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Supplementary Information

Covalent conductive polymer chain and organic ligand ethylenediamine 

modified MXene-like-{AlW12O40} compounds for fully symmetric 

supercapacitors, electrochemical sensors and photocatalysis mechanisms

Li-Ge Gonga, Xian-Xian Qia, Kai Yua*, Jia-Qian Gaoa, Bai-Bin Zhoua*, Guo-Yu Yangb*

We successfully synthesized two kinetically stable the covalent polymer chains and ethylenediamine acting 

MXene-like-{AlW12O40} compounds. According to the results of energy storage research, these materials show 

high capacitance performance and cycle stability. The capacitors of 1-CC(carbon cloth) and 2-CC are 478.41 and 

625.99F g-1(1.0 A g-1), and the capacitance retention are 95.71% and 97.62% after 5000 cycles. The symmetrical 

water system supercapacitor device is assembled with two 2-CC and the energy density of 6.32Wh kg-1 at 237W 

kg-1. Meanwhile, compounds 1-2 were used to test the new sensitive current hydrogen peroxide sensor, display 

that the linear ranges are 1.20-3.20mM(1-GCE:glassy carbon electrode) and 19.95µM-0.90mM(2-GCE) with the 

detection limit of 0.93µM, 0.86µM. In addition, the photocatalysis mechanisms of compounds 1-2 were studied to 

provide a powerful basis for the photocatalytic mechanism of this series of compounds.
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1. Experimental Procedures

1.1 Materials and general methods

All chemicals were commercially purchased and used without further purification. Elemental analyses (C, H, and 
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N) were performed on a Perkin-Elmer 2400 CHN elemental analyzer. Ag, Al, Cu and W were analyzed on a 
PLASMA-SPEC (I) ICP atomic emission spectrometer. The IR spectrum was recorded in the range 400-4000 cm-
1 on an Alpha Centaurt FT/IR spectrophotometer using KBr pellets.The UV-vis-NIR absorption spectroscopy was 
measurered with a Varian Cary 500 UV-vis-NIR spectrometer.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
TG analyses were performed on a Perkin-Elmer TGA7 instrument with a heating rate 10 °C min−1. XRD patterns 
were collected on Rigaku Dmax 2000 X-ray diffractometer with graphite monochromatized Cu Kα radiation (λ= 
0.154 nm) and 2θ ranging from 5 to 50°. The Brunauer-Emmett-Teller (BET) surface area were performed by N2 
adsorption measurements at 77.3 K using a Nova 2000E. The scanning electron microscopy (SEM) images were 
measured by a Hitachi SU70 SEM coupled with an energy-dispersive X-ray (EDX) detector. X-ray photoelectron 
spectrum (XPS) analyses were analyzed on an AXIS ULTRA DLD electron spectrometer by an Mg Kα (1253.6 
eV) achromatic X-ray source. The electrochemical measurement was carried out on a CHI660E electrochemical 
workstation at room temperature. The liquid chromatography was analyzed on Agilent 1260. (Condition:  
wondasil C18 column, 4.6 mm × 150mm, 5 um, SPD-15C UV detector, 285 nm, mobile phase Vmethanol: 
Vwater=4 : 6, flow rate: 1.00 mL / min, injection volume: 20μL)

1.2 X-ray crystallography

Crystal datas for compounds 1 and 2 were collected at 296(2) Bruker SMART CCD detector with graphite 
monochromatic MoKa radiation (λ= 0.71073Å). The structures were solved by direct methods and refined by full-
matrix least-squares on F2 using the olex2 program. All the non-hydrogen atoms were refined anisotropically. All 
the hydrogen atoms were placed in idealized positions and refined. Crystallographic data and structure 
refinements for 1 and 2 were summarized in Table S1.Selected bond lengths (Å) and angles for 1 and 2 were 
listed in Table S2 and Table S3.

1.3 Electrode preparation and electrochemical characterization for SCs

A conventional three-electrode system was used. The working electrode was a carbon electrode (CC), a Pt wire 
was the counter electrode, and Ag/AgCl (3 M KCl) electrode was used as a reference electrode. The impedance 
spectroscopy measurement was performed on a CHI660E over the frequency range from 0.1 Hz to 1 MHz with an 
applied voltage of 50 mV.  

The carbon cloth electrodes of compounds 1-2 : The working electrodes were made by mixing as-synthesized 
compound (80 wt%), PVDF (10 wt%) and acetylene black (10 wt%) in N-methyl pyrrolidinone, and grinding the 
compounds for about 30 min to form a slurry, which was then coated on carbon cloth (1 cm2) and dried at 60℃ for 
12 h. The weight of the as-prepared electrodes was controlled about 2~3 mg. 
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In which Im=I/m, I (A) is the current for discharge, m (g) is the mass of the electrode material, t (s) is the time 
discharged, V (V) is the discharge potential range with final value(Vf). 

Symmetric device: The solid-type supercapacitor device was constructed by two cloth electrodes in 0.5 M H2SO4 
electrolyte with a piece of polypropylene membrane as a separator. The total active mass was 4~6 mg.

Equation(S2)

where C-, C+, m+, m-, ΔV+ and ΔV- are the specifific capacitance, mass and potential range of the negative and 
positive electrodes.

1.4 Photocatalysis experiments

Aqueous suspensions of RhB, MB or MO(100 mL, 10mg/L) and compounds 1 or 2 (50 mg) were placed in the 
vessel. Prior to irradiation, the mixed suspensions were magnetically stirred in the dark for 20 min to ensure the 
equilibrium of the working solution. At given time intervals, 3mL aliquots were sampled and analyzed by using a 
Varian Cary 500 UV-vis-NIR spectrometer. Finally, the solvent of the filtrate was removed under the reduced 
pressure and the crystal of 1 or 2 were retrieved.

1.5 Electrode preparation and electrochemical characterization for sensors

The working electrode was the glassy carbon electrode(GCE), a Pt wire was the counter electrode, and Ag/AgCl 
(3 M KCl) electrode was used as a reference electrode.

Preparation of the 1-, 2-GCE: Compound 1 or 2 was mixed with acetylene black as raw material and was ground 
into slurry in 3:1 ethanol solution. The dispersed slurry (5μL) was dripped onto the glassy carbon electrode 
surface to form a uniform film at room temperature for 2 hours. Then the Nafion solution (5μL) was dripped on 
the electrode surface as a protective film and was dried for 1 hours.

2. Results and Discussion

  VmCVmC 
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2.1 The structural diagrams of compounds 1-2

Figure S1. The ellipsoid structure of the compound 1

Figure S2. The 1D chain structure of the compound 1

Figure S3.(a)The polyhedral and ball-and-stick view of the 2D sheet structure of compound 1. All H atoms are 
omitted for clarity;(b) The 2D topology structure of compound 1.
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Figure S4. The 3D structure of compound 1.

Figure S5. The ellipsoid structure of the compound 2.

Figure S6. The 1D chain structure of the compound 2.



S8

Figure S7. (a)The polyhedral and ball-and-stick view of the 2D sheet structure of compound 2. All H atoms are 
omitted for clarity;(b) The 2D topology structure of compound 2.

Figure S8. The 3D structure of compound 2.

2.2 The characterization diagrams of compounds 1-2

Figure S9. IR spectra of compound 1 (a) and compound 2 (b).
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Figure S10.TG curves of compound 1 (a) and compound 2 (b).

Figure S11. The XRD patterns for compound 1 (a) and compound 2 (b).

Figure S12. Solid state UV-vis spectra of compound 1 and compound 2
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Figure S13. Kubelka-Munk transformed diffuse reflectance spectra of (a) compound 1 (b) compound 2.

Figure S14. (a)The BET surface area for compound 1; (b)The langmuir surface area for compound 1; (c)The BET 
surface area for compound 2; (d) The langmuir surface area for compound 2.
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Figure S15. Pore size distribution from DFT method: (a) compound 1; (b) compound 2

Figure S16. The XPS of compound 1(a) and compound 2(b).
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Figure S17. XPS spectra of compound 1：(a) W4f ; (b) Al2p; (c) C1s; (d) N1s; (e) O1s; (f) Ag3d.

Figure S18. XPS spectra of compound 2：(a) W4f; (b)Al2p; (c)C1s; (d) N1s; (e)O1s; (f) Cu2p.
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Figure S19. The SEM and EDS of compound 1.

Figure S20. The mapping of compound 1.
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Figure S21. The SEM and EDS of compound 2.

Figure S22. The mapping of compound 2.
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2.3 The supercapacitor testing diagrams of compounds 1-2 

Figure S23. The CVs at different scan rates:(a) Na5AlW12O40 (b)compound 1.

Figure S24. The b values of Na5AlW12O40 (a) and 1-CC (b).

Figure S25. The linear diagram of the stored charge (q) and the square root reciprocal of the scan rate(v-1/2) for 
Na5AlW12O40(a); 1-CC(b) and 2-CC(c).
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Figure S26. Qs and Qd are estimated for Na5AlW12O40(a) ; 1-CC(b)

Figure S27. The GCD of 1-CC at 1, 2 , 3 , 5 and 10 A g-1.

Figure S28. The good rate capability of compound 1 and compound 2.
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Figure S29. Cycling stability of 1-CC after 5000 cycles.

Figure S30. Impedance analysis of the 1-CC and 2-CC.

Figure S31. Impedance analysis of the 1-CC before and after 5000 cycles.
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Figure S32. The equivalent circuit diagrams of EIS for 2-CC

Figure S33. The linear relationship between Z' and ω-1/2 for compound 1 (a) and compound 2(b).

Figure S34. Nyquist plots of (a) compound 1 and (b) 2 at different temperatures.
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Figure S35. Arrhenius plots of (a) compound 1 and (b) compound 2.

Figure S36. The CV curves for the symmetrical water system supercapacitor device.

Figure S37. The good rate capability of the symmetrical water system supercapacitor device.
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2.4 The photocatalytic diagrams of compounds 1-2

Figure S38. The photocatalysis behaviors to reduce rhodamine B (RhB) in the solution of (a) compound 1 and 
(b)compound 2 .

Figure S39. The photocatalysis behaviors to reduce methylene blue (MB) in the solution of (a) compound 1 and 
(b) compound 2.

Figure S40. The photocatalysis behaviors to reduce methylene blue (MO) in the solution of (a) compound 1 and 
(b)compound 2.
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Figure S41. The samples before and after dye degradation were analyzed by liquid chromatography(LC): (a) MB 
(b) RhB (c) MO

Figure S42. The possible degradation mechanism of RhB[1].
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Figure S43. The possible degradation mechanism of MO[2].

2.5 The electrocatalytic diagrams of compounds 1-2

Figure S44. The CVs in a 0.1M H2SO4 + 0.5M Na2SO4 aqueous solution at different scan rates in the potential 
range from -0.8 to 0.5 V: (a) 1-GCE (b) 2-GCE.

Figure S45. The CVs of 1-GCE(a) and 2-GCE(b) at 50mVs-1.
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Figure S46. Reduction of H2O2 at 1-GCE( Scan rate: 50mVs-1).

Figure S47. The selectivity profile of compound 1 at -0.4~ -0.8V.

Figure S48. The i-t curve of compound 1 with successive additions of H2O2
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Figure S49.The linear relationship between the current response of compound 1 and the concentration of H2O2.

Figure S50. The CVs of 1000 cycles at a 50 m V s-1 (a) compound 1 (b) compound 2

Figure S51.The reproducibility of 1-GCE(a) and 2-GCE(b).
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2.6 Crystal data and structure refinements for compounds  1-2

Table S1. Crystal data and structure refinements for compounds 1-2.

Compound 1 2

Formula C30H24Ag3AlN6O41W12 C32H34Cu3AlN8O43W12  

Mr 3729.22 3642.38

Crystal system Triclinic Triclinic

Space group P1 P -1

a, Å 11.361(3) 12.6484(3) 

b, Å 11.614(4) 13.7085(3) 

c, Å 13.645(4) 18.5245(4) 

α, deg 97.533(3) 89.671(1)

β, deg 99.346(2) 85.9080(10)

γ, deg 112.178(2) 75.421(1)

V, Å3 1608.2(8) 3100.38(12)

Z 1 2

Crystal size 0.14×0.12×0.11 0.13×0.13×0.12

Dcalcd, Kg m–3 3.851 3.902

μ(MoKα), mm–1 22.361 23.282

F(000), e 1640.0 3228.0

θ range, deg/° 2.67-27.42 2.54 -27.51

Reflections collected 17328 34725 

Data/restraints/parameters 7254/ 594 /437 14218 / 0 / 894

R1/wR2 0.1176 / 0.1437  0.0331/ 0.0724

GoF on F2 1.040 1.047 

aR1 = Σ||Fo| – |Fc||/Σ|Fo|; bwR2 = Σ[w(Fo2 – Fc2)2]/[w(Fo2)2]1/2.

2.7 Table of bond lengths and bond angles for compounds 1-2

Table S2. Selected bond lengths (Å) and angles for compound 1.

W(1)-O(1) 1.86(4) W(1)-O(2) 1.64(3) W(1)-O(3) 1.94(4)
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W(1)-O(4) 1.86(3) W(1)-O(5)  2.41(4) W(1)-O(16) 2.31(4)
W(1)-O(18) 1.76(4) W(2)-O(3) 1.85(4) W(2)-O(5) 2.22(3)
W(2)-O(10) 1.86(3) W(2)-O(13) 1.67(3) W(2)-O(14)  2.32(3)
W(2)-O(15) 1.78(3) W(2)-O(17) 1.91(4) W(3)-O(4) 1.90(3)
W(3)-O(5) 2.27(3) W(3)-O(6) 1.94(3) W(3)-O(8) 1.68(3)
W(3)-O(9) 2.27(3) W(3)-O(10) 1.91(3) W(3)-O(12) 1.87(3)
W(4)-O(6) 1.88(3) W(4)-O(7) 1.67(3) W(4)-O(9)  2.25(3)
W(4)-O(11) 1.87(3) W(4)-O(14) 2.26(4) W(4)-O(15) 1.94(3)
W(4)-O(22) 1.92(4) W(5)-O(1) 1.90(4) W(5)-O(14) 2.36(4)
W(5)-O(16)  2.22(4) W(5)-O(17) 1.85(4) W(5)-O(20) 1.82(4)
W(5)-O(21) 1.68(3) W(5)-O(22) 1.89(3) W(6)-O(9) 2.41(4)
W(6)-O(11) 1.87(3) W(6)-O(12) 1.88(3) W(6)-O(16) 2.25(3)
W(6)-O(18) 1.93(4) W(6)-O(19) 1.69(3) W(7)-O(20)  1.90(3)
Al(1) -O(5) 1.78(3) Al(1) -O(9) 1.76(3) Al(1) -O(14) 1.76(3)
Al(1)-O(16) 1.84(3) Ag(1)-O(3) 3.18(4) Ag(1)-N(1)  2.11(3)
Ag(1)-N(1) 2.11(3) Ag(2)-O(2) 2.65(3) Ag(2)-N(2) 2.14(3)
Ag(2)-N(3) 2.11(3)
O(2)-W(1)-O(1) 103(2) O(2)-W(1)-O(3) 98.3(18) O(2)-W(1)-O(4)  104.3(16)
O(2)-W(1)-O(5) 151.7(15) O(2)-W(1)-O(16) 150.5(14

)

O(2)-W(1)-O(18) 100.0(18)
O(13)-W(2)-O(3) 103.1(19) O(13)-W(2)-O(5)  157.4(16

)

O(13)-W(2)-O(10) 102.3(14)
O(13)-W(2)-O(14) 151.0(17) O(13)-W(2)-O(15) 101.6(15

)

O(13)-W(2)-O(17) 99(2) 
O(8)-W(3)-O(4) 98.1(19) O(8)-W(3)-O(4)  151.6(17

)

O(8)-W(3)-O(6) 99.2(16)
O(8)-W(3)-O(9) 156.5(16) O(8)-W(3)-O(10) 101.9(16

)

O(8)-W(3)-O(12) 106.6(19)
O(7)-W(4)-O(6) 98.3(14) O(7)-W(4)-O(9) 153.9(15

)

O(7)-W(4)-O(11) 100.7(18)
O(7)-W(4)-O(14) 155.3(15) O(7)-W(4)-O(15) 105.4(14

)

O(7)-W(4)-O(22) 102.1(18)
O(21)-W(5)-O(1) 100.2(19) O(21)-W(5)-O(14) 150.5(16

)

O(21)-W(5)-O(16)  154.7(17)
O(21)-W(5)-O(17) 101.0(18) O(21)-W(5)-O(20) 105.1(17

)

O(21)-W(5)-O(22) 97.5(16) 
O(19)-W(6)-O(9) 149.7(15) O(19)-W(6)-O(11)  

99.7(17)

O(19)-W(6)-O(12) 99.8(16)
O(19)-W(6)-O(16) 155.0(15) O(19)-W(6)-O(18) 108.1(18

)

O(19)-W(6)-O(20) 103.8(17)
O(14)-Al(1)-O(5) 112.0(16) O(14)-Al(1)-O(9) 113.2(16

)

O(14)-Al(1)-O(16) 108.9(17)

Table S3.Selected bond lengths (Å) and angles for compound 2.

W(1)-O(4) 2.254(5) W(1)-O(10) 1.959(6) W(1)-O(15) 1.868(6)
W(1)-O(17) 1.930(5) W(1)-O(20) 1.937(5) W(1)-O(23) 1.717(6)
W(2)-O(1) 1.908(5) W(2)-O(6) 2.224(5) W(2)-O(12) 1.923(5)
W(2)-O(27) 1.870(6) W(2)-O(31) 1.715(6) W(2)-O(34) 1.961(6)
W(3)-O(1) 1.918(5) W(3)-O(4) 2.249(5) W(3)-O(8) 1.931(6)
W(3)-O(10) 1.883(6) W(3)-O(14) 1.950(5) W(3)-O(17) 1.711(6)
W(4)-O(2) 1.889(6) W(4)-O(16) 1.950(6) W(4)-O(28) 2.275(5)
W(4)-O(29) 1.935(6) W(4)-O(36) 1.920(6) W(4)-O(39) 1.706(6)
W(5)-O(3) 1.920(6) W(5)-O(4) 2.270(5) W(5)-O(7) 1.903(6)
W(5)-O(8) 1.925(6) W(5)-O(20) 1.957(6) W(5)-O(35) 1.696(6)
W(6)-O(9) 2.236(6) W(6)-O(14) 1.878(6) W(6)-O(27) 1.955(6)
W(6)-O(30) 1.718(6) W(6)-O(32) 1.975(6) W(6)-O(33) 1.905(6)
W(7)-O(5) 1.932(5) W(7)-O(6) 2.291(5) W(7)-O(11) 1.933(5)
W(7)-O(12) 1.967(6) W(7)-O(13) 1.694(6) W(7)-O(29) 1.879(6)
W(8)-O(5) 1.925(5) W(8)-O(6) 2.242(5) W(8)-O(17) 1.896(5)
W(8)-O(25) 1.905(6) W(8)-O(26) 1.718(6) W(8)-O(34) 1.929(6)
W(9)-O(3) 1.897(5) W(9)-O(22) 1.921(6) W(9)-O(24) 1.897(8) 
W(9)-O(28)  2.255(5)  W(9)-O(36) 1.929(6) W(9)-O(40) 1.718(6)
W(10)-O(7) 1.929(6) W(10)-O(9) 2.256(5) W(10)-O(18) 1.903(6)
W(10)-O(24) 1.889(6) W(10)-O(33) 1.961(6) W(10)-O(38)  1.712(6)
W(11)-O(15) 1.958(6) W(11)-O(16) 1.899(6) W(11)-O(21)  1.699(6)
W(11)-O(22) 1.950(6) W(11)-O(25) 1.909(6) W(11)-O(28) 2.253(5)



S27

W(12)-O(2) 1.916(6) W(12)-O(9) 2.272(5) W(12)-O(11) 1.888(5)
W(12)-O(18) 1.963(6) W(12)-O(32) 1.930(6) W(12)-O(37) 1.718(6)
Al(1)-O(4) 1.735(5) Al(1)-O(6) 1.752(5) Al(1)-O(9) 1.747(5)
Al(1)-O(18) 1.729(6) Cu(1)-N(4) 1.902(7) Cu(1)-N(6) 1.904(7)
Cu(2)-N(1) 1.895(7) Cu(2)-N(2) 1.890(7) Cu(3)-N(3) 1.903(7)
Cu(3)-N(5) 1.912(8) Cu(1)-O(31) 2.315(6)
O(23)-W(1)-O(4) 168.4(2) O(23)-W(1)-O(10) 98.0(3) O(23)-W(1)-O(15) 102.0(3)
O(23)-W(1)-O(17) 101.9(3) O(23)-W(1)-O(20) 97.8(3) O(31)-W(2)-O(1) 100.6(3)
O(31)-W(2)-O(6) 169.1(3) O(31)-W(2)-O(12) 98.4(3) O(31)-W(2)-O(27) 101.3(3)
O(31)-W(2)-O(34) 97.8(3) O(19)-W(3)-O(1) 98.8(5) O(19)-W(3)-O(4) 98.0(4) 
O(19)-W(3)-O(8) 169.9(4) O(19)-W(3)-O(10) 170.1(4) O(19)-W(3)-O(14) 168.7(4)
O(39)-W(4)-O(2) 100.0(3) O(39)-W(4)-O(16) 101.1(3) O(39)-W(4)-O(28) 170.4(3)
O(39)-W(4)-O(29) 102.8(3) O(39)-W(4)-O(36) 98.1(3) O(35)-W(5)-O(3) 100.3(3)
O(35)-W(5)-O(4) 170.6(2) O(35)-W(5)-O(7) 101.3(3) O(35)-W(5)-O(8) 100.9(3)
O(35)-W(5)-O(20) 98.5(3) O(30)-W(6)-O(9) 168.7(3) O(30)-W(6)-O(14) 103.2(3)
O(30)-W(6)-O(27) 99.5(3) O(30)-W(6)-O(32) 95.8(3) O(30)-W(6)-O(33) 100.0(3)
O(13)-W(7)-O(5) 98.4(3) O(13)-W(7)-O(6) 166.9(2) O(13)-W(7)-O(11) 103.0(3)
O(13)-W(7)-O(12) 97.4(3) O(13)-W(7)-O(29) 103.8(3) O(26)-W(8)-O(5) 99.5(3)
O(26)-W(8)-O(6) 170.0(3) O(26)-W(8)-O(17) 99.8(3) O(26)-W(8)-O(25) 101.8(3)
O(26)-W(8)-O(34) 98.0(3) O(40)-W(9)-O(3) 101.7(3) O(40)-W(9)-O(22) 99.2(3)
O(40)-W(9)-O(24) 100.3(3) O(40)-W(9)-O(28) 170.5(3) O(40)-W(9)-O(36) 98.4(3)
O(38)-W(10)-O(9) 101.7(3) O(38)-W(10)-O(26) 169.2(3) O(38)-W(10)-O(3) 98.2(3)
O(38)-W(10)-O(27) 101.3(3) O(38)-W(10)-O(21) 98.0(3) O(21)-W(11)-O(15) 99.3(3)
O(21)-W(11)-O(16) 101.6(3) O(21)-W(11)-O(22) 98.2(3) O(21)-W(11)-O(25) 100.7(3)
O(21)-W(11)-O(28) 171.8(3) O(37)-W(12)-O(2) 103.1(3) O(37)-W(12)-O(9) 168.0(3)
O(37)-W(12)-O(11) 102.5(3) O(37)-W(12)-O(18) 98.0(3) O(37)-W(12)-O(32) 98.1(3)
O(28)-Al(1)-O(4) 109.7(3) O(28)-Al(1)-O(6) 109.7(3) O(28)-Al(1)-O(9) 109.9(3)

2.8 Comparison of the properties of the POMs-based materials with several published supercapacitors

Table S4.Comparison of the properties of the POMs-based materials with several published supercapacitors.

The  capacitances The cyclic 

stability 

collector Ref

1 Compound 1 478.41 F g-1(1 A g-

1)

95.71%(5000 cycl

es)

carbon cloth This

wor

k

2 Compound 2 625.99 F g-1(1 A g-

1)

97.62%(5000 cycl

es)

carbon cloth This

wor

k

3 {Mo132}-rGO  617.3 F g-1(5 A g-

1)

66.7%(3000 cycle

s)

Ni foams [3]

4 MWCNT/CsxPMo1

2O40

285 F g-1(0.2 A g-1) ---- [4]
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5 SWCNT/TBA/PM

o12V2O40

444 F g-1(10 mV s-

1)

95%(6500 cycles) glassy carbon 

rods and 

graphite 

papers

[5]

6 AC/PW12O40 254 F g-1(10 mV s-

1)

35%(30000 cycles

)

graphite rods [6]

7 (H2bpe)(Hbpe)2{[C

u(pzta)(H2O)][P2W

18O62]}・ 5H2O

168 F g-1 (5 A g-1) 90.7%(1000 

cycles)

glassy carbon [7]

8 [Ag5(brtmb)4][VW

10V2O40]

206 F g–1 (110 A g–

1)

81.7%(1000 

cycles)

glassy carbon [8]

9 [CuI(btx)]4[SiW12O

40]

110.3 F g-1 ( 3.0 

Ag-1)

87%(1000 cycles) glassy carbon [9]

10 NENU-5/PPy 779.8 F g−1 (10 mV 

s−1 )

----- carbon cloth [10]

11 [Ag5(C2H2N3)6][H5

⸦SiMo12O40]@15

%GO

230.2 F g-1(0.5 A g-

1)

92.7%(1000 

cycles)

glassy carbon [11]

12 [H(C10H10N2)Cu2][

PMo12O40] 

287 F g-1(1 A g-1) 81.5%(500 cycles

)

glassy carbon [12]

13 [H(C10H10N2)Cu2][

PW12O40]

153.43F g−1(1A 

g−1)

18.2%(500 cycles

)

glassy carbon [12]

14 [CuIH2(C12H12N6)(

PMo12O40)]·[(C6H1

5N)(H2O)2] 

249 F g-1(3 A g-1) 93.5%(1000 cycle

s)

glassy carbon [13]

15 [CuII
2(C12H12N6)4(

PMoVI
9MoV

3O39)]

154.5F g−1(3A g−1) 91.1%(1000 

cycles)

glassy carbon [13]

16 [CuI
4H2(btx)5(PMo

12O40)2]·2H2O

237 F g-1(2 A g-1) 92.5%(1000 cycle

s)

glassy carbon [14]

17 [CuI
4H2(btx)5(PW1 100F g−1(2A g−1) 90%(1000cycles) glassy carbon [14]
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2O40)2]·2H2O

18 [CuIICuI
3(H2O)2(bt

x)5(PWVI
10WV

2O40)

]·2H2O

82.1F g−1(2A g−1) 100%(1000cycles

)

glassy carbon [14]

19 [CuI
6(btx)6(PWVI

9

WV
3O40)]·2H2O

76.4F g−1(2A g−1) 100%(1000cycles

)

glassy carbon [14]

20 [CuIICuI
3(btx)5(Si

MoVI
11MoVO40)]·4

H2O

138.4F g−1(2A g−1) 97%(1000cycles) glassy carbon [14]

21 [{Ag5(pz)7}(BW12

O40)]

1058 F g-

1(2.16 A g-1)

90.3%(1000 cycle

s)

glassy carbon [15]

22 [{Ag5(pz)7}(SiW12

O40)]

(OH)·H2O

986F g−1(2.16A 

g−1)

94.5%(1000 cycle

s)

glassy carbon [15]

23 (Hpyr)[{Ag(pz)}2(

PMo12O40)

1611F g−1(2.16A 

g−1)

84.8%(1000 cycle

s)

glassy carbon [15]

24 [CuI
3(pz)2 

(phen)3]2[CuI 

(phen)2][{Na(H2O)

2}{(VIV
5CuIIO6)(As

IIIW9O33)2}]·6H2O 

825 F g-1(2.4 A g-1) 91.4%(3000 cycle

s)

glassy carbon [16]

25 [CuI
2(bnie)2]2(β-

Mo8O26)

828F g-1(1A g-1) 100%(5000 cycles

)

nickel foam [17]

26 [CuI
2(β-

Mo8O26)(bnie)2 

][Cu2(bnie)2]

800F g−1(1A g−1) ----- nickel foam [17]

27 Pinecone 361 F g-1 -----  titanium foil [18]
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AC/PMo12O40

28 RGO/PIL/

PMo12O40

408 F g-1 98% (2000 

cycles)

stainless steel 

foil

[19]

29 RGO/PMo12O40 276 F g-1 96% (10000 

cycles)

Graphite roods [20]

30 RGO/ PMo12O40 51.2 F g-1 95% (5000 

cycles)

commercial 

flexible carbon 

cloth 

[21]

31 AC/PMo12O40 136 F g-1 91% (8000 

cycles)

[22]

32 AC/PMo12O40 223F g-1 100% (10000 

cycles)

Ti foils [23]

33 AC/PMo12O40 293F g-1 -----  C250 carbon 

monoliths

[24]

34 PAni/H3PMo12O40 120F g-1 70% (1000 

cycles)

Rigid graphite 

plate

[25]

35 [Ag5(brtmb)4][VW

10V2O40]

206 F g–1(110 A g–

1)

81.7%(1000 

cycles)

glassy carbon [26]

36 rGO-PMo12 278 mF cm-2 89%(5000 cycles) Carbon cloth [27]

37 AC/P2Mo18 275F g-1(6A g-1) 89%(2000 cycles) The stainless 

steel wire 

mesh

[28]

38 VSM/CNW 1962F g−1(1A g−1) 97%(1200 cycles) nickel foam [29]

39 [Ag5(C2H2N3)6][H5

SiMo12O40]@15%

GO-based 

electrode

230.2F g−1(0.5A 

g−1)

92.7%(1000cycles

)

glassy carbon [30]
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2.9 Comparison of the properties of the POMs-based materials with several published H2O2 sensors

Table S5. Comparison of the properties of the POMs-based materials with several published H2O2 sensors.

Electrode material Potential

(V)

Linear range detection 

limit

Ref.

Compound 1 -0.5 V 1.20-3.20mM 0.93µM This 

work

Compound 2 -0.5 V 19.95µM-0.90mM 0.86µM This 

work

{PEI/[P2W17Fe/PEI-

PdNPs]/P2W17Fe}3

-0.2V 1.5µM-3.9 mM 1 µM [31]

{PEI/(P8W48/chitosan)8} -0.8V 2.5×10−5-2.3 ×10−3 

M

1.3 µM [32]

[PB/WV-Pt@Pd]6/ITO -0.3V 0.4–2650µM 1.00  

×10-7 M

[33]

H4PW18O62/GC −0.4V 5.0 × 10−4 to 9.0 × 

10−2 M

0.5µM [34]

P2Mo18/GC 0V 1.6 × 10−4 to 4.4 × 

10−2 M

53.4µM [35]

P2W18/GC -0.4V Up to 0.4 × 10−3M --- [36]

SiMo9W2/ITO -0.4V Up to 3.2 × 10−2M --- [37]

P2W17V/CCE -0.435V 1×10−4 to 2 × 10−2 

M

40µM [38]

PFeW11/CPE 0V 1×10−5 to 2× 10−4 

M

7.4µM0 [39]

[Cu2(bep)(ada)2]H2O}n -0.45V 0.05-3µM 0.014µM [40]

MIL-53-CrIIIAs/GCE -0.38V 25-500µM 3.52µM [41]

MWCNTs/[C8Py][PF6]-

PMo12

-0.1V 0.02-8mM 12µM [42]

[PFeW11O39]-4 -0.04V 9 --- [43]
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PMo12-PPy 0.18V 0.2-30 50µM [44]

Na2H6CoW11Co(H2O)O39 -0.5V --- --- [45]

SWCNTs/[SiMo12O40]4− 0.08V (10-18) × 10-3 0.5µM [46]

PMo12 0V 0.02-30mM 7µM [47]

P2Mo18 0.35V Down to 10mM --- [48]

PVW11 -0.5  Up to 26.4mM --- [49]

PMo12 0.05 2-15mM --- [50]
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