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Materials and Methods.

All chemicals used in this study were of analytical grade, obtained from commercial
sources, and were used without further purification. The single-crystal X-ray
diffraction (SCXRD) data of Ce-POM were collected at 150 K on Oxford
Diffraction/Agilent SuperNova (dual source) diffractometer using Cu Ka radiation, and
those of Sm-POM were collected at 100 K on XtaLAB Synergy R, HyPix using Mo Ka
radiation. Calculations were performed with the SHELXL-2018/3 program package,
and the structures were solved by a direct method and refined on F? by the full-matrix
least-squares method. TGA were performed with a TGA/DSC 1 STAR® system in a
temperature range of 30-800 °C at a heating rate of 10 °C/min under N, atmosphere.
Element analysis was conducted on vario MICRO. FT-IR spectra were collected by a
VERTEX 70 infrared analyzer. PXRD was carried out on a Rigaku desktop MiniFlex 600
diffractometer with Cu Ka radiation (A = 1.54184 A). SEM and EDS mapping was
performed on Apreo 2S HiVac. XPS spectra were obtained on an ESCALAB 250Xi
(Thermo Fisher) using Al Ka X-ray sources. The binding energy was referenced to the
C 1s peak at 284.8 eV. Data were analyzed with the software Avantage. EPR tests were
performed on Bruker E500. The results of the catalytic oxidation reaction were
analyzed via a gas chromatograph (GC, Agilent 6820, FID) equipped with an HP-5MS

capillary column.

SyntheSiS of (CzHgN)4N34[SEzW18062(H20)21'13H20 ({SEzwlg})

The preparation of {Se, Wz} followed a modified procedure. ! Na,W0Q,-2H,0 (10.0 g,
30.3 mmol) and Na,Se0; (0.58 g, 3.37 mmol) were dissolved in 200 mL of water. The
pH value of the solution was adjusted to 4.8 by 50% acetic acid solution. After stirring
for 30 min, dimethylamine hydrochloride (7.9 g, 96.8 mmol) was added in the solution.
The final pH was kept at 3.6 by 6 M HCI. After stirring for another 10 min, the solution
was heated to 60 °C and kept for 1 h with stirring. Upon the solution cooled down to
room temperature, it was filtered and left to evaporate slowly. Colorless needle-

shaped crystals were obtained after 3 days, which were then collected by filtration



and air-dried. Yield: 1.0 g (12% based on W).

Synthesis of (NH;)¢Na;3[SegW390141(H,0)3]-60H,0 ({SecW3o})

Precursor {SegW3o} was prepared according to previous literature. 2 Na,WQ,-2H,0
(40.0g,121.3 mmol), Na,Se03 (4.0 g, 23.1 mmol) and NH;NO3 (1.5 g, 18.7 mmol) were
successively dissolved in 400 mL of water with stirring. The pH of the solution was then
adjusted to 4.0 by 70% HNO; and maintained at this value for 5 minutes.
Subsequently, the solution was filtered. The filtrate was collected in a 500 ml beaker
and allowed to stand at 4 °C. Large colorless needle-shaped crystals of {SegW3o} were

collected after two days. Yield: 7.0 g (19.2 % based on W).

SyntheSiS of (CzHgN)4{[CE4(Hzo)24] [SEzwlsoez(Hzo)zlz}'27Hzo (Ce-POM)

Precursor {SegW3o} (150 mg, 0.01 mmol) was dissolved in 2 mL of water, and then 2
mL dimethylamine hydrochloride (150 mg, 1.84 mmol) aqueous solution was added
to prepare solution A. Solution B was prepared by mixing HNO; (0.1 ml, 8 mol L) and
Ce(NO3)3-6H,0 (65.1mg, 0.15 mmol) in 2 mL of water. Then solution B was dropwise
added into solution A. The mixture was constantly stirred for 10 min, and then heated
at 80 °C for 1 h. After cooling down to ambient temperature, solids were filtered out
and filtrate was left for slow evaporation. Light yellow prism crystals of Ce-POM were
obtained after 1 week. Yield: 0.048 g (32.0 % based on W). CCDC number 2521229.
Element analysis found (%): C 095, H 148, N 0.62; -calculated for
C8H142N40179Se4Ced4W36 (%): C 0.90, H 1.34, N 0.53. ICP-MS: Ce 5.2%, W 61.6%;
calculated for C8H142N40179Se4Ce4W36: Ce 5.3%, W 62.1%. The numbers of C;HgN*

and crystal water were determined by the combination of TGA and element analysis.

SyntheSiS of (CzHgN)4{[Sm4(Hzo)z4] [SEZW]_goez(H20)2]2}'27”20 (Sm-POM)

The synthetic procedure for Sm-POM is the same as that for Ce-POM except
SmCl3-6H,0 (47.4mg, 0.13 mmol) was used instead of Ce(NO3);:6H,0. Colorless prism

crystals of Sm-POM were obtained after 1 week. Yield: 0.074 g (49.0 % based on W).



CCDC number 2521238. Element analysis found (%): C 0.81, H 1.38, N 0.59; calculated
for C8BH142N40179Se4Sm4W36 (%): C 0.90, H 1.34, N 0.52. ICP-MS: Sm 5.2%, W
60.5%; calculated for CBH142N40179Se4Sm4W36: Sm 5.6%, W 61.9%. The numbers
of C,HgN* and crystal water were also determined by the combination of TGA and

element analysis.

General procedure of catalytic reactions

For a typical reaction, substrate, H,0,, catalyst, and solvent were successively added
into a 10-mL reaction tube. Then the mixture was warmed for 4 h in a preheated oil
bath at target temperature with vigorous stirring. Upon the completion of reaction,
the reaction tube was cooled down immediately to room temperature in a water bath.
The cooled mixture was added by methylbenzene (internal standard) and 5 mL diethyl
ether. After thorough homogenization, the mixture was centrifuged. The supernatant
was collected for gas chromatography (GC) analysis. Benzyl alcohol conversion and
benzaldehyde selectivity were calculated according to the following equations,

respectively.

Conversion (%) =(1-f;xm;xSs/ ms/ S;)) x 100%

Selectivity (%) = Saldehyde/ (Saldehyde + Sacid + Sester) x 100%

The conversion of alcohol was calculated via internal standard correction
method. The symbol f; represents correction factor of substrate with methylbenzene
as the internal standard; m; represents the mass of internal standard; S, represents
the integral area of substrate on GC; m, represents the mass of substrate; S;represents
the integral area of internal standard on GC; The selectivity of aldehyde was calculated
via area normalization method. S;genydes Sacid» aNd Sester represent the integral areas of

product aldehyde, acid, and ester, respectively.



Table S1 Crystallographic data and structure refinement results of Ce-POM and Sm-

POM.

Ce-POM

Sm-POM

Empirical formula
Formula weight
Crystal system
Space group

a(A)

b (A)

c (A)

v (%)
Volume (A3)

Z

Pealc (g cm)
M(mm-1)

F(000)

Crystal size (mm?3)

8(°)

Index ranges

Final R indexes [I>20 (1)]

Final R indexes [all data]

CgN4O179H1425€4CesW3g
10653.67
monoclinic

P2:/n

15.4720(3)
18.5957(3)
29.9311(5)

90

101.1195(18)

90

8449.9(3)

2

4.031

54.003

8916.0

0.22 x 0.08 x 0.03

2.813 to 75.165

-19<h <16,
-22<k<23,
-37<1<37

R, = 0.0631,
WR, = 0.1687
R, = 0.0716,

wR, =0.1779

CgN4O179H1425€4SmM W3
10694.65
monoclinic

P2:/n

15.4401(3)
18.4946(3)
29.7144(7)

90

101.201(2)

90

8323.6(3)

2

4.055

27.122

8802.0

0.20x 0.07 x 0.04

1.773 to 27.103

-19<h <19,
-23<k <21,
-36<1<37

R, = 0.0536,
WR, = 0.1303
R, = 0.0714,

wR; =0.1422
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Fig. S2 TGA curves of Ce-POM and Sm-POM under N, atmosphere.
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Fig. S3 FT-IR spectra of {Se, W3}, Ce-POM and Sm-POM.
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Fig. S4 PXRD spectra of Ce-POM and Sm-POM.
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Fig. S5 SEM image and EDS mapping of Ce-POM.

Fig. S6 SEM image and EDS mapping of Sm-POM.
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Fig. S7 Survey XPS spectrum of Sm-POM.
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Fig. S8 High-resolution XPS spectra of O 1s and Se 3d in Sm-POM.
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Fig. S9 Survey XPS spectrum of Ce-POM.
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Fig. S10 High-resolution XPS spectra of O 1s and Se 3d in Ce-POM.



Table S2 Activity comparison of Sm-POM with other POM-based catalysts for the
catalytic oxidation of benzyl alcohol.

Catalysts Time T Conversion Ref.
(h) (°C) (%)
[HaN(CH3),]10H,[(As;W19067(H,0)(Sb0O),]-13H,0 12.5 60 99.6 [3]
[HZN(CH3)2]14H4{[(A52W19067(HZO)(SbO)Z][P2W18062]'12H20 125 60 94.3 [3]
PMoV,@UiO-66-NH, 4 90 95 [4]
CN-PTA 1 70 70 [5]
PTA@MMS 15 90 97.04 [6]
PTA 15 90 95.5 [6]
Ci6HgsCusMo19N17047V 8 90 96.8 [7]
Sm-POM 4 80 95.11 This work

Fig. S11 Structure of {Se,Wg}.
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Fig. S12 Simulated and experimental PXRD spectra of {Se,W5}.
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Fig. S13 Survey XPS spectrum of {Se,Wyg} and high-resolution spectra of W 4f, O 1s,

and Se 3d in it.
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Table S3 RE---W distance in the structures of RE-POM.

Ce--W distance (A) Sm---W distance (A)
Cel--W4 4.1537(11) Sm19--W2 4.1037(11)
Cel--W6 4.1759(12) Sm19--W3 4.1052(9)
Cel--W8 4.0228(12) Sm19--W4 3.9625(10)
Ce2--W1 4.1508(12) SM20--W1 4.0974(10)
Ce2--W4 4.2287(11) Sm20--W2 4.1650(9)
Ce2--W6 4.1731(11) SM20--W3 4.1204(11)
Average Ce---W 4.1508 Average Sm--W 4.0924
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Fig. S14 TEMP-10, signals in MeCN at room temperature, MeCN heated at 80 °C for 4
h, and the mixture of MeCN and H,0, heated at 80 °C for 4 h.



Table S4 Amount of residual H,0, at different times in Sm-POM and Ce-POM mediated
systems under optimized condition without benzyl alcohol.

Time Sm-POM (%) Ce-POM (%)
Oh 100 100

1h 86.4 11.3

2h 46.3 6.5

3h 33.9 3.1

4 h 323 0.7
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Fig. S15 Scavenging experiments for {Se,W,3} catalyzed system (condition: benzyl
alcohol 0.25 mmol, {Se,W;5} 3.0 umol, scavenger 0.1 mmol, 30% H,0, 1.2 mmoaol,
acetonitrile 1mL, 80 °C, 4 h).
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Fig. $16 Recycling catalytic reactions over Sm-POM without catalyst supplement.
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Fig. S17 Comparison of PXRD patterns between fresh Sm-POM and the recovered
sample after the 3™ run.
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Fig. S18 Recycling catalytic reactions over Sm-POM with catalyst supplement.
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