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Fig. S1. SEM images of Ni mesh.



Fig. S2. SEM images of a) Ni3S2/NM, b) Cr-Ni3S2/NM, c) A- Ni3S2/NM and d) A-Cr- Ni3S2/NM 

at different magnifications.



Fig. S3. a) Comparison of HRTEM images between Ni3S2 and A-Ni3S2, b) Comparison of HRTEM 

images between Cr-Ni3S2 and A-Cr-Ni3S2.



Fig. S4. Water contact angle of a) Ni3S2, b) Cr-Ni3S2, b) A-Ni3S2, d) A-Cr-Ni3S2. (In this section, 

all samples were prepared on Ni sheet to assess the water contact angle)



150 200 250 300 350 400 150 200 250 300 350 400
A-Ni3S2/NM

Ni3S2/NM
In

te
ns

ity
 (a

.u
.)

Raman shift (cm-1)

ba

In
te

ns
ity

 (a
.u

.)

Raman shift (cm-1)

A-Cr-Ni3S2/NM

Cr-Ni3S2/NM

Fig. S5. Local magnification of Raman spectra of four samples. 



Fig. S6. XPS Ni 2p comparison of samples before and after activation.



Fig. S7. a-b) the optimization process of Ni3S2/NM based on current density and deposition time. 

c) the optimization process of Cr-Ni3S2/NM based on different Cr concentrations in precursor 

solution.



Fig. S8. The equivalent circuit model corresponding to the charge transfer from the Ni mesh to 

the electrolyte through Ni3S2/NM, Cr-Ni3S2/NM, A-Ni3S2/NM and A-Cr-Ni3S2/NM catalyst.



Fig. S9. Cyclic voltammetry for HER at the scan rates of 20, 40, 60, 80, and 100 mV/s in the range 

of no faradaic processes for a) Ni3S2/NM, b) Cr-Ni3S2/NM, c) A-Ni3S2/NM and d) A-Cr-

Ni3S2/NM.



Fig. S10. Comparison of the LSV curves of A-Cr-Ni3S2/NM before and after 1000 CV cycles, 

respectively. 
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Fig. S11. Comparison of the LSV curves of A-Cr-Ni3S2/NM before and after 200 hours of testing, 

respectively.



Fig. S12. The SEM of A-Cr-Ni3S2/NM after stability test.
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Fig. S13. The XRD pattern of A-Cr-Ni3S2/NM after stability test.



Fig. S14. The Raman pattern of A-Cr-Ni3S2/NM after stability test.



Fig. S15. Comparison of XPS Ni 2p spectra for A-Cr-Ni3S2 after stability testing and post-stability-

test etching.

We characterized the XPS Ni 2p spectra for A-Cr-Ni3S2 after stability testing and depth 

profiling via Ar+ etching. The results indicate that the Ni0 in A-Cr-Ni3S2 disappears after stability 

testing and reappears after Ar+ etching, suggesting that the surface reconstruction after stability 

testing only occurs in a few nanometers area of the surface, and the overall structure of the A-Cr-

Ni3S2 catalyst is very stable.



Fig. S16. LSV curves of different samples in 30 wt% KOH, 80°C.



Fig. S17. Structure diagrams of Ni3S2 (110) and Cr3S2 (11-3) crystal faces of Ni3S2, A-Ni3S2, Cr-
Ni3S2, and A-Cr-Ni3S2.



Fig. S18. The as-built structural models of Ni3S2, A-Ni3S2, Cr-Ni3S2, and A-Cr-Ni3S2 for 

different steps in alkaline HER.



Fig. S19. Actual active sites of a) H2O dissociation and b) H adsorption on A-Cr-Ni3S2 during the 

HER.



Table S1. Full width at half maxima (FWHM) of the diffraction peaks of Ni3S2 (110) on various 

electrodes.
Sample FWHM (o)

Ni3S2/NM 0.23

Cr-Ni3S2/NM 0.30

A-Ni3S2/NM 0.39

A-Cr-Ni3S2/NM 0.43



Table S2. The fitted value of charge transfer resistance for the Ni3S2/NM, Cr-Ni3S2/NM, A-

Ni3S2/NM and A-Cr-Ni3S2/NM using the equivalent circuits.
Sample Rs (Ω) Rct (Ω)

Ni3S2/NM 0.47 8.78

Cr-Ni3S2/NM 0.44 5.05

A-Ni3S2/NM 0.40 3.72

A-Cr-Ni3S2/NM 0.48 2.67



Table S3. Comparison of HER performance with some recently reported Ni S-based 

electrocatalysts in 1 M KOH, 25 ℃.

Catalyst Electrolyte Overpotential
[mV]

Current 
density [mA
cm-2]

Reference

NiS/Ni3S2@CC 1 M KOH 84 10 1

NiS/Ni2S2/CeO2 1 M KOH 85 10 2

4Cr-NiSx/NF 1 M KOH 87 10 3

Mn-NiS/Mn-Ni3S4 1 M KOH 94.2 10 4

A-MoS2-Ni3S2-NF 1 M KOH 95 10 5

Au/Ni3S2/NF 1 M KOH 97 10 6

WS2@graphene 1 M KOH 117 10 7

Ni1-xFexS2 1 M KOH 118 10 8

NiCo2S4/Ni3S2 1 M KOH 119 10 9

MoS2/Fe-Ni3S2/NF 1 M KOH 121 10 10

Cu NDs/Ni3S2 NTs-
CFs

1 M KOH 128 10 11

Ni3S2@NGCLs/NF 1 M KOH 134 10 12

NiWO4/Ni3S2-16 1 M KOH 150 10 13

Ni3S2@Ni9S8 core-
shell

1 M KOH 178 10 14



Table S4. Gibbs free energy changes in different steps for various samples.

* + H2O → 

H2O*

H2O* → 

H2O*TS

H2O*TS → 

OH* + H*

H* →1/2 (H2)

Sample

adsorption 

of H2O

dissociation of H2O H2 desorption

Ni3S2/NM -0.44 eV 1.28 eV -2.85 eV 0.50 eV

A-Ni3S2/NM -0.23 eV 0.91 eV -3.2 eV 0.31 eV

Cr-Ni3S2/NM -0.18 eV 1.16 eV -4.92 eV 0.43 eV

A-Cr-

Ni3S2/NM

-0.46 eV 0.59 eV -1.85 eV 0.15 eV
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