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Fig. S1 Cluster used for calculating partial charges on MOF-177 atoms. The terminations of cluster

were saturated with methyl groups to minimize the boundary effects.

Table S1 Atomic partial charge (e) for the MOF-177 structure

Atom Zn Ci C2 Cs Cs4 Cs

Ce Cr Cs

Charge 1.137 -0.267 0.202 -0.267 -0.107 0.100
Atom Co Hi H: Hs Hs Hs
Charge -0.096 0.125 0.154 0.125 0.110 0.154

-0.107 0.505 -0.049
O1 (0]
-0.543 -1.524




Fig. S2 Cluster used for calculating partial charges on MOF-177-F atoms. The terminations of

cluster were saturated with methyl groups to minimize the boundary effects.

Table S2 Atomic partial charge (e) for the MOF-177-F structure

Atom Zn Ci C2 Cs Cy Cs Cs Cr Cs

Charge 1.120 0.269 -0.014 -0.188 -0.193 0.138 -0.299 0.569 0.047
Atom Co Hi H2 Hs H4 O1 (0)) F
Charge -0.178 0.169 0.163 0.156 0.130 -0.531 -1.554 -0.168




Fig. S3 Cluster used for calculating partial charges on MOF-177-CH3 atoms. The terminations of

cluster were saturated with methyl groups to minimize the boundary effects.

Table S3 Atomic partial charge (e) for the MOF-177-CHj3 structure

Atom Zn Ci C Cs Cs4 Cs Cs Cr Cs
Charge 1.155 0.549 -0.158 -0.152 -0.208 0.130 -0.347 0.647 0.086

Atom Co Cuo Hi H: Hs H4 Hs 01 02
Charge -0.220 -0.895 0.161 0.145 0.138 0.132 0.223 -0.548 -1.566




Fig. S4 Cluster used for calculating partial charges on MOF-177-CN atoms. The terminations of

cluster were saturated with methyl groups to minimize the boundary effects.

Table S4 Atomic partial charge (e) for the MOF-177-CN structure

Atom Zn Ci C Cs Cs4 Cs Cs C7 Cs
Charge 1.174  0.012 0.058 -0.207 -0.145 0.157 -0.218 0.597 -0.004

Atom Co Cuo Hi Hz Hs H4 01 02 N
Charge -0.141  0.268 0.163 0.169 0.141 0.124 -0.557 -1.624 -0.372




Fig. S5 Cluster used for calculating partial charges on MOF-177-OH atoms. The terminations of

cluster were saturated with methyl groups to minimize the boundary effects.

Table SS Atomic partial charge (e) for the MOF-177-OH structure

Atom Zn Ci C: Cs Cs Cs Ce Cy Cs
Charge 1.129 0384 -0.079 -0.179 -0.232 0.178 -0.371 0.614 0.054

Atom Co Hi H: Hs H4 Hs O1 02 O3
Charge -0.191 0.166 0.164 0.143  0.137 0420 -0.551 -1.594 -0.562




Fig. S6 Cluster used for calculating partial charges on MOF-177-NH> atoms. The terminations of

cluster were saturated with methyl groups to minimize the boundary effects.

Table S6 Atomic partial charge (e) for the MOF-177-NH> structure

Atom Zn Ci C Cs Cs4 Cs Cs Cr Cs
Charge 1.142 0435 -0.180 -0.173 -0.233 0.183 -0.392 0.695 0.043

Atom Co Hi H: Hs Ha Hs 01 02 N
Charge -0.200 0.165 0.161 0.131 0.133 0.357 -0.574 -1.583 -0.832




Fig. S7 Cluster used for calculating partial charges on MOF-177-COOH atoms. The terminations of

cluster were saturated with methyl groups to minimize the boundary effects.

Table S7 Atomic partial charge (e) for the MOF-177-COOH structure

Atom Zn Ci C2 Cs C4 Cs Ce Cr Cs

Charge 1.160 -0.068 0.034 -0.208 -0.131 0.150 -0.299 0.640  -0.007

Atom Co Cuo Hi H2 Hs Hy Hs O1 (0))
Charge -0.141 0.559 0.154 0.207 0.135 0.132 0410 -0.560 -1.610
Atom O3 04

Charge -0.423  -0.529




Fig. S8 Cluster used for calculating partial charges on MOF-177-SOsH atoms. The terminations of

cluster were saturated with methyl groups to minimize the boundary effects.

Table S8 Atomic partial charge (e) for the MOF-177-SO3H structure

Atom Zn Ci C2 Cs Cs4 Cs Ce Cy Cs
Charge 1.168  0.035 0.099 -0.229 -0.117 0.117 -0.153 0.557 -0.032
Atom Co Hi H: Hs H4 Hs 01 02 O3
Charge -0.084 0.145 0.181 0.140 0.123 0416 -0.536 -1.618 -0.338
Atom O4 S
Charge -0.443 0484
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Fig. S9 Comparisons between the CO; binding energy on organic linkers calculated by DFT and the

CO; adsorption heat in periodic MOFs at infinite dilution.
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F-V BE= -36.14kJ/mol F-C BE= -35.24kJ/mol F-P BE=-33.29kJ/mol

R-V BE=-31.09kJ/mol R-C BE=-32.49kJ/mol R-P BE=-25.25kJ/mol
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U-V BE=-12.05kJ/mol U-C BE=-17.10kJ/mol U-P BE=-25.10kJ/mol

Fig. S10 DFT optimized structures of the CO»-linkers modified with —SO3H (S, yellow spheres; O,

red spheres; C, gray spheres and H, white spheres).
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R-V BE=-25.08kJ/mol R-C BE=-23.32kJ/mol R-P BE=-21.33kJ/mol

U-V BE=-15.17kJ/mol U-C BE=-28.70kJ/mol U-P BE=-28.82kJ/mol

Fig. S11 DFT optimized structures of the CO»-linkers modified with -COOH (O, red spheres; C,

gray spheres and H, white spheres).



R-V BE=-15.73kJ/mol

2.990A} 3.235A

U-V BE=-26.63kJ/mol U-C BE=-27.31kJ/mol U-P BE=-31.96kJ/mol

Fig. S12 DFT optimized structures of the CO»-linkers modified with —NH> (O, red spheres; C, gray

spheres; N, dark blue spheres and H, white spheres).
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F-V BE=-24.89kJ/mol

R-V BE=-13.50kJ/mol R-C BE=-25.81kJ/mol R-P BE=-23.41kJ/mol

U-V BE=-24.11kJ/mol U-C BE=-30.56kJ/mol U-P BE=-34.40kJ/mol

Fig. S13 DFT optimized structures of the CO»-linkers modified with -OH (O, red spheres; C, gray

spheres and H, white spheres).
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R-V BE=-19.79kJ/mol R-C BE=-24.23kJ/mol R-P BE=-20.19kJ/mol

U-V BE=-10.67kJ/mol U-C BE=-20.28kJ/mol U-P BE=-22.75kJ/mol

Fig. S14 DFT optimized structures of the CO»-linkers modified with -CN (O, red spheres; C, gray

spheres; N, dark blue spheres and H, white spheres).



F-P BE=-15.05kJ/mol

R-V BE=-16.91kJ/mol R-C BE=-18.11kJ/mol R-P BE=-18.36ki/mol
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U-V BE=-14.89kJ/mol U-C BE=-21.27kJ/mol U-P BE=-18.75kJ/mol

Fig. S15 DFT optimized structures of the CO»-linkers modified with —CH3 (O, red spheres; C, gray

spheres and H, white spheres).
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R-V BE=-16.39kJ/mol R-C BE=-17.90kJ/mol R-P BE=-13.18kJ/mol

U-V BE=-13.08kJ/mol U-C BE=-19.79kJ/mol U-P BE=-21.69kJ/mol

Fig. S16 DFT optimized structures of the CO»-linkers modified with -F (O, red spheres; C, gray

spheres; H, white spheres and F, cyan spheres).
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R-V BE=-16.25kJ/mol R-C BE=-17.00kJ/mol R-P BE=-15.61kJ/mol

U-V BE=-14.93kJ/mol U-C BE=-21.83kJ/mol F-P BE=-20.49kJ/mol

Fig. S17 DFT optimized structures of the CO»-linkers in MOF-177 (O, red spheres; C, gray spheres

and H, white spheres).



MOF-177 BE= -29.44kJ/mol MOF-177-CH; BE= -32.44kJ/mol MOF-177-COOH BE-= -30.84kJ/mol

MOF-177-NH, BE=-33.66kJ/mol MOF-177-OH BE=-27.03kJ/mol MOF-177-CN BE=-29.30kJ/mol

MOF-177-F BE=-29.07kJ/mol MOF-177-SO3H BE= -27.65kJ/mol

Fig. S18 DFT optimized structures of the CO;-clusters in functionalized MOF-177 (Zn, light blue

spheres; O, red spheres; C, gray spheres and H, white spheres).



