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Force field parameters

The interactions involving the gas molecules are modeled using the TraPPE force fields?
and the 6F-CMSM atoms are modelled using modified Dreiding.??3 The values are shown in

Table S1.
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Table S1: Parameters for LJ potential and atomic charges for gas molecules and 6F-CMSM.

Molecule Site o (A) € (K) q(e) Bond length (A)

CMS H 1.65  7.65 0.056 —
N.R 326 3895 —0.617 —

C3 3.47  47.86 0.059 —

CRx 347 4786 —0.078 —

CR 347 4786 —0.078 —

CHy CHs 3.73 148.0 — —

COq C 280  27.0 0.70 C—-0=1.16
O 3.06 79.0 —0.35

No N 331 36.0 —0.482 N-N=11
COM 0.0 0.0 0.964

Validation of TEKMC algorithm using bulk water sim-
ulations

We performed a fully atomistic MD simulation of the bulk water system consisting of 800
SPC/E * water molecules using LAMMPS. Initial positions of water molecules were ran-
domly assigned inside the MD box with a constraint that all of them are separated by a
threshold distance greater than the bond length of water. Periodic boundary conditions
were enforced in all directions. The bulk water system was energetically minimized to re-
move bad contacts. The minimization comprised of 500 steps of steepest descent followed
by 500 steps of conjugate gradient. After the energy minimization, the system was heated
to 300K in steps of 30K, each for 10 ps, using a Langevin thermostat.® The system is next
simulated in an NPT ensemble so that the system attains appropriate density at 1 atm pres-
sure. During the NPT run of 1ns at 300 K temperature and 1 atm pressure, the density of
the system reaches equilibrium by varying the MD box boundaries. To maintain a constant
pressure of 1 atm, Nosé-Hoover barostat was used with a coupling constant of 2 ps. Finally,

we perform a production run for 1ns in an NVT ensemble. Nosé-Hoover thermostat®” with
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a heat bath coupling constant of 1ps was used to maintain a constant temperature during
the production run. The velocity-Verlet scheme was used to do the MD integration with
an integration time step of 1fs. The OH bond was constrained using the SHAKE?® algo-
rithm. To compute the long-range Coulomb potential, particle-particle particle-mesh Ewald
summation method (PPPM)? was used with a tolerance of 107°. The trajectory of water
molecules was dumped every 10 ps.

The TEKMC algorithm uses trajectories obtained from the production run to extend the
MSD to a longer time scale. Trajectories obtained from the NVT simulation are used by the
TEKMC algorithm to extend the MSDs to larger time scales. The timestep between the MD
frames analyzed by TEKMC is 10 ps. Hence, the timestep between steps of the random walk
is 10 ps. From the 1ns NVT simulation of SPC/E water, the transition probability matrix
is estimated during the first stage of the TEKMC algorithm. We perform 3000 random
walks for various grid sizes up to 3ns and tune the grid size to match with the MSD of MD
simulation.

Random walks of TEKMC were extended till 100ns for these grid sizes. MSD and
diffusion coefficient till 0.5 ns obtained from the MD simulation are also shown. Grid size
of 0.28nm best matches the MD data (having the lowest MSE). The exponent « is 1.0,
indicating that MSD is linear with time and SPC/E water follows Fickian diffusion in this
time scale. From TEKMC, we obtain diffusion coefficient of SPC/E water to be 2.47 +
0.15 x 1075 em?s™!, in good agreement to the literature value of 2.75 x 107° cm?s~1.1° The
diffusion coefficient of bulk water obtained from simulations is subject to finite size effects
based on the size of the box and number of molecules. ! The main goal of our validation was
to reproduce the MD obtained MSD by tuning dg,,¢ during TEKMC. Once validated, our
main focus is on the gas diffusivity inside the ultramicropores. Diffusion in the polymeric
membrane is related to the inherent pore size distribution in the membrane which could be
influenced by finite size effects. We point out that the polymeric membranes used in this

study have been prepared by using extensive compression and decompression cycles which
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has shown to reproduce the experimental pore size distribution and adsorption isotherm
for this system.!? The finite size corrected diffusivities may also be obtained by a suitable
further tuning of dg,;q. The self-diffusion coefficient of pure water has been measured to be
2.3 x 1075 cm?s7! at 298 K from experimental techniques like diaphragm-cell technique'® or

the pulsed-gradient spin echo (PGSE) NMR method. !4

Probability distribution of gases used for performing

TEKMC
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Figure S1: Probability of survival in a voxel for pure gas systems at two pressure values.
The size of the voxel corresponds to the optimum dg,;4 per system.

Binary component diffusion inside 6F-CMSM

We perform MD simulations of binary gas mixtures inside 6F-CMSM corresponding to dif-

ferent pressure conditions. The obtained trajectories are then extended till 5ps to obtain
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Figure S3: Time series of MSD exponent («) for the different binary mixture systems studied.

The legend shows different pressure, P (bars).
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mixture diffusion coefficients of the different gases. We find the diffusivities are significantly

different in the mixture compared with the pure gases shown in the main accompanying text.

The diffusivity of CO, is comparable to CH, or N, only for low pressures. The diffusivity is

also affected by the molar ratio of the mixtures.
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