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1. Interactions of CO2 and N2 with the selected organic molecules/fragments
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Figure S1. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragments Abenzene and Autriazine and one molecule of N2 or COz2. Relative energies of the selected
complexes (Ere1) and BSSE corrected interaction energies (Eint).
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Figure S2. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between

fragment Boenzene and one molecule of N2. Relative energies of the selected complexes (Erel) and BSSE
corrected interaction energies (Eint).
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Figure S3. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment Boenzene and one molecule of CO2. Relative energies of the selected complexes (Erel) and BSSE
corrected interaction energies (Eint).
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Figure S4. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment Brriazine and one molecule of N2. Relative energies of the selected complexes (Ere) and BSSE
corrected interaction energies (Eint).
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Figure S5. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment Briazine and one molecule of CO:. Relative energies of the selected complexes (Ere) and BSSE
corrected interaction energies (Eint).
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Figure S6. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 1C and one molecule of N2. Relative energies of the selected complexes (Erel) and BSSE
corrected interaction energies (Eint).
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Figure S7. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 1C and one molecule of CO2. Relative energies of the selected complexes (Erel) and BSSE
corrected interaction energies (Eint).
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Figure S8. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 2C and one molecule of N2. Relative energies of the selected complexes (Ere) and BSSE
corrected interaction energies (Eint).
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Figure S9. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 2C’ and one molecule of N2. Relative energies of the selected complexes (Erel) and BSSE
corrected interaction energies (Eint).



9
2C--CO,/1 2C--CO,/2 2C--CO,/3
E,.;= 0.00 kJ mol-"' E,.;= 0.09 kJ mol-! E,.,= 0.18 kJ mol-'
E,=-18.7 kJ mol-' E,.=—18.6 kJ mol" E,=-18.6 kJ mol-'

2C-CO,/4
E,. = 0.24 kJ mol-'

E,=-18.5 kJ mol-*

E)

&N
9
& {
Be b4
3% 8¢
9
X 9 Y’IJJ
2C-CO,/5 2C--CO,/6 2C--CO,/7
E,y= 3.62 kJ mol-* E,y=3.79 kJ mol-’ E,= 3.85 kJ mol-*
E,w=-15.3 kJ mol* E,+=-15.3 kJ mol-! E,w=-15.3 kJ mol*

Figure $10. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 2C and one molecule of CO2. Relative energies of the selected complexes (Erel) and BSSE
corrected interaction energies (Eint).
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Figure S11. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 2C’ and one molecule of CO2. Relative energies of the selected complexes (Ere) and BSSE
corrected interaction energies (Eint).
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Figure S12. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 3C and one molecule of N2. Relative energies of the selected complexes (Er) and BSSE
corrected interaction energies (Eint).
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Figure S13. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 3C and one molecule of CO2. Relative energies of the selected complexes (Er) and BSSE
corrected interaction energies (Eint).
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Figure S14. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 4C and one molecule of N2. Relative energies of the selected complexes (Er) and BSSE
corrected interaction energies (Eint).
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Figure S15. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 4C and one molecule of CO2. Relative energies of the selected complexes (Erel) and BSSE
corrected interaction energies (Eint).
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Figure $16. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 5C and one molecule of N2. Relative energies of the selected complexes (Er) and BSSE
corrected interaction energies (Eint).
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Figure S$17. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 5C’ and one molecule of N2. Relative energies of the selected complexes (Ere) and BSSE
corrected interaction energies (Eint).
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Figure S18. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 5C and one molecule of CO2. Relative energies of the selected complexes (Er) and BSSE
corrected interaction energies (Eint).
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Figure $19. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 5C’ and one molecule of CO2. Relative energies of the selected complexes (Ere) and BSSE
corrected interaction energies (Eint).

18



4 ﬁéf‘é x‘{‘(.r

.

6C---N,/1 6C-"N,/2 6C-N,/3
E.,;= 0.00 kJ mol-! E.=0.17 kd mol* E,, = 0.44 kJ mol™’
Eie=—9.7 kJ mol-" Ei=—9.2 kJ mol-" E.v=—9.3 kJ mol-

; Ty
b4
X J %

:f‘»’gxfx f‘x’g i

6C-N,/4 6C-Ny/5
E,. = 3.98 kJ mol-! E.. = 5.97 kJ mol-'
E, = 6.0 kJ mol-" E,.=—6.4 kJ mol’

Figure S20. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 6C and one molecule of N2. Relative energies of the selected complexes (Er) and BSSE
corrected interaction energies (Eint).
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Figure S21. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment 6C and one molecule of CO2. Relative energies of the selected complexes (Er) and BSSE
corrected interaction energies (Eint).
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Figure S22. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment Dazo and one molecule of N2. Relative energies of the selected complexes (Ere) and BSSE
corrected interaction energies (Eint).
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Figure S23. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment Dazo and one molecule of CO2. Relative energies of the selected complexes (Ere1) and BSSE
corrected interaction energies (Eint).
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Figure S24. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment Dazoxy and one molecule of N2. Relative energies of the selected complexes (Er) and BSSE
corrected interaction energies (Eint).
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Figure S25. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment Dazoxy and one molecule of COz. Relative energies of the selected complexes (Ere) and BSSE
corrected interaction energies (Eint).
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Figure S26. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment Dazodioxy and one molecule of N2. Relative energies of the selected complexes (Er) and BSSE
corrected interaction energies (Eint).
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Figure S27. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragment Dazodioxy and one molecule of COz. Relative energies of the selected complexes (Er) and BSSE
corrected interaction energies (Eint).
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Figure S28. Different symmetries of Boenzene and Btriazine.
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Figure S29. The B3LYP-D3(BJ)/def2-TZVP optimized geometries of the selected complexes between
fragments Dazodioxy/trans and Dazodioxy/Cis and one molecule of CO2. Relative energies of the selected
complexes (Erel) and BSSE corrected interaction energies (Eint).
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2. Model geometries for 2D layered structures

Table S1. Unit cell parameters (a, b, ¢, «, #and y) of the optimized geometries of compounds 1-6
modeled as isolated 2D layers, AA, slipped AA’ and AB stacked structures. The labels of the layer group
(65) and space groups (143 and 147) used in the CRYSTAL17.

Compound Space CRYSTAL17 alA

group label biA c/lA al° pl° yl°

a 1 P 3* 65 25.7201 25.7201 120

N 2 P 3* 65 25.8038 25.8038 120

25 3 P 3* 65 26.1164 26.1164 120

s 3 4 P 3* 65 25.3792 25.3792 120

o= 5 P 3* 65 25.4422 25.4422 120

- 6 P 3* 65 257271 25.7271 120

1 P 3 147 25.6247 25.6247 3.5830 90 90 120

> 2 P3 143 257786 25.7786 3.5784 90 90 120

= ™ 3 P3 147 259885 25.9885 3.5542 90 90 120

< § 4 P3 147 252081 25.2081 3.5170 90 90 120

o 5 P3 143 253362 25.3362 3.5125 90 90 120

6 P 3 147 255813 25.5813 3.5051 90 90 120

AA’ 3 P1 2 26.1926 25.3633 6.7752 108.0 82.6 118.2

slipped

1 P3 147 25.7165 25.7165 6.4084 90 90 120

@ 2 P3 147 257586 25.7586 6.3809 90 90 120

m X 3 P3 147 26.0113 26.0113 6.3937 90 90 120

< § 4 P3 147 25.3513 25.3513 6.0001 90 90 120

@ 5 P 3 147 254064 25.4064 5.9742 90 90 120

6 P 3 147 254735 254735 5.9227 90 90 120

* the number of the corresponding space group, according to the Inernational Tables for Crystallography.
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Figure S30. Schematic representation (along the ¢ unit cell vector) of geometries (AA stacking) optimized
at the PBE-D3/pob-TZVP-rev2 level of theory.
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Figure S31. Schematic representation (along the ¢ unit cell vector) of geometries (AB stacking) optimized
at the PBE-D3/pob-TZVP-rev2 level of theory.
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3. Electrostatic potential maps
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Figure S32. Electrostatic potential maps calculated at the PBE-D3/pob-TZVP-rev2 level of theory. ESP

values (range from —142 kJ mol~' e~"to 151 kJ mol~' e~') mapped on the 0.002 a.u. isodensity surface of
selected molecules.
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Figure S33. Electrostatic potential maps calculated at the PBE-D3/pob-TZVP-rev2 level of theory. ESP

values (range from —142 kJ mol~' to 151 kJ mol~' e~') mapped on the 0.002 a.u. isodensity surface of
isolated 2D layers represented with unit cells of compound 1-6.
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Figure S34. Electrostatic potential maps calculated at the PBE-D3/pob-TZVP-rev2 level of theory. ESP
values (range from —142 kJ mol~' to 151 kJ mol~' e=') mapped on the 0.002 a.u. isodensity surface of AA
stacked 2D layers represented with unit cells of compound 1-6.
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Figure S35. Electrostatic potential maps calculated at the PBE-D3/pob-TZVP-rev2 level of theory. ESP
values (range from —142 kJ mol~' to 151 kJ mol~' e~') mapped on the 0.002 a.u. isodensity surface of AB
stacked 2D layers represented with unit cells of compound 1-6.
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Figure S36. AA type of stacking of compounds 4 (azo) and 6 (azodioxy).
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4. Adsorption isotherms and density plots

Table S2. Calculated framework properties of the AA, AA’ slipped and AB stacked 2D layered
compounds 1-6 (framework density, available pore volume and nitrogen surface area). The size of the
simulation box used in the GCMC calculations.

Compound GCMC Framework  Available pore Average surface
simulation density, volume, cmd/g area, m3/g
box g/cm?

1 2x2x8 0.563 1.140 1957

o 2 2x2x8 0.596 1.069 1830
<X 3 2x2x8 0.628 1.012 1691
<g 4 2x2x8 0.598 1.031 1828

o 5 2x2x8 0.633 0.965 1704

6 2x2x8 0.663 0.928 1596

AA’ 3 2x2x4 0.693 0.863 1696
slipped

1 2x2x4 0.625 0.896 2462

o 2 2x2x4 0.669 0.817 2284
m X 3 2x2x4 0.697 0.780 1949
<g 4 2x2x4 0.693 0.804 2411
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Figure S37. Pores size distribution of AA and AB stacked structures of 1-6.

33



AA stacking
60 6

50

EN 40 _ 4
! T
o
o

230 g3
: e
2 20 g 2
3, 5
Q z
© 10 1

0 0

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Pressure (bar) Pressure (bar)

Figure $38. CO2 and Nz adsorption isotherms of AA stacked structures of 1-6 at 273 K.

Figure S39. Density plots showing the average distribution of adsorbed N2 and CO2 molecules on AA
stacked 2D layered frameworks of 1-3 at 298 K and 1 bar.
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Figure $40. Density plots showing the average distribution of adsorbed N2 and CO2 molecules on AA
stacked 2D layered frameworks of 4—6 at 298 K and 1 bar.

Figure S41. Density plots showing the average distribution of adsorbed N2 and CO2 molecules on AB
stacked 2D layered frameworks of 1-3 at 298 K and 1 bar.

35



Figure S42. Density plots showing the average distribution of adsorbed N2 and CO2 molecules on AB
stacked 2D layered frameworks of 4—6 at 298 K and 1 bar.

Figure S43. Density plots showing the average distribution of adsorbed N2 and CO2 molecules on AB
stacked 2D layered frameworks of 1—6 at 298 K and 1 bar, side view.
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