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Fig. S11 PEC stability measurements on (a) pristine Cu2O and on (b) Pt1/N-Ni/Cu2O at 
potential of 0 V vs RHE. 

Fig. S12 Top view of modeled Pt1/N-Ni SAC with the Pt atom located above the (a) 
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Table R1. Equivalent circuit model for EIS plots fitting.

Rs: solution resistance; Q: capacitance of the double layer; Rct: charge transfer resistance.

Table S2. EC HER performance of this work and other reported electrocatalysts 
in neutral media.

Electrocatalyst electrolyte aη10 (mV) Stability References
Ni0.33Co0.67S2 1.0 M PBS 72 20 h at 70 mV (bη) S1

CoO/CoSe2 0.5 M PBS 337
9 h at ~ 337 mV or 

2000 cycles
S2

SiO2/PPy NTs-CFs 1.0 M PBS 183 30 h at 200 mV(η) S3
Co-HNP/CC 1.0 M PBS 85 20 h at -150 mA/cm2 S4

FeOx/FeP 1.0 M PBS 96 60 h at multi- S5

Sample NF Ni/NF N-Ni/NF Pt1/N-Ni/NF

Rs(ohm/cm2) 6.258 5.745 6.041 6.183

Q 0.000159 0.0001787 0.01507 0.1796

Rct(ohm/cm2) 817.2 71.16 34.06 3.313



potential(η)
NiCoPx 1.0 M PBS 63 30 h at -100 mV(η) S6
N-Ni 1.0 M PBS 64 18 h at -20 mA/cm2 S7

CrOx/Cu-Ni/Cu 
foam

1.0 M PBS 48 24 h at 100 mV(η) S8

Ni0.89Co0.11Se2 
MNSN/NF 

1.0 M PBS 82 40 h at 200 mV(η) S9

Ni0.1Co0.9P 1.0 M PBS 125 20 h at -30 mA/cm2 S10
CoMoS4 NTA/CC 1.0 M PBS 104 32 h at 142 mV(η) S11

Mn-Co-P/Ti 1.0 M PBS 86
10 h at 96 mV(η) or 

1000 cycles
S12

FeP/Ti 1.0 M PBS 102 16 h at -10 mA/cm2 S13
CoW(OH)x 1.0 M PBS 73.6 70 h at -20 mA/cm2 S14
Ni-Mo-S/C 0.5 M PBS 200 30000 s S15

GC|Cu-CuxO-Pt-1 2.0 M PBS 35 100 h at 55 mV(η) S16
CoP/CC 1.0 M PBS 106 1000 cycles S17

MoP2/MoP 1.0 M PBS 75 4000 cycles S18

Ni/NiMoN array
0.5 M Na2SO4 
+0.5 M PBS

37 24 h at 37 mV(η) S19

Mn-Ni-S/NF 1.0 M PBS 84
24 h at 180 mV(η) or 

5000 cycles
S20

v-NiFe LDH 1.0 M PBS 87 1000 cycles S21

Fe@N-CNT/IF 1.0 M PBS 130
10 h at multi-
potential(η)

S22

Zn0.075,S-Co0.925P 
NRCs/CP

1.0 M PBS 67
20 h at -10 mA/cm2 or 

1000 cycles
S23

N-CoP/CC 1.0 M PBS 74
30 h at -10 mA/cm2 or 

1000 cycles
S24

PEI@NiP2-CC 1.0 M PBS 100 20 h at -10 mA/cm2 S25
Ru@SC-CDs 1.0 M PBS 66 5000 cycles S26
FePSe3/NC 1.0 M PBS 140.1 24 h at -10 mA/cm2 S27

Ru-RuO2/CNT 1.0 M PBS 48
10 h at 40 mV(η) or 

1500 cycles
S28

RuSx/S-GO 1.0 M PBS 46 12 h for -50 mA/cm2 S29

W-CoP NAs/CC 1.0 M PBS 102
36 h at 102 mV(η) or 

2000 cycles
S30

NFP/C 1.0 M PBS 117 12 h at -10 mA/cm2 S31

Co0.6Fe0.4P/CNT 1.0 M PBS 105
24 h for -10 mA/cm2 
or 5000 ADT cycles

S32

(Fe0.048Ni0.952)2P 1.0 M PBS 90
20 h for -100 mA/cm2 

or 1000 cycles
S33

CoP/Co-MOF 1.0 M PBS 49
60000 s at -20 

mA/cm2 or 2000 
S34



cycles
VN@Ni3N-Ni-

6/CC
1.0 M PBS 85

30 h at 85 mV(η) or 
3000 cycles

S35

np-Co9S4P4 1.0 M PBS 87 20 h for -10 mA/cm2 S36

N-Co2P/CC 1.0 M PBS 42
120000 s for -10 
mA/cm2 or 3000 

cycles
S37

Karst NF 1.0 M PBS 110 10 h at 210 mV(η) S38
CoSx-(0.2-0.02)-12 1.0 M PBS 182 20 h at -10 mA/cm2 S39
Mn-NiO-Ni/Ni-F 1.0 M PBS 80 55 h at 80 mV(η) S40

Ni(S0.5Se0.5)2 1.0 M PBS 124
20 h at 125 mV(η) or 

2000 cycles
S41

Cu0.08Co0.92P 
NAs/CP

1.0 M PBS 81
20 h at -10 mA/cm2 or 

3000 cycles
S42

Ni0.85Se@NC 1.0 M PBS 183
10 h at 183 mV(η) or 

2000 cycles
S43

RhCoB 1.0 M PBS 113
10 h at -10 mA/cm2 or 

2000 cycles
S44

3D RuCu NCs 0.01 M PBS 73
12 h for ~ -10 mA/cm2 

or 3000 cycles
S45

Fe-
(NiS2/MoS2)/CNT

1.0 M PBS 127 8 h at -10 mA/cm2 S46

Pt1/N-Ni/NF 1.0 M PBS 33 24 h at -10 mA/cm2 This work

a η10 = overpotential required to reach current density of -10 mA/cm2. b η = overpotential. 



Table S3. PEC HER performance of this work and other reported Cu2O based 
photocathodes.

Photoelectrode
Photocurrent density (mA cm-2) 

at 0 V vs RHE
References

NiMo/Ga2O3/Cu2O NWs 10 S47
RuOx/TiO2/AZO/Cu2O NWs 10 S48

Pt/TiO2/AZO/Cu2O 7.6 S49
TiO2/Ga2O3/Cu2O/CuSCN 6.4 S50

RuO2/TiO2/AZO/Cu2O 5.16 S51
NiS/Cu2O/Al 5.0 S52
Ti3C2Tx/Cu2O 4.45 S53
Ni/CuO/Cu2O 4.3 S54

Pt/TiO2/AZO/Ga2O3/Cu2O 4.0 S55
Cu2MoS4/NiO/Cu2O 1.25 S56

Pt1/N-Ni/NF 11.9 This work
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