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Fig. S1. (a, b) SEM image, (the inset in (a) is the diameter distribution of the N-

GTs), (c) TEM image, (d) Raman spectra of self-synthesized N-GTs.

Fig. S2. (a) XRD pattern, (b) SEM image of V-doping Ni-Fe precursor prepared by 

hydrothermal method.
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Fig. S3. XRD of 25-V-Ni3FeN/Ni@N-GTs.

Fig. S4. (a) SEM image, (b) HRTEM image of V-Ni3FeN/Ni@N-GTs.
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Fig. S5. Electrocatalysis of the HER in alkaline media: a) LSV curves b) 

Corresponding overpotentials at the current density of 10 mA cm−2 and 100 mA 

cm−2 c) Tafel plots of 5-V-Ni3FeN/Ni@N-GTs, 10-V-Ni3FeN/Ni@N-GTs, 15-V-

Ni3FeN/Ni@N-GTs, 20-V-Ni3FeN/Ni@N-GTs and 25-V-Ni3FeN/Ni@N-GTs.

Fig. S6. LSV curves of HER normalized by (a) the electrochemical double-

layer capacitance Cdl and (b) the electrochemical active surface area (ECSA).
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Fig. S7. CVs performed at various scan rates in the region of -0.90 V to -0.8 V (vs. 

Hg/HgO) for (a) V-Ni3FeN/Ni @N-GTs, (b) Ni3FeN/Ni@N-GTs, (c)Ni3FeN@N-GTs.

 

Fig. S8. SEM images of the V-Ni3FeN/Ni@N-GTs before (a) and after (b) HER 

stability testing. 
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Fig. S9. The XPS spectra of V-Ni3FeN/Ni@N-GTs before and after HER test.
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Fig. S10. Electrocatalysis of the OER in alkaline media: a) LSV curves b) 

Corresponding overpotentials at the current density of 10 mA cm−2 and 100 mA 

cm−2 c) Tafel plots of 5-V-Ni3FeN/Ni@N-GTs, 10-V-Ni3FeN/Ni@N-GTs, 15-V-

Ni3FeN/Ni@N-GTs, 20-V-Ni3FeN/Ni@N-GTs and 25-V-Ni3FeN/Ni@N-GTs.

Fig. S11. LSV curves of OER normalized by a) the electrochemical double-layer 

capacitance Cdl and b) the electrochemical active surface area ECSA.



8

Fig. S12. CVs performed at various scan rates in the region of 0.25 V to 0.35 V (vs. 

Hg/HgO) for (a) V-Ni3FeN/Ni@N-GTs, (b) Ni3FeN/Ni@N-GTs, (c)Ni3FeN@N-GTs.

    

Fig. S13. SEM images of the V-Ni3FeN/Ni@N-GTs before (a) and after (b) OER 

stability testing. 
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Fig. S14. The XPS spectra of V-Ni3FeN/Ni@N-GTs before and after OER test.
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Fig. S15. The optimized model structure diagram of (a) Ni3FeN/Ni and (b) V-

Ni3FeN/Ni.

Fig. S16. Structures and formation energies (Etot) of (a) V substitute Fe, (b) V 

substitute Ni, (c) V substitute Fe and Ni in the V-Ni3FeN/Ni material.
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Fig. S17. Density of states on (a) Ni, (b) Ni3FeN, (c) Ni3FeN/Ni and (d) V-Ni3FeN/Ni.
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Fig. S18. Side view of schematic structural representations for water dissociation 

and hydrogen adsorption at Ni site in the pristine Ni3FeN/Ni (a) and V-

Ni3FeN/Ni (b).

Fig. S19. Free energy diagrams for alkaline HER on V-Ni3FeN/Ni@N-GTs and 

Ni3FeN/Ni@N-GTs. 
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Fig. S20 Side view of schematic structural representations for hydrogen adsorption at 

Ni and Fe sites in the pristine Ni3FeN/Ni (a-b); Side view of schematic structural 

representations for hydrogen adsorption at Ni, Fe and V sites in V-Ni3FeN/Ni (c-e).
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Fig. S21. Side view of schematic structural representations for oxygen adsorption at 

Ni and Fe sites in the pristine Ni3FeN/Ni.

Fig. S22. Side view of schematic structural representations for oxygen adsorption at 

Ni, Fe and V sites in V-Ni3FeN/Ni.
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Fig. S23. The work function values of (a) Ni and (b) V-Ni3FeN.
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Tab. S1. HER performance of different catalysts in alkaline solution (1M KOH).  
Catalyst Overpotential / mV

(10 mA cm-2)
Tafel slop
(mV dec-1)

Electrolyte Ref

V-Ni3FeN/Ni@N-GTs 66 88 1.0 M KOH This work

NiCo 86 62.1 1.0 M KOH [1]

Ni3S2@NGCLs/NF 134 84 1.0 M KOH [2]

Ni2P–Ni12P5 76 68 1.0 M KOH [3]

d-Ni3FeN/Ni3Fe 125 98 1.0 M KOH [4]

CoNi2S4/WS2/Co9S8 70 112 1.0 M KOH [5]

Fe-Ni5P4/NiFeOH 197 94 1.0 M KOH [6]

Mo-
NiCo2O4/Co5.47N/NF

81 116.7 1.0 M KOH [7]

CoOx/CoNy@CNz 261 84 1.0 M KOH [8]

Ni2P/Ni3S2 79 50.4 1.0 M KOH [9]

Ni@NC6-600 181 119 1.0 M KOH [10]
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Tab. S2.OER performance of different catalysts in alkaline solution (1M KOH).

Catalyst Overpotential / mV
(10 mA cm-2)

Tafel slop
(mV dec-1) Electrolyte Ref

V-Ni3FeN/Ni@N-GTs 252 29 1.0 M KOH This work

Ni3S2@NGCLs/NF 271 99 1.0 M KOH [2]

NiCo2O4@CoS/NF 290 92 0.1 M KOH [11]

NiCoFe-MOF-74 273 63 0.1 M KOH [12]

NiCoPO/NC 300 94 1.0 M KOH [13]

CoNS/C 345 83.3 1.0 M KOH [14]

NiMoNS 260 54.7 1.0 M KOH [15]

Ni/NiFe2O4-CNTs 284 46.3 1.0 M KOH [16]

Fe@BIF-73-NS 291 37.9 1.0 M KOH [17]

V-NiCo2O4 340 71.9 1.0 M KOH [18]

(Co1-xFex)9S8 268 63.9 1.0 M KOH [19]
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Tab. S3. Overall water split ing performance of different catalysts in alkaline 
solution (1 M KOH).

Catalyst
Overpotential / 

mV
(10 mA cm-2)

Electrolyte Ref

V-Ni3FeN/Ni@N-GTs||V-Ni3FeN/Ni@N-GTs 1.55
1.0 M 
KOH

This 
work

CdS@Co9S8/Ni3S2||CdS@Co9S8/Ni3S2 1.56
1.0 M 
KOH

[20]

NiFe-LDH/Ni(OH)2||NiFe-LDH/Ni(OH)2 1.60
1.0 M 
KOH

[21]

Mo-NiCo2O4/Co5.47N/NF||Mo-NiCo2O4/Co5.47N/NF 1.56
1.0 M 
KOH

[7]

CoOx/CoNy@CNz||CoOx/CoNy@CNz 1.57
1.0 M 
KOH

[8]

NiCo2O4@NiS || NiCo2O4@NiS 1.65
1.0 M 
KOH

[22]

d-Ni3FeN/Ni3Fe||d-Ni3FeN/Ni3Fe 1.61
1.0 M 
KOH

[4]

Ni3S2/Cu-NiCo LDH/NF|| Ni3S2/Cu-NiCo 
LDH/NF

1.58
1.0 M 
KOH

[23]

FeCoP2@NPPC||FeCoP2@NPPC 1.6 
1.0 M 
KOH

[24]

P-Fe3N@NC NSs/IF||P-Fe3N@NC NSs/IF 1.61
1.0 M 
KOH

[25]

NiFeOP||NiFeOP 1.57
1.0 M 
KOH

[26]
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