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1. Electrochemical measurements

The electrocatalytic performance was evaluated utilizing a CHI1760E 

electrochemical workstation equipped with a three-electrode system: a graphite rod 

serving as the counter electrode, and an Ag/AgCl (3.5 mol/L KCl solution) reference 

electrode, in a 1 M KOH electrolyte. All recorded potentials were converted to the 

reversible hydrogen electrode (RHE) using the formula:

ERHE = EAg/AgCl + 0.197 + 0.0591 × pH

Analysis of the current-voltage response was conducted through linear sweep 

voltammetry (LSV) at a scan rate of 5 mV·s-1. Electrochemical impedance behavior 

was investigated by electrochemical impedance spectroscopy (EIS) over a frequency 

range from 1 kHz to 0.01 Hz with an AC amplitude of 5 mV. Electrochemical 

capacitance was determined via cyclic voltammetry (CV) within an 100 mV potential 

window, employing scan rates of 20, 40, 60, 80, 100, 120, and 140 mV·s-1. The stability 

evaluation of the electrocatalyst was performed using the I-t chronoamperometry 

method. Tafel slope calculations were carried out utilizing the Tafel equation.

2. Computational detail

In this paper, the modelling of HER process was construct with Ni3S2-NiS 

heterostructure (denoted as NiSx structure), while the model for OER/UOR were 

NiOOH surface, as proven by the in-situ Raman spectra. Herein, all calculation was 

conducted utilizing the CP2K code, a sophisticated tool renowned for its accuracy in 

quantum mechanical modeling. The simulations were executed employing the Gaussian 

plane waves (GPW) method, which was complemented by the generalized gradient 



approximation (GGA) along with the Perdew-Burke-Ernzerhof (PBE) functional. This 

combination was instrumental in accurately depicting the potential field that arises from 

the interaction of valence electrons and atomic nuclei. A cutoff energy of 520 Ry was 

meticulously chosen to ensure the precision of the calculations. The criteria for the 

energy convergence were held to a high standard, with a criterion of 1×10-6 eV, to 

guarantee the stability of the calculated energy states. To mitigate the effects of inter-

layer van der Waals forces, the unit cell is set to repeat in the XY-direction. For the 

optimization of the structural models, the Monkhorst-Pack scheme was employed to 

sample the Brillouin zone. This method, known for its efficiency and accuracy, was 

used to fine-tune the lattice points, thus ensuring that the resulting structures were 

optimized to a high degree of accuracy.



Supplementary Figures,

Fig. S1. Schematic illustration of synthesis process. 



Fig. S2. (a) HAADF-TEM image of Ni3S2-NiS@g-C3N4, (b-e) element mapping of 

Ni3S2-NiS@g-C3N4.



Fig. S3. SEM image of Ni3S2-NiS@g-C3N4



Fig. S4. Color changing and micro-SEM image of the NF after hydrothermal 

treatment.



 Fig. 

S5. (a) Band structure and density of states for the g-C3N4 part. (b) The model 

illustration of the g-C3N4 and NiSx. (c) Band structure and density of states for the 

NiSx part.
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Fig. S6. Survey spectrum of Ni3S2-NiS@g-C3N4.



Fig. S7. (a) Survey spectrum, (b) C 1s, (c) Ni 2p, and (d) S 2p XPS patterns for Ni3S2 

obtained without urotropine.



Fig. S8. Surface sliced charge different plot.



Fig. S9. Charge different plot for NiOOH@g-C3N4.



Fig. S10. EIS patterns for (a) HER, (b) OER, and (c) UOR.
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Fig. S11. XRD partners of Ni3S2 after UOR I-t test.



Fig. S12. SEM images of Ni3S2 after UOR I-t test.



Fig. S13. (a-c, e, f) element mapping of Ni3S2-NiS@g-C3N4 after UOR test, (d) SEM 

image of Ni3S2-NiS@g-C3N4, 
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Fig. S14. EPR results for Ni3S2-NiS@g-C3N4 before and after UOR.



Fig. S15. The CO2 transition process (a) without g-C3N4 membrane and (b) with g-

C3N4 membrane.



Fig. S16. Urea-adsorbed models (a) without urotropine and (b) with urotropine.



Fig. S17. Cdl curves of (a) Pt/C, (b) Ni3S2, and (c) Ni3S2-NiS@g-C3N4.
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Fig. S18. I-t stability test of Ni3S2-NiS@g-C3N4 for OER.

 



Fig. S19. HER model (a) without g-C3N4 membrane and (b) with g-C3N4 membrane.



Fig. S20. (a) The model of HER site 1 without urotropine. (b) The model of HER site 

2 without urotropine. (c) The model of HER site 1 with urotropine.
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Fig. S21. DOS plots for HER model with and without g-C3N4.
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Fig. S22. The comparison between AEM and LOM pathway for (a) NiOOH and (b) 

NiOOH@g-C3N4.



Fig. S23. The OER mechanism adopted in the paper.



Fig. S24. (a) slab, (b) OH-adsorbed, (c) O-adsorbed, and (d) OOH-adsorbed models 

with urotropine for OER.
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Fig. S25. DOS plots of NiOOH@g-C3N4 and NiOOH models.



Fig. S26. Contact angle of the sample.



Table S1. Source of the raw materials used.

Materials Specification Source

nickel foam 1 cm × 1.5 cm Kunshan Guangjiayuan New 
Materials Co., Ltd

HCl 1mol·L-1 Aladdin Co., Ltd
thiourea analytical pure, 99.9 % Aladdin Co., Ltd

melamine analytical pure, 99.9 % Aladdin Co., Ltd
L-cysteine analytical pure, 99.9 % Aladdin Co., Ltd

NiCl2·6H2O analytical pure, 99.9 % Aladdin Co., Ltd

Table S2. The comparsion of Ni3S2-NiS@g-C3N4 with recent other HER catalysts.

Electrocatalysts Ej10 for 
HER

Ej100 for 
HER

Reference

Co-Ni@Mo4O11 63 mV 220 mV [1]
CoO/Mo2C 107 mV 280 mV [2]

MoS2-Ni3S2 HNRs/NF 98 mV 198 mV [3] 
CoMoNiS-NF-xy 152 mV 350 mV [4]

N-Ni3S2/NF 110 mV 330 mV [5]
P-NiCo2S4@CNT/CNF 74 mV 230 mV [6]

Fe0.9Ni2.1S2@NF 72 mV 240 mV [7]
Ni3S2/FeNi2S4 50 mV 260 mV [8] 

Ni3S2@FeNi2S4@NF 83 mV 270 mV [9] 
Ni3S2-NiS@g-C3N4 13 mV 204 mV this work

Table S3. The comparsion of Ni3S2-NiS@g-C3N4 with recent other OER catalysts.

Electrocatalysts Ej10 for OER Reference
CoO/Co3O4@NC 260 mV [10] 

MoS2/Ni3S2 heterostructures 218 mV [11] 
MoS2–Ni3S2 HNRs/NF 249 mV [3]

CoMoNiS-NF-31 166 mV [12] 
Fe-Ni3S2/NF 310 mV [13] 

Ni2P−Ni3S2 HNAs/NF 210 mV [14] 
Ni3S2-NiS@g-C3N4 90.9 mV this work



Table S4. The comparsion of Ni3S2-NiS@g-C3N4 with recent other UOR catalysts.
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