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I. Supplementary experiments
Materials and methods

We used chemicals that were commercially purchased without further purification
((NH4)§M070,4/bty/CuCl,-2H,0/H3BO5; were purchased from Energy Chemical and
J&K Chemicals; Methyl phenyl/1-Methyl-4-(methylthio)benzene/1-Methoxy -4-
(methylthio)benzene/4-Chlorothioanisole/4-Fluorothioanisole/4-Nitrylhioanisole/
benzyl sulfide /phenyl sulfide were purchased from Aladdin and Sigma-Aldrich).
Elemental analyses (H and N) were performed on a Perkin-Elmer 2400 CHN
elemental analyzer; Mo, Cu and B were analyzed on a PLASMA-SPEC (I) ICP
atomic emission spectrometer. We detected the IR spectra using KBr pellets as the
background in the range 400-4000 cm! on an Alpha Centaur FT/IR
spectrophotometer. TG analyses were performed in flowing N, at a heating rate of
10°C min! on a Perkin-Elmer TGA7 instrument. The PXRD patterns of the samples
were recorded on a Rigaku Dmax 2000 X-ray diffractometer with graphite
monochromatized Cu-Ka radiation (A = 0.154 nm) and 260 varying from 5° to 50°. The
diffuse reflectivity spectra were performed on finely ground samples with a Cary 500
spectrophotometer equipped with a 110 mm diameter integrating sphere, which were
measured from 200 to 800 nm. Cyclic voltammetry (CV), galvanostatic
charge—discharge (GCD) measurements, and electrochemical impedance
spectroscopy (EIS) were carried out on a CHI660E electrochemical workstation. The
GC analysis was performed with an Agilent HP6890 spectrometer with a flame

ionization detector, which was used to monitor the conversion and selectivity.



GC—MS at the final time point was used to confirm the identity of the products. The
GC—MS spectra were measured on an Agilent HP6890/5973MSD spectrometer.
General methods of electrochemical measurements.

The electrochemical performance was measured on a CHI660E electrochemical
workstation in 0.1 M H,SO, solution with traditional three-electrode system. The
working electrodes were manufactured by the mixture of compounds (0.0010 g),
graphite powder (0.0050 g) and polyvinylidene fluoride (PVDF, 0.0005g), which was
ground in the agate mortar for 30 min and coated onto the treated carbon cloth (CC).
The CC was pretreated based on the reported method. Then, the CC was dried under
vacuum after adding 100 pL of N-methylpyrrolidone. The Ag/AgCl (3 M KCl)
electrode was acted as a reference electrode, and a Pt wire was used as the counter
electrode.

General methods for catalyzing the selective oxidation of MPS

MPS oxidation: MPS (0.25 mmol), catalysts (2.5 umol), oxidant (30% H,0,, 0.4
mmol), internal standard (Naphthalene, 0.25 mmol) and solvent (Methanol: 0.5 mL)
were mixed in the reaction vessel. The catalytic reaction was carried out at 45°C.
After the catalytic reaction was finished, GC-FID and GC-MS were used to analyze
and identify the resulting mixture.

X-ray crystallography

A Bruker Smart CCD diffractometer with Mo Ka radiation (A = 0.71073 A) was

used to collect the crystallographic data of four compounds at 293 K or 220 K by 6

and o scan modes. The method of empirical absorption correction was adopted.



SHELXTL-97 software was used to solve the structures of 1 and 2 and refine the
data.! In 1 and 2, most non-H atoms are refined anisotropically, and only some of
water molecules were excepted. H atoms linked to the C and N atoms were were fixed
in their ideal positions. To get reasonable thermal parameters and atom sites, some
commands such as “isor” and “dfix”” were utilized.

The CCDC reference numbers for compounds 1 and 2 are 2205037 and 2205038.



I1. FT-IR spectroscopy, UV-vis spectroscopy, PXRD and TG analysis.
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Fig. S1 IR spectra for compounds 1 and 2.
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Fig. S2 UV—vis diffuse reflectance spectra of compounds 1 and 2.

a) b)

Ecperimental pattern

Ecperimental pattern

Calculate pattern

Calculate pattern

5 SR

T
10 20 30 40 50 ‘ ' ; y

10 20 30 40 50
2 Theta (degree) 2 Theta (degree)

Fig. S3 a, b) The calculated and experimental PXRD patterns for compounds 1 and 2.
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Fig. S4 Thermogravimetric plots of compounds 1 and 2.
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Fig. S5 a) SEM image of compound 1; b) EDS spectrum of compound 1; c-h) EDX

elemental mapping of W, O, C, Cu, N and B in compound 1.
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Fig. S6 a) SEM image of compound 2; b) EDS spectrum of compound 2; c-h) EDX
elemental mapping of W, O, C, Cu, N and B in compound 2.

ITI. Supplementary structure figures

Fig. S7 ORTEP drawing of 1 with thermal ellipsoids at 50% probability. Free water

molecules are omitted for clarity. (Color code: W, purple; B, yellow; Cu, light blue; O,



red; N, blue; C, black.).

Fig. S8 a) Tetra-coordinated tetrahedral geometry of Cul; b) Six-coordinated
octahedral geometry of Cu2 in 1. The Cu—N bond lengths are in the range from

1.976(3)- 2.048(3) A, and the N-Cu-N angle is 102.2(18)-115.1(18)°.
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Fig. S9 a and b) The coordination modes of bty ligands in 1.



Fig. S10 a) view of 1D chain constructed from {Cuybty,} in compound 1; b) View of

1D chain constructed from {Cugbtys} in compound 1.

Fig. S11 ORTEP drawing of 2 with thermal ellipsoids at 50% probability. Free water

molecules are omitted for clarity. (Color code: W, purple; B, yellow; Cu, light blue; O,

red; N, blue; C, black.).



Fig. S12 a) Six-coordinated octahedral geometry of Cul in 2; b) Six-coordinated
octahedral geometry of Cu2 in 2; ¢) Six-coordinated octahedral geometry of Cu3 in 2.
The Cu-N bond lengths are in the range from 1.980(2)-2.046(3) A, The Cu-O bond
lengths are in the range from 2.368(2)-2.460(2) A, the N-Cu-N angle is 86.8(11)-

172.2(12)° and the O-Cu-O angle is 91.2(9)-172.7(7)°.
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Fig. S13 a, b and ¢) The coordination modes of bty ligands in 2
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Figure S14 Ball and stick representation of the subunit {Cuybty,} in compound 2.

Fig. S15 view of 1D chain constructed from {Cu,bty,} and {Cusbty,} in compound 2.



Fig. S16 The 3D space-filling framework of compound 2.
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Fig. S17 a) XPS full spectrum for compound 1; b) High-resolution scan of Bls
electron in compound 1; ¢) High-resolution scan of Cu2p electron in compound 1; d)
High-resolution scan of W4f electron in compound 1; e) XPS full spectrum for
compound 2; f) High-resolution scan of Bls electron in compound 2; g) High-
resolution scan of Cu2p electron in compound 2; h) High-resolution scan of W4f

electron in compound 2.



IV. Capacitive Performance figures
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Fig. S18 CV curve of empty glassy carbon electrodes in 0.1 H,SO,4 aqueous solution.
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Fig. S19 a and b) Plots of the anodic and cathodic peak current vs scan rates of

compound 1 and 2.
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Fig. S20 a) Fitting b-value of the peak currents; b) Contribution ratio of the capacitive

Versus scan rate.
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Fig. S21 The equivalent circuit of electrochemical impedance spectra of sulfur

composite cathodes.



V. Catalytic oxidation study
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Fig. 22 The conversion of MPS oxidation for compound 2 and the hot filtration test

for the oxidation of MPS.
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Fig. S23 a and b) Kinetic analysis of MPS oxidation for compounds 1 and 2 (In(C/C)

versus reaction time, C; and C, represent the concentration of MPS at some time and

the starting time).
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Fig. S24 Recycling of the catalytic system for the oxidation of MPS using compound
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Fig. S25 a) IR spectra for 1; b) IR spectra for 2; ¢c) PXRD patterns for 1; (d) PXRD
patterns for 2 before and after catalysis. In the IR spectra, the black and red lines
represent the infrared absorption curves of the fresh catalyst and the catalyst
recovered after the reaction, respectively. In the PXRD patterns, the red and blue lines
represent PXRD patterns of the fresh catalyst and the catalyst recovered after the

reaction, respectively, and the black curve is the simulated value.



Table S1. Some POM-based hybrids as electrodes materials of supercapacitors.

Electrode Cy(F-gh Current ref
density(A-g™)
Compound 1 214.59 0.48 This work
Compound 2 189.17 0.48 This work
H{Zn4(DIBA)s(HPO,)], 171.17 0.5 2
(a-PM08M04O4OZn2)}
[S-PM08M04037(OH)3 146.77 0.5
Zny(HDBIBA),]-6H,0
[Agi0(Co2HoN3)R] [HVW 1,04 93.5 1.5 3
[Ag] 0(C2H2N3)6] [SIW] 2040] 47.8 1.5
[Ag(CHaN3)][Ag12(CaHaN3)g 42.8 1.5
[H2BW5040]
Ag5(C2H2N3)6] [HsCSiM012040] 155.0 0.5 4
[CU4H2(th)5(PW12040)2] 2H20 100.0 2 5
[CuCus(H20)2(btx)s(PW10W20 82.1 2
40)]:2H20
[Cu6(btx)6(PW9W3O40)] 2H20 76.4 2
[Ru(bpy)3]3PM018062’1’1H20 68 0.2 6
H3PMo012040/CNTs 40 0.01 7
AC/H3PMo012040 45 1 8
PEDOT/PMo12 130.0 04 9

PMo,,/PPy 162.1 0.5 10




Table S2. Some POM-based hybrids as catalysts for MPS oxidation.

Catalyst Oxidant Temper Time Con. Sel. Refs.
(°C) (min) (%) (%)

Compound 1 H,0, 45 70 98.2 94.6 This
work

Compound 2 H,0, 45 70 95.6 93.5 This
work

{[e-PMo0gMo04037(OH);] H,0, 50 30 99 99 11

[Zn,(C1oN2Hg)(H20)2]2}2-8H,0

TBA2H2[Zn4(im)(Him)2][e-PM0o8VM04VIO40]-3H20 H,0, 25 10 9 99 12
[Ni(bix),] {V4O11} H,0, 40 60 100 99 13
a-[Cu(mIM)4]V,04 H,0, 40 240 987 100 14
B-[Cu(mIM),]V,04 H,0, 40 240 958 100
[Cus(ptz)s][CosMoyo] TBHP 40 240 99 100 15
[Cu(bim),]o[CoMo ] TBHP 40 240 984 952
[Niy(1-vIM);][V4O12] H,0, 45 240 968 98.7 16
[Cua(1-vIM)s][V4015] H,0, 45 240  98.8 96.5
[Co(HDTBA)V,04] TBHP 50 15 98 98 17
[Ni(DTBA),V,0q] TBHP 50 15 100 99

{[CU3(dpy1'l)4] ((I-Y-MOgO%)}(B-MOgOzﬁ) TBHP 50 30 99 99 18




Table S3. Catalytic Activity of Different Catalysts for the Oxidation of MPS

Entry Ca Con (%) Sel (%)? Rection System
1 {BW 5} 71.2 76.5 Heterogeneous
2 CuCl, 69.5 53.6 Homogeneous
3 {(BWi2j + CuCly 85.4 72.6 Homogeneous

+ bty

4 1 98.2 92.6 Heterogeneous
5 2 95.6 91.5 Heterogeneous
6 Blank 26.8 48.6 *

@Reaction conditions: sulfide (0.25 mmol), Catalysts (0.8 mol%), H,O, (4mmol),

methanol (0.5 mL); *Selectivity to sulfoxides, the byproduct was sulfone.



Table S4. Crystal data and structure refinement for 1 and 2

Complex 1 2
formula CisH3BCu3N 5045W1, C30H44BCu; sN30047W 2
formula weight 3676.16 3951.80
T (K) 293(2) 293(2)
crystal system Orthorhombic Monoclinic
space group Pcen C2/c
a(A) 18.5405(11) 35.441(2)
b (A) 20.7398(9) 24.1797(14)
c(A) 16.1172(8) 23.437(3)
a(®) 90 90
pO) 90 128.7785(7)
v 90 90
U (A3 6197.5(5) 15657(2)
zZ 4 8
p (mm-t) 2.527 3.353
reflections collected 93141 39842
independent reflections 6517 14196
R(int) 0.1412 0.1136
GOF on F? 1.252 1.163
R [I> 20(D)] 0.1237 0.0859
wR,® [I> 26(1)] 0.2695

0.1841




Table S5. Selected distances (A) and angles (°) for 1 and 2.

Compound 1
W(1)-O(6) 1.63(5) W(1)-O(7) 2.02(5)
W(2)-0O(4) 1.66(4) W(2)-0(21) 2.37(5)
W(3)-0(9) 1.66(4) W(3)-0(19) 2.38(5)
W(4)-0(3) 1.64(4) W(4)-0(22) 2.11(8)
W(5)-0(2) 1.73(3) W(5)-0(22) 2.30(8)
W(6)-0(20) 1.67(7) W(6)-O(11) 1.86(5)
B(1)-0(21) 1.53(7) B(1)-0(22) 1.73(8)
Cu(1)-N(8) 2.03(3) Cu(1)-N(3) 1.99(3)
Cu(2)-0(2) 2.59(3) Cu(2)-N(1) 2.04(3)
O(21)-B(1)-0(19) 120(3) O(21)-B(1)-0(22) 110(3)
Compound 2
W(1)-0(20) 1.71(2) W(2)-0(22) 1.88(3)
W(3)-0(35) 1.93(3) W(4)-O(5) 1.74(2)
W(5)-0O(43) 2.37(3) W(6)-0O(25) 1.91(2)
W(7)-0(12) 1.70(2) W(8)-O(26) 1.87(3)
W(9)-0(39) 1.92(3) W(10)-0(23) 1.90(3)
W(11)-O(38) 2.41(5) W(12)-0(37) 1.89(3)
B(1)-O(41) 1.47(4) B(1)-0O(43) 1.56(5)
Cu(1)-N(23) 2.03(3) Cu(1)-N(25) 1.99(2)
Cu(2)-0(11) 2.37(2) Cu(2)-N(22) 2.05(3)
Cu(3)-N(13) 1.98(3) Cu(3)-N(11) 2.00(3)
0(41)-B(1)-0O(44) 110.2(19) 0(40)-B(1)-0(42) 108(3)
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