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Cu( Complex Based on 1,10-Phenanthroline as an Efficient
Electrocatalyst for Hydrogen Evolution Reaction

LIU Li-Juan WANG Yan™ HE Jian-Bo
(Anhui Key Lab of Conirollable Chemical Reaction & Material Chemical Engineering,
School of Chemistry and Chemical Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: The Cu(ll) complex based on 1,10-phenanthroline and 5-sulfaisophthalate was mixed with graphite
paste to form a work electrode for the hydrogen evolution reaction (HER) in acid media. Evaluation of the electrode
activity was carried out in 1.0 mol - L™ H,SO, by polarization curve and electrochemical impedance spectroscopy
(EIS). The electrochemical results reveal that the hydrogen evolution potential of Cu(ll) complex-GPE is positively
shifted by 170 mV and the exchanging current density i, is increased to 13 times compared to that of bare GPE.
The presence of Cu(ll) complex can enhance the catalytic activity of the working electrode due to reducing the
overpotential in the hydrogen evolution process. At the same time, Cu(ll) complex in the hydrogen evolution

process for the transfer of electrons play a catalytic role.
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Fig.2 SEM images of the samples



%8 W XUFNGRAE . 1, 10-FE 0 0k CulID)BC A 40 16 4 e 10 Fi A% 1% B A £ BT 0 1 i 1377
12
0.004 W (B)
u GPE u GPE
= Cu(Il) complex-GPE Lo = Cu(Tl) complex-GPE
T 0,044 g
g 0.04 ¥ &
S ;' S
= i 0.8
-0.08 £
f
T T T T T T T 0~6 T T T T T
12 -1.0 -08 -06 -04 -02 00 36 32 28 24 20  -l6  -12
niv lg[-i/ (A-cm™)]

Range: —0.2~-1.4 V, Scan rate: 10 mV-s™
K3 GPE 1 Cu(lDEC A ¥ -GPE 7E 1.0 mol - L H,SO, i W H B AR fL #128 (A)FI Tafel HI1ZE (B)
Fig.3 Polarization curves (A) and Tafel curves (B) for HER on the GPE and Cu(Il)
complex-GPE electrodes in the 1.0 mol-L™" H,SO,
%1 GPE il CulDE & ¥-GPE B 7 1.0 mol-L H,SO, BRM N NFESH
Table 1 Kinetic parameters of HER on the GPE and Cu(l) complex-GPE electrodes in 1.0 mol-L" H,SO, solution”

Electrode T/K b1V a le[=io / (mA -cm™)] N/ V
GPE 298.15 0.147 0.40 -8.77 0.996
Cu(ll) complex-GPE 298.15 0.146 0.40 -7.67 0.826

“a is the charge transfer coefficient; 1)) is the overpotential (i=10 mA -ecm™)
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Table 2 Kinetic parameters of HER on the Cu(l) complex-GPE electrodes with various contents

of the complex in 1.0 mol- L™ H,SO, solution

Content / % A% a lef—iy / (mA-em™)] !V

10 0.121 0.49 -8.79 0.822

Cu(ll) complex-GPE 15 0.146 0.40 -7.67 0.826
20 0.142 0.42 -7.82 0.827
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Fig4 Tafel plots of HER on GPE (A) and Cu(ll) complex-GPE (B) in 1.0 mol-L™" H,SO, solution at different temperatures
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Table 3 Kinetic parameters of HER on GPE and Cu(l) complex-GPE in 1.0 mol-L" H,SO,

solution at different temperatures

Electrode T/K b1V e lg[—ip / (mA -em™)] Mo/ V
298.15 0.147 0.40 -8.77 0.996

303.15 0.154 0.39 -8.44 0.992

GPE 308.15 0.163 0.37 -8.04 0.984
313.15 0.168 0.37 -7.62 0.944

318.15 0.160 0.39 -7.43 0.871

298.15 0.146 0.40 -7.67 0.826

303.15 0.143 0.42 -7.55 0.794

Cu(Il') complex-GPE 308.15 0.141 0.43 -7.52 0.778
313.15 0.140 0.44 -7.21 0.730

318.15 0.139 0.45 -7.03 0.700
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Fig.6  Nyquist plots of GPE (A) and Cu(ll) complex-GPE (B) in 1.0 mol- L H,S0, solution at different potentials
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Table 4 Model parameters of the elements simulated from the experimental EIS data in Fig.6

E/V R,/ Y,/ R./ Y,/ Cy/ R,/
Electrode n n,
(vs SCE) (Q-cm?) (mS-s"-cm?) (Q-cm?) (mS-s"-cm?) (wF-cm?) (Q-cm?)
-0.9 0.227 8.12 0.95 711 13.9 0.79 8.39 1972
CPE -1.0 0.345 4.84 1 182 6.52 0.65 4.84 222
-1.1 0.235 7.70 0.94 89.5 9.75 1 7.99 84.4
-1.2 0.256 4.52 0.98 24.5 7.62 1 4.53 42.0
-0.9 0.353 10.3 0.98 12.5 6.47 0.88 10.5 109
-1.0 0.358 7.55 1 8.34 9.29 0.87 7.55 27.4
Cu(T) complex-GPE
-1.1 0.386 11.6 0.95 6.76 5.97 0.81 12.5 8.63
-1.2 0.415 5.70 1 4.80 5.39 0.87 5.70 1.51
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Supporting information is available at http://www.wjhxxb.cn
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