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1. Calculation methods of OER activity and adsorption energy of *O
and *OH

(1) Calculation method of OER activity

The OER activity is assessed by calculating the reaction free energy of each step based
on some thermal corrections:

In our work, the computational hydrogen electrode (CHE) model is applied.! At U=0

AG = AE + AE - TAS + | CpdT + AG
ZPE P PH where AE is the reaction energy

5

difference between the product and reactant of the OER occurring on catalysts, which
CpdT

can be directly obtained from DFT computations; AEzpg , TAS and P™"" are zero-

point energy correction, entropy correction and enthalpic temperature correction at

T=298.15 K respectively, which can be calculated from the vibrational frequencies.

AGyy is the free energy of correction of pH, which can be calculated by

AGyy = KpT X pH % In 10, and the pH value is set to be zero for strong acidic medium



Cp,dT
in this work. The AEZPE, TAS and f P™" for each reaction intermediates can be
calculated by the following equations, respectively:
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In the equations above, % V and Kp are Planck constant, vibrational frequencies and

Boltzmann constant, respectively. Only vibration modes of the adsorbates were taken
into account for thermodynamic corrections, assuming that changes in the vibrations of
the catalyst surface caused by the presence of the carbon nitrides were minimal.? 3
Therefore, the free energy for each step of OER can be calculated by:

i) H20Q) + x = xOH + H™ + e (54)
1
(ii)*OH;‘*0+H++€_ (56)

1
e

2 (57)
(i) * 0 + H0(D= * 00H + HY +e” (58)
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(iv)
xO0H=x + 0,(9) + H" + e~ (510)

AG, = 4.92 - AG, - AG, - AG, (511)



The overpotential, which is determined by the rate determining step, is calculated by
the formula:

n = max[AG,, AG,, AG;, AG, ] /e — 1.23 (512)
(2) Calculation method of adsorption energy of *O and *OH

The adsorption energies of *O and *OH are obtained as follows:

1
AE,; = E -E,-(Ey o-=E
OH con—E. = Hy,0 5 Hz) (513)

In (S13) and (S14), AEoy and AE, are the adsorption energy of OH and O and E, OH,

E, and E, are the energies of a clean catalyst and the catalyst adsorbed with OH, O

EHO

E
and OOH, respectively. 2~ and 2 is the energy calculated via DFT.
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Fig. S1. The projected density of states of g-C;N, relative to Fermi level by HSE06.



Fig. S2. Charge density distributions of valence band maximum (VBM) and conduction band
minimum (CBM) for (a) g-C3N,, (b) g-C;3N; and (c) g-C;)N, respectively. The isosurface value is
0.007 e/Bohr?.
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Fig. S3. Free energy diagram of pristine g-C;N4 on N1 site at zero potential (U=0), where the rate

determining step is marked by dashed line in red.



Fig. S4. Optimized structures of reaction intermediates of pristine g-C;N4 on N1 site during OER,

where gray, blue, red, yellow balls represent C, N, O and S atoms, respectively.
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Fig. S5. Free energy diagram of pristine g-C3N3 on N site at zero potential (U=0), where the rate
determining step is marked by dashed line in red.



Fig. S6. Optimized structures of reaction intermediates of pristine g-C;N3 on N site during OER.
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Fig. S7. Free energy diagram of pristine g-C,N on N site at zero potential (U=0), where the rate

determining step is marked by dashed line in red.



Fig. S9. Optimized structures of reaction intermediates of pristine (a) g-C,N, (b) g-C3N3 and (c) g-
C3N4 durlng OER.
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Fig. S10. Free energy diagram of S-doped g-C;N4 on S site at zero potential (U=0), where the rate

determining step is marked by dashed line in red.
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Fig. S11. Optimized structures of reaction intermediates of S-doped g-C;N,on S site during OER.
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Fig. S12. Free energy diagram of S-doped g-C;N,4 on C site at zero potential (U=0), where the rate

determining step is marked by dashed line in red.

Fig. S13. Optimized structures of reaction intermediates of S-doped g-C;N, on C site during OER.
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Fig. S14. Free energy diagram of O-doped g-C;N,4on C site at zero potential (U=0), where the rate

determining step is marked by dashed line in red.

Fig. S15. Optimized structures of reaction intermediates of O-doped g-C;N, on C site during OER.
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Fig. S16. Free energy diagram of B1-doped g-C;N, on B1 site at zero potential (U=0), where the

rate determining step is marked by dashed line in red.

mmaémaﬁmcé—ﬂ

o B

Fig. S17. Optimized structures of reaction intermediates of B1-doped g-C;N4 on B1 site during
OER.
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Fig. S18. Free energy diagram of B2-doped g-C;N4 on B2 site at zero potential (U=0), where the

rate determining step is marked by dashed line in red.

Fig. S19. Optimized structures of reaction intermediates of B2-doped g-C;N4 on B2 site during
OER.
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Fig. S20. Free energy diagram of P-doped g-C;N4 on P site at zero potential (U=0), where the rate

determining step is marked by dashed line in red.

Fig. S21. Optimized structures of reaction intermediates of P-doped g-C;N, on P site during OER.
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Fig. S22. Free energy diagram of B-doped g-C;N; on B site. at zero potential (U=0), where the rate
determining step is marked by dashed line in red.
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Fig. S23. Optimized structures of reaction intermediates of B-doped g-C;Nj; on B site during OER.
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Fig. S24. Free energy diagram of P-doped g-C;Nj; on C site. at zero potential (U=0), where the rate

determining step is marked by dashed line in red.

Fig. S25. Optimized structures of reaction intermediates of P-doped g-C;N, on C site during OER.
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Fig. S26. Free energy diagram of B-doped g-C,N on B site. at zero potential (U=0), where the rate

determining step is marked by dashed line in red.

Fig. S27. Optimized structures of reaction intermediates of B-doped g-C,N on B site during OER.
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Fig. S28. Free energy diagram of P-doped g-C,N on C site at zero potential (U=0), where the rate

determining step is marked by dashed line in red.

Fig. S29. Optimized structures of reaction intermediates of P-doped g-C,N on C site during OER.



Fig. S32. Optimized structures of reaction intermediates of O-doped g-C,N on C site during OER.
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Fig. S33. Optimized structures of reaction intermediates of S-doped g-C;N; on S site during OER.
Fig. S34. Optimized structures of reaction intermediates of S-doped g-C;N; on C site during OER.

Fig. S35. Optimized structures of reaction intermediates of O-doped g-C;N; on C site during OER.
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Fig. S36. Free energy diagrams of OER on S-doped g-C,N and g-C;N; with lower doping

concentration.
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Fig. S37. Free energy difference with different hydrogen coverages on the N sites of g-C,N
and g-C;Ns.
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Fig. S38. Doping sites of (a) g-C5Ny, (b) g-C;N3 and (c) g-C,N. For g-C;Ny, the doping site of O, P
and S atom is on N1 atom, and the doping site of B is on C1 or C2; For g-C;N3 and g-C,N, the
doping site of O, P and S is on N and the doping site of B is on C.
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Fig. S39. (a) Fourier transforms of the energy gaps between donor and acceptor states of hole trap
and direct e-h recombination dynamics for S-doped g-C,N. (b) Pure-dephasing functions of hole
trap and direct e-h recombination for S-doped g-C,N.
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Fig. S40. Energy and temperature fluctuations and one of structures of (a) O-doped g-C,N and (c)
S-doped g-C3N; during 5000 fs; Optical spectrum of (b) pristine g-C,N and O-doped g-C,N and (d)
pristine g-C;N; and S-doped g-C;Nj,
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