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Micro-kinetic method:

We assume that the reaction occurs on both the bare TM-C,N and TM-C,N with
a single coordination. The reaction rate at the site is governed by the rate-limiting step.
Thus, the reaction rate can be expressed as:

R(U) = Zki(U)[Ci(U)]#(Sl)
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R(U) is the total reaction rate, G(U) is the concentration of various possible active

sites. Ai, Eq are effective pre-exponential factor and activation energy, which can be

estimated to be 0.26 eV and 1.23x10° s'1.1.2 kp is Boltzmann constant. k,(U)

are the

reaction rates in corresponding active sites. This can be determined using Eq. S2,
. . .. .. . GY() .

derived from classical transition state theory. Additionally, the concentration ™ ¢ is

balanced based on the total site concentration, as given by the following formula:
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M]= ) [CW]#(S3)
where M is total concentration of active sites, which can be computed by active sites

divided by surface area. Besides, (V) follow the equilibrium constants:
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Co(U) is concentration of TM-C,N(IS), the Gi(U) is formation energy of various

active site relative to TM-C,N(IS). Finally, the current density can be calculated as:

] nFR(U)
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Where n is the charge transfer of reaction, F is Faraday constant, and Ny is the

Avogadro constant. It should be noted that there is a limit to the reaction rate of ORR
due to the solubility limit of oxygen.? The reaction rate changes to:
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The values of °2 is taken as 1x108s! 4

Table S1. Spin state and parameters of free energy fitting for each ORR intermediate.

model Spin C (e/V) U, (V/SHE) Eo (eV) Ezpe-T'S (eV)
TiC,N* 1 2.39 -2.86 -662.71 0.22
TiC,N*OOH 1/2 2.87 -2.68 -678.80 0.61
TiC2N*O 0 2.38 -2.71 -670.63 0.29
TiC,N*OH 172 2.32 -2.79 -674.50 0.52
TiC,NOH*OOH 0 2.45 -2.70 -690.38 0.92
TiC,NOH*O 0 2.59 -2.48 -683.08 0.58
TiC,NOH*OH 0 2.48 -2.67 -686.34 0.84
VC,N* 3/2 278 .63 -663.18 0.25
VC,N*OOH 1 2.86 .58 -679.60 0.54
VC2N*O 12 2.97 -2.51 -671.26 0.30
VC,N*OH 1 3.05 -2.55 -675.22 0.54
VC,NOH*OOH 1 2.64 -2.52 -691.68 0.87
VC,NOH*O 172 2.58 -2.49 -683.48 0.60

VC,NOH*OH 1 2.45 -2.56 -687.11 0.84
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CuC,N*OH 0 0.84 0.34 -642.63 0.49
CuC,NOH*OOH 172 0.79 0.46 -657.13 0.80
CuC,NOH*O 172 1.17 1.12 -646.76 0.47
CuC,NOH*OH 172 1.17 1.10 -652.74 0.77
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Figure S1. The total density of states of TM-C,N.
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Figure S2. Constant-potential free energy of the ORR on (a) TiC,N and (b)
TiC,N*OH; the coverage of TiC,N and TiC,N*OH vs. electrode potential; (d)
simulation of total polarization current.
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Figure S3. Constant-potential free energy of the ORR on (a) VC,N and (b) VC,N*OH;
the coverage of VC,N and VC,N*OH vs. electrode potential; (d) simulation of total
polarization current.
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Figure S4. Constant-potential free energy of the ORR on (a) CrC,N and (b)
CrC,N*OH; the coverage of CrC,N and CrC,N*OH vs. electrode potential; (d)
simulation of total polarization current.
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Figure S5. Constant-potential free energy of the ORR on (a) MnC,N and (b)
MnC,N*OH; the coverage of MnC,N and MnC,N*OH vs. electrode potential; (d)
simulation of total polarization current.
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Figure S6. Constant-potential free energy of the ORR on (a) CoC,N and (b)
CoC,N*OH; the coverage of CoC,N and CoC,N*OH vs. electrode potential; (d)
simulation of total polarization current.
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Figure S7. Constant-potential free energy of the ORR on (a) NiC,N and (b)
NiC,N*OH; the coverage of NiC,N and NiC,N*OH vs. electrode potential; (d)
simulation of total polarization current.
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