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Computational methods

The first-principles calculations based on the Density Functional Theory (DFT) were
performed using the Materails Studio software with CASTEP model. The Perdew-
Burke-Ernzerhof (PBE) exchange-correlation functional within the generalized
gradient approximation (GGA) was employed to describe the exchange-correlation
energy. The energy cutoff for the plane wave basis expansion was set to 600 eV. The
force on each atom was set as 0.03 eV/A for convergence criterion. Slab model was
constructed in a 4x4 supercell, with a vacuum layer of 20 A in the z direction to avoid
the interaction between layers. The sampling in the Brillouin zone was set with 3x3x1
by the Monkhorst-Pack method. The van der Waals interaction was considered by using
DFT-D3 method. The free energies of the CO; reduction reaction steps were calculated
using the equation: AG = AEprr + AEzre-TAS where A Eppr is the DFT energy
difference, the AEzpe and TAS are the zero-point energy correction and the variation of
entropy, respectively, which gotten from vibration calculations. Moreover, the AEzpe

and TAS of molecules in the gas phase were taken from the NIST database.
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Fig. S1 XRD patterns of CP, CPB and 2CPB samples.
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Fig. S2 Thermogravimetric analysis results of reagent (phosphonitrilic chloride trimer),

CP, CPB and 2CPB samples.
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Fig. S3 UV-vis diffuse reflectance spectra (DRS) of CP, CPB and 2CPB samples.
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Fig. S4 N adsorption-desorption isotherms at 77 K of CP, CPB and 2CPB samples.



1200

1100 1
1000 4
900
800 -
£ 700 -
3-. -
3 600
@ 500
= ]
I"’400 -
O 300-
200 -
100

04

1

Normal reaction
Without photocatalyst
In dark

N, replaces CO,

e

2 3
Reaction condition

Fig. S5 CHa yield of CPB sample under various reaction conditions.
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Fig. S6 XRD patterns (a) and fourier transform infrared spectra (b) of CPB sample
before and after the stability test.
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Fig. S7 Calculated partial density of states of (a-e) CPB, while (f) represents the total
density of states of CPB.



Table S1. The comparation of photocatalytic CO» reduction activity among some representative
photocatalysts reported in the literatures over recent years and this work.

CHj evolution rate

Photocatalyst Light source CHj Selectivity

(pmol g h!)
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