
One-step synthesis of amorphous transition metal sulfides as bifunctional 

electrocatalysts for hydrogen evolution reaction and oxygen evolution reaction

Wenjun He, a Fangqing Wang, a Yaohui Gao, a Qiuyan Hao *, a and Caichi Liu *, Δ

a Key Laboratory of Special Functional Materials for Ecological Environment and 

Information (Hebei University of Technology), Ministry of Education, Tianjin 300130, 

People’s Republic of China.

E-mail: hqy1218@163.com; ccliu@hebut.edu.cn

Fig. S1. Schematic illustration of the synthesis process.

Fig. S2. EDS spectra of (a) NiSx/NF, (b) CuSx/CF and (c) FeSx/IF.
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Fig. S3. Elemental mapping of (a) Ni, (b) S for NiSx/NF, (c) Cu, (d) S for CuSx/CF 

and (e) Fe, (f) S for FeSx/IF.

Fig. S4. SAED pattern of NiSx/NF.



Fig. S5. The full spectra of amorphous (a) NiSx/NF, (b) CuSx/CF and (c) FeSx/IF.

Fig. S6. (a) XRD pattern of Ni3S2/NF. LSV curves of Ni3S2/NF and NiSx/NF for (b) 

HER and (c) OER.

Fig. S7. (a) XRD pattern and (b) SEM image of NiSx/NF after HER stability test for 

100 h.



Fig. S8. (a) XRD pattern and (b) SEM image of NiSx/NF after OER stability test for 

100 h.

Fig. S9. (a) Overall water splitting performance of NiSx/NF||NiSx/NF and Pt/C||IrO2 

electrode pairs in 1 M KOH. (b) Chronoamperometry curve of NiSx/NF||NiSx/NF 

electrode pairs at 100 mA cm-2 for 100 h.

Fig. S10. Amount of O2 and H2 collected for NiSx/NF||NiSx/NF during water splitting.

Table S1. Comparison of the HER performance of NiSx/NF with other reported 

catalysts in 1 M KOH.

Catalysts
Overpotential at
10 mA cm-2 (mV)

References

NiSx/NF 53 This work

Cl-Ni3S2/NF 67 1



Fe9S10-Vs/IF 149 2

Al-Ni3S2/NF 86 3

CoSx@Cu2MoS4-MoS2/NSG 118.1 4

CuS@MoS2 135 5

Au/Ni3S2/NF 97 6

Vs-Ni3S2/NF 88 7

MoS2/Co9S8/Ni3S2/Ni 113 8

Table S2. Comparison of the OER performance of NiSx/NF with other reported 

catalysts in 1 M KOH.

Catalysts
Overpotential at
10 mA cm-2 (mV)

References

NiSx/NF 225 This work

Fe0.8Ni0.15S1.05 228 9

Al-Ni3S2/NF 223 3

CoSx@Cu2MoS4-MoS2/NSG 351.4 4

Ni3S2/Ni-Fe-OH/NF 268 10

Au/Ni3S2/NF 230 6

CuCoS/N-rGO 288 11

NiS2/NiSe2 290 12

Co/Ce-Ni3S2/NF 286 13
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