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1. Element mapping 

 
 
Figure S1. The SEM image and corresponding elemental mapping images of Co-

CoO@NC/NC-800. 

 
2. TGA curve  
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Figure S2. TGA curve of the Co-CoO@NC/NC-800. 

The weight loss below 200 oC could be attributed to the vaporization of physically 

adsorbed water, which accounts for 10.3 wt.% of the Co-CoO@NC/NC-800. The weight loss 
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at the temperature higher than 200oC could be attributed to the decomposition of the Co-

CoO@NC/NC-800 with association of the transformation of Co and CoO to Co3O4. Assuming 

that the atomic ratio of Co(0): Co(II)=3:2 (estimated from the XPS result), the weight percentage 

of Co-CoO in the Co-CoO@NC/NC-800 could be calculated as follows:  

  

 
 
 
3. TEM images  

  

  
Figure S3. TEM images of (a) the Co-CoO@C/C-800, (b) the Co-CoO@NC/NC-700, (c) the 

Co-CoO@NC/NC-900, (d) the Co-CoO@NC/NC-800 synthesized without the drying at 200oC.  
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4. XPS survey spectra  
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Figure S4. XPS survey spectra of the Co-CoO@C/C-800, the Co-CoO@NC/NC-700, the Co-

CoO@NC/NC-900. 

 
 

5. XRD patterns 
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Figure S5. XRD patterns of the Co-CoO@C/C-800, the Co-CoO@NC/NC-700, the Co-

CoO@NC/NC-900. 
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6. Raman spectra 
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Figure S6. Raman spectra of the Co-CoO@C/C-800, the Co-CoO@NC/NC-700, the Co-

CoO@NC/NC-900. 

 

7. LSVs and K-L plots 
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Figure S7. LSVs and K-L plots for the ORR by (a, b) the NC, (c, d) the Co-CoO@C/C-800, (e, 

f) the Co-CoO@NC/NC-700, (g, h) the Co-CoO@NC/NC-900 in an O2-saturated 0.1 M KOH 

solution at various rotation rates at a scan rate of 5 mV/s. 

 

 

8. Elemental composition 

Table S1. Relative atomic percentages of the elements in the Co-CoO@NC/NC-800, the NC, 

the Co-CoO@C/C-800, the Co-CoO@NC/NC-700, and the Co-CoO@NC/NC-900.  

Samples Co C N O 

Co-CoO@NC/NC-800 1.7 82.6 10.2 5.5 

NC 0 82.4 11.9 5.7 

Co-CoO@C/C-800 1.1 87.6 3.8 7.5 

Co-CoO@NC/NC-700 3.32 71.52 13.75 11.41 

Co-CoO@NC/NC-900 2.12 85.02 5.63 7.24 
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9. Performance comparison 

Table S2. Comparison of the ORR onset potential of the Co-CoO@NC/NC-800 with those of 

the catalysts reported. 

Catalyst Mass 
Loading 

/ mg cm-2

Onset 
potential 

/ V vs. RHEa

Half-wave 
potential 

/ V vs. RHE 

Reference 

Co-CoO@NC/NC-800 0.102 0.961 0.868 This work
N-C@Co-2 0.213 0.895 1 
Co-N-GN 0.1 0.864 0.800 2 
g-VB12 0.6 0.925 0.833 3 
Co/NrGO 0.2 0.902 4 
Co-NCA5 0.2 0.842 0.802 5 
Co-N-GC-800 0.2 0.900 0.810 6 
Co-NMCV 0.153 0.832 0.783 7 
Co-C@NWCs 0.1 0.939 0.83 8 
Co3O4−SP/NGr-24h 1 0.896 0.756 9 
Co/N-C-800 0.25 0.834 10 
CNCNT 0.1 0.900 11 
Co@CoO@N–C/C 0.42 0.92 0.81 12 
Co/CoO@Co–N-C-
800 

0.2 0.913 0.793 13 

MOFs-800 0.335 0.90 0.80 14 
Fe3C@NG800 0.2 0.98 0.87 15 
G–Co/CoO 0.1 0.882 0.786 16 
NCA_CZ_FeCo 0.21 0.95 0.888 17 
N-CoO 0.07 0.773 0.653 18 
HP-Co-NCNFs 0.306 0.907 19 
CoFe2O4 /NG 0.283 0.932 0.818 20 
Co(OH)x-NCNT 0.1 0.87 21 
Co0.5Fe0.5S@N-MC 0.8 0.913 0.808 22 
CoO/NCW 0.244 0.85 0.78 23 
BNC/Co2P-2 0.213 0.893 0.813 24 
CoO/MC-1.5 0.510 0.882 25 
Co−S/G-3 0.08 0.89 0.82 26 

a The ORR onset potential is defined at which the current density reaches to 0.1 mA cm-2. 
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