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Figure S1 Schematic of quartz ampoule with the well-mixed reactants inside.
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Figure S2 Powder X-ray diffraction pattern of the Ni2P. The diffraction peaks can be indexed well by hexagonal 

Ni2P (JCPDS card no. 74-1385). No obvious impurity phase can be observed in the pattern.

Figure S3 Powder X-ray diffraction pattern of the NiS. The diffraction peaks can be indexed well by hexagonal 

NiS (JCPDS card no. 89-2907). No obvious impurity phase can be observed in the pattern.



Figure S4 (a) low-magnified, and (b) high-magnified SEM images of the as-synthesized NiPS sample. It is found 

that the NiPS sample shows an uneven plate-like morphology.

Figure S5 (a) low-magnified, and (b) high-magnified SEM images of the as-synthesized Ni2P sample.

Figure S6 (a) low-magnified, and (b) high-magnified SEM images of the as-synthesized NiS sample.



Figure S7 Nitrogen adsorption-desorption isotherms for as-synthesized NiPS sample.

Figure S8 Pore size distribution plot for as-synthesized NiPS sample.



Figure S9 X-Ray photoelectron spectral regions for Ni 2p levels of the as-synthesized NiPS, Ni2P and NiS 

samples.

Figure S10 LSV plots of the NiPS, Ni2P and NiS for OER in 1.0 M KOH solution.



Figure S11 Tafel plots of the NiPS, commercial RuO2, Ni2P, NiS and blank carbon cloth for OER in 1.0 M KOH 

solution.

Figure S12 (a-c) CV curves of Ni2P, NiS and NiPS at different scan rates. (d) The double-layer capacitances of 

NiPS, Ni2P and NiS.

The ECSA can be calculated from the Cdl according to the ratio:



𝐸𝑆𝐶𝐴=
𝐶𝑑𝑙
𝐶𝑆

Where Cs is the specific capacitance, chosen as Cs = 0.040 mF·cm-2 in 1 M KOH based on reported values.1-4

Figure S13 The electrochemically active surface area (ECSA) for linear-sweep voltammetry (LSV) for NiPS, 

Ni2P and NiS

Table S1 Parametres (Cdl, ESCA and intrinsic activity) for each catalyst investigated in 1 M KOH.

Catalyst NiPS Ni2P NiS

Cdl (mF cm−2) 7.6 5.9 5.8

ESCA (cm2) 190 147.5 145

Intrinsic catalyst activity

(mA cm-2) η= 430mV

0.1074 0.082 0.065
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Figure S14 EIS curves of NiPS, Ni2P and NiS.

Figure S15 Results of hydrogen peroxide (H2O2) rapid test card of the as-synthesized catalysts obtained in this 
work before and after OER.



Figure S16 (a-c) Low-magnified and high-magnified SEM images of the NiPS after OER.

Figure S17 XPS spectra of Ni 2p spectrum of the NiPS after OER, indicating the main formation of higher 

valence Ni-based intermediate.

Figure S18 XPS spectra of O 1s spectrum of the as-prepared NiPS sample.



Figure S19 XPS spectra of O 1s spectrum of the NiPS after OER. And the peak observed at ~ 530.9 eV 

demonstrating the generation of hydroxyl-based functional groups during the OER process.
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Figure S20 The structures of vacant site, OH* and O* at the (200) surface of NiPS model.

The molecular orbital interaction between Ni and O was schematically drawn in Figure S21, from which we 

can see that the -type interactions between Ni and O are strongly repulsive because interactions between -type 

orbitals of Ni (dxz, dyz) and O (px,py) lead to formation of two occupied  bonding orbitals and another two 

occupied  anti-bonding orbitals which are energetically unfavorable due to two-center four-electrons 

interactions. In other words, Ni can’t form double bond with O.
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Figure S21 Orbital interaction analysis of Ni-O bond in NiPS model.

Figure S22 (a) The schematic view of the crystal structure of the CoNiP2S2. (b) Measured (crosses) and 
calculated (red solid line) XRD patterns for CoNiP2S2. Bragg peak positions are indicated by short vertical bars. 



The bottom of the figure shows the differences between measured and calculated intensities.

Table S2 Crystallographic Parameters from the Powder XRD Refinement of CoNiP2S2 sample at 300K.

Space group: P213; a=b=c=5.5118Å, V=167.4481Å3, Rwp=0.0441, Rp=0.0343, χ2=1.277.

The morphology of the as-synthesized CoNiP2S2 sample was observed using SEM, and Figure S23(a,b) 

display the representative SEM images with different magnification. It is found that the microstructure of the 

CoNiP2S2 sample shows a lumpy aggregation without regular morphology. To further identify the microstructures 

of the CoNiP2S2 sample, TEM images were also collected, as shown in Figure S23(c,d). The elemental 

distribution of the as-synthesized CoNiP2S2 was further investigated by scanning TEM-energy dispersive X-ray 

(STEM-EDX) and the results are shown in Figure S23(e-i). These images show that Co, Ni, P and S elements are 

uniformly distributed in the CoNiP2S2 sample.

Figure S23 (a) Low-magnified and (b) high-magnified SEM images of the CoNiP2S2 sample with different 
magnification. (c) low-magnified and (d) high-magnified TEM images of the CoNiP2S2 sample. (e-i) HAADF-
STEM and corresponding EDX mapping images of the CoNiP2S2 sample.



X-ray photoelectron spectroscopy (XPS) was also performed to further analyze the bonding characteristics as 

well as the composition of as-synthesized sample. As shown in Figure S24a, the Co 2p core level peaks can be 

divided into two satellite peaks and spin-orbit doublets. The peaks at around 778.7 eV and 793.7 eV are attributed 

to the 2p3/2 and 2p1/2 of Co3+, respectively. The peaks situated at 781.2 eV and 782.7 eV can be ascribed to 2p3/2 of 

Co2+, and the peaks at 797.7 eV and 799.8 eV can be ascribed to 2p1/2 of Co2+, respectively, while the other two 

peaks at 786.6 eV and 803.9 eV are satellites.1-3 Figure S24b indicates that the Ni 2p spectrum can be well-fitted 

with three spin-orbit doublets accompanied with two obvious shakeup satellites (862.8 eV and 881.1 eV), 

identified as Ni 2p1/2 and Ni 2p3/2 signals. Deconvolution of the Ni 2p3/2 peak corresponds to three energy bands: 

853.8 eV for Ni2+ and (856.8 eV and 858.7 eV) for Ni3+, meanwhile the Ni 2p1/2 peak exists in other three energy 

bands: 871 eV for Ni2+ and (874.4 eV and 876.6 eV) for Ni3+.1,4,5 

Figure S24 X-Ray photoelectron spectral regions for (a) Co 2p and (b) Ni 2p levels of the as-synthesized 
CoNiP2S2 sample.

The P 2p core level of XPS spectrum (Figure S25) has its spin-orbit doublet in the 2p3/2 and 2p1/2 peaks 

positioned at 129.4 eV and 130.1 eV.6 In addition, Figure S26 displays the S 2p spectrum, where S (2p3/2) and S 

(2p1/2) are located at 162.5 eV and 163.7 eV, respectively.7



Figure S25 X-Ray photoelectron spectral region for P 2p level of the CoNiP2S2 sample.

Figure S26 X-Ray photoelectron spectral region for S 2p level of the CoNiP2S2 sample.
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The electrocatalytic performance of CoNiP2S2 catalyst for OER was studied in alkaline medium (1.0 M 
KOH). The iR-corrected LSV curves of OER (Figure S27a) reveal that the CoNiP2S2 only needs 376 mV 
overpotential to generate a current density of 20 mA cm-2. Based on the LSV curves, the Tafel plots are also built 
(Figure S27b). The CoNiP2S2 catalyst shows a Tafel slope of 143 mV dec−1, implying a good reaction kinetics for 
the CoNiP2S2 catalyst in an oxygen evolution process, although higher in comparison with that in the commercial 
RuO2 (98 mV dec−1). Stability is another important characteristic for evaluation of catalyst performance. Hence, 
continuous CV measurements of CoNiP2S2 were carried out for 5000 cycles in 1.0 M KOH solution at scan rate of 
50 mV s-1. The polarization curves obtained before and after cycling (Figure S27c) revealed that no obvious 
activity degradation was observed. The charge transfer resistance (Rct) is related to the semicircle observed in the 
Nyquist curve, as shown in Figure S27d. It is found that the obviously smaller semicircle is obtained for 
CoNiP2S2, suggesting the smaller value of Rct, and thus the better OER kinetics among the tested catalysts.

Figure S27 (a) LSV curves of the CoNiP2S2, commercial RuO2 and blank carbon cloth in 1.0 M KOH solution 
(scan rate 5 mV s-1) for the OER. (b) Tafel plots of the CoNiP2S2, commercial RuO2, and blank carbon cloth for 
OER in 1.0 M KOH solution. (c) Polarization curves of the CoNiP2S2 before and after 5000 CV cycles. (d) 
Electrochemical impedance spectra (EIS) Nyquist plots of the CoNiP2S2 and commercial RuO2.



Figure S28 and Figure S29 display the microstructural characterizations (SEM, TEM and EDX-mapping) of 
the CoNiP2S2 catalyst after OER, showing a similar irregular morphology.

Figure S28 (a-b) Low-magnified and high-magnified SEM images of the CoNiP2S2 after OER.

Figure S29 (a) TEM image of the CoNiP2S2 after OER. (b-f) HAADF-STEM and corresponding EDX-mapping 
images of the CoNiP2S2 after OER.


