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1. FORMATION ENERGY OF DEFECTS
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Fig. S1 Formation energy, E; of defects in g-C;Ny at five potential sites under C-rich and N-rich

conditions.
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2. SPATIAL DISTRIBUTION OF HOMO-LUMO
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Fig. S2 Spatial distribution of the highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) of (a) GCN and (b) Dy;,. The isosurface value is set to 0.03
e/A3.
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3. CO, ADSORPTION SIMULATION DETAILS

In this study, nine CO, adsorption sites were considered in both parallel and vertical orientations,
which were the four atom sites, three bond sites and two interstitial sites. For clarity, the four atom
sites were N1, N2, C1 and C2 sites; three bond sites being the intermediate point between C1-N2,
N2-C2 and N1-C1 bonds, represented as B1, B2 and B3; lastly, the center of a triazine ring as one
interstitial site (I1) and the cavity within the six-fold heptazine ring as another interstitial site (12).
The CO, adsorption configurations were illustrated as fixed g-C;N, atoms in Figs. S3-6 to
accurately portray the position of the CO, molecule on these structures. Optimization of separation
distance between CO, molecule and g-C;N, surface was performed, and the ideal distance was

discovered to be at 2.5 A.
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Adsorption site(s) and energy:

B2,/B2,:-0.3534/-0.4734 eV B3,/B3,: -0.2600 / -0.3897 eV

H,/11,: -0.3544/-0.1693 eV 12,/12,: -0.6171/-0.6012 eV

Fig. S3 (a) Side view of CO, molecule adsorbed on GCN in parallel orientation. (b-j) Top view of
CO, molecule adsorbed on GCN in parallel orientation at different adsorption sites with their
corresponding adsorption energy, E.qs. The number denotes the rotation angle of CO, molecule at

various points.
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(Dcarbon @ nitrogen @ oxygen

Adsorption site(s) and energy:

B2:-0.2866 eV B3:-0.2654 eV

11:-0.2765 eV 12:-0.2838 eV

Fig. S4 (a) Side view of CO, molecule adsorbed on GCN in vertical orientation. (b-j) Top view of
CO, molecule adsorbed on GCN in vertical orientation at different adsorption sites with their

corresponding adsorption energy, E.q;s.
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(D carbon @ nitrogen @ oxygen

Adsorption site(s) and energy:

B1,/B1,:-0.6643/-0.8532 eV B2,/B2,:-0.7193 /-0.8685 eV B3,/B3,:-0.7496 / -0.8527 eV

11,/ 1,: -0.7982 / -0.6098 eV 12,/12,: -1.060/-0.9264 eV

Fig. S5 (a) Side view of CO, molecule adsorbed on Dy; in parallel orientation. (b-j) Top view of
CO; molecule adsorbed on Dy, in parallel orientation at different adsorption sites with their
corresponding adsorption energy, E,qs. The number denotes the rotation angle of CO, molecule at

various points.
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carbon @ nitrogen @ oxygen

Adsorption site(s) and energy:

N2:-0.7003 eV

B2:-0.6944 eV B3:-0.6999 eV

1:-0.7331 eV 12:-0.5646 eV

Fig. S6 (a) Side view of CO, molecule adsorbed on Dy; in vertical orientation. (b-j) Top view of
CO, molecule adsorbed on Dy; in vertical orientation at different adsorption sites with their

corresponding adsorption energy, E,g;s.
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4. GIBBS FREE ENERGY CHANGE

Table S1 The calculated change in Gibbs free energy of all elementary steps for CO, reduction

pathways on GCN and Dyp.

Elementary Steps GEN hp
AE | AEzpp | TAS | AG | AE | AEzpp | TAS | AG
*+ €0, 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
CO; +H' +e” 032 | 0.0l | 033|064 |-044| 0.01 | 033 |-0.12
TS_HCOO* 2.11 | 026 | 051|236 1.53| 026 | 051 | 1.78
HCOO* 1.64 | 0.00 | 0.11 | 1.74 | 1.07 | 0.00 | 0.11 | 1.17
T7S.(CO™ +0H™) 373 | 0.18 | 031 | 3.86 (220 | 0.18 | 031 | 2.33
CO* +0OH" 329 | 0.11 |0.19|337 | 175 011 | 0.19 | 1.83
CO+OH* +H' +e” 046 | 0.05 | 030|071 [-1.22| 0.05 | 0.30 | -0.97
TR (Bl o L0 *) 327 | 007 | 052372117 | 007 | 052 | 1.62
CO+H,0" 0.90 | 029 | 020|081 |-052| 029 | 0.20 |-0.61
CO+ H0+ = 0.79 | 0.19 | 024 | 0.84 |-0.98 | 0.19 | 0.24 |-0.93
. cHOHFormatlm |
Elementary Steps GEN =
AE | AEzpp | TAS | AG | AE | AEzpp | TAS | AG

*+ €0, 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
CO; +H' +e” 0.96 | 0.01 |033]0.64|020| 001 |033]-0.12
TS_HCOO* 261 | 026 | 051 |236]203| 026 | 051 | 1.78
HCOO* 1.84 | 0.00 | 0.11 | 1.74 | 1.27 | 0.00 | 0.11 | 1.17
HCOO* +H' +e” 198 | 022 | 0.09 | 2.11 | 049 | 022 | 0.09 | 0.62
TS_.HCOOH * 1.88 | 0.61 | 024 | 225|253 | 061 | 024 2.90
HCOOH* 1.86 | 0.06 | 0.57 | 1.35 | -021| 0.06 | 0.57 |-0.72
HCOOH* +H™' + e~ 093 | 0.11 | 021 | 084 |-034| 0.11 | 021 |-0.43
75 (HCO™ + H,0") 255 | 030 | 0.68 | 217|268 | 030 | 068|230
HCO™ + H,0* 1.63 | 021 | 0.54 | 130|081 | 021 | 054|048
HCO* +H,0" +H" +e~ | 195 | 002 | 077 | 120 | 1.17 | 0.02 | 0.77 | 0.42
7s(CH,0") + H,0" 247 | 001 | 040 | 208|235 | 001 | 040 1.96
CH,0* + H,0* 2.14 | 025 | 028|211 | 1.61 | 025 | 028 | 1.58
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CH,0" +H,0" +H" +e” | 223 | 024 |054 | 193|134 | 024 | 054 | 1.04
TS_(CH ,OH™)+H,0" 297 | 023 | 023 (297|340 | 023 | 023 | 3.40
CH,0H" + H,0" 1.03 | 0.04 | 038|070 | 0.11 | 0.04 | 0.38 |-0.22
CH,OH" +H,0" +H" +e] 1.03 | 0.14 | 031 | 0.86 | -0.80 | 0.14 | 0.31 | -0.97
TS-(CH ;0H™ )+ H,0" 1.88 | 0.65 | 048 | 2.05 | 0.00 | 0.65 | 0.48 | 0.17
CH,0H" + H,0" 0.62 | 029 | 0.60 | 031 [-049| 0.29 | 0.60 | -0.80
CH,0H" + H,0 0.04 | 0.03 | 034 |-027[-1.30| 0.03 | 0.34 |-1.61
CH;0H + H,0 + * -0.18| 0.06 | 0.18 |-0.30|-2.00| 0.06 | 0.18 | -2.12

Elementary Steps GEN LU
AE | AEzpp | TAS | AG | AE | AEzpp | TAS | AG

*+ €0, 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
CO;+H" +e” 0.56 | 0.41 | 033 | 0.64 |-020| 041 | 033 |-0.12
TS_HCOO* 261 | 026 | 0.51|236]203]| 026 | 051 | 1.78
HC00* 1.84 | 000 |o0.11] 174 |127] 000 |o0.11] 117
HCOO™ +H™ +e” 1.98 | 022 [ 009 | 211049 | 022 |009| 062
TS_HCOOH * 1.88 | 0.61 | 024 | 225|253 | 061 | 024 | 290
HCOOH* 1.86 | 0.06 | 057 ] 1.35]-021] 0.06 | 057 |-0.72
HCOOH* +H' + e~ 093 | 0.11 | 021084 [-034| 011 | 021 |-0.43
75 (HCO™ + H,0") 255 | 030 | 0.68 | 2.17 | 2.68 | 030 | 0.68 | 2.30
HCO™ + H,0" 1.63 | 021 | 054 | 130|081 | 021 | 0.54 | 048
HCO* +H,0* +H" +e” | 195 | 002 | 077 | 120 | 1.17 | 0.02 | 0.77 | 0.42
Ts.(CH,0") + Hy0" 247 | 0.01 | 040 [ 2.08 | 235 001 | 040 | 1.96
CH,0" + H,0" 214 | 025 | 028|211 | 1.61 | 025 | 028 | 1.58
CH,0" +H,0" +H" +e” | 223 | 024 | 054 | 193 | 1.34 | 024 | 0.54 | 1.04
7s_(CH,0H™ ) + H,0" 297 | 023 |023]297 ]340 023 | 023 3.40
CH,0H" + H,0" 1.03 | 0.04 | 038|070 | 0.11 | 0.04 | 038 |-0.22
CH,OH* + HE,0+H™* +el3.15| 0.16 | 047 | 2.84 | 1.46 | 0.16 | 0.47 | 1.15
Ts(CH; +H,0") 430 | 0.11 | 044 397|256 | 0.11 | 044 | 223
CH, +H,0" 1.51 | 043 | 035 1.59 [-0.05| 0.43 | 035 | 0.03
CH, +H,0" +H" +e~ [ 213 ] 003 |052 164|019 003 | 0.52|-0.30
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Ts.(CH 3 )+ H,0" 277 | 024 | 028 | 273|080 | 024 | 028]0.76
CH ; +H,0" 063 | 020 | 035|048 |-1.21| 020 | 035 |-1.36
CH; +H,0" +H" +e” | 061 | 017 [022 056 |-143| 0.17 | 022 |-1.48
Ts.(CH ;) +H,0" 2.00 | 0.00 | 029 | 171 [-0.01| 0.00 | 0.29 | -0.30
CH, +H,0" -0.85| 030 | 0.19 [-0.75|-277| 030 | 0.19 |-2.67
CH ; +H,0 -0.70 | 0.10 | 022 |-0.82 |-2.74| 0.10 | 0.22 |-2.86
CHy+ Hy0 + = 0.67 | 0.13 | 0.30 | -0.84 | 2.74 | 0.13 | 0.30 | -2.91
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