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Figure S1. SEM images at different magnifications of the a-NixP/Ni/NF catalysts prepared by 
electrodeposition for a duration of (a, e) 15 min, (b, f) 30 min, (c, g) 60 min, (d, h) 90 min.
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Figure S2. (a) LSV curves of the samples that were electrodeposited in the electrolyte of different 
concentrations of NaH2PO2 and NH4F. The inset shows the current density dependence on the 
NaH2PO2 concentration. The current density values were extracted from (a) at 0.3 V vs. RHE. (b) 
LSV curves of the samples that were electrodeposited in the electrolyte of different 
concentrations of NH4F while keeping the NaH2PO2 concentration at 1 M. The inset shows the 
current density dependence on the NH4F concentration. (c) LSV curves of the samples that were 
electrodeposited in an electrolyte of 1.0 M NaH2PO2/0.5 M NH4F for different durations. The 
inset shows the current density dependence on the electrodeposition duration. All 
electrochemical tests were carried out in an electrolyte containing 0.5 M N2H4·H2O and 1 M 
NaOH.
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Figure S3. (a) XRD pattern and (b, c) SEM images of the Ni/NF catalyst prepared by 
electrodeposition method using an electrolyte without P source. In preparation of the samples 
for XRD analysis, we used Cu foil to replace Ni foam at cathode side. The thus-prepared samples 
were then scraped off from Cu foil.
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Figure S4. XPS spectra of the a-NixP/NF catalyst and Ni/NF, red phosphorus reference samples in 
the Ni 2p and P 2p regions.
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Figure S5. DSC curve of the a-NixP/Ni sample. The inset shows an enlarged view of the section of 
interest.
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Figure S6. XRD pattern of the calcined catalyst at 350 C under Ar atmosphere for 1 h.
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Figure S7. (a) XRD patterns of a-NixP/Ni, a-NixP and the post-calcined a-NixP at 400 C under Ar 
atmosphere for 1 h. (b) TEM image and (c) HRTEM image of a-NixP.
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Figure S8. A comparison of catalytic activities of representative HzOR electrocatalysts. The 
measurement conditions of the catalysts can be found in Table S2.
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Figure S9. A comparison of the LSV curves of the a-NixP/Ni/NF catalyst in an electrolyte with and 
without N2H4·H2O, respectively.
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Figure S10. Mass-specific current densities and mass loadings (inset) of a-NixP/Ni/NF, a-NixP/NF, 
and Ni/NF catalysts.
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Figure S11. (a) Plots of capacitive current density as a function of scan rate at OCP and (b) the 
ECSA-normalized activities of a-NixP/Ni/NF and its crystalline counterparts.
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Figure S12. Contact-angle measurement results of (left) a-NixP/Ni/NF, (middle) a-NixP/NF and 
(right) Ni/NF.
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Figure S13. FE-SEM images of the a-NixP/NF catalyst at different magnifications.



S15

Figure S14. EIS Nyquist plots of the a-NixP/Ni/NF catalyst before and after 100 hours of constant 
current operation.
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Figure S15. A comparison of the XRD patterns of the as-prepared and post-used a-NixP/Ni 
catalysts. 
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Figure S16. FE-SEM images of a-NixP/Ni/NF after 100 hours of operation.
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Figure S17. XPS spectra of the as-prepared and post-used a-NixP/Ni/NF catalysts in the Ni 2p and 
P 2p regions.



S19

Table S1. Chemical composition of the samples that were electrodeposited at room temperature 
using the electrolyte of different concentrations of NaH2PO2 and NH4F.

Electrolyte (M)
Sample

NaH2PO2 NH4F
Ni (at%) P (at%)

a-NixP/Ni-1# 0.250 0.125 85.85 14.15

a-NixP/Ni-2# 0.500 0.250 83.69 16.31

a-NixP/Ni-3# 0.750 0.375 80.61 19.39

a-NixP/Ni-4# 1.000 0.500 78.92 21.08

a-NixP/Ni-5# 1.250 0.625 78.55 21.45

a-NixP/Ni-6# 1.500 0.750 78.74 21.26

a-NixP/Ni-7# 1.000 0.250 81.08 18.92

a-NixP/Ni-8# 1.000 0.750 78.73 21.27

a-NixP/Ni-9# 1.000 1.000 78.48 21.52

a-NixPa 1.000 1.000 74.97 25.03

a Electrodeposited at 60 °C
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Table S2. A comparison of the electrocatalytic performance of representative self-supported 
HzOR catalysts

Electrolyte (M) Electrocatalytic performance
Catalyst

N2H4 OH− E
(V vs. RHE)

j
(mA cm−2) FE (%)

Reference

Ni-NSA 0.5 3.0 0.25 227.6 / [1]

NPA-NiCuP 0.005 1.0 0.35 51.4 / [2]

Ni-B/NF 0.1 1.0 0.30 340 100 [3]

NiS2/TiM 0.5 1.0 0.22 300 100 [4]

Ni-Zn/rGO 0.1 1.0 0.30 469 100 [5]

Ni-Pd/NF 0.1 1.0 0.60 760 100 [6]

NixP/NF 0.1 1.0 0.30 580 100 [7]

Ni-Zn/NF 0.1 1.0 0.30 370 100 [8]

Ni@Ni3N/NF 0.5 1.0 0.30 623 100 [9]

Ni-Co/NF 0.5 1.0 0.30 1213 100 [10]

NiFeN/NF 0.5 1.0 0.30 1017 100 [11]

Ni-Fe/NF 0.5 1.0 0.30 907 100 [12]

Ni@Ni2P/NF 0.5 1.0 0.30 1120 100 [13]

Ni2P@C/NF 0.5 1.0 0.30 1088 100 [14]

a-NixP/Ni/NF 0.5 1.0 0.30 1215 100 This work

a All potentials were obtained with respect to the RHE at pH=14.
b FE denotes Faradaic efficiency.
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Table S3. A comparison of the performance of homemade DHzFCs using self-supported HzOR 
catalysts.

Anode || Cathode c(N2H4)/(OH−) Temp. (℃) OCV (V) Pmax (mW 
cm-2)

Reference

p-Co/CF || Pt/C 1.5/6.0 25 1.1 185.9 [15]

Cu Nanostructure 

film || Pt/C
6.3/4.0 80 1.0 160.8 [16]

FeSA/CNT || Pt/C 1.5/1.0 80 0.83 97.1 [17]

Ni3N-Co3N PNAs/NF 

|| Pt/C
0.5/1.0 25 1.0 60.3 [18]

Mo-Ni3N/Ni/NF || 

Pt/C
0.5/1.0 25 0.96 37.8 [19]

FeNiP-NPHC || 

FeNiP-NPHC
0.5/1.0 25 0.98 31 [20]

a-NixP/Ni/NF || Pt/C 3.0/1.0 25 0.94 133 This work
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