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1. Materials and general procedures

1.1 Organic Synthesis

3,3°,5,5’-azabenzenetetracarboxylic acid (ABTC) was synthesized in our lab by recently published
procedure (Scheme S1). Briefly, A mixture of 5-nitroisophthalic acid (19 g, 90 mmol) and NaOH (50 g,
1250 mmol) in 250 ml of reverse osmosis water was placed into a 1L 3-neck round bottom flask and
stirred vigorously at 333 K. To this slurry 100 g of D-glucose dissolved in 150 ml of reverse osmosis
water was slowly added. The resulted brown mixture was cooled down to room temperature and air was
bubbled through reaction mixture overnight always under stirring. The reaction mixture was cooled with
an ice bath and the sodium salt of 3,3°,5,5’-azobenzene tetracarboxylic acid was recovered by filtration
and washed with small amount of cold water. The resulting yellow solid was then dissolved in 200 ml of
reverse osmosis water and this solution was acidified to pH = 1 by the addition of conc. HCI. The
resulting orange solid was collected by filtration on the fritted funnel, washed with reverse osmosis water
and dried in vacuum oven at 373 K to provide 10.5 g of target compound. Yield 70 %. 'H and *C NMR
data are in a good agreement with previously reported data.'
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Scheme S1: Synthesis of 3,3°,5,5’-azobenzene tetracarboxylic acid (H4-ABTC)

All other chemicals and solvents were used as received unless otherwise stated from Fisher Scientific,
Acros Organics, Sigma-Aldrich, Combi Blocks or TCI America. DMF was dried over CaH,. DI water =
deionized water. 'H and '*C NMR spectra were recorded at room temperature with Bruker Avance 500
and 600 MHz spectrometers using CDCl; or DMSO-d¢ as the solvents, and referenced to the
corresponding solvent peaks (7.26 and 77.16 ppm for CDCl;, and 2.50 and 39.52 ppm for DMSO- ds,

respectively).
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1.2 Instrumentations and procedures

e Single-crystal X-ray diffraction data: Single-crystal X-ray diffraction data were collected using
a Bruker X8 PROSPECTOR APEX2 CCD diffractometer (Cu Ka, A = 1.54178 A). Indexing was
per-formed using APEX2 (Difference Vectors method).” Data integration and reduction were
performed using SaintPlus 6.01.°> Absorption correction was performed by multi-scan method
implemented in SADABS.* Space groups were determined using XPREP implemented in
APEX2.1 Structure was solved using SHELXS-97 (direct methods) and refined using SHELXL-
97 (full-matrix least-squares on F2) contained in APEX2.?

e Powder X-ray diffraction (PXRD) measurements were carried out at room temperature on a
PANalytical X’Pert PRO diffractometer 45 kV, 40 mA for Cu Ka (1 = 1.5418 A), with a step size
of 0.05° in 26.

e Quantachrome Low-pressure gas N; sorption measurements were performed on a fully
automated autosorb-1 high resolution gas adsorption analyzer (Quantachrome) at relative
pressures up to 1 atm. The cryogenic temperatures were controlled using liquid nitrogen and

argon baths at 77 K.
¢ 3FLEX Low-pressure gas sorption measurements at 298K

Low pressure gas adsorption measurements at 298 K were performed on 3-Flex Surface

Characterization Analyzer (Micromeritics) at relative pressures up to 1 atm.
e C4H;0/CH4 Column breakthrough test

The homemade set-up for adsorption column breakthrough testing is composed of a stainless steel
column. The column is 27 mm in length with 4 mm of inner (6.4 mm outer) diameter. The gas
composition downstream the column is monitored using a hidden mass spectrometer. In a typical
experiment, 0.1-0.4 g of adsorbent was treated at 403-433 K overnight in vacuum (in oven). After
backfill with argon, the column is then transferred to a thermostatic chamber where helium is
flushed trough the column at 3.5 cm® min”'. The gas flow is then switched to the desired n-
C4H10/CHs4 (2/98) gas mixture at the same flow rate. The complete breakthrough of n-CsH;o and

CHs were indicated by the downstream gas composition reaching that of the feed gas.



H>S/CO,/CH4 Column breakthrough tests

For H,S containing gases, the mixed gas testing measurements were carried out using custom
made column breakthrough set-up, designed in collaboration with L&C (Hilleah, Florida USA).
The stainless steel column used in the breakthrough test with a capacity of packing up to 2 g of
materials. The column downstream is monitored using a MKS mass spectrometer. In a typical
experiment, 0.1-0.4 g of adsorbent was treated at 403-433 K overnight in vacuum (in situ). The
gas flow is then switched to the desired CO»/H2S/CH4:5/5/90 gas mixture at the same flow rate
(10 cm*min). The complete breakthrough of CHi, CO, and H,S were indicated by the

downstream gas composition reaching that of the feed gas.

In-situ FTIR

Fourier Transform InfraRed (FTIR) spectra were measured using Thermo Nicolet 6700 series
spectrometer equipped with quantum Mercuric Cadmium Telluride (MCT-A) detector operating
at liquid nitrogen temperature. Each IR spectrum was the average of 128 spectra recorded in the

4000-650 cm™ spectral range with a resolution of 4 cm™.

Diffuse Reflectance Infrared Fourier Transform Spectroscopy (DRIFTS) experiments were
performed using Praying Mantis module equipped with a dome sealed reaction chamber (ZnSe

window) allowing a controlled in situ environment.

KBr powder was used to collect the background spectrum. Sample was mixed with KBr (1 wt%)
for sample spectrum collection. KBr and KBrtsample powders were dried at 200°C under
ultrahigh vacuum (<1 mTorr) prior transferring to the reaction chamber in glovebox environment.
Before measurement sample was heated at 200°C under vacuum (1 torr) in the sealed reaction

chamber.
TG-DSC

Enthalpy of adsorption for CO, was measured using SENSYS evo TG-DSC from Setaram
Instrumentation that can carry out simultaneous high resolution DSC and TGA experiments. In a
typical experiment, the sample was activated in-situ 403-433 K under continuous dry N, flow at
the rate of 15 ml/min. For sorption experiment, baseline was obtained under dry N, flow at the
rate of 15ml/min at 25°C. The desired gas was connected at auxiliary gas port and gas was
changed from N, to CH4, C3Hs and n-C4H)o exactly after 1 hour and TGA and DSC signal were

monitored for few hours to obtain uptake and heat of sorption respectively.



High-pressure gas sorption measurements

Adsorption equilibrium measurements of pure gases were performed using a Rubotherm
gravimetric-densimetric apparatus (Bochum, Germany) (Scheme S2), composed mainly of a
magnetic suspension balance (MSB) and a network of valves, mass flow meters, and temperature
and pressure sensors. The MSB overcomes the disadvantages of other commercially available
gravimetric instruments by separating the sensitive microbalance from the sample and the
measuring atmosphere, and is able to perform adsorption measurements across a wide pressure
range (i.e., from 0 to 20 MPa). The adsorption temperature may also be controlled within the
range of 77 K to 423 K. In a typical adsorption experiment, the adsorbent is precisely weighed
and placed in a basket suspended by a permanent magnet through an electromagnet. The cell in
which the basket is housed is then closed and vacuum or high pressure is applied. The gravimetric
method allows the direct measurement of the reduced gas adsorbed amount (). Correction for
the buoyancy effect is required to determine the excess and absolute adsorbed amount using
equations 1 and 2, where Vagsorbent and Vss and Vadorbea phase refer to the volume of the adsorbent,

the volume of the suspension system, and the volume of the adsorbed phase, respectively.
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Scheme S3: Representation of the Rubotherm gravimetric-densimetric apparatus.



Q= mabsolute —pP gas (I/adsorbent + I/ss + Vadsorbed— phase) (1)

Q= mexcess — P gas (I/adsorbem‘ + V?s) (2)

The buoyancy effect resulting from the adsorbed phase may be taken into account via correlation
with the pore volume or with the theoretical density of the sample.

These volumes are determined using the helium isotherm method by assuming that helium
penetrates in all open pores of the materials without being adsorbed. The density of the gas is
determined using the Refprop equation of state (EOS) database and checked experimentally using
a volume-calibrated titanium cylinder. By weighing this calibrated volume in the gas atmosphere,
the local density of the gas is also determined. Simultaneous measurement of adsorption capacity
and gas-phase density as a function of pressure and temperature is therefore possible.

The pressure is measured using two Drucks high pressure transmitters ranging from 0.5 to 34 bar
and 1 to 200 bar, respectively, and one low pressure transmitter ranging from 0 to 1 bar. Prior to
each adsorption experiment, about 200 mg of sample is outgassed at 473 K at a residual pressure
of 10-6 mbar. The temperature during adsorption measurements is held constant by using a

thermostat-controlled circulating fluid.

Prediction of multicomponent gas adsorption Ideal Adsorption Solution Theory
(IAST)

The Ideal Adsorption Solution Theory (IAST) proposed by Mayer and Prausnitz (1965) uses pure
gas adsorption isotherms to predict the mixture adsorption equilibrium at the temperature of
interest. For IAST application, the main condition to be fulfilled is the availability of (i) good
quality single component adsorption data of different gases, and (ii) an excellent curve fitting
model for such data. In the current work, MSL and DSL models were used to fit the pure gas
1sotherms, as mentioned earlier

The most important equations used in the IAST calculation are listed hereafter:
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where f; is the fugacity of component i in the gas phase; fi0 is the standard-state fugacity (i.e.,
the fugacity of pure component i at the equilibrium spreading pressure of the mixture, 7 ); x, and
y, are the mole fractions of component i in the adsorbed and gas phase, respectively; A4 is the

surface area of the adsorbent; n; is the number of moles adsorbed of pure component i (i.e., the

pure-component isotherm); and nlo is the number of moles adsorbed of pure component i at the

standard-state pressure.
Equation 3 is the central equation of IAST, specifying the equality of the chemical potential of
component 7 in the gas and the adsorbed phase (which is assumed to be ideal in the sense of

Raoult’s law). Equation 4 allows the calculation of the spreading pressure from the pure-

component adsorption isotherm. The total amount adsorbed of the mixture, #,, and the selectivity
of CO, with respect to i, S co,-i» are given by equations 5 and 6, respectively. The selectivity,

S co,-i» reflects the efficiency of CO, separation.



1.3 General information

Table S1: Typical composition of refinery-off gas (ROG)

Components of ROG Typical ROG Composition
H, ~5-35%
Cco 0.1-0.5 %
N, 3-10 %
CO, 0.1-0.5 %
CH, 30-50 %
C2H, 1-15 ppm (vol)
Ethylene 5-20 %
Ethane 15-25%

Methyl acetylene & propadiene 60-80 ppm (vol)

Propane 1-5%
Propylene 1-5%
Butadiene 0-0.1

Butylene 0.1-0.3

Butanes 0.5-1

Cs+ 0.2-1.5



Table S2: Typical composition of natural gas

Natural Gas Components | Typical Raw Natural Natural Gas
Gas Composition Pipeline
Specifications
CH4 ~70-90 % >96%
CO2 Up to 10% <2%
Total inerts (N2, COz) Up to 50% <4%
st Up to 20% <4 ppm
HZO Saturated <120 ppm
C2+ hydrocarbons Up to 20% 950-1,050 Btu/scf

Dew point <-20°C

Table S3: Polarizability of major common gases contained in NG and ROG’

Gas Polarizability x 10*° /cm’
H, 08.00
N, 17.40
(O} 15.80
CH4 25.93
C,Hg 44.50
C,H4 42.50
C;Hs 64.00
C;Hs 62.60
1’1-C4H10 8200




2. Crystallographic data

Crystal data and refinement conditions of Al-soc-MOF-1d are shown in Table S4.

Table S4: Crystal data and structure refinement for Al-soc-MOF-1d

Identification code
Empirical formula
Formula weight

Crystal system, space group
Unit cell dimensions
Volume

Z, calculated density
F(000)

Temperature (K)
Radiation type

Absorption coefficient
Absorption correction
Max and min transmission
Crystal size

Shape, color

@ range for data collection

Limiting indices

Reflection collected / unique / observed

with 7> 2c(])

Completeness to Gmax = 40.0°

Refinement method

Data / restraints / parameters

Final R indices [/ > 2c({)]
Final R indices (all data)
Weighting scheme
Goodness-of-fit

Largest diff. peak and hole

Al-soc-MOF-1d
C24H17ALN30175
708.34

Cubic, P 43n
a=21.4934(5) A
9929.2(7) A*

8,0.948 Mg m™

2888

100.0(1)

Cu Ka

1.18 mm’

Multi-scan

0.653 and 0.753

0.01 x 0.02 x 0.02 mm
Square pyramid, yellow

5.0-66.5°

22<h<21,-25<k<24,-25<1<23

34324 /2916 (Rine = 0.041) / 2806

99.3 %

Full-matrix least-squares on /2
2916/3 /154

R1=0.033, wR, =0.089
R1=0.034, wR, = 0.090

[6%(F,?%) + (0.0644P)* + 1.4289P]""
1.02

0.32 and -0.25¢ A*

P=(F,+2F2)/3

11



3. Gas adsorption data
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Figure S1: Adsorption of N», CHy4, CO,, C2Hs, C2Hs, C3Hg and CsHg on In-soc-MOF-1a at 298 K
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Figure S2: Adsorption of CH4, CO,, C,Hs, CoHg, C3Hs and C3He on In-soc-MOF-1b at 298 K
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Figure S3: Adsorption of CH4, CO», C,Hs, CoHg, C3Hs and C3Hg on In-sec-MOF-1c at 298 K
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Figure S4: Adsorption of CH4, CO;, C,Hs, CoHe, C3Hg and C3He on Fe-soc-MOF-1a at 298 K
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Figure S5: Adsorption of CH4, CO;, C,Hs, C2Hg, C3Hg and C3Hg on Ga-soc-MOF-1a at 298 K.
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Figure S7: C,H¢ adsorption isotherms on all of soc-MOF analogues at 298 K.
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MOF-1b as determined using IAST combined with Toth Model
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Table S5: Toth parameters for adsorption on soc-MOF analogues.

Gases
Parameters
CH4 C2H6 C3Hs Il-C4H10 COz N2

= ng 5.4 4.04 4.2 - 8.23 5.2

=

% K* 0.107 5.7 77.7 - 0.32 0.03
9
(=}

= m 1.06 1.01 0.59 - 1.04 0.82

= ng 5.9 4.77 4.7 - 9.14 4.99

=

g K* 0.12 3.23 393 - 0.32 0.04
&
=}

& m 1.03 0.99 0.42 - 1.05 1.05
= ng 5.49 5.04 4.63 - 8.25 4.7
=
S
= K* 0.13 0.43 599 - 0.43 0.08
(%]

(=]

= m 1.04 1 0.41 - 1 0.79
S ng 7.65 7.01 6.13 - 11.64 6.35
=

% K* 0.12 2.84 1716 - 0.34 0.043
(%]

(=]

© m 1.02 1.01 0.52 - 1.06 0.967
2 ng 8.33 7.54 6.52 2 12.5 8.43
=

S K* 0.102 2.61 1957 193 0.33 0.03
o m 1.06 0.35 0.35 0.55 1.06 0.84
= ng 6.04 5.99 5 3.99 8.8621 4.71
=

o

= K* 0.12 4.58 315 3600 0.308 0.09
<9

(=]

= m 1.003 0.78 0.47 0.33 1.24 0.8
= ng 8 6.34 5.7 4.89 - -
=

S K* 0.14 3.37 80.4 1116 - -
2 m 0.92 1.21 0.77 0.61 - -

*parameter K has direct relation to the heat of adsorption
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4. DFT and GCMC calculations

Cluster model calculations were carried out based on first principles density functional theory
(DFT) calculations at the M062x/6-311G level of theory® as implemented in Gaussian. These
simulations aimed to evaluate the binding energy of the guests on the Ga(IIl) sites and to evaluate
the potential energy curve for further derivation of the force field parameters to represent the
guest/Ga(IIl) sites interactions. Grand canonical Monte Carlo (GCMC) simulations were
performed to determine the single component adsorption isotherms and enthalpies for CH4 and #n-
CsHio at 298 K up to 1 bar in Ga-soc-MOF-1a and the selectivity for the binary mixture Analysis
of the Monte Carlo configurations was undertaken to carefully characterize the adsorption and co-

adsorption mechanisms in play. All details of these calculations are described in Supplementary.

4.1. Interaction energy profile for the CUS-Ga /guests

Gaussian quantum chemistry program package’ has been employed to first geometry optimize at the DFT
level the adduct formed by both CH4 and n-C4Hjo and a cluster cut from the periodic structure of Ga-soc-
MOF-1a. The corresponding geometry optimized alkane-loaded clusters built by a trimer of Ga-CUS
containing the NOs as counter-anion and 1 guest molecule are reported in Figure S13. The DFT

calculations have been performed at the M062x/6-311G level of theory®.

The binding energies were further calculated as follows: Egg. = E (Cluster +guest) — {E(Cluster) + E
(guest)}, where E(Cluster + guest) corresponds to the energy of the optimized guest-loaded cluster while
E(Cluster) and E(guest) are the total energies of the MC model and molecule taken individually. Binding

energies were corrected for the basis set superposition error (BSSE).

A series of binding energy calculations has been performed for revealing potential energy curve of
interaction in a system: gas molecule --- MOFs’ cluster. The energy minimum has been obtained from the
simulations of geometry optimization of the system gas molecule --- MOFs’ cluster. The series of

coordinates for binding energy simulation is situated on line, which started from the copper metal of

20



MOFs’ cluster and pass through the energy minimum coordinate obtained earlier, as shown in Figure S13.

The distance between the nearest binding energy calculations (step) is 0.1 A.

Figure S13. DFT geometry optimization of (i) the CHs4-Ga-soe-MOF-1a cluster (a) and the n-C4Hio-Ga-
soc-MOF-1a cluster (b). The arrow indicates the considered direction considered to displace step-wise the

guest from the cluster. The color code is the same as defined in Figure S1.
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4.2. Interatomic Potential parameters.

The interactions between Ga-soc-MOF-1a framework and the guest species were treated with van der
Waals contribution only, although two different analytical functions have been employed for the van der

Waals term:

(1) the interactions between the adsorbate species (CHs4 and n-Cs4Hio) and all atoms of the MOF
framework except the CUS-Ga were treated by using the standard 12-6 Lennard-Jones (LJ) potential
(equation 1). The universal force field (UFF)® and DREIDING’ parameters were considered to describe
the LJ potential parameters for the atoms of the inorganic and organic nodes of Ga-soc-MOF-1a
respectively (Table S6). Neutral United Atom (UA) models were considered for both CH4 and n-C4Hio
with LJ potential parameters taken from the TraPPE forcefield (Table S7)'°. The LJ interacting sites are
denoted as CH,_sp® for CHy, similarly as CH;_sp® and CH,_sp® for -CH; and —CH»- centers of #n-C4Hjo,
respectively.

o=l - @)

-

Lennard-Jones term

Here, 1y; = |, — ?}| accounts for the distance between centers i and j, &; and gy; are the LJ parameters

between such sites. Interactions between unlike force field centers i and j were treated by means of the
Lorentz-Berthelot (LB) combination rules (g; = /&g , a;; = (g; + a;)/2 , where g and &, ¢; and g;

are the LJ parameters for the species i and j respectively.

(2) the interactions between the guest molecules and the CUS-Ga were described by a Buckingham

potential, where equation 2 and 3 were considered for CH4 and #-C4H), respectively.
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_ =BcH, sps;Vif
Uy = [ACH4_sp3 1}.9 4 (2)

Buckingham term

=By sps , Vif —BCH, sp3 i Tif Cij
Hij = ACH:;_S’F& U_e ] + Aﬁﬁz_spgije U —Sg T'_E' (3)
193 4

Bucklngham term

where A¢cy 4883 Acn,_sp3 i Acn, sp3 i Bey, sp3 " Beg, sp3 " B¢ Hy 503 > and (;; are the conventional

Buckingham parameters for repulsive and attractive contribution, respectively and S is the global scaling

factor for the dispersion energies. This choice of potential was based on previous work'' which stated that
such a specific Metal-cus sites/guest interaction is much better described by a Buckingham profile. These
Buckingham potential parameters for both CHs/ CUS-Ga and n-C4H o/ CUS-Ga pairs were extracted from

the DFT-derived energy profile on the clusters represented in Figure S14 as detailed below.

4.3. Force field parameterization for CUS-Ga /guests
Following the same strategy previously reported'' for other CUS-containing MOFs, the DFT-computed

energy (Eppr) profile for the cluster/CH4 was decomposed into short-range exchange repulsion and
dispersion interactions. The CHs-CUS Ga interaction energy (E¢cg,-¢q) profile was thus obtained by
subtracting from Eppr the 12-6 LJ contributions between CH, and the rest of the atoms of the cluster
(Bgp)ie Egy,—ga = Eppr - By ,The dispersion term of (Egispcp, -ga) Was first computed using a C

dispersion coefficient in the same range of value than that commonly considered in force fields'"' for
CUS-containing MOFs. It is known that that these coefficients cannot lead to reasonable absolute

energies. To correct this, we introduced a global scaling factor, §; in such a way to ensure that the short-

range repulsion term (Erépuistaﬁcm -Ga)» Obtained by Eveputsionch,-6a —Ech,~¢a - BatspcH, -Ca is

positive in the whole range of the explored path. The Epgpyisionch,-ga Was then fitted in equation 2 to
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determine the pairwise repulsive parameters 4¢g +5p3 and Bey, sp3 ” The fitting can be further fine-

tuned to obtain the optimal set of A¢y, gpa " Bey A and Cj; parameters by minimizing the error, e.g.,

difference between the energies computed by the force field and by DFT along the energy path. As a
typical illustration on CH4 Table S8 reports the corresponding set of Buckingham parameters and Figure
S14 shows the comparison of the energy profile for the clusters calculated by the derived force-field and
by the DFT calculations.

The same methodology was further employed for the n-C4Hio by considering equation 3 to fit the DFT

energy profile in order to determine simultaneously the pairwise repulsive parameters ACHB_Waij’

Ach, sp3 " Ecﬂg_mau, and Bey, sps n Similarly Figure S15 shows the comparison of the energy profile

for the clusters calculated by the derived force-field and by the DFT calculations for n-C4Ho. Indeed both

Figures indicate a rather good agreement between the DFT- and the force-field based-calculations.

Table S6. LJ potential parameters for the atoms of Ga-soc-MOF-1a.

LJ potential
Atomic type o (A) &/ks (K)
c 3473 47.857
H 2.846 7.649
N 3.661 38.975
0 3.118 30.195
Ga 3.904 208.837

Table S7. Potential parameters for the alkanes.

Atomic type 6 (A) ¢/kp (K)
CH,4_sp’ 3.730 148.000
CHs_sp’ 3.750 98.000
CH,_sp? 3.950 46.000
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Figure S14. Comparison between the CHy-framework interaction energy profile as a function of the
separating distance between the CUS and CHs obtained by DFT calculations (red circle) and by force
field based molecular simulations (black squares) along the CHs-Ga pathway as defined in Figure S13.
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Figure S15. Comparison between the nCsHio-framework interaction energy profiles represented as a

function of the separating distance between the CUS and C4H ;o obtained by DFT calculations (red circle)
and by force field based molecular simulations (black squares) along the nCsHo-Ga pathway as defined

in Figure S13.
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Table S8. Derived force-field parameters for the interactions between the two guest molecules and CUS-
Ga. Three parameters (Aij, Bij, Cij) with the units of (K, A", KA®) are displayed while the Buckingham
potential is adopted.

Adsorbate  Aij (K) Bij (A™) Cij (KA®)
CH4_sp® 6.87E+08 5.01 232000.0
CH;_sp’ 5.05E+08 5.00 232000.0
CH,_sp® 4.81E+08 5.20 232000.0

Cages

Channels

Figure S16: Illustration of the inaccessible cages of Ga-soc-MOF-1a for n-C4H o due to steric limitation
induced by windows of smaller size than the kinetic diameter of this alkane molecule. (Color code: Ga,
brown; C, dark gray; O, red; N, blue; H, light gray).
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Figure S17. Radial distribution functions between CH4 and the atoms of the MOF framework (organic
linker carbon, Corganic Linker: black, carboxylate oxygen, Ocarboxylae: T€d, organic linker nitrogen, Norganic
Linker: Dlue, nitrate oxygen, Onos: green and CUS Gallium Gacus: cyan) extracted from the single
component adsorption in Ga-soc-MOF-1a at 0.1 bar and 298 K.

27



T

a)

7
i CH3—5p3 - COrgamc ligand
6- CH,_sp3-Ga,
d CH@—Sp?’ - NOrganlc ligand
5 - CH3—3p3 - OCarboxylate
] CH,_sp3 - ONO3
— 4 7
|
=] 3.
24
14
0 T T T T T LIS NN | LML
o 1 2 3 4 5 6 7 8 9 10 11 12
r(A)
(b)
7
o CH2_5p3 h COrganic ligand
64 CH,_sp3-Ga_,
J CHZ—Sp3 - NOrganic ligand
5 - CH2_5p3 - OCarbcxyIate
CH,_sp3-0O,,,
4 4
=
o]
34
24
f
1
0 Ll I I Ll LI Ll

— T — T
01 2 3 4 5 6 7 8 9 10 11 12

Figure S18. Radial distribution functions between n-CsHo and the atoms of the MOF framework: -CHj3
(a) and -CH>- (b) centers (organic linker carbon, Corganic Linker: black, carboxylate oxygen, Ocarboxylate: T€d,
organic linker nitrogen, Norganic Linker: blue, nitrate oxygen, Onos: green and CUS Gallium Gacus: cyan)
extracted from the single component adsorption in Ga-soc-MOF-1a at 0.01 bar and 298 K.
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Figure S19. Radial distribution functions between both CHs4 and n-CsHio and the atoms of the MOF
framework: CH4 (a), CHs3 (b), and -CH>- (c) centers (organic linker carbon, Corganic Linker: black,
carboxylate oxygen, Ocarboxylate: T€d, organic linker nitrogen, Norganic Linker: blue, nitrate oxygen, Onos: green
and CUS Gallium Gacys: cyan) extracted from the GCMC simulations for a binary mixture (5% n-CsHjo,
95% CHa) in Ga-soc-MOF-1a at 1 bar and 298 K.
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Figure S20. Comparison of the single component adsorption isotherms for CH4 (squares) and »n-

CsHio (circles) at 298 K in Ga-soc-MOF-1a: GCMC simulations (full symbols and solid lines) and
experiments (empty symbols and dashed lines).
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Figure S21. Comparison of the single component adsorption isotherms for CH4 (squares) and n-
Cs4H)o (circles) at 298 K in Ga-soc-MOF-1a: GCMC simulations (full symbols and solid lines) and
experiments (empty symbols and dashed lines).
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5. H:S Removal performance and stability of soc-MOFs

In-soc-MOF-1a after exposure to H,S

— After exposed to H,$
— As-synthesized
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Figure S22. PXRD of In-soc-MOF-1a after H,S exposure

Fe-soc-MOF-1b after exposure to H,$

—— After exposed to H,S
— As-synthesized
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) 10 16 20 25 30 35 40
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Figure S23. PXRD of Fe-soc-MOF-1b after H,S exposure
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— After exposed to H,3
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Figure S24. PXRD of Ga-soc-MOF-1a after H,S exposure
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Figure S25: Sequence of tests for adsorption column breakthrough studies to evaluate the performances
of the materials in temperature swing cyclic (TSR) and vacuum swing regeneration (VSR) modes using

CO2/H2S/CH4:5/5/90 mixture.
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Figure S26: Column breakthrough tests of CO2/H,S/CH4:5/5/90 with 10 cm?/min flow rate on Ga-soc-
MOF at 25°C and 50°C (1 bar) respectively using TSR mode (effect of adsorption temperature on the
retention time).

—H,S 150°C activation
——CO, 150°C activation
H_S 50°C activation
- CO, 50°C activation
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Figure S27: Column breakthrough tests of CO»/H,S/CH4:5/5/90 with 10 cm?/min flow rate on Ga-soc-

MOF at 25°C (1 bar) after activation at different temperatures (effect of activation temperature on
retention time of different gases).
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Figure S28: Column breakthrough tests of CO»/H,S/CH4:5/5/90 with 10 cm*/min flow rate on Ga-soc-

MOF at 50°C (1 bar) after activation at different temperatures (effect of activation temperature on
retention time of different gases).
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Figure S29: Column breakthrough tests of CO»/H,S/CH4:5/5/90 with 10 cm*/min flow rate on Ga-soc-
MOF-1a at 25°C (1 bar) after optimal activation (8 hours under flow of helium at 160°C for cycles 1 and
5) with fresh sample and after five adsorption breakthrough cycles, confirming the recyclability of the
material. The conditions for adsorption-desorption cycles for 2, 3 and 4 are reported in Figure S25.
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6. Characterization of the Aluminum-based soc-MOF (Al-soc-MOF-1d)
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Figure S30: (a) EDX data on Al-soc-MOF-1d confirming the absence of chloride. (b) In-situ FTIR on
dried Al-soc-MOF-1d confirming the presence of OH™ as counter ion
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Figure S31: Experimental and calculated PXRD patterns for Al-soc-MOF-1d, indicating the purity of the
as-synthesized and acetonitrile exchanged samples.
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Figure S32: Thermal stability of Al-soc-MOF-1d
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Figure S33: Variable humidity PXRD on Al-soc-MOF-1d
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Figure S34: PXRD after soaking Al-soc-MOF-1d in liquid water for two weeks
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Figure S35: PXRD after soaking Al-soc-MOF-1d in different pH solutions for 6 days.
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Figure S36: N, adsorption at 77 K on Al-soc-MOF-1d

40



Relative Intensity

— after exposed to H,S
— Calculated

Jlll.l.l.l.l.... i

10 15 20 25 30 35 40
2-Theta (deg)

Figure S37: PXRD after exposure of Al-soc-MOF-1d to H,S
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Figure S38: Adsorption of CHa4, CoHs, C3Hs, n-C4Hi and iso-CsHio on Al-soc-MOF-1d
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Figure S39: C;Hg/CHj, selectivity using Al-soc-MOF-1d predicted using IAST combined with Toth
Model.

Figure S40: Picture of vial containing Al-soc-MOF-1d bulk material scaled up to 1 g.
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7. soc-MOF membrane
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Figure S41: Al-soc-MOF-1d membrane grown on alumina support and its associated powder X-ray

diffraction as compared to the bulk material.

— (Ga-50¢-MOF-1a thin film
— Ga-s0c-MOF-1a calculated

Relative Intensity

2-Theta (deg)

Figure S42: Ga-soc-MOF-1a membrane grown on alumina support and its associated powder X-ray

diffraction as compared to the bulk material
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Figure S43: (Top) Top-view SEM images of the Ga-soc-MOF-1a membranes grown on the alumina
support and (down) Cross section image of the membrane.
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Figure S44: (left) Diffusion coefficient vs kinetic Diameter, (right) Adsorption coefficient vs.
Normal boiling point for Fe-soc-MOF-1a.

Table S9: Ideal selectivity for different gas mixtures calculated from single gas permeabilities.

Gas mixture Ideal selectivity
H,/CO» 4.6
Hy/N» 3.8
CO,/CH4 1.8
C,He/CoH4 1.1
CsHs/CsHe 1.3
C4Hio/CH4 2.2

Table S10: comparison of CsHs/ CHs4 selectivity of soc-MOF adsorbents as compared to best MOF

reported
MOF TAST C3Hs/CH4 Composition References
selectivity at 1 bar
13X 158 5/95 Costa E et al, 1991, J.Chem.Eng.Data 36,218

MFM-202a 90 50/50 Schroder et al. 2016, Chem. Mater. 28, 2331-2340

R]?l’4_ NDC- 325 5/95 Eddaoudi et al. 2015, J. Am. Chem. Soc., 137 (15),5034-5040
cu-MOFs

tho-MOF-2 140 5/95 Eddaoudi et al. 2014, RSC Adv., 2014, 4, 63855-63859
Ga-soc-MOF-1a 370 5/95 This work
In-soc-MOF-1c¢ 500 5/95 This work
Fe-soc-MOF-1b 800 5/95 This work
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