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Figure S1. Top and side views on the (a) (100) and (b) (110) surface of Ni3S2 and Vs-Ni3S2. (Ni: 

gray; S: yellow)

Figure S2. Bader charge analysis of the Ni sites around the S vacancies on (a) (100) and (b) (110) 

surfaces for the Vs-Ni3S2 and pristine Ni3S2. 



Figure S3. Gibbs free energies of hydrogen adsorption of Vs-Ni3S2/NF with different S-vacancy 

molar concentrations on (100) surfaces (X%= percentage of sulphur atoms removed in 

the model, such as 5%, 10%, 15%, respectively)

  

Figure S4. Free energy diagram of water dissociation on the (a) (100) and (b) (110) surface of 

Ni3S2 and Vs-Ni3S2.

    

Figure S5. SEM image of (a, b) Vs-Ni3S2/NF-150, and (c, d) Vs-Ni3S2/NF-600.



Figure S6. N2 adsorption/desorption isotherm curves for Ni3S2/NF and (b) Vs-Ni3S2/NF. 

Figure S7. Particle size distribution diagram of (a) Ni3S2 nanoparticles on Ni3S2/NF and (b) Vs-

Ni3S2 nanoparticles on Vs-Ni3S2/NF.

     

Figure S8. HRTEM image of the edge of Vs-Ni3S2/NF nanoplate.

     

Figure S9. EDS spectrum of (a) Ni3S2/NF, (b) Vs-Ni3S2/NF-150, (c) Vs-Ni3S2/NF-300 and (d) 

Vs-Ni3S2/NF-600.



Figure S10. (a) Ni K-edge XAFS spectra of Ni3S2/NF and Vs-Ni3S2/NF, (b) corresponding 

oscillation curves k2χ(κ).

Figure S11. (a) XPS spectra of survey for Ni3S2/NF and Vs-Ni3S2/NF, (b) XPS spectra of S 2p for 

Ni3S2/NF and Vs-Ni3S2/NF.

Figure S12. Typical cyclic voltammetry curves of Ni3S2/NF and Vs-Ni3S2/NF treated with different 

time.



Figure S13.The specific activity of Ni3S2/NF and Vs-Ni3S2/NF based on the BET surface areas.

    
Figure S14. (a) XRD pattern, Survey (b), Ni 2p (c) and S 2p (d) XPS spectra of Vs-Ni3S2/NF after 

HER.

       

Figure S15. (a) EDS spectrum, (b) SEM, (c) TEM image and (d) HRTEM image of Vs-Ni3S2/NF 

after HER.



Figure S16. The theoretical (black line) and experimental (red curve) results of H2 production on 

Vs-Ni3S2/NF electrode.

Table S1. Formation energy of S-vacancy on the (100) and (110) surface of Vs-Ni3S2.

(100) (110)
Facet

Surface Lattice Surface Lattice

Formation energy
 of S-vacancy 

(eV)
2.223 3.494 2.745 3.263

Table S2. ICP-AES data and the atomic ratio of Ni/S in different catalysts.

Concentration (mg L-1)
Samples

Ni S
Atomic ratio of Ni/S 

(mol/mol)

Ni3S2/NF 14.73 5.39 105.98/71.13 (1.49/1)

Vs-Ni3S2/NF-150 14.49 5.03 104.26/66.41 (1.57/1)

Vs- Ni3S2/NF-300 14.22 4.73 102.32/62.39 (1.64/1)

Vs- Ni3S2/NF-600 13.86 4.39 99.70/57.97  (1.72/1)
Vs- Ni3S2/NF-300 

after HER 14.15 4.59 101.84/60.62 (1.68/1)



Table S3. The loading amount of different catalysts.

Sample  Loading of catalyst (mg cm-2)

1 2 3 4 5 Average

Pt/C -- -- -- -- -- 2.92

Ni3S2/NF 3.06 2.90 3.02 2.93 2.99 2.98±0.06

Vs-Ni3S2/NF-150 3.02 2.96 3.01 2.88 2.93 2.96±0.05

Vs-Ni3S2/NF-300 2.85 2.95 2.91 2.98 2.91 2.92±0.04

Vs-Ni3S2/NF-600 2.86 2.76 2.92 2.93 2.88 2.87±0.06

Table S4. Comparison of the HER performance of Vs-Ni3S2/NF-300 with other well-performed 

electrocatalysts.

η@10 mA cm-2 η@20 mA cm-2 η@100 mA cm-2 Tafel 
slope Ref.

Catalysts
mV mV mV  mV dec-1

Vs-Ni3S2/NF-300 88 120 218 87 This 
work

High-Index 
Faceted Ni3S2/NF 223 ~300 -- -- 1

(003)-Ni3S2 NFs 135 177 -- 75.7 2

N-Ni3S2/NF 110 ~160  ~230 -- 3

Sn-Ni3S2/NF 137 ~200  ~320 148 4

V-Ni3S2/NF -- 203 ~350 112 5

Mn-Ni3S2/NF 152 -- -- 98 6

Fe17.5%-Ni3S2/NF 47 142 232 95 7

P9.03%-(Ni, 
Fe)3S2/NF 98 135 218 88 8



NixCo3-

xS4/Ni3S2/NF 136 -- 258 107 9

Cu NDs-Ni3S2 
NTs 128 ~160 ~270 76.2 10

Ni-Ni3S2-2 114 155 -- 122 11

Table S5. EIS results of Ni3S2/NF and Vs-Ni3S2/NF treated with different time.

Ni3S2/NF Vs-Ni3S2/NF-150 Vs-Ni3S2/NF-300 Vs-Ni3S2/NF-600

Rs[Ω] 1.62 1.64 1.59 1.66

Rct[Ω] 3.98 3.3 2.26 2.47
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