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Figure S1. SEM images of the Co,Ni-MOF precursor.

Figure S2. SEM images of (a) Co@NC, (b) CoNi,@NC, (c) CoNi@NC and (d) Ni@NC.



Figure S3. SEM images of (a) Co,Ni@NC-600, (b) Co,Ni@NC-700, (c) Co,Ni@NC-900

and (d) Co,Ni@NC-1000.
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Figure S4. The face-centered cubic stack geometry configuration of cobalt and nickel

metal.
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Figure S5. The XRD patterns of Co,Ni@NC-T at different temperatures.
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Figure S6. (a) N, adsorption-desorption isotherm

of Co,Ni@NC.
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Figure S7. Survey XPS spectra of Co@NC, Co,Ni@NC and Ni@NC.
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Figure S8. The high-resolution XPS spectrum of a) C 1s and b) O 1s in Co,Ni@NC.
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Figure S9. Raman spectrum of Co,Ni@NC.
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Figure S10. (a) LSV curves and the corresponding (b)Tafel slopes of Co,Ni@NC-600,

Co,Ni@NC-700, Co,Ni@NC, Co,Ni@NC-900 and Co,Ni@NC-1000.
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Figure S11. Cyclic voltammograms (0.94 - 1.04 V vs. RHE) of (a) Co@NC, (b)

Co,;Ni@NC, (c) CoNi@NC, (d) CoNi,@NC and (e) Ni@NC recorded in 1.0 M KOH.




Figure S12. TOFs at different overpotentials from 310 to 450 mV by assuming that

every Co or Ni atoms are catalytically active.

The TOF can be calculated with the equation as follow:

where j is the current density (mA cm™) at a measured overpotential in the range of
310 mV to 450 mV, A is the geometric area of the glassy carbon electrode, F is the
faraday constant with value of 96485 C mol?, and n is the number of molecular

weight of the catalyst that are deposited onto the glassy carbon electrode.
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Figure S13. XRD patterns of the Co,Ni@NC after continuous oxygen reaction

evolution in alkaline electrolyte solution.
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Figure S14. XPS patterns of (a) Co 2p and (b) Ni 2p in Co,Ni@NC before and after

continuous oxygen evolution reaction in alkaline electrolyte solution.



Table S1 Comparison of the OER electrocatalytic activity of Co,Ni@NC with

previously reported Co-based electrocatalysts.

Catalyst Electrolyte n (10 mA cm?) I:SI(::C’T; Ref
Co,Ni@NC 1 M KOH 310 60.8 This work
CoNy 1 M KOH 315 75.7 1
CoN:iS, 1 M KOH 320 59 2
Co/NiCo,0,4 0.1 M KOH 339 60 3
NiO/NiCo,0, 1M KOH 340 66 4
CoNi/CoNiO, 1 M KOH 341 84 5
CoNi 1 M KOH 420 107 6

1. Z. Liang, C. Zhang, H. Yuan, W. Zhang, H. Zheng and R. Cao, Chem. Commun., 2018,
54, 7519-7522.

2.Z.Yu, Y. Bai, S. Zhang, Y. Liu, N. Zhang and K Sun, Int. J. Hydrogen Energy, 2018, 43,
8815-8823.

3. J. Li, S. Lu, H. Huang, D. Liu, Z. Zhuang and C Zhong, ACS Sustainable Chem. Eng.,
2018, 6, 10021-10029.

4. Y. Wang, Z. Zhang, X. Liu, F. Ding, P. Zou, X. Wang, Q. Zhao and H. Rao, ACS
Sustainable Chem. Eng., 2018, 6, 12511-12521.

5. H. Xu, Z.-X. Shi, Y.-X. Tong and G.-R. Li, Adv. Mater., 2018, 30, 1705442.

6. A. Jayakumar, R. P. Antony, J. Zhao and J.-M. Lee, Electrochim. Acta, 2018, 265,
336-347.



The cartesian coordinates of all the optimized models:
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