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Table S1 Information of crystal structures for the serial cobalt nitrides



S2. The calculated density of states (DOS) of serial cobalt nitrides

Figure S2 DOS diagrams of a) Co2N and b) Co3N catalysts.
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S3. XRD patterns and SEM images of the α-Co(OH)2 and β-Co(OH)2 precursors

Figure S3 Characterizations of the α-Co(OH)2 and β-Co(OH)2 precursors. a, b) XRD patterns and 

c, d) SEM images. Inset: photographs of α-Co(OH)2 (green) and β-Co(OH)2 (pink).

As shown by XRD patterns in Figure S3a, b, the obtained intermediate precursors 

(α-Co(OH)2 and β-Co(OH)2) were all pure phases, exhibiting highly c-axis orientation. 

TEM images of the α-Co(OH)2 and β-Co(OH)2 in Figure S3c, d shows hexagonal 

nanosheets morphology with several micrometers. The inset photographs of α-

Co(OH)2 and β-Co(OH)2 precursors display the obvious different colour. (α-Co(OH)2 

was green and β-Co(OH)2 was pink).
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S4. EELS spectrum and element mapping images of obtained Co2N product 

Figure S4 a) Electron energy loss spectroscopy (EELS) of obtained Co2N product, b) EELS line 
scanning profiles of Co2N, c) The typical HAADF-STEM and d-f) EELS element mapping images 
of Co2N, where the elements of Co (indicated by green color) and N (indicated by red color) were 
homogenously spatial distributions, illustrated the successful synthesis of Co2N.
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S5. EELS spectrum and element mapping images of obtained Co3N product

Figure S5 a) Electron energy loss spectroscopy (EELS) of obtained Co3N product, b) EELS line 
scanning profiles of Co3N, c) The typical HAADF-STEM and d-f) EELS element mapping images 
of Co3N, where the elements of Co (indicated by green color) and N (indicated by red color) were 
homogenously spatial distributions, illustrated the successful synthesis of Co3N.
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S6. N2 adsorption/desorption isotherms of serial cobalt nitrides

Figure S6 N2 adsorption/desorption isotherms of (a) Co2N, (b) Co3N and (c) Co4N samples.

S7. Polarization curves of metallic Co4N catalyst with different loading weight

Figure S7 Polarization curves of metallic Co4N catalyst with different loading weight in 1 M 
KOH solution.
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S8. IR-corrected polarization curves for all of the catalysts after the BET surface 

area normalization

Figure S8 (a) IR-corrected polarization curves for Co2N, Co3N and Co4N in a 0.1 M KOH 
medium. The current densities of all catalysts have been normalized by BET surface area. 

S9. XPS spectrum of all catalysts after the prolonged electrocatalysis

Figure S9 XPS spectrum of Co2N, Co3N and Co4N catalysts after the prolonged electrocatalysis.

As well known, X-ray photoelectron spectroscopy (XPS) is very powerful for surface 

characterization. First of all, “post-mortem” XPS analysis has been performed to comprehend the 

surface change after prolonged CV tests. Figure S9 shows almost unanimous Co 2p spectrum of 

Co2N, Co3N and Co4N catalysts after the prolonged electrocatalysis. The peaks located at 778.2 

eV can be assigned to Co 2p3/2 of Co0 in cobalt nitrides, which is identical with previous reports. 

Meanwhile, the peaks located at binding energy of 779.3 eV and 794.5 eV are consistent with 

Co2+ and Co3+, demonstrating the existence of surface oxidation in cobalt nitrides catalysts after a 

long period of OER tests.



S10. XRD patterns of all catalysts after prolonged electrocatalysis

Figure S10 X-ray diffraction (XRD) patterns of a) Co2N, b) Co3N and c) Co4N catalysts after the 
electrocatalysis

The XRD patterns in Figure S10 confirm all XRD curves of each compound after prolonged 

electrocatalytical measurement can be well indexed to the standard XRD profiles, indicating their 

excellent stability and phase stability after prolonged electrocatalysis process. Therefore, after 

prolonged OER tests, there is only a part of surface oxidation occurred in as-obtained cobalt 

nitrides as active phases, but it’s still cobalt nitrides in bulk state, giving solid evidence that the 

major phase was always cobalt nitrides.
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Table S2. Comparison of OER catalytic performance of bulk Co4N to recently 

reported state of the art Co-based OER catalysts
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