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Figure S1. Thermogravimetric analysis curve of Co/N-MC-2-750 measured from 30 to 

800 ºC in air atmosphere with a heating rate of 10 ºC/min. It was pointed out that, Co/N-

MC-2-750 at between 0 and 100°C, the water was evaporated; between the 200 and 320 

ºC, the Co phase was oxidized by air to transform into Co3O4 phase; Based on the mass 

of Co3O4 (45.27 wt%) left after 800 ºC, it can be calculated that the Co content in hybrid 

is 61.86 wt%.



Figure S2. XPS spectra of Co/N-MC-2-750, Co-MC-2-750 and N-MC-2-750.



Figure S3. (a) XPS surveys of the Co/N-MCs samples; (b) the total N content 

(percentage content: 100 % ) of the all Co/N-MCs samples; (c) different types of N in 

Co/N-MC-2-600, Co/N-MC-2-750 and Co/N-MC-2-900.



Figure S4. (a) N2 adsorption/desorption isotherm curves of all catalysts and (b) pore 

size distributions of all Co/N-MCs catalysts.



Figure S5. The SEM images of Co/N-MC-2-750 (a, b, c); Co/N-MC-2-900 (d, e, f), 

Co/N-MC-2-600 (g, h, i) and Co/N-MC-2-0 (j, k, l), respectively.



Figure S6．(a) Cycle voltammetry of Co/N-MC-1-750, Co/N-MC-2-750， Co/N-

MC-2-750 and Co/N-MC-3-750 in O2 (the solid line) and N2 (the dotted line) saturated 

0.1M KOH solution with a scanning rate of 10 mV s-1; (b) linear sweep voltammetry 

of Co/N-MC-1-750, Co/N-MC-2-750 and Co/N-MC-3-750 at a rotation rate of 1600 

rmp.



Figure S7．(a) RRDE curves of various electrocatalysts in 0.1M KOH solution at a 

rotation speed of 1600rmp: current density at disk and ring electrodes for Co/N-MC-2-

600, Co/N-MC-2-750, Co/N-MC-2-900 and Pt/C (20wt%); (b) H2O2 yield and electron 

transfer number (n) for Co/N-MC-2-600, Co/N-MC-2-750, Co/N-MC-2-900 and Pt/C 

(20wt%).



Figure S8. Rotation disk electrode (RDE) polarization curves of the N-MC-2-750 (a), 

the Co-MC-2-750 (c), the Co/N-MC-2-0 (e), the Co/N-MC-2-600 (g) and the Co/N-

MC-2-900 (i) at various rotating speeds, respectively; the corresponding K-L plots of 

the N-MC-2-750 (b), the Co-MC-2-750 (d), the Co/N-MC-2-0 (f), the Co/N-MC-2-600 

(h) and the Co/N-MC-2-900 (j) at different potentials, respectively.



Figure S9 (a) Chronoamperometry of Co/N-MC-2-750 and Pt/C electrodes in O2-

satureted 0.1M KOH at -0.3V(vs. Ag/AgCl) for 20,000 s (Inset shows RDE polarization 

curves of Co/N-MC-2-750 of before i-t test and after i-t test); (b) Impedance diagram 

of all Co/N-MCs catalysts in oxygen saturated 0.1 M KOH electrolyte at a rotation rate 

of 1600 rpm.



Figure S10. (a, b) CVs of the Co/N-MC-2-600 and Co/N-MC-2-900 in Ar-saturated 

0.1 M KOH solution at various scan rates of 5, 10, 20, 40, 60, 80, 100 mV/s; (c, d) the 

plot of peak currents of the Co/N-MC-2-600 and Co/N-MC-2-900 vs. square root of 

scan rate; (e, f) CVs of the Co/N-MC-2-600 and Co/N-MC-2-900 in absence and 

presence of 2.5 mM glucose at a scan rate of 100 mV s-1 in Ar-saturated 0.1 M KOH 

solution.



Figure S11. (a) Amperometric response to successive additions of glucose at the Co/N-

MC-2-750 electrode in Ar-saturated 0.1M KOH solution with magnetic stirring at 

different applied potential. 



Table S1. The detailed electrochemical performance parameters of all catalysts and the 

Pt/C (20 wt%) catalyst for ORR, and the other corresponding experimental data.



Table S2. Comparisons of the ORR performance between this work with representative 
published data on M, N - double doped carbon materials.

Table S3. Impedance components determined by fitting the experimental data using 

the equivalent circuit (Figure S9b). (Rs represent electrolyte resistance; Rct the charge 

transfer resistance；CPE represent interfacial resistance.) 


