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Table S1. CO. uptake capacity of various porous carbons at 25 °C and 0.15 bar or 1 bar
(The datain the table is adapted from reference 11 in main manuscript).

CO, uptake (mmol/g)  Reference

1 bar 0.15 bar
Sawdust-derived activated carbon 4.8 1.2 1
Petroleum pitch-derived activated carbon 4.55 ~1.0 2
Activated carbon spheres 4.55 ~11 3
Phenolic resin activated carbon spheres 45 ~1.2 4
Fungi-derived activated carbon 35 ~1.0 5
Chitosan-derived activated carbon 3.86 ~11 6
Polypyrrole derived activated carbon 3.9 ~1.0 7
Soya bean derived N-doped activated carbon 4.24 12 8
N-doped ZTCs 4.4 ~1.0 9
Activated templated N-doped carbon 45 1.4 10
Polyaniline derived activated carbon 4.3 1.38 11
N-doped activated carbon monoliths 5.14 1.25 12
Activated hierarchical N-doped carbon 4.8 1.4 13
Activated N-doped carbon from agae 45 ~1.1 14
Compactivated carbons from sawdust 5.8 2.0 15
Fern-derived activated carbon 5.67 ~17 16
Compactivated carbons from polypyrrole 55 21 17
Clove-derived activated carbon 54 14 18
Potassium oxal ate-activated carbon from dateseed 5.0 1.8 19
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Table S2. Packing density and low-pressure volumetric CO, uptake, expressed as g I (or cm?®

(STP) cm®), for PPl-derived carbons compared to benchmark carbons and metal organic

frameworks (MOFs). The values in parenthesis are volumetric uptake expressed as cm?® (STP)

cm3,

Sample Density?  Volumetric CO, uptake (g 1™) or (cm® STP cm®) Reference
(gem®)  0.15bar  1bar 5 bar 9 bar

PPI-600-2 1.10 70(39) 180(101) 326(183) 379(213) Thiswork

PPI-700-2 1.04 62(35) 196(110) 401 (225)  477(267) Thiswork

PPI-800-2 0.92 44(25) 155(87)  374(210)  465(260) Thiswork

PPI-900-2 0.87 48(27) 146(82)  357(200) 450 (252) Thiswork

PPI-1000-2 0.83 40(22) 133(74)  334(187)  429(240) Thiswork

ACC2700 0.79 38(19) 170(87)  400(204)  482(245) 1

ACC2800 0.72 29(15) 133(68)  349(178)  450(229) 1

HCC2700 0.83 51(26) 197 (100) 400 (208) 476 (242) 1

HCC2800 0.63 25(13) 116(59)  312(159)  405(206) 1

SD2600 0.94 54(27) 178(91)  315(160)  348(177) 2

SD2600P 0.95 80(41) 242(123) 370(188) 399 (203) 2

SD2650 0.89 47(24) 161(82)  294(150)  338(172) 2

SD2650P 0.81 54(27) 180(96)  371(189) 427 (217) 2

Carbon A1 1.00 38(19) 157(80)  278(142)  316(161) 3

Carbon A3-36 0.87 27(14) 128(65)  302(154) 378(192) 3

MOF210 0.25° 4(2) 10 (5) 38(19) 65 (33) 4

Mg-MOF-74 0.41° 103 (52) 144 (73) 5,6

aPacking density or tapping density. P Crystal density of MOF210. ¢ ‘ Tapping density’ of Mg-MOF-
74 from reference 5.
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Table S3. Volumetric working capacity, expressed as g It (or cm® (STP) cm™) for pressure

swing adsorption (PSA) and vacuum swing adsorption (V SA) of CO2 on PPI-derived carbons

compared to benchmark porous materials at ca. 25 °C for a pure CO; gas stream and a 20%

partial CO, pressure flue gas stream. The valuesin parentheses are the working capacity in cm?®

(STP) cm

Sample Density Pure CO? (g/l orcm®cm®)  FluegasCO° (gl orcm®cm®)  Reference
(gcm®) PSA VSA PSA VSA

PPI-600-2 1.10 163 (91) 180 (101) 114 (64) 106 (59) Thiswork
PPI-700-2 1.04 229 (128) 212(119)  137(77) 100 (56) Thiswork
PPI-800-2 0.92 247 (138) 188 (105) 125 (70) 70 (39) Thiswork
PPI-900-2 0.87 240 (135) 160 (90) 108 (60) 73 (41) Thiswork
PPI-1000-2  0.83 232 (130) 146 (82) 100 (56) 63 (35) This work
ACC2700 0.79 257 (131) 202(103)  139(71) 66 (34) 1
ACC2800 0.72 248 (126) 162 (82) 111 (57) 51 (26) 1
HCC2700 0.83 238 (121) 223(114) 153 (78) 84 (43) 1
HCC2800 0.63 225 (115) 144 (73) 100 (51) 47 (24) 1
SD2600 0.94 153 (78) 190 (97) 124 (63) 87 (44) 2
SD2600P 0.95 142 (72) 251 (128)  171(87) 121 (62) 2
SD2650 0.89 149 (76) 180 (92) 121 (62) 74(38) 2
SD2650P 0.81 143 (73) 213(108)  143(73) 86 (44) 2
HKUST-1 0.43 147 (75) 121 (62) 85 (43) 30 (15) 3
Mg-MOF-74  0.41 63 (32) 70 (36) 38 (19) 74 (38) 3
NaX 0.63 44 (22) 78 (40) 50 (26) 69 (35) 4

31 bar to 6 bar for PSA; 0.05 bar to 1.5 bar for VSA. P0.2 bar to 1.2 bar for PSA; 0.01 bar to

0.3 bar for VSA.
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Table $4. Methane uptake for PPI-derived carbons compared to sel ected benchmark MOFsand
carbons reported in the literature. Volumetric uptake of powder MOFs is calculated based on

crystallographic density rather than packing density.

Sample Dens t3y _165 bars' B %O bar s 1(_)10 bar . Reference
(gem™) (g9g)(em’cm™) (gg’)(cm’cm™) (gg) (cm°cm™)
PPI-800-2 0.92 021 270 022 287 025 309 Thiswork
PPI-900-2 0.87 023 283 025 303 028 331 Thiswork
PPI-1000-2 0.83 025 288 027 311 029 338 Thiswork
CHCC2800 0.82 026 293 028 315 030 339 1
CHCC4700 0.75 027 282 029 306 032 334 1
CHCC4800 0.58 032 258 035 279 038 309 1
CNL4800 0.67 026 241 029 269 031 291 2
PPYCNL124 0.52 030 217 033 238 036 260 2
PPYCNL214 0.36 036 183 041 204 046 229 2
ACD$4800 0.69 025 243 0.27 262 029 282 2,3
PPYSD114 0.47 032 211 035 231 039 254 3
AX-21 carbon 0.487 030 203 033 222 035 238 4
HKUST-1 0.881 021 263 022 272 023 281 4
Ni-MOF-74 1.195 0.15 259 0.16 267 0.17 277 4
Al-soc-MOF-1 0.34 0.41 197 0.47 222 5
MOF-210 0.25 041 143 048 168 6
NU-1500-Al 0.498 029 200 031 216 034 237 7
NU-1501-Fe 0.299 040 168 046 193 052 218 7
NU-1501-Al 0.283 041 163 048 190 054 214 7
monoHKUST-1 1.06 017 261 0.18 278 018 275 8
monoUiO-66_D 1.05 014 210 017 245 020 296 9
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Table S5: Methane uptake working capacity for PPI-derived carbons compared to selected
benchmark MOFs and carbons reported in the literature.

Sample _165 ba3r B _180 basr B _ l100 b:;\r B Reference
(9g) (ecm’cm™) (9g)(cm’cm™) (g9g) (cm’cm™)
PPI-800-2 013 174 014 190 016 212 Thiswork
PPI-900-2 0.15 183 0.17 203 019 231 Thiswork
PPI-1000-2 0.17 199 019 222 021 249 Thiswork
CHCC2800 0.18 200 020 222 022 246 1
CHCC4700 020 210 022 234 025 262 1
CHCC4800 025 197 028 218 031 248 1
CNL4800 019 182 022 202 024 224 2
PPYCNL124 023 167 0.26 188 029 209 2
PPYCNL214 029 146 034 167 039 192 2
ACD$4800 018 171 020 189 022 209 2,3
PPYSD114 025 162 028 182 032 205 2
AX-21 carbon 023 155 026 174 028 190 4
HKUST-1 015 179 0.16 198 017 207 4
Ni-MOF-74 0.08 148 009 152 010 162 4
Al-soc-MOF-1 036 176 042 201 5
MOF-210 038 134 045 157 6
NU-1500-Al 024 165 026 181 029 202 7
NU-1501-Fe 036 151 042 176 048 201 7
NU-1501-Al 0.37 147 0.44 174 0.50 198 7
monoHKUST-1 012 184 013 201 0.13 198 8
monoUiO-66_D 011 167 014 202 017 253 9
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Figure S1. Powder XRD patterns of PPI-derived carbons prepared via carbonisation for
2 hat 600 to 1000 °C.
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Figure S2. High resolution XPS spectra showing C 1s peak of PPI-derived carbons prepared
via carbonisation for 2 h at 600 to 1000 °C.
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Figure S3. High resolution XPS spectra showing N 1s peak of PPI-derived carbons prepared
via carbonisation for 2 h at 600 to 1000 °C.
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Figure Sb. Pore size distribution curves of PPI-derived carbons plotted in (a) cumulative form

and (b) differential form. Both plots show that the materials are highly microporous.
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Figure S6. Isosteric heat of adsorption (Qst) of CO2 on PPI-derived carbons prepared via
carbonisation for 2 h at 600 to 1000 °C. For clarity, the lower panel shows the Qst plots on
expanded scales.
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Figure S7. Comparison of CO. and N2 uptake at room temperature for samples PPI-700-2 and
PPI-700-3. At 1 bar, the comparison gives a CO2/N2 adsorption ratio of 25 for both PPI-700-2
and PPI-700-3.
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Figure S8. Total volumetric methane uptake of PPI-derived carbons at 25 °C compared to
benchmark MOF materials. The uptake of powder MOFswas cal culated using crystallographic

density and a reduction of 25% was applied to simulate more realistic packing density.
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