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Molecular Interactions

All fluid molecules are modelled as single spheres, with the Mie potential describing inter-
molecular interactions between particles ¢ and j:
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where €;; is the depth of the potential well, o;; is the average distance between the centres
of mass of the two segments at contact, and \;; is the repulsive exponent, controlling the
softness and the range of the interaction between two segments. C is a pre-factor:
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For the case where )\;; is equal to 12, the Mie potential is equivalent to the Lennard-Jones

(LJ) potential. For multicomponent systems, the following combining rules are applied:
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Where ii and jj refer to the pure component (self) parameters.

Pore Structure and Pore Height Definition

Pores are modelled as mesoporous materials, i.e. smooth slit pores, composed of solid par-
ticles in a face centred cubic (FCC) lattice. Inside the pore, the fluid is in contact with
the (111) plane of the lattice, where the particles in the first layer closest to the fluid form
hexagonal patterns. Conclusions made about transport in these materials is therefore only
strictly related to smooth slit pores.

In order to clearly define the adsorbed densities and fluxes, it is important to address
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Figure S1: Pore height is systematically defined by having a fully periodic FCC solid with
no accessible pore height, and then increasing the y dimension of the simulation box by the
value of the pore height, H.

the issue of how one defines the pore height. The definition of the pore height can be best
understood using Figure S1. First, a packed solid structure is generated, fully periodic in
all dimensions. The y dimension of the simulation box is increased by the pore height.
The height, H, corresponds to the distance between the planes defined by the outer most
points of the exposed surface beads defined by their characteristic diameter. Clearly, other
definitions of H may be used.!? Alternative definitions of it will not have influence on the
main conclusions of this work.

All walls are modelled as FCC lattices, and for all cases, the lattice constant is a =

2\/5 O.Wall‘
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Ideal adsorption solution theory(IAST)

Single component adsorption isotherms can be readily measured using simulations and ex-
periments,® however it is more challenging to map out the adsorption isotherms of a multi-
component fluid because knowledge on fluid compositions are required to get the full pic-
ture..® To enable efficient estimations of mixture adsorption, Myers and Prausnitz developed
ideal adsorption solution theory (IAST), which is now a widely used tool to estimate mix-
ture adsorbed isotherm from the single-component isotherms of the constitute fluids.%" The
theory is based on the assumption that the adsorbed fluid is an ideal solution in which in-
teraction between fluid molecules are equivalent in strength.® Because this ideal adsorbed
phase is equilibrated with a bulk phase, IAST can be seen as an analogy of Raoult’s law
which computes the adsorbed phase using bulk pressure and composition.? Methods for im-
plementing IAST have been extensively discussed since its emergence and details can be
found in literature.®

The spreading pressure of absorbed pure component, i, in equilibrium with a its pure

component gas at pressure P can be calculated using

o

P 0
7];"—“; = /0 ’ %Jf)dﬂ (4)
Where 7; is the spreading pressure, A is the total area available on the adsorbents, assumed
to be the same for all adsorbates. n; is the moles of the adsorbed component at pressure
P?. with is given by the pure-component adsorption isotherm. IAST states that equilibrium
is reached between adsorbed phase and bulk phase, therefore the spreading pressure for all
fluids for a given isotherms should be equal:

7= m(FY) = 1,(P7) = ... = T (PR) (5)



Page Sb

For an adsorbable component, ¢, at equilibrium, the analogous Raoult’s law is:
b=y P =P} (6)

Where P, is the partial pressure of fluid ¢ in bulk phase, P is the total bulk pressure, y; is the
molar compostion of ¢ in bulk phase, x; is the molar composition of fluid 7 in adsorbed phase,
and P? is the partial pressure of pure fluid ¢ which yields the same spreading pressure 7 as
the mixture. For a given multi-component adsorption isotherm with known bulk pressure
and composition, one can combine Equations (5) and (6) to compute the adsorbed phase
composition x;. The total adsorbed amount Np can then be evaluated using the following

equation
N

1 Z;
N > R (7)

i=1

Where np is the total mole of adsorbed phase, n{ is the adsorbed fluid of pure fluid ¢ derived
from pure adsorption isotherm. In this paper, the IAST method is implemented using the

pyIAST package by Haxranczyk et al.l!
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Thermostating

As mentioned in the paper, in order to minimise external influences on the dynamics of the
fluid, during the production of the NEMD and EqMD simulations, thermostating was only
applied to the wall particles. However, this doesn’t affect the temperature of the fluid as the
fluid is in contact with the wall and the wall particles add of remove energy to the fluid so
that the temperature of the fluid remains the same as the wall temperature. An example is
shown for for the Case IV, where NEMD simulations are run and the highest force used in
this work is applied to both species. As can be seen, the temperature coupling method is

robust in controlling the temperature of the fluid.
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Figure S2: Applying thermostating to the walls keeps the fluid temperature controlled: an
example of Case IV where reduce density is kept at 50 % and x7;r—1 = 0.5. An acceleration
of 0.004 nm ps~2 is applied to both species.
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Case I : Pure LJ density profile

In order to reach a specific global density, two copies of bulk region are set up and connected
to an empty pore. The two bulk regions act as reservoir therefore the desired global density
can be reached by manipulating the density in the bulk. Simulation were run in the NVT
ensemble so that the fluid reach equilibrium in the pore. Figure S3 shows the adsorbed

density profile across a range of global densities.
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Figure S3: Density profiles inside the pore, where H refers to the height of the pore. Legend
corresponds to global densities.
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Case I: Relationship between chemical potential, y, and

adsorbed density, p4%
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Figure S4: Left: Chemical potential vs In(pA%) from SAFT-y Mie EoS. The slope of this
curve is the Darken factor. Right: The Darken factor, I', vs p®* calculated from the left

plot.
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Case II: Thermodynamic and transport properties of

the methane model used in this work
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Figure S5: Comparison between experimental data and the SAFT-v EoS and MD simulations
describing saturation properties of methane. a temperature vs saturated densities, b vapour
pressures vs temperature. Red line corresponds to smoothed experimental data,'? open
symbols are simulations while dashed lines are the results of the equation of state, the latter
two employing the same molecular parameters. ¢ Self diffusivity of methane predicted using
MD simulations in this work (empty symbols) as compared with literature (filled symbols),?

triangles and circles correspond to T = 303 K, and T = 333 K respectively.
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Case II: Adsorbed isotherms, adsorbed density profile

and chemical potential
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Figure S6: Adsorption isotherm of methane at 298K, averaged from 100 million time steps.

The adsorption isotherm of methane can be found in figure S6. The red dotted line refers
t0 pBuik = pPads, which highlights the strong adsorption effect when bulk density is below
250 Kg/m3. However, the adsorption effect becomes less noticeable at higher pore loading,
evidenced by the fact that the adsorption isotherm approaches the reference line as bulk
density increases. Figure S7 presents the adsorbed methane density profile across a range of
global density. Figure S8 shows the SAFT-generated methane chemical potential at different
densities. The slope of this plot is further used to evaluate the Darken factor at any given

methane density.



Page S11

3— T
20.05
035
i 07 1
©
Q.
1, _
0 N ———

i3 2 1.0 1 2 3 4
H/o

Figure S7: Examples of adsorbed methane density profile in slit pore at a range of global
density. Legend refers to reduced densities.
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Figure S8: SAFT generated chemical potential of bulk methane at a range of densities, the
slope of this plot gives the local Darken factor

Case III: Pure Component Adsorption Isotherms and
Binary Adsorption using IAST

Adsorption isotherm of the binary mixture is presented in Figure S9.

In order to validate the IAST theory on MA/MB mixture, systems with constant global
density but different compositions are set up and equilibrated under NVT ensemble. Bulk
pressure and bulk composition were then measured to estimate their corresponding pore

density using IAST. This IAST estimation is then compared to the pore density measured
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Figure S9: a: Pure component adsorption isotherms of species MA (solid line) and MB
(dashed line) at T = 298 K. b: Adsorption isotherm for species MA as a function of partial
pressures of MA and MB.

directly from the simulation. Figure S10 shows such comparison at 0.5 reduced global density
(same density studied in case III), which prove that IAST gives excellent predictions on the

adsorption of MA/MB mixture.
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Figure S10: Prediction of the adsorption of the binary mixture of studied in Case III at
different compositions for a fixed mixture global density, >, p;o7 = 0.5, corresponding to
a pressure 46 MPa. TAST predicts binary adsorption using pure component adsorption
isotherms. Both TAST and binary mixture simulations indicate a slight selectivity towards
species MA, which has a higher fluid solid interaction than species MB.
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Case I1I: Free energy calculation

Free energy calculation of MA /MB mixtures shows that MA has a higher energy level inside

the pore, proving that MA adsorbs stronger than MB.
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Figure S11: Free energy calculation of MA/MB mixtures in 2.5nm slit pore.
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Case III: A;; values

EqMD were run on a range of composition of MA/MB mixture at 0.5 total reduced density,
Figure S12 shows the collective diffusivity A;; resulted from those simulations. From this,
the transport diffusivity Dt were then calculated using collective diffusivity A;; and the local

Darken factor I';;.
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Figure S12: Collective diffusivity matrix A;; evlauted from EqMD of MA /MB binary mixture
at 0.5 total reduced density. Component number 1 and 2 represents MA and MB respectively
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Case IV: Discussion on transport selectivity

One way to confirm mutualisation in slit pores is by observing velocity profiles from external-
force (EF-NEMD) simulations,* when the force is only applied to one species. This is
explored in Figure S13 (Left), where it can be seen that by applying forces to all particles of
species LJF-2, the velocities of species LJF-1 and LJF -2 are the same, confirming the high

correlation between the movement of all molecules.
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Figure S13: Left Velocity profiles of species LJF-1 (red squares) and LJF-2 (black circles)

when a directional acceleration (0.01 nm ps™2) is applied to all particles of species LJF-2,

where vy p_o = 0.4 and Y, p*0? = 0.5. Right Transport diffusivity of the entire fluid,

DtTeotal ys fluid volume fraction. Increasing the concentration of the lighter species increases
the overall transport of the fluid.

In order to assess this using transport coefficients, we could refer to the theory and the
values of transport coefficients.

For a binary fluid, it is understood that the transport of each component is affected by
driving forces originating from both components. We can write this correlation as a matrix

equation

Ji = D1 Vpi + D1V, ()
Jy = Dy V1 + D3y Vo

Where Dﬁj is the mutual diffusivity which quantifies the influence of concentration gradients
of species 7 on the flux of species j.

In order to evaluate transport selectivity, one must first calculate the ratio of the fluxes
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between two species:

J1 _ D1, Vp1 + Di,Vps
Jo Dy Vpi+ Dy, Vs

R — (10)

If the ratio of the fluxes is different to the ratio of the molar compositions, i.e. x/zs,
then there is an observed transport selectivity, as it suggests that the amount of one species
flowing is faster than the other species, leading to a different molar flux. Thus transport

selectivity can be defined as:

STrcms _ ﬁ ﬂ _ <D;tllvp1 + DiZVp2>ﬁ (11)
<]2 ) Délvpl +D§2Vp2 T

Independent of the values of Vp; and Vs, ST7% can equal one if:

Dil/Dél =11/79 = D§2/D32 = 71/13 (12)
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Case IV: binary transport diffusivity coefficients

Transport diffusivity matrix of the LJ binary system with respect to the change of density
of both fluids.
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Figure S14: Elements of the binary transport diffusivity coefficients of the binary fluid for
Case IV. Like previous figures, 1 and 2 refer to species LJF-1 and LJF-2 respectively.
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