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Calculation details:
The calculation of optical properties

The photo-absorption coefficient /(@) is calculated by the following equations:

o — ; :
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where € is the speed of light, € (@) and € (@) are the real part and imaginary part of the dielectric function

€, respectively. The imaginary part of dielectric function € (@) is a Cartesian tensor which is composed

by the element “&8 (@),
. 4m%e? 1 .
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where £ is the volume of the pristine cell, 4 is the electron momentum operator, C and V are the indices

of conduction and valence bands, respectively. X is the Bloch wave vector, Wk is the weight of the k
point, €a i3 the unit vector in Cartesian coordinates. “Ck, Yk_and €ck, vk are the wavefunction and

corresponding eigenvalue at the ¥ point, respectively.

Photocatalytic water-splitting reaction
For HER, the reaction path is:
H™ +e” + x2 =H ()

in which the * and * H represent the clean slab and the slab adsorbed a hydrogen atom, respectively.

The respective change of Gibbs free energy &0 in the reaction path of HER is calculated by:

N =G -G, -G
*H * Ht +eT) (2

G

in which the Gy , —*,and Gy are the Gibbs free energies of * H * and (H T te ), respectively.

G . .
The (H ' + e )iscalculated by:
S2



G =G
HT +e7) Hz/z 3)

. . Gy /2 - H
inwhichthe "2 represents the Gibbs free energy of "'2.

For all the cases, the Gibbs free energy G is calculated by:

G=E +7ZPE -TS 4)
in which the E is the total energy of species obtained from calculations, ZE" is the zero point energy and

S is the entropy at 298 K in the calculated systems.

The reaction path of OER follows the classical four-electron step:

—_ + -
Firststep:HZO@ tor= 0 +H” +e (5)

Second step: *OH= *0 + HY +e” 6)

+ —_
Third step: *0 + H00= +O00H +H" +e @)

+ -
Fourth step: 0=+ + 0@ +H” +e )

The respective 20 in the reaction path of OER is calculated by:

H00 + == xOH + H" + e,

Al =G*0H+G(H++e—)_G*_GH20© )
xOH2 *0 + H' + e,

Mz =G0t Gpr -y~ Coan (10)
*0 + Hy00= «O0H +H" +e”

M3 = G, oy +G(H+ +e')_G*0_GH20@ (11)

xO00H= * + 0,0 +H'" +e.
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NA =G G G -G
-t (H++e‘)+ 0,0 FOH (1)

G

in which the € o , *0 and G oon represent the Gibbs free energies of respective related intermediates

Gh,0p Go,@ H20 gnd Oz,

residing on the catalysts. The and represent the Gibbs free energies of

respectively.

The overpotential (1) reflects the reaction kinetics as a sign of the energy barrier or activation energy in
the OER reaction, which can be clearly combined with the performance of the photocatalysts. The n
which treated as judging the catalytic performance of OER can be obtained by using the subsequent

equations:

n=[mmx (MG, AR AG A#) - 123 ]l (13)
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Figure S1 The band structure of the pristine g-C;Ns calculated by GGA-PBE. The label is the

Energy (eV)

pristine structure corresponding to Fig. 1.
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Figure S2 The optimized structures of boron-doped g-C;Ns. The boron atoms replace nitrogen atoms

of pristine g-C3Ns. The pink, blue, and gray balls represent the boron, nitrogen, and carbon atoms,

respectively. The labels are the replaced structures corresponding to Fig. 3.
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Figure S3 The band structures of boron-doped g-C;N;s calculated by GGA-PBE. The boron atoms

replace nitrogen atoms of pristine g-C;Ns. The labels are the replaced structures corresponding to

Fig. 3.
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Table S1. The effective masses(m*/m,) of electrons and holes for all undoped and B-doped g-C;Ns.

carrier type | g-CaNs  B1 B2 B3 B4 B5 B6 B7 B8 B9
e 1.38 1.83 1.88 1.63 2.66 2.89 1.20 4.15 3.26 210
h 1.32 1.97 2.83 5.60 6.11 8.33 7.45 15.30 10.60 1.83
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