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Fig. S1 Simulated powder X-ray diffraction data of [Cu8(dpk·OH)8(OAc)4](ClO4)4·9H2O and 
measured PXRD data of synthesized Cu complex.
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Fig. S2 FTIR spectrum of synthesized Cu complex: 1604 (s), 1472 (m), 1443 (s), 1221 (m), 
1076 (vs), 956 (m), 805 (m), 779 (m), 767 (m), 684 (m), 623 (s).
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Fig. S3 FTIR spectrum of synthesized K8[α-SiW11O39]: 1000 (m), 952 (m), 885 (m), 870 (sh), 
797 (m), 725 (m), 625 (m), 540 (m), 520 (m), 472(s), 430 (s).
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Fig. S4 Formation process of composite 1 [Cu8(dpk·OH)8(OAc)4]2@[α-SiW11O39] in water.

 
Fig. S5 Mixing of 16 mM Cu2+ and 0.2 mM K8[α-SiW11O39] in water.
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Fig. S6 Magnified Raman spectrum of composite 1, K8[α-SiW11O39] and Cu cluster.
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Fig. S7 XPS full scan spectra of composite 1 and polyoxometalate K8[α-SiW11O39].
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Fig. S8 High-resolution XPS W 4f spectra of composite 1 and polyoxometalate K8[α-
SiW11O39].
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Fig. S9 High-resolution XPS Si 2p spectra of composite 1 and polyoxometalate K8[α-
SiW11O39].
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Fig. S10 TG analysis of composite 1 under N2 atmosphere, temperature increasing rate: 10 °C 
/ min.
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Fig. S11 The SEM images of the as-synthesized composite 1.
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Fig. S12 EDS mapping images of the as-synthesized composite 1.
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Fig. S13 EDS spectrum of the as-synthesized composite 1.

Fig. S14 The isotherm linear plot of the as-synthesized composite 1.
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Fig. S15 CV test of 2 mM of [Cu8(dpk·OH)8(OAc)4](ClO4)4 in 0.1 M PBS at different pH, 
scan rate = 50 mV/s.
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Fig. S16 CV curves of [Cu8(dpk·OH)8(OAc)4](ClO4)4, K8[α-SiW11O39] and Cu2+ in PBS at pH 
of 6.5, scan rate=50 mV/s.
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Fig. S17 Initial (2nd) CV curve and 1000th CV curve of composite 1 in PBS at pH=6.5, scan 
rate=50 mV/s. 
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Fig. S18 EDS mapping images of the post-catalytic composite 1.
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Fig. S19 EDS spectrum of the post-catalytic composite 1.
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Fig. S20 XPS full scan spectra of pristine (top), post-catalytic composite 1 and polyoxometalate 
K8[SiW11O39] on FTO electrode used for CPE experiments at 1.40 V (vs. NHE) in PBS at pH 
of 6.5.
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Fig. S21 High-resolution XPS W 4f spectra of pristine (bottom) and post-catalytic composite 1 
on FTO electrode used for CPE experiments at 1.78 V (vs. RHE) in PBS at pH of 6.5.
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Fig. S22 High-resolution XPS Si 2p spectra of pristine (bottom) and post-catalytic composite 
1 on FTO electrode used for CPE experiments at 1.78V (vs. RHE) in PBS at pH of 6.5.
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Fig. S23 The Ball-and-stick representation of [Co4(dpk·OH)4(OAc)2(H2O)2]2+ studied in this 
work (pink, Co; black, C; red, O; blue, N, H atoms in ligand and counter cations ClO4

- were 
omitted for clarity).

Fig. S24 Formation process of composite [[Co4(dpk·OH)4(OAc)2(H2O)2]4@[α-SiW11O39] in 
water.
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Fig. S25 The Ball-and-stick representation of [Ni(NHA]2+ studied in this work (cyan, Ni; black, 
C; blue, N, H atoms in ligand and counter cations ClO4

- were omitted for clarity).

Fig. S26 Formation process of composite [Ni(NHA)]4@[α-SiW11O39] in water.
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Fig. S27 FTIR spectra of composite [Co4(dpk·OH)4(OAc)2(H2O)2]4@[α-SiW11O39] (red), 
[Co4(dpk·OH)4(OAc)2(H2O)2](ClO4)2 (black) and K8[α-SiW11O39] (blue).
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Fig. S28 FTIR spectra of composite [Ni(NHA)]4@[α-SiW11O39] (black), [Ni(NHA)](ClO4)2 
(red) and K8[α-SiW11O39] (blue).
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Fig. S29 TG analysis of Co-containing under N2 atmosphere, temperature increasing rate: 10 
°C / min.
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Fig. S30 TG analysis of Ni-containing under N2 atmosphere, temperature increasing rate: 10 
°C / min.
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Fig. S31 Cyclic voltammograms of composite [Co4(dpk·OH)4(OAc)2(H2O)2]4@[α-SiW11O39] 
and [Ni(NHA)]4@[α-SiW11O39] in 0.1 M PBS at pH of 6.5, with GC electrode (0.071 cm2) 
coated with composite as working electrode. scan rate=50 mV/s.

Fig. S32 Formation process of composite [Cu8(dpk·OH)8(OAc)4]@[SiW12O40] in 

water.
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[Cu8(dpk·OH)8(OAc)4]@[α-SiW12O40]

[Cu8(dpk·OH)8(OAc)4](ClO4)4
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Fig. S33 FTIR spectra of composite [Cu8(dpk·OH)8(OAc)4]@[SiW12O40] (brown), 
[Cu8(dpk·OH)8(OAc)4](ClO4)4 (black) and H4[SiW12O40] (pink).
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Fig. S34 Electrochemical test of composite [Cu8(dpk·OH)8(OAc)4]2@[α-SiW11O39] 

and [Cu8(dpk·OH)8(OAC)4]@[SiW12O40] in 0.1 M PBS at pH 6.5.
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Table S1. Performance of some selected Cu-based heterogeneous catalysts in 
electrochemical water oxidation.

Catalyst Electrolyte pH Current density 
(mA/cm2) η (mV) Ref.

Cu-Bi film 0.2 M KBi 9.0 1.2 600 S1

CuO-based 0.1 M KBi 9.2 1.0 430 S2

CuO nanowires 0.1 M KBi 9.2 0.1 430 S3

Cu(TCA)-film 0.1 M Acetate buffer 6.0 1.0 720 S4

Cu(OH)2 0.1 M KBi 9.2 0.1 550 S5

[Cu2-Po]n 0.1 M KPi 9.2 1.0 644 S6

Cu2O film 0.1 M KBi 9.2 1.0 450 S7

Cu-CO3 0.5 M Na2CO3 10.8 1.0 485 S8

Cu-TEOA 0.1 M Acetate buffer 12.4 0.1 560 S9

Cu(en)(OH2)4 0.2 M PBS 12 1.0 540 S10

Cu-Gly film 0.2 M PBS 12 1.0 450 S11

Cu-Tris film 0.2 M PBS 12.4 1.0 390 S12

Composite 1 0.1 M NaPi 6.5 1.0 580 This 
work

η = overpotential; HTCA = 1‐mesityl‐1H‐1,2,3‐triazole‐4‐carboxylic acid; en =1,2-ethylenediamine
TEOA = triethanolamine; Gly = glycine; Tris = tris(hydroxymethyl)aminomethane.
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