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1. Analysis of electron transfer number

The number of electrons transferred in the oxygen reduction reaction is calculated from Koutecky—Levich
plots (J vs. w/2) at range of electrode potentials. The calculation can be carried out using the following
Koutecky—Levich equation: 1) 1/J =1/J,+1/J¢ = 1/Bw? + 1/Ji, 2) B = 0.62nFCo(Dg)*3v' /5, 3) I = nFkC,. Here J,
J.and Ji are the measured current density, diffusion limiting current density and kinetic current density,
respectively. w is the rotation grade in rad s n is the overall electron transfer number in ORR, F is the
Faraday constant and taken as 96485 C mol™. D, is the diffusion coefficient (1.9 x 10> cm?s1), v is the
kinetic viscosity of the electrolyte (0.01) and Cy is the bulk concentration of oxygen (1.2 x 103 mol L), k is
the electron-transfer constant. The number of transferred electrons can be calculated based through

equation 1) to 3).

Fig. S1 a) Transmission electron microscope (TEM) characterization of FeNCN-44. b) Scanning electron
microscope (SEM) image of NiNCN-22. c) Picture of FeNCN-44 under TEM survey. d) TEM image of NiNCN-
22
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Fig. S2 Cyclic Voltammetry (CV) plot of CNCN-5, CNCN-25, CNCN-44, CNCN-100, FeNCN-44, NiNCN-22 and
commercial Pt/C at a scan rate of 50 mV/s in 0.1M KOH electrolyte. a) CV plots of different CNCN catalysts
in O,-saturated electrolyte. b) Comparing CV plots of CNCN-44 FeNCN-44, NiNCN-22 and Pt/C in O O,-

saturated electrolyte.
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Fig. S3 a) Linear Sweep Voltammetry plots of optimized CNCN-44 with different rotation rate in 0.1M KOH
electrolyte at a scan rate of 10 mV s. b) Koutecky—Levich (K-L) plots of CNCN-44 obtained from the

rotating disk electrode (RDE) results at different potentials.
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Fig. S4 a) Open circuit potential of CNCN-44 showing good electron conductivity of the prepared catalyst.

c) Long-term cycling performance of CNCN-44 operated at 5 mA cm? with 4 minutes charge-discharge per

cycle.

Table S1. Comparison of bifunctional electroactivity of CNCN-44 to various reported precious and non-

precious catalysts

Catalyst Eom/V Eoee/V BNV Ref
j=-3mAcm j=10mAcm (Eoer- Eorr)
NiCo,0, 0.75 1.72 0.97 S1
NCo-A; 0.78 1.62 0.89 S2
CoxOy/NC 0.81 1.70 0.89 20
Co/N-C-800 0.74 1.60 0.86 18
CoS,(400)/N,S-GO 0.79 1.61 0.82 S3
N-graphene/CNT 0.69 1.65 0.96 9
20 wt% Ir/C 0.69 1.61 0.92 19
CNCN-44 0.80 1.61 0.81 This work
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