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Fig. S1 (a-d) SEM images of NiCu NCs grown on different substrates and (e) the corresponding ECSAs

during HER.
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Fig. S2 (a-e) SEM images of NiCu NCs for various duty ratios and (f) the corresponding ECSAs during

HER.
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Fig. S3 (a-f) SEM images of NiCu NCs for different pulse periods and (g) the corresponding ECSAs

during HER.
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Fig. S4 (a-d) SEM images of NiCu NCs for different dilution ratios of initial electrolyte (containing
0.50 M NiSQy, 0.075 M CuSOy4 and 0.50 M H3BO; with pH of 4.0) and (e) the corresponding ECSAs

during HER.



Fig. S5 SEM images of NiCu NCs for the contrast test with (a) presence and (b) absence of boric acid.
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Fig. S6 EDX spectrum of NiCu nanocubes.
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Fig.S7 (a) HRTEM image and (b) SAED pattern of NiCu NCs.
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Fig. S8 (a)XRD patterns of NiCu NCs, (b) Comparison of diffraction peaks of Ni(111) for NiCu NCs

with that of standard Ni Powder.
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Fig. S9 (a)SEM image, (b) XRD pattern and (c) Raman spectrum of Ni/NF.
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Fig.S10 HRTEM image of NiCu CNPs, insert: SAED pattern.
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Fig. S11 EDX spectrum of Ni(Cu) cubic nanopores.
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Fig. S12 (a) XPS survey and high-resolution XPS spectra of Ni(Cu) CNPs in (b)Ni 2p, (c)Cu 2p, (d)O

1s region, (¢) Cu AES spectrum and (f) Raman spectra of Ni(Cu) CNPs.
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Fig. S13 Comparison of the working potentials for NF, NiCu NCs, Pt/C/NF and Ni(Cu) CNPs

electrocatalysts toward HzOR at the anodic current densities of 10, 100, 300 mAcm™.
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Fig. S14 Nyquist plots of NF, NiCu NCs, Pt/C/NF and Ni(Cu) CNPs electrodes towards HzOR.



Fig. S15 Optical image of the generated H, and N, gas bubble on the cathode and anode in the cell,

respectively.
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Fig. S16 The comparing LSV curves of Ni(Cu) CNPs || Ni(Cu) CNPs and Pt/C||Pt/C couples with a scan

rate of 5 mVs'! in the OHzS cell.
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Fig. S17 Intermittent chronoamperograms of the Ni(Cu) CNPs/NF couple in the two-electrode cell

at working potential of 0.340 V for 24 h with the periods of 1 h for continuous electrolysis and 0.5 h

for power shutdowns.



Fig.

S18 SEM images of Ni(Cu) CNPs after 24 h continuous electrolysis in OHzS system.
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Fig. S19 (a-c) The compared high-resolution spectra of Ni 2p, Cu 2p and O 1s, and (d)the compared

Raman spectra of Ni(Cu) CNPs before and after 24 h continuous electrolysis in OHzS system.
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Fig. S20 Plot for the hydrazine oxidation current (j,) versus the square root of scan rate (v!'2).



Table S1. Comparison of HER activities of Ni(Cu) CNPs with other reported electrocatalysts in alkaline

solutions.
. Tafel slope/ n at j=
Material Electrolyte Ref
mVdec! 10 mA cm
Ni(Cu) CNPs 1M KOH 51.1 41 This work
NiMoN/NF 1 M KOH 45.6 56 S1
FeCoNi-HNTAs 1 M KOH 37.5 58 S2
NizN/C 1 M KOH 48 64 S3
NiFeP@TiN/CC 1 M KOH 73.0 75 S4
NiFeP@/C 1 M KOH 92.6 79 S5
NiFeO,/CFP 1 M KOH 84.6 88 S6
NiCoN/C 1 M KOH - 103 S7
NiFeV/NF 1 M KOH 62.0 125 S8
Ni-Cu-3/Cu 1 M KOH 57.2 128 S9
NisP,/Ni foil 1 M KOH 53 150 S10

NigoFey 1/NC-NF 1 M KOH 111 231 S11




Table S2. The EIS fit values of as-obtained electrodes during HER

Electrode i cuy oNps NiCu NCs Ni/NF NF
Parameter
Ry/(Q-cm?) 1.596 1.601 1.711 1.737

R./(Q-cm?) 4.48 6.33 11.14 68.22




Table S3. Comparison of HzOR performances of Ni(Cu) CNPs with other recently reported

electrocatalysts in alkaline solutions.

. Current density Potential
Material Electrolyte Ref
(mAcm?) (mV)
10 -18
. 0.5 M N,H, .
Ni(Cu) CNPs 100 76 This work
+1 M KOH
300 233
0.5 M N,H,
Co;Ta/C 252 60 S12
+3 M KOH
_ 0.5 M N,H,
CuNi,-N 10 0.5 S13
+1 M KOH
_ 0.5 M N,H,
Ni(Cu)/NF 100 108 S14
+1 M KOH
. 0.1 M N,H,+
CoS,/TiM 100 125 S15
1 M KOH
0.1 M N,H,
Fe-CoS, 100 129 S16
+1 M KOH
0.5 M N,H,
CoSe,/NF 100 170 S17
+1 M KOH
. 0.2 M N,H,
Ni3S,/NF 100 415 S18
+1 M KOH
. 0.1 M N,H,
Nig 43Cuyg 57/Cu 300 468 S19
+3 M KOH
. 0.1 M N,H,
NiCo 36 100 S20
+1 M KOH
. 0.5 M N,H,
N10'6C00_4 292 218 S21

+3 M KOH




Table S4. The EIS fit values of as-obtained electrodes during HZOR

Electrode i cuy oNps PY/C/NF NiCu NCs NF
Parameter
Ry/(Q-cm?) 1.787 1.792 1.799 1.696

R./(Q-cm?) 1.12 2.08 5.32 54.93




Table S5. Comparison of Cell voltages for the OHzS system integrated by the previous reported

bifunctional catalysts in alkaline solutions.

Two-electrode
electrolyzer

Electrolyte

Cell voltage

Ref

Ni(Cu) CNPs || Ni(Cu)
CNPs

CoSey/NF || CoSey/NF
Cu;Ni,-N || Cu;Ni-N
Ni(Cu)/NF || Ni(Cu)/NF
Ni,P/NF || Ni,P/NF
Fe-CoS, || Fe-CoS;
CusP/CF || CusP/CF
NiSy/TiM || NiS/TiM

CoSy/TiM || CoS,/TiM

1M KOH +0.5 M N,H,

1 M KOH +0.5 M N,H,4

1 M KOH +0.5 M N,H,4

1 M KOH +0.5 M N,H,4

1 M KOH +0.5 M N,H,4

1 M KOH +0.1 M N,H,4

1 M KOH +0.5 M N,H,4

1 M KOH +0.5 M N,H,4

1 M KOH +0.1 M N,H,4

0.070 V for 10 mA cm™

0.339 V for 100 mA cm™
0.527 V for 200 mA cm
0.691 V for 300 mA cm™

0.164 V for 10 mA cm™

0.240 V for 10 mA cm™

0.41 V for 100 mA cm™

0.45 V for 100 mA cm™

0.610 V for 100 mA cm™

0.720 V for 100 mA cm™

0.750 V for 100 mA cm™

0.810 V for 100 mA cm™

This work

S17

S13

S14

S22

S16

S23

S24

S15
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