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1. Materials and measurements

All reagents and solvents were used as received from commercial suppliers without further
purification. Powder X-ray diffraction (PXRD) data were collected under ambient conditions
on a Bruker AXD D8 Advance diffractometer operated at 160 W (40 kV, 40 mA) for Cu Ka,
(A= 1.5406 A). Thermal gravimetric analysis (TGA) was performed under N, at a scan rate of
2 K min! using a TA Instruments Q500 HR analyser.

1.1 Sample preparation:

Acetone-exchanged InOF-1: Samples of as-synthesized InOF-1 soaking for 4 days in
acetone.

Fully activated InOF-1: Acetone-exchanged samples of InOF-1 activated at 453 K and 1073
bar or under a constant flow of N (60 mL min!) for 2 h.

MeOH@InOF-1: Pre-adsorption of MeOH (saturation). Samples acetone-exchanged InOF-1
were placed in a quartz cell inside a BELPREP activation module and activated at 453 K for
2 hours. After that time, these samples were cooled down to room temperature (under N,) and
immediately immersed in methanol for 10 minutes. Then, the samples were recovered by
filtration and kept in a desiccator for 8 hours. Later, this saturated samples with the MeOH
were placed in a thermobalance (Q500 HR, from TA) and heated up from room temperature
to 573 K (under N;) in order to desorb all the alcohol molecules (MeOH) inside the
micropores of InOF-1. The maximum load of MeOH was: 23 wt% for MeOH. These results
were in good agreement with the MeOH alcohol isotherm.

Once the maximum amount of MeOH was established for InOF-1, more saturated samples
were prepared. Then, different activation conditions (heating ramps to reach maximum
temperatures, from 313 to 453 K) were used in order to desorb (in a controlled way) the
amounts of MeOH that we determined. Thus, when saturated samples of MeOH were heated
from room temperature to 443 K, with a ramp of 10 K min-!, and immediately cooled down to
303 K (under N,), the residual amount of the MeOH was approximately 2 wt%. This
procedure was repeated 8 times in order to ensure the reproducibility of the experiment.



2. TGA plot
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Fig. S1: TGA analysis of the acetone-exchanged InOF-1.



3. Powder X-ray diffraction patterns of InOF-1
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Fig. S2: PXRD patters of calculated (black), as synthesised (red) and calcined (blue) InOF-1.

4. Derivation of the isosteric enthalpy of adsorption for MeOH

The enthalpy of adsorption was calculated from the analysis of methanol adsorption
isotherms using the isosteric method, &, by fitting a virial-type equation to both 293 and
303 K methanol adsorption isotherms.! The following virial-type equation is used to fit both
adsorption isotherms:?

In(n/p)=A,+An+ Aznz... (1)

where p is pressure, n is amount adsorbed and Ay, A, etc. are virial coefficients. A, and higher
terms can be ignored. A plot of In(n/p) versus n should give a straight line at low surface
coverage.!
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Fig. S3: Virial fitting plot for the adsorption of methanol on InOF-1 at 293 K (a) and 303 K

(b).

The isoteric enthalpies of adsorption, &, as a function of methanol uptake, was determined
by using the Clausius-Clapeyron equation® (Fig. S4). The positive slope is indicative of
homogeneous interactions due to, possibly, cooperative methanol-methanol interactions (via
hydrogen bonding) rising with pressure increase.?
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Fig. S4: Variation of adsorption enthalpy at low loading for InOF-1.



5. Computational details

The InOF-1 framework was modeled using the crystal structure reported previously!. The
InOF-1 crystallizes in the space group 14,22 and is composed by binuclear [In,(p,-OH)]
inorganic blocks bridged by BPTC* ligands forming a 3-D framework with cylindrical
channels with openings of 7.5 A%5. This structure was then geometry optimized at the
Density Functional Theory (DFT) level maintaining its experimental unit cell parameters
fixed. These calculations employed a PBE GGA functional®’ combined with the double
numerical basis set containing polarization functions (DNP) on all atoms, as implemented in
the Dmol® module®®. The partial charges of each atom in the framework were calculated

using the Mulliken charges (Table S1). The respective atom types are provided in Fig. S5.

Fig. S5: Representative cluster of the InOF-1 and its atom types.

As mentioned in the main text, periodic Density Functional Theory calculations using the
aforementioned specifications were performed to geometry optimize the CO,@InOF-1 and
MeOH@InOF-1 structures starting with the crystal structure of the empty InOF-1. We
considered for both CO, and MeOH the loading explored experimentally, i.e. 5.2 wt% and 2

wt% respectively.

Monte Carlo simulations in the NVT ensemble were further carried out at 303 K to predict
the adsorption behavior of the CO, and methanol in the InOF-1 framework. The simulation
box was made of 8 conventional unit cells (2 X 2 x 2) maintaining the atoms of the MOF

framework fixed in their initial positions. Short-range dispersion forces described by



Lennard-Jones (LJ) potentials were truncated at a cut-off radius of 12 A while the Ewald
summation method was used to calculate the Coulombic contribution. For each state point,
2x108 Monte Carlo steps following 107 equilibration steps were used. The energy of

interaction in the system were tracked by energy histograms.

The same number of molecules experimentally observed at 1 bar and 303 K were modelled
by NVT for the binary mixture CO,/CH;0H (5.4 / 2.0 wt%) as well as for the single
component systems of CO; (5.2 wt.%) and CH;0H (2.0 wt%).

The interactions between the InOF-1 and the guest molecules were modeled using a van der
Waals 6-12 LJ contribution and a Coulombic term. The LJ parameters for the atoms of the
organic linker were taken from the generic force field DREIDING.!® The In(IIl) ions are
considered as not polarizable and their LJ contributions are immersed in those provided by

the u,-OH groups. The same methodology was already employed in the literature for several

MOFs.!!

Table S1: LJ parameters and atomic partial charges for the InOF-1 framework and the CO,

and CH3OH molecules.
Atom type c (A) g (K) Charge (e)
Framework
Cl1 3.473 47.856 0.5231
C2 3.473 47.856 0.0041
C3 3.473 47.856 -0.1363
C4 3.473 47.856 -0.1088
C5 3.473 47.856 0.0576
o1 3.033 48.158 -0.5625
02 3.118 92.123 -0.8089
H3 2.847 7.649 0.1362
H4 2.846 7.649 0.1611
H5 2.571 0.000 0.3136
In 3.976 0.000 1.5812
Methanol
Cems 3.475 80.516 -0.0930
Hems 2.446 19.148 0.1000
Oon 2.860 114.63 -0.4320
Hon - - 0.2250
CO,
Oco2 3.033 80.507 -0.3256

Ccoz 2.757 28.129 +0.6512




The CO, molecules were described as a 3 site-model. Their mutual interactions were modeled
by the EPM2 model,'?> where both the LJ and charge sites are centered in the oxygen and
carbon atoms. The methanol molecules were described by a flexible all-atom model’3

optimized to capture its interactions with the extra-framework cations in zeolites.

6. Computational results

The optimization of the MeOH@InOF-1 and CO,@InOF-1 frameworks at the DFT level
revealed that both MeOH and CO, interact preferentially with the u,-OH groups of the solid.
For the methanol molecules, this interaction involves an interacting distance of 1.90 A where
the hydroxyl groups of the MeOH act as acceptor for the hydrogen from the u,-OH groups.
Meanwhile, for the CO, molecules this preferential interaction occurs between the oxygen of
the CO, molecules and the hydrogens of the ©,-OH groups at a much longer distance about
2.95A.

Fig. S6: DFT-optimized structures for the MeOH@InOF-1 (a) and CO,@InOF-1 (b),
showing the preferential adsorption of the guest towards the hydroxyl groups.

The stronger interaction between the u,-OH groups and the methanol molecules can also be
observed from the Monte Carlo simulations, observing, for instance, the much more localized
center of mass (COM) distribution of the MeOH molecules at the vicinities of the hydroxyl
groups of the InOF-1 compared to the much more scattered COM distribution of the CO,

molecules in the pores of the framework (Fig. S7).



Fig. S7: Center of mass distribution for the single-component MC NVT calculations of the
MeOH (a) and CO; (b) adsorption in the InOF-1.

As seen in the energy histograms of the single-component and mixture MC calculations of
CO, and MeOH, there is only a minor shift (from -21 kJ mol! to -23 kJ mol!) in the
interacting energy involved in the CO, adsorption with the presence of 2 wt% of methanol.
Therefore, as discussed in the main text, the enhancement of the adsorption of CO, in
presence of methanol is rather associated with the reduction of the apparent porosity in the
framework rather than an enhancement of the crossed interactions between the two guest

molecules.
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Fig. S8: Energy histograms from MC calculations of CO,; (black plots) and MeOH (red
plots) as single components (full lines) and in a mixture of 5.4 and 2.0 wt% respectively
(dashed lines).
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