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Table S1  Crystal data and structure refinement for complex 1.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Extinction coefficient
Largest diff. peak and hole

T

C24 H52 Cl4 Cu2 N12 O16

1033.62

293(2) K

0.710 73 A

Triclinic

P-1

a=8.5097(4) A a=73.650(2)°.
b=18.5847(4) A b= 80.262(2)°.
c=15.1931(8) A g=69.8330(10)°.
996.52(9) A3

1

1.716 Mg/m3

1.418 mm-1

530

0.260 x 0.250 x 0.240 mm3

2.558 to 25.997°.

-10<=h<=10, -10<=k<=10, -18<=I<=18
31794

3896 [R(int) = 0.0717]

99.6 %

Semi-empirical from equivalents

0.7457 and 0.6884

Full-matrix least-squares on F 2

3896 /0/265

1.054

R1=0.0740, wR2 = 0.2097

R1=0.0928, wR2 =0.2277

n/a
1.779 and -0.608 ¢.A-3
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Fig. S1 FTIR spectrum of [Cu(L)](C10),.
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Fig. S2 UV-Vis absorption of [Cu''(L)](Cl10,), at different concentrations in neutral phosphate

buffer solution.
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Fig. S3 Linear relationship between the UV-Vis absorption at 532 nm and the concentration of
[Cu(L)](CIO4),.
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Fig. S4 UV-Vis absorption spectra of [Cu'(L)](ClO,), in PBS at various pH.
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Fig. S5 Continuous CV scans of 10 times over [Cu''(L)](ClOy), in phosphate-buffered solution
at pH 7.0; GC electrode (0.071 cm?) was used as working electrode and scan rate was 100 mV/s.
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Fig. S6 CV scan of 1 mM [Cu'(L)](ClO,), in phosphate-buffered solution at pH 7.0; GC
electrode (0.071 cm?) was used as working electrode and scan rate was 100 mV/s.
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Fig. S7 CV scans of [Cu''(L)](Cl1Qy,), in phosphate-buffered solution at different pH values. GC
electrode (0.071 cm?) was used as working electrode and scan rate was 100 mV/s.
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Fig. S8 DPVs of | mM 1 in 0.1 M PBS at different pH values. DPVs were obtained with

parameters: amplitude = 50 mV, step height =4 mV, pulse width = 0.05 s, pulse period = 0.5 s
and sampling width = 0.0167 s.
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Fig. S9 CV scans of [Cu'(L)](Cl10,), at different concentrations in phosphate-buffered solution
at pH 7.0; GC electrode (0.071 cm?) was used as working electrode and scan rate was 100 mV/s.
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Fig. S10 CV scans of 1 mM [Cu''(L)](C10O,), in phosphate-buffered solution at pH 7.0 with
different scan rates between -0.4 V and 0.25 V vs NHE; GC electrode (0.071 cm?) was used as
working electrode.
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Fig. S11 Scan rate dependence of peak current i, (the maximal current of the oxidative wave )
in the case of 1 mM of 1 in 0.1 M phosphate-buffered solution.

1.5
——100 mV/s
o 124 ——75mV/s
§ ——50mV/s
—20 mV/s
E 099 ——10mV/s
=y
2 0.6-
[<P]
=
~—
S 03-
L]
=
o
0.0
0.3 0.6 0.9 1.2 1.5 1.8
E/V vs NHE

Fig. S12 CV scans of 1 mM [Cu'}(L)](ClO,), in phosphate-buffered solution of pH 7.0 at
different scan rates; GC electrode (0.071 cm?) was used as working electrode.
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Fig. S13 CV tests of 1 mM of [Cu(L)](ClO,), in phosphate buffer solution at pH 7.0 and pD
7.0.
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Fig. S14 CV scan of 1 mM Cu?* (blue), 1.0 mM 1 in the absence (balck) and presence (red) of
1.0 mM bipyridine; GC electrode was used as working electrode and scan rate was 100 mV/s.



Fig. S15 The gas chromatography diagram of the evolved oxygen (left) and the photograph of
the oxygen bubbles generated during CPE test (right).
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Fig. S16 Faradaic efficiency of O, evolution for 1 in 0.1 M PBS of pH 7.0 at 1.6 V vs NHE in
4 h of electrolysis. The red line represents the amount of evolved O, quantified by GC analysis.
The black line represents the amount of O, expected for a 100% faraday efficiency according
to the total charge that passed during 4 h of electrolysis.



Fig. S17 SEM images of the surface of ITO electrode before (left) and after (right) 4 h of CPE
experiments of 1 in 0.1 M phosphate buffer solution at neutral pH.
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Fig. S18 EDX analysis of the ITO electrode before CPE test.
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Fig. S19 EDX analysis of the ITO electrode after CPE test.
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Fig. S20 Full scan of XPS spectra of ITO electrode before and after CPE test with complex 1

as catalyst.



——— Before CPE test

After CPE test
=: M
s
~
)
@
=
2
E . - SN A IA VY
B R et aneesae sasnst Andinh AN

T T T T T T T T T T T T T T T
95 960 955 950 945 940 935 930 925
Binding energy / eV
Fig. S21 XPS spectra of Cu element on ITO electrode before and after CPE test with complex

1 as catalyst.
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Fig. S22 UV-Vis absorption spectra of 1 mM of 1 before and after 4 h of CPE test.



Table S2 Overpotential and kinetic date of homogeneous electrochemical water
oxidation catalyzed by Cu-based complex

Catalyst ¢ pH n/mV?  Potential/V¢  TOF TON  FE/% Ref.
[Cu(I)(C2)]* 65 674 1.73 9.77 4.6 / S1
[Cu(en),(OH,),]** 8.0 440 1.55 0.4 / 75 S2
~1 85
[Cu(H,L)(OH),] 124 640 1.24 0.4 S3
[(L2)Cu]* 11.5 400 0.95 3.58 / / S4
[Cu(H,L)]** 7.0 580 1.60 11.09 / 95 S5
[L-Cu-COsHJ 10.0 650 1.60 20.1 3.91 95 S6
[Cu'(L)]2* 129 830 1.35 0.12 6 60 S7
[(L4)Cu]> 11.6 754 1.39 9.77 1.86 76 S8
Cu,(TPMAN

[Cust )3 70 780 187 0.78  / / S9
(n-OH)(H0)]
[Cu(pyalk),] 125 550 1.13 0.7 30 75 S10
[CuL,]** 9.20 602 1.50 11.84 / 86 S11
[Cu(N,Py;)]** 11.0 831 1.60 0.81 / / S12
[(DAM)Cus(1-

7.0 550 1.62 19.1 454 S1
o / ’
[Cu(TMC)(OHy)** 7.0 580 1.77 30 362 89 S14
Cucyclam 7.0 880 / / / / S15
CuMe,cyclam 7.0 880 1.75 7 / 88 S15
[CuL(OH,)]?* 120 530 / / 4 50 S16

This
Complex 1 7.0 480 1.48 3.65 1.04 90
work

¢ The structures of the catalysts listed in this table are given below. ? # = onset overpotential
obtained from CV test (vs. NHE). ¢ Potential used for the calculation of k.  Measure at pH
8.1.
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