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Table S1. Crystal data and structure refinement for SION-8 — CCDC: 1846814.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o

ol
pI°

°

Volume/A3

z

peale | glcm?®

w/mm-?

F(000)

Crystal size/mm?

Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [1>24(1)]
Final R indexes [all data]
Largest diff. peak/hole / e A-3

SION-8
C2sH20Ca0OsN
470.50

100
orthorhombic
Pbam
6.88590(11)
20.0624(4)
16.6453(4)

90

90

90

2299.51(8)

4

1.359

0.281

980.0

0.14 x 0.1 x0.03
synchrotron (1 = 0.7153)
4.086 to 50.81
-8<h<6,-23 <k<23,
14679

2064 [Rim =0.0294, Rsigma = 00140]

2064/82/170
1.916

-19<1<16

R1=0.1024, wR2 = 0.3739
R1=0.1053, wR2 = 0.3805

2.23/-0.54
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Figure S1. Asymmetric unit of SION-8. Atoms Cal, O3, C9, and C12 (captioned in blue) are located at the special

positions with the 0.5-occupancy, while atoms C3, C4, C5, and C6 are disordered over two distinct positions.

Figure S2. Coordination environment of the Cal atom in the structure of SION-8. (a) Atoms present in the first

coordination shell of Cal. (b) Coordination geometry described as biaugmented trigonal prism.

Figure S3. SION-8 and its underlying sea net topology. The sea net is 2-nodal 6,8-coordinated with the (6-c)2(8-c)
stoichiometry and Schlafli symbol (34.412.54.68)(34.44.54.6%)2. The 8-coordinated node marked as “Scl” represents the
center of the TBAPy* ligand. The Ca atom constitutes the 6-coordinated node connected to two neighboring Ca nodes
and four imminent “Sc1” (TBAPy*) nodes. The full coordination of two selected nodes, one 8-c and one 6-c, marked in

green, is depicted. The contour of the unit cell is outlined in black.
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Figure S4. To visualize the positions of guest molecules and their affinity with the two different pores at zero loading, one guest molecule was inserted in the
structure of SION-8F, letting it move according to the Monte Carlo NVT scheme at 293 K. The molecule is therefore allowed to jump from one pore to the other even
though the two pores are not connected. Different snapshots of the trajectory were superimposed [(a) methane (united atom), (b) COz, and (c) water] and the number
of molecules in each pore was counted for the entire simulation. In contrast to CO2, water shows a structural rearrangement in the hydrophilic pore, with its hydrogen
pointing to the carboxylic oxygens of the structure. Moreover, the higher affinity of the water to the hydrophilic pore is demonstrated by the atom count as measured
from these simulations: 34.87%, 32.0% and 81.28% residence in the hydrophilic pore for CO2, methane and water, respectively. In addition, the hydrophilic pore
shows greater affinity (—24(1) kJ/mol) for water at zero loading compared to the hydrophobic pore (-14.90(2) kJ/mol).
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Figure S5. Powder pattern (recorded with Cu Ka radiation) of SION-8 before (top red plots) and after (bottom black

plots) the immersion of the powder in pure H20 for 24 h.
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Figure S6. Infrared spectrum of SION-8 (bottom black plots) compared to the spectrum of H4TBAPYy ligand (top red

plots). Characteristic peaks mentioned in the Discussion are captioned.
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Figure S7. Parameters a (a), b (b), and ¢ (c) of the orthorhombic unit cell of SION-8 during its activation under vacuum

plotted against temperature.
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Figure S8. Difference—Fourier map of the crystal structure of SION-8 at 400 K and under vacuum drawn with the
program Olex2. The excess electron density map is represented in the wire style at the 0.5 e /A3 level with the 0.1 A

resolution. View along [100].
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Figure S9. (a) Empty structure and (b) result of DFT relaxation of one DMF molecule in a hydrophilic pore of SION-8.
Note that both the MOF and DMF atoms are allowed to move during the relaxation; this is necessary for the structural

relaxation that facilitates hydrogen bonding between DMF and the coordinated water molecule.
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Scheme S1. The symmetric general stiffness tensor for an orthorhombic crystal and the DFT-computed elements of this
tensor of SION-8 expressed in GPa.
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Figure S10. Side view of the 3-dimensional representation of Young’s modulus of SION-8. Crystal’s compliance along
the b-axis (very low value of the Young’s modulus, expressed in GPa, along the y-axis in the Cartesian coordinates) as

well as crystal’s stiffness along the a-axis and approximately along the [011] direction (respectively high values of the
Young’s modulus) are clearly appreciable.
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Figure S11. DFT-computed energy of SION-8F with different imposed values of the unit-cell parameter b while a, c,

and the entire structure are allowed to relax, demonstrating the energy penalty of altering b.
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Figure S12. Temperature dependence of the unit-cell parameters a, b, and c, as computed from NPT Molecular
Dynamics (MD) simulations. The UFF force field (Rappe et al., 1992) was employed to describe the intermolecular
potentials. The system was initialized at 500 K and a slow annealing was performed with a temperature ramp of —100 K
per nanosecond. The a, b and ¢ dimensions were recorded every picosecond (1000 MD steps). The average contraction

of each dimension over temperature drop is shown as a linear fit between 500 K and 200 K.
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Figure S13. Structural parameters of SION-8 plotted against pressure of nitrogen. (a-d) Unit-cell parameters a, b, ¢ and
V. (e) Volume of hydrophilic (black plots) and hydrophobic (blue plots) pores as calculated with SQUEEZE. (f) Excess

electron density per pore found in both types of pores. Isotherm measured at T =90 K.
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Figure S14. Structural parameters of SION-8 plotted against pressure of methane. (a-d) Unit-cell parameters a, b, ¢ and
V. (e) Volume of hydrophilic (black plots) and hydrophobic (blue plots) pores as calculated with SQUEEZE. (f) Excess

electron density per pore found in both types of pores. Isotherm measured at T =300 K.
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Figure S15. Structural parameters of SION-8 plotted against pressure of carbon dioxide. (a-d) Unit-cell parameters a,
b, c and V. (e) Volume of hydrophilic (black plots) and hydrophobic (blue plots) pores as calculated with SQUEEZE. (f)

Excess electron density per pore found in both types of pores. Isotherm measured at T =300 K.
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Figure S16. Excess electron density found in the hydrophobic pore plotted against the pressure of CO2 (blue plots)
fitted to the Langmuir model (dashed red line).

S-11



2335 . , : ; . 7.00

T T T T
2330 B i
6.95 |
2325 4 E
< I
6.90 - ——
o 2320 2 e
E — i
=
=2 4 . E
S 2315 S| |
= @
$ 2310 1 - 7
E 6.80 -
D 2305 i |
2300 1y —=—293K
i —=—303K | 8751 .
2995 313K |
T T T T T 670 T T T T T
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Pressure /mbar Pressure /mbar
20.30 T T T T 16.90 T T T T T
20.25 E 16.85 | E
20.20 - 16.80 - -
"< 2045 1 < 1675 4
L] ©
20.10 A E 16.70 4
20.05 4/ — 16.65
2000 T T T T T T 1650 T T T T T
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Pressure /mbar Pressure /mbar

Figure S17. Unit-cell volume and parameters a, b, and ¢ of SION-8F derived from the Le Bail fits to the PXRD
patterns recorded during the in-situ COz-loading experiment (1 = 0.72179 A).
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Figure S18. Powder pattern (recorded with Cu Ko radiation) of a sample of SION-8 before (top red plots) and after

(bottom black plots) the adsorption experiment. No loss in crystallinity is clearly visible.
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Figure S19. Simulated Nz-adsorption isotherm in SION-8F (black plots) compared to the experimental one (blue plots).
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Figure S20. Comparison between the experimental and simulated adsorption isotherms at 273 K, 293 K and 303 K: (a)
CO:2 adsorption isotherms for SION-8P. (b) CO2 adsorption isotherms for SION-8F. (c) CH4 adsorption isotherms for
SION-8P. (d) CH4 adsorption isotherms for SION-8F.
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CH, and CO, heats of adsorption, 303 K
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Figure S21. Heats of adsorption of CH4 and CO2 as computed from GCMC simulations (except those at zero loading,
which were computed from Widom insertions). Loadings correspond to those considered in the adsorption isotherms.
“-8P” refers to adsorption in SION-8P, “-8F” refers to adsorption in SION-8F, and “phil” refers to adsorption in the
hypothetical SION-8 with only the hydrophilic pore available for guest adsorption.
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Figure S22. Breakthrough curves for SION-8F and SION-8P recorded at 273 K, 303 K and 323 K, and at different
compositions of CO2/CHa4 gas mixtures. Color code: COg; black, CHa4; red.
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Table S2. Adsorption capacities of SION-8P and SION-8F calculated by integrating breakthrough curves. Values in

mmol/g.
SION-8F
10% CHa, 25% CHa, 50% CHyg, 75% CHa, 90% CHag,
90% CO2 75% CO2 50% CO2 25% CO2 10% CO2
CO2 CH4 CO2 CHq4 CO2 CHg4 CO2 CHa CO2 CHa4
273 K 1.92 0.10 1.89 0.29 1.46 0.47 1.08 0.60 0.56 0.92
303 K 1.38 0.09 1.35 0.26 0.98 0.56 0.64 0.61 0.37 0.90
323 K 1.00 0.07 0.88 0.19 0.69 0.43 0.43 0.67 0.19 0.88
SION-8P
10% CHa, 25% CHa, 50% CHa, 75% CHa, 90% CHa,
90% CO2 75% CO2 50% CO2 25% CO2 10% CO2
CO2 CHs CO2 CHs CO2 CHa4 CO2 CHa4 CO2 CHg4
273 K 1.57 0.16 0.30 1.29
303 K 1.11 0.12 0.39 0.83 0.18 1.13
323 K 0.16 1.03
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Table S3. MOFs exhibiting the CO2/CH4 separation performance determined with breakthrough experiments reported

in the literature.

Material fCé (EDdZIIg:-iI; TET]p' Pr[ebs;u]re cagg:zity ca;:::‘;ty ((:j)(/)r?g(r;'_l'g Reference
[mmol/g]  [mmol/g] selectivity

Al-BDC calcinated 0.50/0.50 303 1 10.5 Sun et al., 2014
Al-BDC calcinated 0.50/0.50 303 2 12.3 Sunet al.,, 2014

Giménez-Marqués et al.,
CCP-1 0.50/0.50 298 2 2 2017
CPO-27-Ni 0.50/0.50 303 1 15 Garcia et al., 2012
CPO-27-Co 0.50/0.50 303 1 12 Garcia et al., 2012
CPO-27-Zn 0.50/0.50 303 1 9 Garcia et al., 2012
Cu-BTC 0.25/0.75 303 1 1.2 0.6 6.6 Hamon et al., 2010
Cu-BTC 0.50/0.50 303 1 2.0 0.4 5.6 Hamon et al., 2010
Cu-BTC 0.75/0.25 303 1 3.0 0.2 6.6 Hamon et al., 2010

close to

Mg-MOF-74 0.20/0.80 2.02 ~0 infinite Britt et al., 2009
MIL-100(Fe) 0.50/0.50 303 1.49 0.28 5.3 Xian et al., 2015
MIL-100(Fe), 50%
RH 0.50/0.50 303 3.75 0.23 16.3 Xian et al., 2015
MIL-100(Fe) 0.20/0.80 303 0.87 121 2.9 Xian et al., 2015
MIL-101(Cr) 0.50/0.50 303 2.44 0.54 4.5 Xian et al., 2015
MIL-101(Cr), 50%
RH 0.50/0.50 303 1.37 0.37 3.7 Xian et al., 2015
MIL-101(Cr) 0.15/0.85 303 1.67 1.80 3.7 Xian et al., 2015
MIL-101(Al)-NH; 0.15/0.85 298 1 0.8 66.3 Serra-Crespo et al., 2011
MIL-101(Al)-NH; 0.30/0.70 298 1 1.0 34.7 Serra-Crespo et al., 2011
MIL-101(Al)-NH, 0.40/0.60 298 1 1.1 14.2 Serra-Crespo et al., 2011
MIL-101(Al)-NH, 0.50/0.50 298 1 1.2 6.3 Serra-Crespo et al., 2011
MIL-101(Cr) 0.30/0.70 298 1 7.5 Serra-Crespo et al., 2011
MIL-101(Cr) 0.50/0.50 298 1 3.6 Serra-Crespo et al., 2011
WS omos s 1 os el Cadealaes
MIL-53(Al)-NH, 0.90/0.10 303 1 59 Couck et al., 2012
MIL-53(Al)-NH, 0.70/0.30 303 1 23 Coucket al., 2012
MIL-53(Al)-NH, 0.50/0.50 303 1 1.3 0.04 45 Couck et al., 2012
MIL-53(Al)-NH, 0.30/0.70 303 1 90 Coucket al., 2012
MIL-53(Al)-NH, 0.10/0.90 303 1 213 Coucket al., 2012
MIL-53(Al,PVA) 0.50/0.50 303 1 1.3 0.2 7 Finsy et al., 2009
MIL-53(Al,PVA) 0.25/0.75 303 1 0.65 0.5 3.9 Finsy et al., 2009
MIL-53(Al,PVA) 0.47/0.53 303 1 1.3 0.25 6.6 Finsy et al., 2009
MIL-53(Al,PVA) 0.75/0.25 303 1 15 0.08 6.2 Finsy et al., 2009
MIL-53(Cr) 0.25/0.75 303 1 13 Hamon et al., 2009
MOF-508b 0.50/0.50 303 1 0.19 0.17 3 Bastin et al., 2008
SIFSIX-2-Cu-i 0.50/0.50 298 1 3.14 51 Nugent et al., 2013
STA-12-Ni 0.50/0.50 303 1 6 Garcia et al., 2012
a-[Zn(bcba)] 0.10/0.90 298 1 0.35 0.11 2.9 Huang et al., 2018
a-[Zn(bcba)] 0.40/0.60 298 1 0.25 0.38 2.3 Huang et al., 2018
B-[Zn(bcha)] 0.10/0.90 298 1 0.15 0.50 32 Huang et al., 2018

S-18



B-[Zn(bcba)] 0.40/0.60 298 1 0.07 1.20 29 Huang et al., 2018
ZINU-54 0.50/0.50 298 1.01 2.19 5.2 Jiao et al., 2016
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Figure S23. Alternate view of probability density plots of adsorbate positions in SION-8F, generated from Monte
Carlo NVT simulations with 2 molecules per unit cell, at 293 K. The color bar on the left denotes low (blue) to high

(yellow) relative probability.
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