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Experimental section

Characterization

X-ray diffraction (XRD) patterns of the as-prepared samples were performed on the 

XD-3 diffractometer with Cu Ka radiation in the 2θ range from 10o to 70o. Transmission 

electron microscopy (TEM) was recorded on a JEM-2100 HR, JEOL system to 

investigate the morphology of the samples. The scanning electron microscopy (SEM) was 

carried out on a Model S4800, Hitachi, while the elemental spectrum including energy 

dispersive X-ray spectroscopy (EDS) was also recorded with the same experimental setup. 

The composition and chemical bond were determined by the X-ray photoelectron 

spectroscopy (XPS, a RBD upgraded PHI-5000C ESCA). Fourier transformed-infrared 

(FTIR) spectra were collected with a Bruker TENSOR 27FTIR spectrometer using KBr 

as pellets. Raman spectra were recorded on a micro-Raman spectrometer system with a 

laser beam of 532 nm at room temperature.

Electrochemical measurements

All electrochemical measurements including oxygen evolution reaction (OER) were 

performed with a CHI 614E electrochemical workstation (CH Instrument, China). The 

1.0 M KOH solution was used as the electrolyte. The prepared samples decorated carbon 

fiber paper (CFP) was employed as the working electrode; The reference electrode is the 

mercury/mercury oxide electrode (MOE), and the counter electrode is the Pt gauze (1 × 1 

cm2). The preparation of working electrode is described as follows. The as-prepared 

samples (3 mg) was added into the mixed solution of Nafion solution (5 wt%, 40 μL), 
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CH3CH2OH (0.5 mL) and deinonized water (0.5 mL). And then the obtained suspension 

was sonicated for 0.5 h to afford the homogeneous ink. Lastly, the obtained homogeneous 

ink (80 μL) was dropped onto the CFP, and then dried at room temperature and retained 

for use. The total geometric area of each sample is defined to be 0.5 cm-2 by Kapton tape. 

The mass loading amount is about 0.23 mg cm-2. The electrochemical impedance 

spectroscopy (EIS) was recorded over the frequencies ranging from 0.01 Hz to 100 KHz 

in 1.0 M KOH. All potentials reported in this work were referenced to the reversible 

hydrogen electrode potential (RHE) based on the Nernst equation: ERHE = EMOE + 

0.0592pH + 0.098. The OER data of the as-prepared samples were recorded by using the 

linear sweep voltammetry (LSV) in 1.0 M KOH solution. The overpotential was 

determined by the following equation: η = ERHE – 1.23 V toward OER. The long-term 

stability of the samples was investigated with the chronoamperometry and 

chronopotentiometry method by using the same electrolyzer. To estimate the 

electrochemical surface areas (ECSA), the double-layer capacitance was determined by 

the cyclic voltammograms in the non-Faradaic potential region (0.1-0.2 V vs. RHE) at 

different scan rates of 20, 40, 60, 80, and 100 mV/s, respectively. In a closed electrolytic 

cell, the generated oxygen was introduced into the gas chromatograph with a constant 

flow rate of argon to determine the Faraday efficiency of oxygen.

Tafel slope

The Tafel slopes were obtained with the fitted polarization data based on the Tafel 

equation (η = b*logj + a, where j represents the current density, η represents the 

overpotential, and b represents the Tafel slope). In the present case, the Tafel slope is 

used to evaluate the primary activities toward OER.

The OER mechanism generally accepted in alkaline electrolyte is the following path 

(Eqs. 1-4) [1]:

 * + OH- → *OH + e-                  Tafel slope: 120 mV dec-1 (Eq. 1)

*OH + OH- → *O + H2O + e-      Tafel slope: 60 mV dec-1 (Eq. 2)

*O + OH- → *OOH + e-          Tafel slope: 40 mV dec-1 (Eq. 3)

*OOH + OH- →* + O2 +H2O + e-
    Tafel slope: 15 mV dec-1 (Eq. 4)

Where * is an active site of the catalyst, *M represents an adsorbed intermediate on 

the catalyst surface.
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Materials

Ammonium fluoride (NH4F), potassium hydroxide (KOH), urea (CO(NH2)2), 

sodium sulfide (Na2S), Nafion solution (5 wt%), Ammonium tetrathiomolybdate 

((NH4)2MoS4), nickel chloride (NiCl2) and melamine (C3H6N6) were obtained from 

Sinopharm Chemical Reagent Co., Ltd. (China, Shanghai). All chemicals and reagents 

mentioned are of analytical grade and used as received without further treatment. The 

high-purity deionized water was used in whole experimental processes. 

Preparation of Ni3S2/MoS2/ng-C3N4 composite electrocatalysts

Ni3S2/MoS2/ng-C3N4 composite electrocatalysts were prepared by a hydrothermal 

method and subsequently a thermal annealing approach. Typically, NH4F (0.1 g), urea 

(0.4 g), Na2S (0.15 g), (NH4)2MoS4 (0.16 mg) and NiCl2 (0.16 mg) were added into a 

mixed solution of deionized water (15 mL) and ethanol (15 mL), and ultrasonicated for 

40 min to form a homogeneous dispersion. The mixed solution was poured into a 100 mL 

Teflon-lined autoclave, and then heated to 180 oC and kept for 12 h. The gray black solid 

was obtained by centrifugation, washed with ethanol and deionized water for several 

times, and freeze-dried overnight. To prepare Ni3S2/MoS2/g-C3N4 composite 

electrocatalysts, a certain amount of C3H6N6 was added into above prepared solid (50 mg), 

and then was calcined in a tube furnace at 750 oC for 2 h under a N2 atmosphere. Finally, 

a gray product was obtained. To evaluate the influence of the loading content of g-C3N4 

on the OER performance of Ni3S2/MoS2/ng-C3N4, the amount of C3H6N6 (as the 

precursor to g-C3N4) was varied (10, 20 and 30 mg); the corresponding samples were 

denoted as Ni3S2/MoS2/10g-C3N4, Ni3S2/MoS2/20g-C3N4 and Ni3S2/MoS2/30g-C3N4, 

respectively. The Ni3S2, MoS2 and Ni3S2/MoS2 samples were also prepared as a reference 

with the similar experimental processes in the absence of C3H6N6. For comparison 

purpose, the pristine g-C3N4 is also prepared by the thermal annealing approach.
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Figure S1. (a) FTIR and (b) Raman spectra of the samples; (c) TEM image of 
Ni3S2/MoS2/20g-C3N4.

Figure S2. (a-b) SEM images, (c-g) elemental mapping spectra and (h) EDS image 
of Ni3S2/MoS2/20g-C3N4.

Figure S3. (a) OER polarization curves of the samples, (b) comparison of the 
theoretical and actual O2 production and (c) OER LSV curves before and after 1000 

cycles of CV scanning (Inset is the chronoamperometric data for Ni3S2/MoS2/20g-C3N4).
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Figure S4. (a) XRD pattern and (b) TEM image of Ni3S2/MoS2/20g-C3N4 after OER.

Figure S5. XPS spectra of (a) Mo 3d, (b) Ni 2p, (c) S 2p and (d) O 1s for 
Ni3S2/MoS2/20g-C3N4 after OER.
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Figure S6. Electrochemical cyclic voltammograms of the samples at different scan 
rates.

Table S1. Comparison of the OER performance of Ni3S2/MoS2/20g-C3N4 with other electrocatalytic 
systems.

Catalyst η10 (mV) References

20%CeO2@CoS/MoS2 247 2

CFP@MoS2-70pp20 273 3

MoS2/CoAl-LDH 310 4

Ni3S2@Ni2P/MoS2/NF 175 5

Co3O4-MoS2 298 6

Ti3C2Tx@TiO2/MoS2 270 7

MoS2@NiFe2O4 290 8

(MoS2)0.125Mo2C 280 9

Co@MoS2 270 10

MCNTs@CoSx@MoS2 285 11

NiSe2@MoS2 267 12

g-C3N4@carbon microflowers 450 13

Co3O4/P-CN 320 14

Au/g-C3N4-AM1.5 400 15
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5.9wt% Ir/g-C3N4/NG 287 16

Ni(OH)2/g-C3N4 composite 240 17

Co4N@g-C3N4 nanotubes 285 18

NiCo2S4@g-C3N4-CNT 330 19

MoS2 /Ni3S2 218 20

V-Ni3S2@CoFe-LDH/NF 190 21

Ni3S2/MoS2 hollow spheres 303 22

MoS2−Ni3S2-HNRs/NF 249 23

Ni3S2/Ni@CC 291 24

Ni-Fe-P-Ni3S2 219 25

Ni3S2/FeNi2S4 201 26

P-doped Ni3S2/NF 216 27

N-Ni3S2@NG 238 28

Fc-Ni9S8/Ni3S2-NC 222 29

Ni3S2@FeNi2S4@NF 235 30

FeS/Ni3S2 192 31

N-doped Ni3S2/CoS2 245 32

AQS/S (A-AQS/S) 133 33

Co-Ni3S2 228 34

Fe-doped Ni3S2 267 35

Mo-Ni3S2 222 36

Carbon Layer Coated Ni3S2/MoS2 350 37

Fe, Mn-Ni3S2 216 38

Ni2P-Ni3S2 210 39

Ni3S2/NF 243 40

MoS2/Co9S8/Ni3S2/Ni 166 41

Ni3S2@NiV-LDH 190 42

Co0.9S0.58P0.42 266 43

Ni(OH)2/MoS2 360 44

CoSAs-MoS2/TiN NRs

TiN NRs

340.6 45

Co,Nb-MoS2/TiO2 HSs 260 46

O-MoS2@Pt 244 47

Ni3S2/MoS2 260 48
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MoO2@MoS2@Co9S8 310 49

Co9S8@MoS2/N-doped carbon 233 50

CoN/Ni3N 247 51

Ni3S2/MoS2/20g-C3N4 183 This work

Table S2. The fitting results of EIS spectra for the samples.

Samples Rct (Ω)    

Ni3S2/MoS2/20g-C3N4 0.3

Ni3S2/MoS2/30g-C3N4 1.1

Ni3S2/MoS2/10g-C3N4 16.8

Ni3S2/MoS2 34.1
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