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Supplementary Figure 1 | XPS indicates 13.3 atomic% of S in the SPC precursor and 22.4
atomic% of N in the NPC precursor, while the resulting SPC and NPC then had 8.1 atomic% of
S content and 6.2 atomic% of N content, respectively. The Sy, and Nis XPS peaks taken from
the SPC and NPC. The Sy, core splits into two main peaks 163.7 (2ps2) and 164.8 eV (2p1),
which corresponds to thiophenic sulfur atoms incorporated into the porous carbon framework via
the formation of C-S-C bond. The Njs reflects two different chemical environments: pyridinic
nitrogen (N-6) and pyrrolic nitrogen (N-5) atoms. The carbonization of poly(acrylonitrile) is a

process that is well-studied in making carbon fiber.
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Supplementary Figure 2 | Pictorial description of excess and absolute uptake (a) adapted from

reference 1. The blue dashed line indicates the Gibbs dividing surface. It divides the free

volume into two regions in which gas molecules are either in an adsorbed or bulk state. Total

uptake (b) is often used as an approximation for absolute uptake for microporous materials with

negligible external surface area.
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Supplementary Figure 4 | (2) ATR-IR and (b) Raman spectra for the ZIF-8 before and after CO,
sorption at 10 bar. All spectra were recorded 3 and 20 min after the ZIF-8 sorbent was returned to

ambient pressure at room temperature.
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Supplementary Figure 5 | (a) ATR-IR and (b) Raman spectra for the activated carbon before

and after CO, sorption at 10 bar. Spectra were taken 3 min and 20 min after the activated carbon

was returned to ambient pressure at room temperature.
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Supplementary Figure 6 | MS data. (a) MS was taken while the system was being pressurized
with a premixed gas of CO; in natural gas during the uptake process. (b) MS was recorded while
the premixed gas-filled SPC was desorbing from 30 bar. The mixed gas was purchased from

Applied Gas Inc.



Supplementary Table 1. Heat of CO, sorption determined here vs. literature values.

SPC 57.8 59.0°
Activated carbon 28.4 28.9*
Zeolite 5A 31.2 33.7°
ZIF-8 25.6 27.0°




Supplementary Notes

Supplementary Note 1. Conversion of excess uptake to absolute uptake

Total uptake includes all gas molecules in the adsorbed state, which is the sum of the
experimentally measured excess uptake and the bulk gas molecules within the pore volume
(Supplementary Figure 2). For microporous materials with negligible external surface area, the
total uptake is often used as an approximation for absolute uptake and could be represented in the
following equation®:

Niotal = Nabs. = Nex. + Vp ® poui (P,T) (1)
where V, is the pore volume of porous material and ppui is the density of gas in the bulk phase at
given pressure and temperature. In the case of SPC, the pore volume was determined to be 1.01
cm® g by N, adsorption isotherm at 77 K (BET analysis). The CO, density changes from
0.00180 to 0.06537 g cm™ in the pressure range between 1 and 30 bar at 22 °C and 0.00164 to

0.05603 g cm™ at 50 °C.

Supplementary Note 2. Determination of the heat of CO; sorption (Q)

Clausius-Clapeyron equation?:

dlnP Q
(56 = = (2)




Where 0 is the fraction of the adsorbed sites at a pressure P and temperature T, R is the universal
constant. The equation can be further derived as following expression for transitions between a

gas and a condense phase.

1 1
m&—ma=%%—? (3)

Supplementary Note 3. Detailed discussion for the *C NMR assignments.

The three NMR spectra in Figure 3d were obtained under identical conditions: 12 kHz MAS,
2.5-us 90° 3C pulse, 41-ms FID, 10-s relaxation delay; 480 scans; 50 Hz of line broadening
applied to the FID.

Numerous MAS NMR investigations of CO, have reported a signal at 125 = 1 ppm,
regardless of the physical environment for the CO,: free gas, physisorbed on various materials, in
a metal organic framework, in a clathrate, dissolved in a glass, etc.”?° Accordingly, attributing
the signal at 130.6 ppm to CO, physisorbed on the sorbent seems reasonable, although the reason
for the additional deshielding is not obvious. This 5-ppm difference does not result from the use
of different chemical shift references, as the various reports indicate that either the signal from

7-9,12,13

Si(CH3)4 (TMS) serves as the chemical shift reference (0 ppm) or that the signal from a

15,19,20

solid such as adamantane or glycine (this work) relative to TMS at 0 ppm?® serves as the

chemical shift reference. We note that the sorbent is somewhat conductive in that it has a



noticeable effect on the tuning and matching of the *C and *H channels of the NMR probe
(relative to the tuning and matching for glycine); however spinning is unaffected.?** Perhaps the
somewhat conductive nature of the sorbent results in the 5-ppm deshielding effect observed for
physisorbed CO,.

A chemical shift of 166.5 ppm is rational for poly(CO,) in light of various reports of
bicarbonate and carbonate species giving signals from 162 to 170 ppm**2%2° relative to TMS?*?’
or to [(CH3)3Si]4Si% which is 3.5 ppm relative to TMS at 0 ppm.?* The carbonyl chemical shift
of CH30-CO-0O-CO-OCHjs is extremely sensitive to its environment: the reported shift is 147.9
ppm as a neat liquid at 37°C* and 157 ppm in CDCls, both relative to TMS.% We are not aware
of any reports of chemical shift data for poly(CO,) and are hereby reporting the first such

example of that chemical shift at 166.5 ppm when entrapped in this carbon matrix.
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