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Computational details

The binding energy of Co atom on g-C;N, are calculated by means of the following equations
Ey= Exyoub — Esub — (EM(bulk)/ n)
where the Eyyq, and Eg, are the energies of Co/g-CsNy and g-C3N,, respectively. The Eypui is the
energy of Co bulk and n is the number of Co atoms in its bulk.
The adsorption energies (E,4) of the adsorbate (O,, CO, etc.) are calculated by means of the

following equations

EadszEslab+E E

adsorbate ~ “adsorbate/slab

E

where ~slab, Eadsorate and E adsorbate/stab represent the total energies of the clean slab, the isolated

adsorbed atom/molecule and the slab after adsorption, respectively. With this definition, a positive
value of Ey, or E,4 indicates that the adsorption is exothermic. The activation energy barriers for
CO oxidation were calculated according to the following formula

Eqee =Ers—Eps

E

where ~TS and Es are energies of the transition state and initial state, respectively.
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Fig. S1 The most probable diffusion path of Co atom on g-C;N,. The most stable adsorption site

as the initial states (IS) and the adjacent of the most stable adsorption site as the final states (FS).
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Fig. S2 (a) Two cobalt atoms are scattered at two sites, (b) Co dimer adsorbed at single hole and
parallel to the plane and (¢) Cobalt dimers adsorbed at the one site and vertical to the plane of the g-

C;3Ny, insert are top and side views of the snapshot of atomic configuration. The relative energy

(AE) is calculated with respect to Fig. S2a.
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Fig S3. Atomic configurations for the dissociation of the Co dimer of the Co,/g-C3N, catalyst to

form two separated Co monomers at two sites, including IS, TS, and FS.
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Fig. S4 Variations of temperature and energy of against the time for the AIMD simulations of Co/g-
C;3Ny, insert are top and side views of the snapshot of atomic configuration. The simulation is run

under 400 K for 10 ps with a time step of 2 fs.

Fig. S5 The AIMD simulations of Co/g-C;Ny, insert are top and side views of the snapshot of

atomic configuration. The simulation is run under 600 K for 10 ps with a time step of 2 fs.

Fig. S6 The adsorption of O on Co/g-Cs;N,, including the top and side views of atomic

configuration.

sS4



[N
<
1

NER: 2CO + 0, — 2C0,)

—
=]
[]

0.0+

gy (eV)

e Ener
-
=

[]

-2.0-
-3.0-
-4.0-

-5.0+ FS: -4.72 oV
Reaction Coordinate

1v

Relat

Fig. S7 Minimum energy profiles and the configuration of different states including the IS, TS and FS

for CO oxidation on Co/g-C3N4. NER mechanism: 2CO + O,* — 2CO,.

Fig. S8 Top view and side view of spin density of the Co single atom during the CO oxidation process

via TER mechanism. (a) Co/g-CsNy, (b) 2CO and (¢) OCOOCO* intermediate adsorbed on Co/g-C3Ny.

The isosurface value is setto 1 x 103 eA3.
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Table S1. The energy of different states including the IS, TS and FS for CO oxidation on Co/g-C;Ny4

via corresponding mechanisms. The energy of the IS corresponding to the adsorption energy.

(a) CO + 02*4) O*+C02 f[; E I'S EFS Ezlcll
-2. -1. -4. 25
ER - 5 1.90 4.68 0

(b) CO + 0" — CO, IS1 ETSJ EFSI Ealcll
-1.39 -0.99 -3.33 0.40

Eis S e
(a) 0, + CO*— O* + CO, ; ETS 4EFS Edul
LH - -3. 6E -3.16 - .91- 0_.10
(b) O* + CO*— OCO* — CO, IS1 TSI EMS ETSZ EFS] bml b;m}
271 1-2.631-3.761|-3.17]-3.99 | 0.08 [ 0.59

Ey e
L. 2CO + 0, — 2CO, IS E[S EFS rmll
NER -2.14 -1.68 -6.86 0.46
IL 2CO + 0," — 00CCOO* — 2CO, EIS ETS] EMS ETSZ EFS Ezml Ealclf\
-2.14 1 -191 ] -6.43 | -6.08 | -6.86 | 0.23 | 0.35
TER 0, +2C0"— 0COO0CO* — 2CO, EIS ETS EMS ETS] EFS Eaml Ezml
-3.24 1 -3.07 | -3.61 | -3.40 | -6.85 | 0.17 | 0.21
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