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Ⅰ XRD patterns of Ni3N/NF, Ni(OH)2/NF, Ni/NF

 Figure S1 shows the XRD patterns of Ni(OH)2/NF, Ni/NF, Obviously, the 

diffraction peaks at 33.1°, 59.1° and 72.7° are indexed to the (100), (110) and (201) of 

Ni(OH)2 (JCPDS No. 14-0117). The peaks at 44.5°, 51.8°, 76.6° are belonged to 

(111), (200), (100) of Ni (JCPDS No. 04-0850), which are from NF.
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Figure S1. XRD patterns of Ni(OH)2/NF, Ni/NF.
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Ⅱ SEM images of bare Ni foam, Ni3N/NF, Ni(OH)2/NF, Ni/NF 

Figure S2(a) displays the SEM image of bare NF, indicating the surface is smooth. 

The SEM images of Ni(OH)2/NF (Figure S2(b)) reveals the gracile nanowire arrays 

grow uniformly on NF. Figure S2(c) showed the SEM image of Ni/NF, it is clearly 

the distribution of Ni is fluffy and flexible. Figure S2(d) reflects the SEM image of 

the Ni3N/NF. We can see that the entire surface of NF is evenly covered by Ni3N.

Figure S2. (a) SEM image of bare Ni foam. (b) SEM image of Ni/NF. (c) SEM 

images of Ni(OH)2/NF. (d) SEM images of Ni3N/NF.
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Ⅲ LSV curves of Ni3N/NF in 1.0 M KOH with different urea concentration 

In order to optimize catalytic performance of UOR, we conducted the LSV of 

Ni3N/NF in 1.0 M KOH with different urea concentration (from 0.1 to 0.6 M urea). 

Obviously, the potential of Ni3N/NF is the lowest in 1.0 M KOH containing 0.5 M 

urea at the same current density. Therefore, the urea concentration of 0.5 M was 

chosen for the electrochemical test of UOR.
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Figure S3. LSV curves of Ni3N/NF in 1.0 M KOH with 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 

M urea, respectively.
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Ⅳ Nyquist plots of Ni3N/NF, Ni(OH)2/NF, Ni/NF, bare NF and IrO2

Figure S4(a) shows Nyquist plots of Ni3N/NF in different electrolytes. Apparently, 

the conductivity of 1 M KOH with 0.5 M urea is better than 1 M KOH and 0.5 M 

urea. This implies Ni3N/NF have faster electron transfer rate in 1 M KOH with 0.5 M 

urea. Furthermore, the conductivity of the prepared materials was measured. Figure 

S4(b) indicates the Rct of Ni3N/NF, Ni(OH)2/NF, Ni/NF, bare NF and IrO2 are 

corresponded to 2.85 Ω, 8.2 Ω, 8.85 Ω, 9.29 Ω and 4.84 Ω. Obviously, the Rct of 

nanophere Ni3N/NF is the lowest. So, Ni3N/NF has faster electron transfer rate than 

other prepared catalysts.
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Figure S4. (a) Nyquist plots of Ni3N/NF in different electrolyte. (b) Rct of Ni3N/NF, 

Ni(OH)2/NF, Ni/NF, bare NF and IrO2.
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Ⅴ XRD pattern and XPS spectra of Ni3N/NF after 3000 cycles

Figure S5(a) and Figure S5(a*) shows XRD pattern of Ni3N/NF after 3000 cycles 

in HER and UOR, respectively. Obviously, the peaks are almost the same as those 

before 3000 cycles, matches well with the standard cards. Meanwhile, XPS spectras 

of Ni 2p, and N 1s for Ni3N/NF after 3000 cycles are almost the same as those before 

3000 cycles (Figure S5(b, c) and Figure S5(b*, c*)). SEM images of Ni3N/NF after 

3000 cycles in HER and UOR, respectively also maintain the same appearance as 

before 3000 cycles (Figure S5(d) and Figure S5(d*)). These results indicate 

Ni3N/NF has an excellent stability.
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Figure S5. (a) XRD pattern, (b, c) XPS spectras and (d) SEM image of Ni3N/NF after 

3000 cycles in HER. (a*) XRD pattern, (b*, c*) XPS spectras and (d*) SEM image of 

Ni3N/NF after 3000 cycles in UOR.
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Ⅵ STEM-EDX mapping images of Ni3N/NF

Figure S6 shows the STEM-EDX mapping images of Ni3N/NF. We found that the 

N elements are evenly distributed, while the nickel elements are more densely. It 

implies Ni3N is grown on nickel foam.

Figure S6. (a) STEM-EDX mapping images of Ni3N/NF. (b) element mapping of 

combinations of Ni and N. (c) element mapping of Ni. (d) element mapping of N.
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Ⅻ CV curves of Ni3N/NF, Ni(OH)2/NF, Ni/NF

Figure S7 shows CV curves of Ni3N/NF, Ni(OH)2/NF, Ni/NF, respectively, in the 

non-faradic potential region (1.007 V to 1.147 V) at different scan rates (from 5 to 50 

mV·s-1). Figure S7(d) and Figure S7(f) indicate the Cdl at 1.077 V is 4.5 and 2.3 

mF·cm-2 for Ni(OH)2/NF and Ni/NF, respectively. They are all lower than that of 

Ni3N/NF (6.45 mF·cm-2) (Figure S7(b)). The results show the surface roughness of 

Ni3N/NF is higher than the precursors.
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Figure S7. (a), (c) and (e) CV curves of Ni3N/NF, Ni(OH)2/NF, Ni/NF, respectively, 

at different scan rates. (b), (d) and (f) Cdl for Ni3N/NF, Ni(OH)2/NF, Ni/NF, 

respectively.
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Ⅷ Comparison of electrochemical performance of Ni3N/CC cell in the literature

  So far, only one used nickel nitride for urea electrolysis.1 The nickel nitride on 

carbon cloth was synthesized (Ni3N/CC) in that literature and its electrochemical 

performance has been compared. Obviously, the cell voltages of Ni3N/NF cell we 

prepared is much lower to that of Ni3N/CC cell. It implies the catalytic activity of 

Ni3N/NF cell is far superior to that of Ni3N/CC cell.
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Ⅳ Comparison of catalytic performance of some UOR catalysts in recent years

Comparing the catalytic performance of catalysts for UOR in recent years. 

Obviously, we can discover that the potential of the materials we prepared are lower 

than that of the most of UOR catalysts. This implies Ni3N/NF has superior catalytic 

activity and greater commercial possibilities.

Table S1. Comparison of the UOR activity for several recently reported catalysts.

Catalyst
Potential at 10 

mA·cm-2(V vs· RHE)

Mass 

loading(mg·cm-2)
Reference

Ni3N/NF 1.34 0.075 This work

Ni3N NA/CC 1.35 1.9 1

Ni2P/NF 1.37 0.92 2

Ni(OH)2 nanotube-NF 1.41 - 3

NiO nanosheet array 1.38 0.27 4

ERGO-Ni 1.45 -

Graphene Ni(OH)2 1.52 0.25
5

NiCo alloy 1.53 10 6

NiMo sheet array 1.37 0.75 7

L-MnO2 1.37 1.5 8

Ni(OH)2 nanocube 1.55 0.3 9

Rhodium-Ni 1.47 0.7 10

Nickel film 1.48 1.3

Nickel nanowire 1.44 1.3
11

Ni foil 1.40 2

Rh-Ni 1.44 2
12
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Ⅹ Comparison of the performance of as-prepared catalysts in this work

Comparing the performance of the catalysts prepared in this paper. It is clear that 

the performance of Ni3N/NF has exceeded Pt/C. This means it has a high probability 

of becoming a substitute for precious metals.

Table S2. Comparison of the performance of the catalysts in this study

Ni3N/NF

10mA·c

m-2

100mA·c

m-2

200mA·c

m-2

Tafel 

slope/ 

mV·dec-1  

UOR(vs· RHE) 1.340V 1.403V 1.476V 41

OER(vs· RHE) 1.580V 1.760V / 102

HER(vs· RHE) 120mV 243mV 335mV 110

Ni(OH)2/NF

UOR(vs· RHE) 1.352V 1.43V 1.516V 50

HER(vs· RHE) 138mV 336mV / 180

Ni/NF

UOR(vs· RHE) 1.359V 1.482V 1.597V 58

HER(vs· RHE) 211mV 371mV / 145
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