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(a) E;=-6.22¢V  (b) E,=-529V  (c) E,=-5.56eV  (d) E,=-5.24eV

Figure S1 Several possible P, N co-doped configurations and corresponding formation

energies.

Figure S2 PN-Gra structure from the molecular dynamics simulation (1000 K, NVT)
at (a) 500 fs, (b) 1000 fs, (c) 1500 fs, (d) 2000 fs, (e) 2500 fs and (f) 3000 fs. All bond

distances are in A.



(a) E,,=-1.81eV (b) E,4=-0.63eV (c) E, 4= -0.66eV
Figure S3 Several possible adsorption configurations of O2 on PN-Gra and

corresponding adsorption energies.

Figure S4 Structure of O, adsorbed on PN-Gra (side-on) from the molecular dynamics
simulation (353 K, NVT) at (a) 500 fs, (b) 1000 fs, (c) 1500 fs, (d) 2000 fs, (e) 2500 fs

and (f) 3000 fs.



Figure S5 Structures of O, adsorbed on PN-Gra (end-on) from the molecular dynamics

simulation (353 K, NVT).

Table S1 Free energy change (AG) of ORR elemental steps on PN-Gra at T=298.15 K,

PH=0 and U=0 V.

Elementary reactions AG(eV) Elementary reactions AG(eV)

0,—OH*+ O* -3.83 20H*—0OH* + H,0 -0.27

0,—0O*+ OH* -3.50 O*—>0OH* 0.73



OH*+ O*—20H* -0.40 OH*—H,0 -0.42

O* + OH*—0* + H,0O -1.73

(a) E,o=-1.18¢V (b) E .= -0.38eV

Figure S6 O adsorption configuration and corresponding adsorption energy of (a) P-

Gra and (b) N-Gra.

Table S2 Free energy AG (eV) of ORR elemental steps on P-Gra and N-Gra at

T=298.15 K, PH=0 and U=0 V.

AGl1 AG2 AG3 AG4

P-Gra -1.43 -3.53 -0.21 0.25

N-Gra -0.08 -2.18 -1.19 -1.46




0, 2H,0
12 H*
0.0 T « OOH* ,f_ (b) 00
I 1
05 | \ — fr 10 ! !
| NORR=1.48V 1 ' \
= ’ ! S ! !
o ! f w 0.8 | |
= -0} ! =
> It a 1 |
o ! . b | \
s \ OH +H2q 2 06 ' !
=o-1s ! [ = 1 1
g ! U g I 1
= ‘| ' = 04} ' \
2.0 F 1
20 | h ! \ OH*+H,0
! ! 02 1 —_— \
! / 0*+H,0 \
25 I ORR_ 2 \
0*+H,0 bo | Q2 1 LIS \ 2H,0
-3.0
Reaction Coordinate Reaction Coordinate

Figure S7 Free energy diagram for ORR on (a) P-Gra and (c) N-Gra at the equilibrium

potential (U=1.23 V).
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Figure S8 Electronic density of states (DOS) of (a) P-Gra, (b) N-Gra and PN-Gra, the

dashed line at zero energy represents the Fermi level.

Table S3 Values of DOS abundance near Fermi level (Dr) in different intervals.

P-Gra N-Gra PN-Gra
E
Dr=[_) _D(E)dE 1.05 0.80 1.43
E
Dr=[_] D(E)dE 1.63 1.02 2.26
De="!_D(E)dE 2.89 1.41 3.47

De=["! D(E)dE 5.12 2.28 5.72



De=["!_D(E)dE 8.77 3.85 9.24




