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S1 Density Functional Theory Calculations

All calculations presented in this work were performed using the density functional theory
within the Vienna Ab initio Simulation Package [S1, S2]. The projector augmented wave
method was used to describe the ion-electron potential. The generalized gradient
approximation with the Perdew-Burke-Ernzerhof functional was employed as the exchange
correlation function [S3, S4]. The cutoff energy was set as 500 eV to ensure the accuracy and
the DFT-D3 method was considered to correct the dispersion interactions [S5, S6]. To imitate
CRR on the electron-rich g-CsN4, extra electrons were added in the system [S7]. The
Brillouin zone was integrated using a I'-centered 3X3 X1 and 5X5 X1 mesh respectively for
geometry relaxation and electronic calculations. All atomic positions were fully relaxed using
the conjugate gradient algorithm method until the residual forces were below 0.02 eV A, To
evaluate the photocatalytic carbon dioxide reduction performance of all models, we calculated
the Gibbs free energy according to the formula.

AG = AE + AZPE — TAS

where AE, AZPE, AS are the change of total energy, zero-point energy and entropy at 298.15
K, respectively.

S2 Supplementary Figures and Tables

Thiourea

PRl IS

’~ N
‘ Melamlne\|
N Water &

~
S T

‘*_ Supramolecular ﬂ ICN
Self- assembly Pt g o
Hydrother al : f

Fig. S1 Schematic illustration for the synthesis of g-CsN4 isotype heterojunction (ICN)
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Fig. S2 (a) XRD patterns and (b) FTIR spectra of ICN-1, ICN-2, ICN-4 and ICN-5. (c-d)
XPS survey spectra and O 1s spectrum of ICN-3, TCN and MCN
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Fig. S3 (a) Nitrogen adsorption-desorption isotherms and the (b) corresponding pore size
distribution curves of ICN-3, TCN and MCN. (c-f) HAADF-STEM, the energy dispersive X-
ray spectroscopy (EDX) elemental mapping, TEM and HRTEM images of ICN-3

S2/59


http://springer.com/40820

Nano-Micro Letters

~
2

ICN-1
ICN-2 ©  3kHz
\ ~—— ICN-4 4r .

4 kHz
\ ICN-5 5 kHz

Absorbance (a.u.)
C? (10"F?)

i ”
-1.05V 7
. ‘\/.’ . . . . . . .ICN—.3
-12-1.0-0.8-0.6-0.4-0.2 0.0 0.2 0.4 0.6
Potential vs. NHE (V)

Fig. S4 (a) UV-DRS spectra of ICN-1, ICN-2, ICN-4 and ICN-5. (b) The Mott-Schottky plots
of ICN-3
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Fig. S5 XPS-VB spectra of TCN and MCN
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Fig. S6 TEM images of (a) ICN-1, (b) ICN-2, (c) ICN-4 and (d) ICN-5
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Fig. S7 (a) XRD pattern (b) SEM and (c) TEM images of ICN-3 after 960 min cycle test
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Fig. S8 GC-MS analysis of the products using *3C as the carbon source
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Fig. S9 In situ DRIFTS of (a) ICN-3, (b) TCN and (c) MCN during adsorption
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Fig. S10 The local in situ DRIFTS analysis of (a) *COO and (b) *COOH over ICN-3, TCN
and MCN during reaction
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Fig. S11 The CO> adsorption on the (a) C-end and (b) O-end
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Table S1 BET surface area and average pore diameter of ICN-3, TCN and MCN

Sample BET (m?g? Average diameter of pores (nm)
ICN-3 22.23 46.13
TCN 9.38 29.30
MCN 23.00 52.46

Table S2 Comparison of photocatalytic CO> reduction

Catalytic Sacrificial  The source of COyield
Catalysts condition agents CO2 (umol gt ht) Year  Refs.
g-C3Ng isotype 300 W Xe lamp Highly pure This
heterojunction  (AM 1.5) Nome o, (99.900%) 209 2021 work
i High purity
Ce02/g-C3Ns 300 W Xe lamp None CO, gas 4.18 2021 [S8]
Biz04Cl/g- 300 W Xe lamp 1 ml of CO,
CaNs (> 400 nm) None gas 6.60 2021 [S9]
Cs;AgBiBrs@g  simulate solar 1.2 atm pure
“CaNa light None CO, 2.00 2021 [S10]
0-CsN4 . ]
300 W Xe lamp High purity
nanotu_bes/grap (0> 400 nm) None CO, gas 7.33 2021 [S11]
hdiyne
CEAULIGHT
Potassium- CEL-HXF300 High purity
Doped g-C3N4 with 420 nm None CO2 gas 8.70 2020 [S12]
cutoff filter
ultraviolet
N defect (UV) lamp High purity
a-CoNa (254 nm, 40 None CO, gas 8.22 2020 [S13]
uW/cm?, 4 W)
1.26 g of
. . . NaHCOs3 react
TisC> visible light -
- None with 4 mL of 5.19 2020 [S14]
MXene/g-C3Na (A>420 nm) H,S0. solution
2 M)
Co-MOF/g- 300 W Xe lamp High-purity
CaNs (45420 nm) None CO, 341 2020 [S15]
. 300W 1.7gof
B"‘Ng(ﬁ’c" 9 Xelamp, 1> None  NaHCO; react 2.26 2020 [S16]
s 420 nm with 15 mL of
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H2SO4 solution

1.1 M)
Single Ni T High-purity
atoms/g-CsNa visible-light None CO, 8.60 2020 [S17]
Single Cu High-purit
atoms/crystallin xenon lamp None gcg y 3.09 2020 [S18]
e g-C3N4 2
300 W xenon 20 mL of hiah purit
g-CaNJ/FeWO,  lamp with a 05M gcgz y 6.12 2019 [S19]
solar simulator Na2SO3
Ultrahigh-
g-C3Ns@CeO; visible light None purity CO2 4.02 2019 [S20]
(99.99%)
CoZnAl- High purity of
LDH/RGO/g-  300W Xenon None gh punty 10.11 2019 [S21]
CO2
CsNg
. 300 W Xenon . .
g-CsN4/NiAl- High purity of
LDH lamp,n7;n > 420 None CO, 8.20 2018 [S22]
300W Xenon
NiO/g-C3N4 lamp, visible- None 10§9k;9a9502 4.17 2018 [S23]
light (99.999%)
1.3 g NaHCO3
Phosphorus- 300W Xenon triethanola react with 5 mL
doped g-C3N4 lamp mine of H2SO4 2.31 2018 [S24]
solution (4 M)
i A 300 W Xe High purity
MnO2/g-C3N. lamp None CO, (99.99%) 3.40 2017 [S25]
Eq. S1
Charge transfer rate: kgp= S (S1)
Tave(ICN-3)  Tave(TCN)
Eqg. S2
. s . _ 1 Tave(ICN-3)
Charge transfer efficiency: 7, =1-——— (S2)

Tave(TCN)
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