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Figure S1. PXRD patterns of as-synthesized UTSA-40 (b) and activated UTSA-40a (c) along with the
simulated XRD pattern from the single-crystal X-ray structure (a).
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s Figure S2. TGA curves of as-synthesized UTSA-40 (black), acetone-exchanged UTSA-40 (red), and
activated UTSA-40a (blue) under a nitrogen atmosphere at a heating rate of 5 K min™.
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BET constant = 1 + 0.00267/6.66996 x 107 = 4004.0
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5 Langmuir constant = 0.00262/(6.12576 x 104 =4.277 mmHg'1 =0.0321 Pa’!
Figure S3. BET (a) and Langmuir (b) plots of UTSA-40a.
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Figure S4. Excess and absolute high-pressure H,, CH4, and CO, sorption isotherms at three different
temperatures. Solid symbols: adsorption; open symbols: desorption.
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Figure S5. FTIR spectra of the organic linker H4L (a), UTSA-40 (b), and UTSA-40a (c).
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Figure $6. "H NMR (DMSO-ds, 300.0 MHz) and >C NMR (DMSO-ds, 75.4 MHz) spectra of the
organic building block HyL.
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Table S1. Structural data on the different adsorbents evaluated in this study for comparison purposes.
The data for MgMOF-74 and NaX are from Herm et al.' and Krishna and Long®. The data for
MIL-101 are taken from Chowdhury et al.’ The data for Cu-TDPAT are from Wu et al.* The data for
LTA-5A are from Pakseresht et al.” and Sircar and Golden.°

MOFs Surfazce _al1rea Pore \goh_llme Framework_giensity
[m” g ] [cm” g ] [kgm™]
UTSA-40a 1630 0.654 827
MgMOF-74 1800 0.573 905
Cu-TDPAT 1938 0.930 782
MIL-101 2674 1.380 440
NaX 950 0.280 1421
LTA-5A 450 0.250 1508

5

Table S2. Dual-site Langmuir fit parameters for adsorption of CO,, and CH4 in UTSA-40a. The fits

for CO, are based on high-pressure isotherm data measured at 240 K, 270 K, and 300 K. The fits for

CH, are based on two sets of isotherms: (a) low-pressure data measured at 273 K, and 296 K, and (b)

high-pressure data measured at 240 K, 270 K, and 300 K. The fits are based on the entire data sets
1w covering both pressure regions.

Site A Site B
QA sat bAO EA 0B,sat bBO EB
[mol kg™ [Pa™] [kJ mol™] VA [mol kg™'] Pa™ [kJ mol™] "B
CO, 8.6 1.1I0x 10| 27.6 1 7.4 412x 10| 236 1
CH, 14 1.13 x 107 15 1

Table S3. 1-site Langmuir fit parameters for pure H, isotherms in UTSA-40a. The fits are for a
temperature of 298 K.

JA sat bA
[mol kg™ | [Pa™]
H, 19 34x10%| 1

VA

s Table S4. Dual-Langmuir-Freundlich fit parameters for MgMOF-74 (= Mg,(dobdc) = CPO-27-Mg).
These CO; fit parameters were determined by fitting adsorption isotherms for temperatures ranging
from 278 K to 473 K; the fit parameters are those reported earlier in the work of Mason et al.” The CH,
parameters were determined by fitting adsorption isotherm data reported in the works of and He et al.®,
Dietzel et al.” and Bao et al.'” The H, parameters are obtained from absolute uptake data in

» MgMOF-74 at 298 K reported by Yaghi,'' a document that is available on the web. The uptake data is
at 298 K, and therefore the fit parameters are valid only for 298 K.

Site A Site B
OA sat bAO Ea OB, sat bBO Es B
[mol kg™ [Pa™] [kJ mol] VA [mol kg™ [Pa™] [kJ mol™]
CO, 6.8 2.44 x 101 42 1 9.9 1.39 x 107° 24
CH, 11 7.48 x10°| 18.2 1 5 1.64 x 10| 182
H, 36 2.1x10° 1
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Table S5. Dual-Langmuir-Freundlich parameter fits for Cu-TDPAT. The parameters are those
reported in the work of Wu et al.* Note that for CH4 and Hy, the data is available only at 298 K. There
was an unfortunate typographical error in the CO parameters reported in Table 3 of Supporting
Information accompanying the paper by Wu et al;* we have therefore also included the correct
s parameters for CO (not considered in this work) in the Table below. The breakthrough and IAST
calculations reported by Wu et al.* were performed with the correct parameter sets.

Site A Site B
QA sat bAO EA OB, sat bBO EB
[mol kg™ | [Pa™] |[kImol']| " |[molkg"]| [Pa™] |[kJmol']| "P
CO,| 0.46 133 x 107'° 72 1.2 23.9 2.91 x 107 23.8 |0.75
CO 23 247 x 10 132 |08 2 6.75 x 1077 17.7 1.8
CH, 16 5.77 x 107 1
H, 38.5 26x10° 1

Table S6. Dual-site Langmuir fit parameters for pure component isotherms in MIL-101. The fits for
CO,, and CH4 and H, are based on the experimental data of Chowdhury et al.> The fits for pure H,

« isotherms in MIL-101 are based on the experimental data of Latroche et al.,'* available only at 298 K.
There was an unfortunate typographical error in the H, parameters reported in Table 12 of Supporting
Information accompanying the paper by Wu et al.* The breakthrough and IAST calculations reported
by Wu et al.* were performed with the correct parameter sets as given below.

Site A Site B
QA sat bAO Ea v OB,sat bBO Es
[mol kg™ | [Pa™] |[KImol']|""|[molkg']| [Pa™] |[kImol']|"P
co,| 47 |220x10®| 175 | 1| Y1 |oosxi0M| 36 |1
CH,4 34 1.79 x 10 9.9 1
H, 60 1.41 x 10® 1

s Table S7. Dual-site Langmuir fit parameters for adsorption of CO,, CH4 and H; in NaX zeolite. These
parameters were determined by fitting adsorption isotherm data reported in the works of Belmabkhout
et al."’ and Cavenati et al.,'* after converting the excess data to absolute loadings.

Site A Site B
OA sat bao Ea 0B, sat beo Es
[mol kg™ [Pa "] [kJ mol] VA [mol kg™ [Pa "] [kJ mol™] VB
CO, 3.5 3.64 x 107" 35 1 5.2 6.04 x 107" 35 1
CH,4 4 3.66 x 1071 14 1 5 3.75 x 10”7 14 1
H, 18 2.43 x 107 6 1

20
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Table S8. 2-site Langmuir-Freundlich fit parameters for pure CO,, CH4 and H; isotherms in LTA-5A
zeolite. The fits for pure CO,, CHy are derived from re-fitting the experimental data at 303 K presented
in Table 1 of Pakseresht et al..’ The isotherm fit for H, is based on the data presented in Figure 6 of
Sircar and Golden,® which was combined with Configurational-Bias Monte Carlo simulation data.

qA,sat bA VA qB,sat bB B
[mol kg™ | [Pa™ ] [mol kg'] | [Pa™ ]
CO, | 1.84 1.89x10%]1.24 2.1 8.51 x 10*| 0.64
CH, | 2 577x10% |1
H, |15 205x10% |1

5

Table S9. Crystal data and structure refinement for UTSA-40.

Empirical formula Cs3H74C1,CuaNgOsg
Formula weight 1373.23
Temperature (K) 293(2)

Wavelength (A) 1.54178

Crystal system, space group

Trigonal, R3,

Unit cell dimensions

a=18.5676(7) A
b=18.5676(7) A
c=52.2053) A

a=90°

B=90°

y=120°
Volume (A”) 15586.8(12)
Z, Calculated density (g cm™) 9,1.3165
Absorption coefficient (mm™) 1.750
F(000) 3762
Crystal size (mm) 0.41 x0.23 x 0.15
6 range for data collection (°) 4.36 to 67.51

Limiting indices

-17<h<22,-17<k<19,-54<1<61

Reflections collected / unique

10908 / 5973 (Rin = 0.0386)

Completeness to 8 = 67.51° 98.2 %
Absorption correction Analytical
Max. and min. transmission 0.7786 and 0.5329

Refinement method

Full-matrix least-squares on F~

Data / restraints / parameters

5973 /72/186

Goodness-of-fit on F~

0.975

Final R indices [/ > 20(])]

Ry =0.0715, wR, = 0.1895

R indices (all data)

R1=0.0962, wR, = 0.2237

Absolute structure parameter 0.12(10)
Largest diff. peak and hole (e A”) | 0.548 and -0.272
CCDC 896825
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Table S10. Gas sorption in the reported copper-tetracarboxylate frameworks.

BET
Ligands ) Vs D, CH,4 CO,
(Langmuir) .. s H, 3 s . Ref
MOFs _r [em’ g [gem™] [em’ cm™] [mmol g
[m”g"]
HO,C CO,H
O 2.2%, 18.2 g/L
< OO (77 K/1 bar)* 156°(134%
oy 1630 4.6%, 38.1 g/L (300 K/35 bar) 12.7 This
OO 2 0.65 0.827 , , ,
a (1661) (77 K/60 bar) 188°(149°) (300 K/30 bar)’ | work
O 0.7%, 5.8 g/L (300 K/60 bar)
HO,C CO,H b
(300 K/60 bar)
UTSA-40
HO,C CO,H
O 2.59%, 24.0 g/L
O 1670 0.68 0.927 (77 K/1 bary >
HO.C CcozH ' ' 4.02%, 373 g/L 16
MOF-505 (77 K/20 bar)”
NOTT-100
HO,C CO,H
\(;/ 2.87%, 22.0 g/L
N (77 K/1 atm)* 17,
Q 2850 1.00 0.77 | 6.76%, 519 g/L 18,
HO,C CO,H
(77 /50 bar)? 19
PCN-10
0 =11.60 kJ mol”!
JUC-62
HO,C CO,H
O 2.6%, 18.8 g/L
[ 2273 (77 K/1 atm)® 175
1.06 0.72 20
O (2800) 4.9 wi%, 35.5 g/L | (300 K/45 bar)*
HO,C COH (77 K/20 bar)*
PCN-16
HO,C CO,H
O 1.7%, 13.0 g/L
[ 1760 (77 K/1 atm)® 97
0.84 0.76 20
O (2200) 2.9 wt%, 22.2 g/L | (300 K/45 bar)”
HO,C COH (77 K/20 bar)*
PCN-16
HO,C CO,H
O 1.95%, 12.1 g/L
| (77 K/1 atm)”
2500 172 225
| 1.012 0.62 | 6.88%,45.7 g/L , L, |21
(2800) f (298 K/35 bar) (298 K/ 30bar)
O (77 K/97 bar)
HO,C CO-H Q=7.2kJ mol
PCN-46
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HO,C O COH

2.55%, 19.1 g/L
(77 K/1 atm)®

5.40%, 39.4 g/L

5.05%, 37.8 g/L 171
N 1931
0.91 0.749 | (77 K/20 bar)® (298 K/35 bar)" 18
g (2442) 1
Hooc COOH 5.97%, 44.7 g/L | Q=14.6 kI mol
PCN-11 (77 K/45 bar)®
0 ="7kJ mol
HO,C O CO,H
OOO 1753 230°
0.87 0.871 22
O (2176) (290 K/35 bar)
HO,C CO,H
PCN-14
HO.C O COH 2.52%, 16.4 g/L
(77 K/1 bar)®
O 6.06%, 39.4 g/L
2247 0.886 0.650 16
(77 K/20 bar)
HO,C O CO,H 6.60%, 43.1 g/L
NOTT-101 (77 K/60 bar)”
HO,C CO,H
O 2.24%, 13.1 g/L
(77 K/1 atm)®
O 6.07%, 35.6 g/L
O 2932 1.138 0.587 | (77 K/20 bar)’ 16
7.20%, 42.3 g/L
O (77 K/60 bar)?
HO,C CO,H
0 =5.70 kI mol™*
NOTT-102
HO,C CO,H
O 2.63%, 16.9 g/L
(77 K/1 bar)®
O 6.51%, 41.9 g/L
Q 2929 1.142 0.643 b 23
(77 K/20 bar)
Hoc O co 7.78%, 50.0 g/L
NOTT-103 (77 X/60 bar)*
HO,C O CO,H
] 2.52%, 18.4 g/L
O (77 K/1 bar)®
F 2386 0.898 0.730 23
HO,C O CO,H

NOTT-105

(77 K/20 bar)?
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HOZOZH
CO,H

2.29%, 16.5 g/L
(77 K/1 atm)®

O 1855 0.798 0.720 23
4.50%, 32.4 g/L
HO,C O (77 K/20 bar)”
NOTT-106
HO,C O CO,H
2.26%, 17.2 g/L
O (77 K/1 atm)®
1822 0.767 0.76 23
O 4.46%, 33.8 g/L
HO,C CO,H (77 K/20 bar)b
NOTT-107
HO,C O CO,H
2.33%, 18.4 g/L
OO (77 K/1 bar)®
1718 0.705 0.79 23
O 4.15%, 32.8 g/L
HO,C COM (77 K/20 bar)”
NOTT-109
HO,C CO,H
O 2.64%, 16.1 g/L
(77 X/1 atm)®
O’ 6.59%, 40.5 g/L
O 2960 1.22 0.61 (77 K/20 bar)” 24
7.62%, 468 g/L
O (77 K/55 bar)?
HO,C CO,H
0 =5.68 kI mol™
NOTT-110
HO,C CO,H
O 2.56%, 15.9 g/L
(77 K/1 atm)®
O‘ 6.48%, 40.0 g/L
O 2930 1.19 0.62 (77 K/20 bar)? 24
7.36%, 454 g/L
O (77 K/48 bar)?
HO,C CO,H
0 =6.21 kJ mol
NOTT-111
HO,C CO,H
7@( 2.10%, 13.6 g/L
0 N_o (77 X/1 atm)®
7.85%, 51.0 g/L | 155
2300 , , | 175
1.08 0.65 (77 K/60 bar) (298 K/60 bar) , |25
0=\ ~0 (2450) .| (298 K/55 bar)
0.97%, 6.3 g/L 0=26.8 kI mol

(298 K/60 bar)”
Q=17.1kJ mol’
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Selective adsorption of H, and O, over N, at 77 K, and

26
CO, over CH, at 196 K
1.78% H, at 77 K and 1 atm;
2017 101 cm3/g CO, at 273 K/I atm; 27

Selective adsorption of CO, over N, and CH,

NTU-101-Cu

BET (Langmuir) surface areas: 810(968) m*/g for M = Ru(CO)

HO,C COH
O BET (Langmuir) surface areas: 647(864) mz/g for M =Ni
N BET (Langmuir) surface areas: 498(613) m%/g for M = Zn
m BET (Langmuir) surface areas: 379(486) mz/g for M =Pd 28
N BET (Langmuir) surface areas: 509(680) m*/g for M = Mn(NO3)
g

HO,C CO,H

“ excess adsorption; ” absolute adsorption
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