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Figure S1. SEM-EDS mapping on (A) CoWCe-Ni3Se2, (B) Ni, (C) Se, (D) Co, (E) W 

and (F) Ce.

Figure S2. SEM-EDS mapping on (A) CoCe-Ni3Se2, (B) Ni, (C) Se, (D) Co and (E)) 

Ce.
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Figure S3. SEM-EDS mapping on (A) CoW-Ni3Se2, (B) Ni, (C) Se, (D) Co and (E) W. 

Figure S4. SEM-EDS mapping on (A) Co-Ni3Se2, (B) Ni, (C) Se and (D) Co.
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Figure S5. The SEM images of Ni3Se2 at (A) low and (B) high magnifications.

Figure S6. SEM image of WCe-Ni3Se2.

Figure S7. SEM image of W-Ni3Se2.
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Figure S8. SEM image of W-Ni3Se2.

Figure S9 TEM image on CoWCe-Ni3Se2.
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Figure S10. The raw data polarization curves of CoWCe-Ni3Se2, CoWCe-Ni3Se2, 

CoCe-Ni3Se2, Co-Ni3Se2, Ni3Se2 and the benchmark catalysts RuO2 and IrO2 without 

iR-compensation. The overpotentials for delivering 100 mA cm-2 are listed. 

Figure S11. The raw data polarization curves of WCe-Ni3Se2, Ce-Ni3Se2, W-Ni3Se2 

and Ni3Se2 without iR-compensation.
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Figure S12. The CV curves of (A) CoWCe-Ni3Se2, (B) CoWCe-Ni3Se2, (C) CoCe-

Ni3Se2 and (D) Co-Ni3Se2 for ECSA calculation.

Figure S13. The specific activity curves of CoWCe-Ni3Se2, CoWCe-Ni3Se2, CoCe-

Ni3Se2 and Co-Ni3Se2 based on ECSA.
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Figure S14. i-t chronoamperometric test of CoWCe-Ni3Se2 at 1.729 V for 30 h.
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Table S1. The comparison between the present work and the recently reported OER 

catalysts.

Catalysts Overpotential at 10 

mA cm-2 / mV

Tafel slop / mV 

dec-1

Ref.

CoWCe-Ni3Se2 204 33.59 This work

Zn-NiOOH 179 30.8 [1]

FeOOH(Se) 287 54.0 [2]

Fe-Ni3C 275 62.0 [3]

S-NiFe2O4 267 36.7 [4]

N-CoP/CeO2 215 69.0 [5]

Ni0.75Fe0.25Se2 267 67.0 [6]

AlNiCoRuMo 245 54.5 [7]

CoCrFeNiMo 220 59.0 [8]

Mo-NiFeOxHy 193 32.3 [9]



10

Table S2. The calculated TOF at 1.50 V. 

Samples J@1.50 V

mA/cm2

Sweeping rate

V/s

TOF

s-1

CoWCe-Ni3Se2 499 0.005 0.173858

CoW- Ni3Se2 252 0.005 0.080572

CoCe- Ni3Se2 140 0.005 0.042919

Co- Ni3Se2 39.5 0.005 0.009521

*The number of electrochemically active surface Ni sites was determined by integrating 

the charge (Q) under the Ni²⁺/Ni³⁺ redox peak from cyclic voltammetry (CV), assuming 

a one-electron transfer process per Ni site.
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