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Fig. S1 Raman spectra of CuBTC and BC-CuBTC.

In the Raman spectra of the CuBTC and BC-CuBTC materials, the bands with
peaks at 1460 and 1544 cm* were corresponded to O-C-O symmetric and asymmetric.
The peak intensity of Cu-Oy at 277 cm™* and Cu-O at 501 cm™ in BC-CuBTC-M,
BC-CuBTC-E, and BC-CuBTC-D showed some decrease compared with that of
CuBTC!. The C-N peak belonging to DMF also exists at 866 cm* for CuBTC and

BC-CuBTC materials. This indicates that solvent vapor-assisted thermal treatment

cannot remove guest molecules in CuBTC.
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Fig. S2 (a) PXRD patterns and (b) FTIR spectra of CuBTC, BC-CuBTC-E-A, and

BC-CuBTC-E.
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Fig. S3 (ab) PXRD patterns and (c,d) FTIR spectra of BC-CuBTC-E,
BC-CuBTC-E-250, BC-CuBTC-D, and BC-CuBTC-D-250.
The BC-CuBTC-E-250 and BC-CuBTC-D-250 materials were prepared by

thermal treating BC-CuBTC-E and BC-CuBTC-D in vacuum at 250 °C for 8 h.
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Fig. S4 Pore width distributions of BC-CuBTC from (a) density functional theory

(DFT) method and (b) Barrett-Joyner-Halenda (BJH) method.



Fig. S5 CuBTC structure viewed at (a) {100}, (b) {110}, and (c) {111} facets.
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Fig. S6 XPS spectra of CuBTC, BC-CuBTC-M, BC-CuBTC-E, and BC-CuBTC-D.
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Fig. S7 (a) Cu 2p XPS profiles of (a) CuBTC, (b) BC-CuBTC-M, (c) BC-CuBTC-E,
and (d) BC-CuBTC-D.

The high-resolution Cu 2p spectra showed that all samples had two main
characteristic peaks of Cu 2p 3/2 at 935.0 eV and Cu 2p 1/2 at 954.9 eV, and four
shake-up satellite peaks in the range of 930-965 eV. It could be confirmed that all Cu

centers in CuBTC and BC-CuBTC existed in state of +2 valence.?®
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Fig. S8 (a,b) PXRD patterns and (c,d) FTIR spectra of BC-CuBTC-D-80,

BC-CuBTC-D-120, and BC-CuBTC-D-160. The BC-CuBTC-D-80 and

BC-CuBTC-D-160 were prepared with DMF solvent at 80 and 160 °C, respectively.
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Fig. S9 N adsorption-desorption isotherms and pore width distribution of

BC-CuBTC-160.
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Fig. S10 CO; and N adsorption isotherms of BC-CuBTC-D-160.
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Fig. S11 Isosteric heat of adsorption (Qs) for CO, of CuBTC and BC-CuBTC-D

versus CO; uptake.

CO, uptake (mmol g™)
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Fig. S12 CO; and N, adsorption isotherms of (a) CuBTC, (b) BC-CuBTC-M, (c)
BC-CuBTC-E, and (d) BC-CuBTC-D. The isotherms were fitted by lines from

single-site Langmuir-Freundlich equation.
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Fig. S13 CO; adsorption isotherms of CuBTC and BC-CuBTC-D-160 at 273 K. The

isotherms were fitted by lines from single-site Langmuir-Freundlich equation.
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Fig. S14 Comparison of CuBTC and BC-CuBTC with other MOF materials in carbon

capture for (a) CO2/N; (50:50) and (b) CO,/N, (15:85) mixtures.
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Table S1 Peak intensity ratios for CuBTC and BC-CuBTC from PXRD patterns.

Samples {220}/{222} {400}/{222}
CuBTC 0.60 0.66
BC-CuBTC-M 0.20 0.32
BC-CuBTC-E 0.32 0.25

BC-CuBTC-D 0.38 0.25

16



Table S2 Porous properties of CuBTC and BC-CuBTC.

BET surface  Porearea(m?g)  Pore volume (mLg™)

Samples

area(m?g ') Micropore Mesopore Micropore Mesopore
CcuBTC* 1329 1282 47.8 0.49 0.010
BC-CuBTC-M 1813 1745 68.8 0.71 0.080
BC-CuBTC-E 1811 1734 76.7 0.71 0.022
BC-CuBTC-D 1843 1743 99.6 0.73 0.033

BC-CuBTC-D-160 1270 1065 205 0.50 0.100
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Table S3 Gas areas and proportions of the air in container before and after

self-conversion.

Aco, Ay, Aco,lAn;+0,,c0,(%)
Air 940.69 3101649 0.030
BC-CUBTC-M 4446.92 4629069 0.096
BC-CUBTC-E 5015.28 4978704 0.101

BC-CuBTC-D 4784.46 4931216 0.097
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Table S4 Element content of CuBTC and BC-CuBTC from XPS.

Materials C(%) O(%) Cu((%)
CuBTC 55.61 35.95 8.43
BC-CuBTC-M  54.86 36.22 8.92
BC-CuBTC-E  54.10 36.64 9.26
BC-CuBTC-D  55.19  35.99 8.82
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Table S5 Chemical bond content of CuBTC and BC-CuBTC from C 1s XPS.

Materials C-H C-C C=C (%) C-COOH (%) O-C=0 (%) CO3s* (%)
CuBTC 60.94 15.89 23.19 0
BC-CuBTC-M 53.10 25.74 15.19 5.97
BC-CuBTC-E 51.55 25.77 14.47 8.21
BC-CuBTC-D 53.71 24.66 14.61 7.02
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Table S6 Cu,(OH),CO3 content of CuBTC and BC-CuBTC.

Materials Cuz(OH),CO3 (wt %)
CuBTC 0
BC-CuBTC-M 2.34
BC-CuBTC-E 3.91

BC-CuBTC-D 1.88
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Table S7 Comparison of CuBTC and BC-CuBTC with other MOF materials reported

in previous studies for carbon capture at 100 kPa. *Henry’s law.

SBET (m2 Temp Capacity (mmol gfl) IAST
Materials Ref
g (K) CO, N, selectivity

CuBTC 1482 295 35 0.3 5
CuBTC 1272 298 4.1 6
CuBTC/MoS; 1639 298 4.6 6
CuBTC 1492 298 4.2 0.4 15.0 (50/50) 7
CuBTC 1448 298 4.0 8
CuBTC/HCM 516 298 2.8 0.3 8
CuBTC 933 298 2.8 9
CuBTC/GO 837 298 34 9
CuBTC 1781 298 4.1 10
CuBTC 1080 298 3.2 0.37 1.3 (50:50) 11
CuBTC/PEI 886 298 4.2 0.45 2.0 (50:50) 11
CuBTC/AC-2 1381 298 5.4 0.2 12
CuBTC/GO 1367 298 12.5 2.2 13
Mg-MOF-74 1640 296 6.2 0.2 182.1 (15/85) 14-16
MOF-177 296 0.2 0.2 3.6 (15/85) 15, 16
USTA-16 628 296 24 0.04 314.7 (15/85) 16, 17
rth-MOF-7 1900 298 3.5 25.0 (10/90) 17-19
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Table S8 Parameters in the single-site Langmuir-Freundlich equation fitted to

adsorption of pure CO, and N at 273 and 298 K.

Materials gas a b n

CO, (273 K) 11.57832 0.01164  0.8573

CuBTC CO, 14.55524 0.00466  0.93023
N> 1.89849  0.0017 1.136
CO, 21.13285 0.00271  1.03485
BC-CuBTC-M
N> 0.77935 0.00317 1.15137
CO, 22.42368 0.00287  1.0417
BC-CuBTC-E
N 0.9521 0.002 1.10076

CO, (273 K) 15.32211 0.01061  0.99527
BC-CuBTC-D CO, 17.49284 0.00348  0.99488

N 0.33777 0.00397 1.15364
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