100(Fe) In situ Photocatalysis; [65]

[Cos(PWO13),(H,0),]" HER by water splitting

[CoW 1,04]" Z1F-8 In situ Electrocatalysis; [66]
WOC for water splitting

[PMo;oV,0.0]™ ZIF-8 In situ Sensing; [67]
Sensor materials for selective formaldehyde
sensing

[PW 1,04 Z1F-8 In situ Acid/base catalysis; [68]
Esterification reaction of benzoic anhydride
with cinnamyl alcohol

[PMo1,0.0]* Z1F-67 In situ Electrocatalysis; [69]
WOC for water splitting

[P,W 1506]" Ui0-66 In situ Adsorption; [70]
Selective adsorption of cationic dyes

[PW 1,0 Ui0-66-2COOH In situ Acid/base catalysis; [71]
Biodiesel production via one-pot

[SIW ,040]* transesterification-esterification of

[PMﬂ |204U]37

acidic vegetable oils
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[W1,0.0]* Cu',CL-MOF In situ Photocatalysis; [72]
[WeO ] HER and OER by water splitting
[VV,VYeCl] [Ni(4,4"-bpy),] In situ Oxidation catalysis; [73]
Epoxidation of olefin
[PW104]" MIL-101(Cr) Impregnation — [74]
[PW,,Co03]> MIL-101(Cr) Impregnation Oxidation catalysis; [75]
(PW, i [ Epoxidation of olefin, a-pinene allylic
oxidation
[Ln(PW,,05)5]" MIL-101(Cr) Impregnation Oxidation catalysis; [76]
(Ln=Eu*, Sm*) Oxidation of styrene
[PMooV20u0] MIL-101(Cr) Impregnation Electrocatalysis; Electrochemistry; [77]
Oxidation of ascorbic acid;
Modifing electrod to detecte ascorbic
acid and dopamine
[A-PW,03,]” MIL-101(Cr) Impregnation Oxidation catalysis; [78]
Oxidative desulfurization
[PW 1,04 EB-COFs Impregnation Electrochemistry; [79]
Proton conduction
[PW 1,04 MIL-101(Cr) Impregnation Electrochemistry; [80]
Proton conduction
[PW1,0u0]> NU-1000 Impregnation Oxidation catalysis; [81]
Oxidation of CEES [82]
[PMo,0.0]* Z1F-67 Impregnation Electrocatalysis; [83]
HER and OER by water splitting [84]
[PW 1,04 Z1F-8 Impregnation Acid/base catalysis; [85]
Biodiesel production by transesterification
of rapeseed oil
[PMo0"0,0* iPAF-1 Impregnation Oxidation catalysis; [86]
[PMo;, VO]~ Oxidative desulfurization
[PMooV,0u0]
[PMogV 304"
[PMo,VOu)'™
[PMo1oV20u0] HKUST-1 Mechanical Oxidation catalysis; [87]
grinding Oxidative desulfurization
[PW ,04)> Z1F-8 Mechanical Adsorption; [88]
[SiW 1,040]* grinding Drug controlled release
[PMon O]~ Adsorption of methylene blue; Controlled
release of 5-FU
[PMo;, VO]~ rho-Z1F Mechanical Oxidation catalysis; [89]
[PMo,6V,0.0]> grinding Oxidation of sulfides to sulfoxides
[PMosV;0.4]*
[PW 504> HKUST-1 Mechanical Oxidation catalysis; [90]
grinding Oxidative degradation of phenol
[PW 1,04 MFM-300(In) Mechanical Photocatalysis; [91]
grinding Sulfamethazine degrading

HER: Hydrogen evolution reaction; ORR: Oxygen reduction reaction; WOC: Water oxidation catalyst; OER: Oxygen evolution reaction;

CEES: 2-chloroethyl ethyl sulfide; 5-FU: 5-fluorouracil
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Fig.12  Schematic representation for the synthesis of

dual-functionalized mixed Keggin/Lindqvist
type POMs@MOFs and as photocatalysts for
both H, and O, evolution™
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Esterification reactions catalyzed by different

crystal facets of NENU-35
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