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Fig. S1 EDS analysis of C/P/2Co600, C/P/2Co700 and C/P/2Co800 catalysts, 

respectively.

Fig. S2 The TEM image of C/2Co600. Some large cobalt oxide nanoparticles distribute 

in carbon supports.



Fig. S3 The HRTEM image of C/P/2Co700 and corresponding FFT image, which clearly 

indicate the Co3O4 nanoparticles with a cubic crystal system (PDF 65-3103).

Fig. S4 The HRTEM image of C/P/2Co800 and corresponding FFT image, which clearly 

indicate the Co3O4 nanoparticles with a cubic crystal system (PDF 43-1003).



Fig. S5 The Raman spectra of C/P/2Co600-800.

Fig. S6 Peak assignments for the C(s) of C/P/2Co (600-800) catalysts. 

Table S1 Percentages of elements for C/P/Co(600-800) catalysts from XPS.

Elements C/P/2Co600 (At %) C/P/2Co700 (At %) C/P/2Co800 (At %)

C 94.93 95.72 96.66
O 2.7 2.38 1.99
N 1.95 1.5 0.97
Co 0.42 0.39 0.38



Fig. S7 XPS analysis of C/P/2Co700 and C/P600. (a) XPS spectra for N 1s. (b) XPS spectra 

for O 1s.

Fig. S8 (a) XPS analysis of C/P/2Co600, C/P/2Co700 and C/P/2Co800 catalysts for Co 

2p. (b) The variation tendency of CoNx and CoxOy contents in C/P/2Co(600-800) 

catalysts.



Table S2 The percentages of CoNx and CoxOy in C/P/2Co(600-800) catalysts.

Catalysts CoNx% CoxOy% N/O
C/P/2Co600 63.48 36.52 1.74 
C/P/2Co700 54.57 45.43 1.20 
C/P/2Co800 35.75 64.25 0.56 

Fig. S9 (a) Impedance spectroscopies of five control catalysts and (b) the 

corresponding equivalent-circuit diagram. 

Fig. S10 The CV curves of C/P/2Co600, C/P/2Co700 and C/P/2Co800 catalysts.



Fig. S11 The CV curve and mass active of C/P/2Co600 at 20 mV S-1 with the loading 

mass of 127.4 μg cm-2. 

Table S3 The calculation detail of mass active (ampere per milligram of cobalt).

Items Calculation details

Total mass on the electrode 1 mg mL-1*6*10-3 mL=6*10-3 mg

Percentage of Co atoms 2.1 wt% (0.4 at%)

Mass of Co atoms 2.1%*6*10-3 mg=1.26*10-4 mg

Mass active (A mgCo
-1) Current/1.26*10-4 mg

Table S4 The ORR catalytic performance of C/P/2Co600 and recently developed TM−N/C materials.

Materials
half-wave potentials
 (0.1 M KOH)

Ref.

C/P/2Co600 single cluster catalyst 0.846 V This paper
NiCoMnO4/N-doped graphene 0.750 V 1

Fe2N@N-doped porous carbon 0.803 V 2

CoFe/N-doped carbon nanotubes 0.840 V 3

Porous Co–Nx/C catalysts 0.830 V 4

Co3(PO4)2C-N/rGOA 0.837 V 5

N-doping Single Cobalt Atoms catalysts 0.881 V 6



Fig. S12 Polarization curves of C/2Co600 catalysts at different rotation rate in O2-

sarturated KOH. 



Table S5 Average electron transfer numbers (E) for different materials.

Potential/V E for Pt/C
E for 

C/P/2Co600
E for 

C/P/2Co800
E for C600

0.702 3.77 3.62 3.12 2.08
0.600 3.89 3.71 3.22 2.20
0.502 3.85 3.73 3.23 2.31
0.400 3.89 3.79 3.28 2.46
0.301 3.90 3.86 3.33 2.64
0.202 3.86 3.93 3.36 2.97
0.100 3.90 4.00 3.42 3.38
0.002 4.00 4.00 3.50 3.48

Average E value 3.88 3.83 3.31 2.69

Fig. S13 Koutecky-Levich plots of C/P/2Co600 and C/P/2Co800 at 0.6 V.
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