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1. The procedure of control experiments for ODS

1.1. Pure PW as homogeneous catalyst 

A certain amount of DBT was dissolved in n-octane (with a concentration of 1000 

ppmw of sulfur from DBT) to act as model fuel. The reaction was performed under air 

in a closed 40 mL dram vial with a vigorous magnetic stirrer (1000 rpm) at room 

temperature. In a standard run, the Pure PW (10 mg) was added to model fuel (10 g) 

and acetonitrile (10 g), and the resulting mixture was stirred for 10 min at room 

temperature. The catalytic reaction process is initiated by addition of hydrogen peroxide 

(H2O2, 30 wt. %) as oxidant with an O/S molar ratio of 6:1. The liquid in n-octane were 

withdrawn at regular intervals and analyzed by gas chromatography on an Agilent 

7890A GC with an FID detector using a 30 m packed HP5 column.

1.2. UiO-66(Zr)-green as catalyst

   The similar procedure to Pure PW was adopted except that 50 mg UiO-66(Zr)-green 

replaced the pure PW as catalyst.

1.3. PW+UiO-66-green as catalyst

    The similar procedure to Pure PW was adopted except that a physical mixture of 10 

mg PW and 40 mg UiO-66(Zr)-green replaced the pure PW as catalyst. 

1.4. PW+UiO-66-solvent as catalyst

    The similar procedure to Pure PW was adopted except that a physical mixture of 10 

mg PW and 40 mg UiO-66(Zr)-solvent replaced the pure PW as catalyst.

1.5. PW/UiO-66-solvent as catalyst

    The similar procedure to Pure PW was adopted except that a physical mixture of 50 

mg PW/UiO-66(Zr)-solvent replaced the pure PW as catalyst.
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Scheme S1 Reaction pathway about the ODS reaction of DBT or 4,6-DMDBT.
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Table S1 The surface chemical composition in various samples.

Catalyst nW/nZr nC/nZr nC(288.8)/nZr

UiO-66(Zr)-green 0 11.7 1

PW+ UiO-66(Zr)-green 0.03 10.8 1

PW/UiO-66(Zr)-solvent 0.12 20.2 1.6

PW/UiO-66(Zr)-green 0.3 9.7 1.2
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Table S2 Comparison of catalytic activities over several POM/MOFs in ODS of DBT.

Solid carriera

Active species 

and content (wt 

%) 

Dosage of 

catalyst

(mg)

Sulfur 

content 

(ppmw)

Temp. 

(oC)

Time 

(min)

Converted 

(wt %)

TOF 

(h-1)c
Ref.

MIL-101(Al)-NH2 PW11Zn (15.84) 86.3 500 50 360 96.6 0.4 1

MIL-101(Cr) Tb(PW11)2 (27) 61 500 50 180 99 0.9 2

MIL-101(Al)-NH2 Eu(PW11)2 (2.37) 12.2 500 70 120 100 2.8 3

HKUST-1 PMo12 (--) 60 100 65 180 99 -- 4

MIL-101(Al)-NH2 PW12 (38.9) 21 500 60 240 100 2.9 5

MIL-101(Cr) PW12 (48.9) 26 500 50 60 100 1.9 6

MIL-101(Cr) PW9 (14.5) 46 500 50 60 99 2.8 7

MIL-101(Cr) PW12 (50) 75 910 45 180 91 4.7 8

MIL-101(Cr) PW12 (12) 50 500 60 120 84.1 11.3 9

MIL-101(Cr)-NH2 PW12 (36.3) 50 950 50 60 100 15.9 10

ZIF-8(Zn) PW12 (10) 30 950 70 60 13 5.0 11

UiO-66(Zr) PW12 (10) 30 950 70 60 73 28.1 11

MIL-100(Fe) PW12 (16) 30 950 70 60 100 24.0 11

UiO-67(Zr) PW12 (28) 50 1000 70 60 99.7 21.5 12

TMU-17-NH2 PW12 (20) 20 500 USb 15 98 38.4 13

MOF-808(Zr) PW12(42) 12 1000 60 30 100 48.6 14

UiO-66(Zr)-solvent PW12 (14.1) 50 1000 25 60 68.9 87.8
This 

work

UiO-66(Zr)-green PW12 (14.7) 50 1000 25 25 99.7 293.0
This 

work

a All catalysts used H2O2 as oxidant; 
b Ultrasound irritation power (W) 37 kHz frequency;
c TOF = (mole number of converted DBT) / (mole of active species content in catalyst × reaction time (h)).

Table S3 Reaction rate constants were obtained at different temperatures in ODS of 

DBT.

Temperature (oC) Reaction rate constant kapp (min-1) R2

25 0.21954 0.995

40 0.33044 0.985

50 0.4606 0.973
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Figure S1 XRD patterns of various samples.
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Figure S2 N2 sorption isotherms with local enlargement (insert) of different samples.
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Figure S3 The micropore and mesopore distribution curves of different samples.
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Figure S4 FT-IR spectra of (a) PW, (b) PW/UiO-66(Zr)-green-1, (c) PW/UiO-66(Zr)-

green, (d) PW/UiO-66(Zr)-green-2, and (e) UiO-66(Zr)-green.
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Figure S5 SEM images of (a) UiO-66(Zr)-green, (b) PW/UiO-66(Zr)-green-1, (c) 

PW/UiO-66(Zr)-green, (d) PW/UiO-66(Zr)-green-2.



11

Figure S6 HAASD images and STEM-EDS element maps of PW/UiO-66(Zr)-green 

together with the relative concentrations in at %.
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Figure S7 HAADF images and STEM-EDS element mapps of PW/UiO-66(Zr)-

solvent together with relative concentration in at %.
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Figure S8 XPS spectra of various samples:  Zr 3d.
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Figure S9 XPS spectra of various samples:  O 1s.
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Figure S10 XPS spectra of various samples:  C 1s.
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Figure S11 Identification of WZrO4+ and WZr2O6+ fragments on PW/UiO-66(Zr)-

green and PW/UiO-66(Zr)-solvent and simulation of their isotopic patterns.
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Figure S12 Removal content of DBT with reaction time over different catalysts at 

room temperature.
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Figure S13 GC-FID chromatograms of (a) model fuel, (b) acetonitrile phase after 

reaction over various samples and mass spectroscopy of (c) DBT, (d) DBTO2 in the 

product.
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Figure S14 Pseudo-first-order rate constants for DBT ODS reaction at different 

temperatures over PW/UiO-66(Zr)-green.
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Figure S15 XRD patterns of PW/UiO-66(Zr)-green before and after reaction.
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Figure S16 N2 sorption isotherms of PW/UiO-66(Zr)-green before and after 

reaction.
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