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Abstract: Selective adsorption using nanoporous materials is an efficient strategy for separating gas
mixtures. In a nanoporous material, pores can exist in different shapes and can have different degrees
of inter-connectivity. In recent studies, both pore connectivity and tortuosity have been found to
affect the adsorption and dynamical properties of ethane and CO2 in silicalite differently. Here, using
Monte Carlo simulations, we investigate if these two attributes can affect the selective adsorption
of one component from a mixture of ethane and CO2 in silicalite. For this, the adsorption of an
equimolar mixture of ethane and CO2 is simulated in 12 models of silicalite—SnZm (n, m = 0, 1, 2, 3
or 4; with n and m denoting, respectively, the fraction (out of 4) of straight and zigzag channels of
silicalite that are available for adsorption)—differing in degrees of pore connectivity and tortuosity.
The adsorption selectivity in this system is found to exhibit a reversal with the adsorption dominated
by ethane at low pressures (below ~1 atm) and by CO2 at higher pressures (above ~10 atm). Pore
connectivity is found to suppress the selective adsorption of CO2 at higher pressures and also shifts
the selectivity reversal to higher pressures. The selectivity reversal results from a competition between
the polarizability-affected adsorption at lower pressures and efficient packing at higher pressures.
The efficient packing of CO2 is a compounded effect resulting from the larger effective pore volume
available for CO2 due to its stronger interaction with the pore surface and smaller molecular volume.
CO2 molecules show a preference to adsorb in non-tortuous pores, and this preference is found to
be stronger in the presence of ethane. The effects of pore connectivity and tortuosity elucidated
here should be applicable to a wide range of natural and engineered nanoporous materials, and this
knowledge could be used to identify materials with better capability for separating and storing CO2

based on their pore attributes.

Keywords: pore connectivity; CO2; ethane; silicalite; GCMC simulation; tortuosity; separation;
selective adsorption; selectivity reversal

1. Introduction

The separation of individual components from gas mixtures is an important industrial
process that is required to obtain high-purity gas for various uses [1]. Several methods are
used for this, and they have their own advantages and limits. One important method for
separating gas mixture components is selective adsorption in nanoporous materials [2,3].
This method relies on the difference in the adsorption of individual components by the
nanoporous adsorbent. In the case of a binary mixture composed of constituents with signif-
icantly different molecular sizes, the separation can occur via molecular sieving, where the
component with a smaller molecular size easily passes through a membrane of nanoporous
material, while the component with a larger size is blocked by pores smaller than the
kinetic diameter of this component [4]. In the case of mixtures with constituents of similar
molecular sizes, this strategy does not work, and the gas–adsorbent interactions become im-
portant [5]. In some cases, the adsorbent may selectively adsorb one component because of
relatively stronger gas–adsorbent interactions while rejecting the remaining components.
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In addition to the gas–adsorbent interactions, the geometry and connectivity of the
pores in the adsorbent might also facilitate discrimination between the gas components.
For example, in a recent study on the adsorption of pure ethane and CO2 in silicalite, it was
found that while ethane is equally likely to be adsorbed in straight or tortuous (sinusoidal
or zig-zag) channels of silicalite, CO2 exhibits a preference for adsorption in the straight
channels over the tortuous channels [6]. Further, this study also showed that reducing the
degree of inter-connectivity of pores by selectively blocking them results in an enhanced
adsorption for both ethane as well as CO2. These attributes of the pore network were also
found to affect the dynamical properties of the adsorbates [7].

CO2 and ethane are industrially and environmentally important carbon-bearing gases.
While CO2 is well known as a greenhouse gas [8], ethane also has an indirect global
warming potential [9]. For this reason, these gases have gained the attention of the scientific
research community, and efforts have been undertaken to explore ways to capture, store and
sequester CO2 in particular [10,11]. Further, CO2 and ethane are representative molecules
with similar sizes but different electrostatic properties. In addition, both of these gases
have very similar critical temperatures [12]. CO2 is a quadrupolar molecule, whereas
ethane is non-polar [13]. This results in a significant difference between the way these
two molecules interact with the adsorbent [13], leading to significantly different behaviors
under confinement by the adsorbent [14–17]. CO2, with its stronger interactions with the
adsorbent due to its quadrupolar moment, can replace a non-polar molecule from the
pore surface, thereby making it diffuse faster in the presence of CO2 [18–20]. Previously, a
strong dependence of structural and dynamical behaviors of relatively larger molecules
confined in silicalite on their polarity has been reported [21]. These observations lead to
the following question: how can the polarity of constituent gases in a binary mixture affect
their separability using selective adsorption by a nanoporous adsorbent? Further, having
observed that the pore tortuosity and connectivity in silicalite have significant influences
on the adsorption of CO2 and ethane, the following question can be asked: how do these
attributes of silicalite affect its performance in separating a mixture of these two gases via
selective adsorption?

To address the two questions listed above, we carried out and report here grand
canonical Monte Carlo (GCMC) simulation studies on the adsorption of an equimolar
mixture of ethane and CO2 in 12 silicalite models with different degrees of pore connectivity
and tortuosity. Our focus in this work is on the roles of pore tortuosity and connectivity
in the selective adsorption of CO2 from an equimolar mixture with a non-polar species.
Ethane is selected to represent a non-polar species because it exhibits a similar molecular
size and similar thermodynamic attributes as CO2. We targeted a study of mixtures of
CO2 and ethane to amplify the effects of polarity while suppressing the effects of other
attributes. The mixture composition and thermodynamic conditions for the study were
selected based in part on convenience, but also in such a way as to generate results that
are applicable to other polar-non-polar systems of interest. We find that the adsorption
is dominated by ethane at lower pressures and dominated by CO2 at higher pressures,
resulting in a reversal in selectivity. Both the pore connectivity as well as pore tortuosity
affect the selective adsorption as well as the reversal pressure. The simulation method,
models and the force fields used in this work are detailed in Section 2. The results are
reported in Section 3 and are discussed in a larger perspective in Section 4. We finally
provide a concise summary and main conclusions in Section 5.

2. Materials and Methods
2.1. Adsorbent Models

A simulation cell made up of 2 × 2 × 3 unit cells of silicalite was prepared with the
visualization software VESTA, version 3.5.7 [22] using the atomic coordinates provided
by Koningsveld et al. [23]. This simulation cell, without any modification, is an ideal
silicalite crystal and has a total of 12 straight channel-like pores with a width of ~0.5 nm
running along the Cartesian Y-direction, intersecting with 12 tortuous channels of the same
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dimensions running in a zig-zag fashion in the X-Y plane, at 48 intersections. Following
previous works [6,7], this ideal crystal is termed S4Z4. The degree of pore connectivity was
systematically varied by selectively blocking some straight and/or zig-zag channels by
inserting immobile methane molecules. Selectively leaving a fraction (out of 4) of n straight
and m zig-zag channels unblocked resulted in modified SnZm models. Varying n and m
between integral values of 0 and 4, while excluding the case n = m = 0 (S0Z0 will mean all
channels of the adsorbent being blocked, so that no pore space is left), resulted in a total of
12 model adsorbents with different degrees of pore connectivity and tortuosity in terms
of different numbers of open zig-zag or tortuous channels available for adsorption. By
selectively blocking all straight/zig-zag channels, a difference in the adsorption behavior
of straight (SnZ0; n > 0) or zig-zag or tortuous (S0Zm; m > 0) channels could be studied.
Details about the making of the 12 adsorbent models can be found in previous reports [6,7].
Here, we enlist the properties of these models in Table 1, and a schematic illustrating their
structure and connectivity is shown in Figure 1. Different models are organized in groups.
Models where a larger number of straight (or zig-zag) channels are available for adsorption
are termed as S-majority (or Z-majority) models. They are highlighted with blue (or red)
text in Table 1. Models S4Z4 and S2Z2 do not belong to either of these classes as they have
equal numbers of straight and zig-zag channels. Models SnZm n + m = 4 are models that
have only half of the total pore volume in S4Z4 available for adsorption. These models are
termed half-volume models and are highlighted with a yellow background in the table. In
particular, S2Z2 is a model with equal number of straight and zig-zag channels blocked
and is marked in green. Atomic coordinates of all the models in the form of input files for
the simulation are available as the associated Supplementary Materials.

2.2. Force Fields

Similar to previous works, we used a combination of TraPPE (Transferable Potentials
for Phase Equilibria force field) [24,25] and ClayFF [26] force fields to represent the ad-
sorbate and the adsorbent, respectively. The blocker methane and the adsorbate ethane
were represented in the united atom formalism, TraPPE-UA (TraPPE-United atom) [24],
while the CO2 molecules were represented by a rigid three-point potential, TraPPE [25].
The interactions between the blocker methane and the adsorbates as well as those between
the silicalite framework and the adsorbates were obtained by using the Lorentz–Berthelot
mixing rules [27].
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S4Z4,, all channels are available for adsorption. In (b) S2Z2,, only half of the straight and zig-zag 
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channels are available. 

  

Figure 1. Schematic illustration of the pore structure in four representative structures as labeled.
Only channels available for adsorption are shown. Straight channels running along the Y-direction
are shown in blue, while the zig-zag channels running in the X-Z plane are shown in red. In (a) S4Z4,
all channels are available for adsorption. In (b) S2Z2, only half of the straight and zig-zag channels
are available. The blocked channels are represented by an absence of the corresponding schematic
blocks. In (c) S4Z0, only straight channels are available, while in (d) S0Z4, only zig-zag channels
are available.
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Table 1. Models of silicalite with different degrees of pore connectivity and tortuosity simulated in this
study and the corresponding fractions of open straight or zig-zag channels available for adsorption
and the number of interconnections between the pores. As described in the text, S-majority (or
Z-majority) models are highlighted in blue (or red) text, while the models with half of the pore
volume in S4Z4 that are available for adsorption are highlighted in yellow. In particular S2Z2 has
equal number of straight and zig-zag channels blocked and is marked in green.

System Name Open Straight
Channels (% of Total)

Open Sinusoidal
Channels (% of Total)

Number of Pore
Connections

S4Z4 100 100 48
S4Z3 100 75 36
S4Z2 100 50 24
S4Z1 100 25 12
S4Z0 100 0 0
S3Z1 75 25 9
S2Z2 50 50 12
S1Z3 25 75 9
S0Z4 0 100 0
S1Z4 25 100 12
S2Z4 50 100 24
S3Z4 75 100 36

2.3. Simulations

GCMC simulations were carried out using DL_Monte [28]. During the simulation,
the adsorbate molecules could be inserted/deleted or rotated with probabilities of 0.5,
0.25 and 0.25, while all of the silicalite atoms, as well as the blocker methane molecules,
were kept rigid. Four million Monte Carlo steps were used to simulate the adsorption
at a given condition. Out of these, the first 2 million steps were discarded, while the
remaining 2 million steps were used to calculate averages. This ensured the calculation of
quantities in a well-equilibrated system. We note that this number of steps is larger than
that used for simulating single-species adsorption reported earlier [6]. Each simulation
maintained a system temperature of 308 K, which is consistent with the previous reports.
Note that this temperature is above the critical temperature of both fluids [12]. The other
variable controlling the adsorption amounts in the simulation was the partial pressure of
the two adsorbate gases. For simplicity, we carried out the simulations at 11 different partial
pressure values ranging between 0.05 and 100 atm. For each simulation, the partial pressure
of both the adsorbate gases was kept equal. This translates to an equimolar composition.
A total of 132 GCMC simulations were thus carried out on the mixture adsorption. The
results from these simulations are reported here in combination with the results from the
single component adsorption reported earlier [6], for a direct comparison.

3. Results
3.1. Adsorption Isotherms

Figure 2 shows the adsorption amounts of the adsorbates at different temperatures in
three representative models: S4Z4, S4Z0 and S0Z4. In addition to the mixture adsorption,
data for single-species adsorption in a pure state, as reported earlier, are also included
as open symbols. Also shown is the total number of molecules adsorbed in the case of
mixture adsorption. As in the case of single-species adsorption, more CO2 is adsorbed at
higher pressures compared to ethane, which is adsorbed predominantly at lower pressures.
Further, the number of adsorbed molecules of a species is considerably lower in the case
of mixture except at the lowest partial pressures. This is because of a competition for the
available adsorption sites by the other species in the mixture. Another key observation is
that the isotherms can be divided into two regimes—at lower pressures, ethane adsorption
is dominant in both its pure state as well as in the mixture, whereas at higher pressures, the
adsorption amounts of CO2 are higher in both its pure state as well as in the mixture. The
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cross-over from ethane-dominant adsorption to CO2-dominant adsorption (or selectivity
reversal) occurs at a lower partial pressure in the S4Z0 system that consists of only straight
channels with zero tortuosity. The adsorption amounts of the two species in the other nine
models are shown in Figure A1 in Appendix A.
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Figure 2. Number of adsorbate molecules adsorbed in the simulation cell of (a) S4Z4, (b) S4Z0 and
(c) S0Z4 models. The three models are, respectively, representative of an ideal silicalite crystal, a
silicalite with all tortuous pore-blocked and all straight channels available for adsorption, and a
silicalite with only tortuous pores available for adsorption. Solid symbols represent data for mixture
adsorption, while open symbols show the case of single-species adsorption reported earlier [6].

3.2. Adsorption Selectivity and Its Reversal

To investigate the adsorption selectivity of the silicalite models, we calculated the
selectivity of CO2 over ethane (SCO2/Eth) as

SCO2/Eth =

(
xCO2

xEth

)
/
(

yCO2

yEth

)
(1)

where xi represents the adsorbed phase molar fractions of CO2 (i = CO2) and ethane (i = Eth),
and yi represents the corresponding bulk phase molar fractions. The selectivities calculated
using Equation (1) are shown in Figure 3 for different models as a function of the partial
pressure. Clearly, the selectivity for CO2 at high pressures is better in the models that are
dominated by straight channels compared to those dominated by tortuous channels.
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Figure 3. Selectivity of CO2 over ethane adsorption in silicalite models with different degrees of
pore connectivity. (a) S-majority models where all straight channels are available for adsorption.
(b) Half-volume models where half of all channels are available for adsorption, and (c) Z-majority
models where all zigzag channels are available for adsorption.

To clarify the effects of pore connectivity and tortuosity further, we plot the selectivity
data at two representative partial pressures for all models in Figure 4. The effects of both
pore connectivity (Figure 4a) as well as tortuosity (as exhibited in terms of percentage of
open tortuous or zig-zag channels available for adsorption in Figure 4c) are stronger at
higher pressures. While increasing the pore connectivity suppresses the selective adsorption
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of CO2 over ethane (smaller SCO2/Eth values) in S-majority models, the effect in the Z-
majority models is not so clear. The dependence of selectivity on the fraction of straight
channels available for adsorption exhibits no systematic variation (Figure 4b). However,
increasing the number of tortuous channels that are available for adsorption shows a clear
trend of reduction in the selectivity for both S-majority systems and half-volume systems.
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Figure 4. Selectivity of CO2 over ethane adsorption at two representative partial pressures as
indicated, as a function of (a) number of pore connections, and percentage of (b) straight and
(c) tortuous channels available for adsorption.

The results given in Figure 4 indicate that adsorption in silicalite can be divided into
two regions—ethane-dominated adsorption at low pressures (selectivity lower than 1),
and CO2-dominated adsorption at higher pressures, at ≥10 atm (selectivity higher than
1), as also noted for the data in Figure 3. The pressures at which there is a cross-over from
ethane-dominated to CO2-dominated adsorption (Pcross) can be determined from the plots
of selectivity. To determine this, we select data points separated immediately in pressures
that lie on either side of the SCO2/Eth = 1 line and interpolate the intersection of the line
passing through these points and the SCO2/Eth = 1 line. The variation of Pcross determined
in this way as a function of the number of pore connections and the percentage of straight
or tortuous channels that are available for adsorption is shown in Figure 5. As in the case
of selectivity, the variation of Pcross shows a more pronounced systematic variation in the
S-majority models, where it increases when the pore connectivity or tortuosity is increased.
The effects of varying the fraction of straight channels available for adsorption on Pcross is
relatively less systematic and less pronounced.
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3.3. Comparison of Adsorption as Single Species and in Mixture

The effect of the presence of one species on the adsorption of the other can be seen by
comparing the adsorbed amounts in case of single-species (pure) and mixture adsorption.
For this comparison, we calculate the ratio (Np

i/Nm
i; Np

i /Nm
i i = CO2 or ethane) of the ad-

sorption amounts of a species in the pure state (Np
i i) with that in the case of a mixture (Nm

i )
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at a given set of environmental conditions. The variation of this ratio for two representative
pressures in the ethane-dominated regime as well as the CO2-dominated regime are shown
in Figure 6 as a function of the pore connectivity and the fraction of tortuous channels
available for adsorption in S-majority models. Here, again, no systematic variation could
be found in the Np

i /Nm
i ratio with the fraction of straight channels available for adsorption

in the Z-majority or half-volume models. These data are therefore not shown. Although
the uncertainty in the lower pressure data is large, a clear trend beyond uncertainty can be
seen in these ratios as a function of pore connectivity for both species. Both species lose
adsorption amounts in the presence of the other species because of competitive adsorp-
tion. However, the presence of the other species on the adsorption amounts becomes less
effective on CO2 at higher pressures, while for ethane, it is enhanced at higher pressures.
Furthermore, these effects become stronger on CO2 as more pores are interconnected, while
it becomes weaker for ethane. We note that since the Z-majority and half-volume data do
not show any systematic variations, the variation in the pore connectivity here is identical
with the variation in the pore tortuosity.
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4. Discussion

Ethane and CO2 are important fluids that have similar molecular sizes but differ con-
siderably in their electrostatic properties [29]. Ethane has a significantly smaller quadrupole
moment of (0.65 × 10−26 esu cm2) compared to CO2 (4.3 × 10−26 esu cm2), whereas it
has a higher polarizability (44.3 × 10−25 cm3) versus CO2 (29.1 × 10−25 cm3) [29,30]. This
difference in the polarizability of the two molecules has been cited as the reason for the
higher adsorption of ethane compared to CO2 at lower pressures in siliceous zeolites [30].
At higher pressures, the more efficient packing of CO2 compared to ethane is responsible
for higher CO2 adsorption. This pressure dependence and reversal of selectivity is well
documented for the pure adsorption of the two gases in silicalite [31,32]. Here, we also
observe this reversal in the case of CO2–ethane mixture adsorption.

In Figures 7 and 8, we show the projection, respectively, on the X-Y and X-Z planes
of distribution of the center of mass of the fluid molecules in the simulation cell of the
S4Z4 model, from 400 different configurations subject to the ensemble constraints of a
temperature of 308 K and two partial pressures—0.1 atm and 10 atm. The left most panels
in both figures show the distribution of ethane molecules, while the central panels show the
distribution of CO2 molecules. For ease of comparison, the distribution of both molecules is
shown to be superimposed in the right panels. Further, the distributions are shown at two
partial pressure settings of 0.1 atm (ethane-dominated adsorption regime; top panels) and
10 atm (CO2-dominated adsorption regime; bottom panels), respectively. The distributions
trace the pore structure of the zeolite, with straight channels visible as straight horizontal
bands, and zig-zag channels visible as vertical bands in the X-Y plane. The tortuosity of the
zag-zag channels is clearly visible in the X-Z plane that shows only these channels, while
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the straight channels, perpendicular to this plane, are visible only as points of intersection.
The distribution of ethane exhibits narrower bands compared to those of CO2, as seen in
the comparison panels on the right. This suggests that while ethane prefers to occupy the
pore centers, CO2 molecules are distributed close to the pore surfaces. Further, in the case
of CO2 distributions, the intersections exhibit a remarkable bulging, which is absent in the
case of ethane. The intersections of the straight and zig-zag pores in silicalite are ellipsoidal
in shape and are wider than the widths of either channel. The bulging is exclusively seen
in the distribution of CO2 as these molecules are adsorbed strongly on the pore surface.
This means that the effective pore volume available for CO2 in silicalite channels is larger
compared to that for ethane, as the former can be adsorbed much closer to the pore surface.
Pham and Lobo [30] cite the smaller molecular volume of CO2 (37.4 cm3/mol) compared
to ethane (55 cm3/mol) as the reason for the better molecular packing of CO2. This efficient
packing leads to higher adsorption amounts of CO2 at higher pressures. Figures 7 and 8
show that in addition to a smaller molecular volume, a larger pore space is available
for CO2 due to adsorption closer to the pore surface, which provides an enhanced effect
for efficient packing. Another interesting feature is observed when the distributions are
compared at different partial pressures. At lower pressures, both molecules exhibit a
sparse but homogenous distribution occupying the entire pore space available. At high
pressures, however, there is a tendency of clustering, which results in disjointed regions
of high occupancies separated by regions that are not occupied by any molecule. This is
probably a result of fluid–fluid interactions dominating the fluid–silicalite interactions at
higher pressures.
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Figure 7. Distributions of the center of mass of ethane (red) and CO2 (black) adsorbed as a mixture in
S4Z4 projected on the X-Y plane in a 4 nm wide square region. The left and central panels show the
individual distributions, while the right panel shows the two distributions superimposed for ease of
comparison. The top three panels (a–c) show the distributions at 0.1 atm partial pressure, while the
bottom panels (d–f) show the distributions at 10 atm partial pressure.
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Figure 8. Distributions of the center of mass of ethane (red) and CO2 (black) adsorbed as a mixture in
S4Z4 projected on the X-Z plane in a 4 nm wide square region. The left and central panels show the
individual distributions, while the right panel shows the two distributions superimposed for ease of
comparison. The top three panels (a–c) show the distributions at 0.1 atm partial pressure, while the
bottom panels (d–f) show the distributions at 10 atm partial pressure.

In this study, we find that in the adsorption mixture, the pressure at which the selec-
tivity is reversed (Pcross) exhibits a clear dependence on the pore connectivity when the
majority of straight channels are available for adsorption. Conversely, the variation is less
pronounced when more tortuous channels are available for adsorption. In other words,
this translates to a systematic variation as a function of tortuosity. Both the selectivity and
the reversal pressure outcome are found to vary systematically as functions of the pore
network tortuosity. The reason for this systematic variation is the preference shown by
CO2 to occupy straight channels over tortuous channels. As we suggested in a previous
publication [6], the reason for this preference is that because CO2 is adsorbed closer to
the pore surface, any deviation from a straight geometry will have a stronger effect on
CO2 compared to ethane. On the other hand, as ethane is adsorbed in the central regions
of the pore away from the surface, it is not influenced by the undulations in the surface
of tortuous pores and remains unaffected by the tortuosity. The tendency for pure CO2
molecules to preferentially adsorb in the straight channels becomes stronger in the mixture.
In the mixture, in the presence of ethane, CO2 can adsorb even more in the straight chan-
nels, while ethane molecules occupy the tortuous channels. This is evident from Figure 6,
which shows a progressive increase in the ratio of the pure vs. mixture adsorption of CO2
in models with larger tortuosity. This is complemented by the corresponding ratio for
ethane reducing in models with higher tortuosity, suggesting that ethane molecules are
preferentially adsorbed by the tortuous channels in the presence of CO2 compared to a
pure state.

While the effects of pore connectivity and tortuosity on the selective adsorption of
CO2 over ethane are elucidated here for an artificially controlled or engineered system of
varied connectivity and tortuosity, we believe that these effects should prevail in more
realistic nanoporous materials found in nature. For example, shale rock can have a wide
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range of pore connectivity that has important implications for the development of shale
oil recovery [33,34]. Also, nanoporous materials may exhibit different degrees of pore
tortuosity [35,36]. The effects elucidated here should be applicable for selective adsorption
from a mixture of CO2 and non-polar species by such naturally occurring nanoporous
materials. This should, in turn, help in the effective separation of CO2, thereby aiding the
efforts towards the capture, utilization and storage of CO2.

5. Conclusions

We studied the effects of pore connectivity and tortuosity on the adsorption of a
binary mixture of CO2 and ethane. For this, the adsorption of an equimolar mixture of
ethane and CO2 is simulated in 12 models of silicalite—SnZm (n, m = 0, 1, 2, 3 or 4; with
n and m denoting, respectively, the fraction (out of 4) of straight and zigzag channels
of silicalite that are available for adsorption)—differing in degrees of pore connectivity
and tortuosity. The simulated pressure range can be divided into two regimes—at lower
pressures (below ~1 atm), the adsorption is ethane-dominated, and at higher pressures
(above ~10 atm), CO2 dominates the adsorption. The adsorption selectivity as well as the
pressure at which the selectivity reverses show a systematic change with respect to pore
connectivity as well as tortuosity. Pore connectivity and tortuosity suppress the selectivity
of CO2 adsorption at higher pressures and shifts the reversal cross-over pressure upwards,
letting ethane dominate the adsorption to higher pressures. The selectivity reversal is a
result of a competition between the effects of molecular polarizability on the adsorption
and efficient packing due to the smaller molecular volume of CO2, as reported in the
literature. Our simulations show that in addition to the smaller molecular volume of CO2,
a larger effective pore volume is available for CO2 because of its closer interaction with
the pore surface, which contributes to the packing efficiency. In the mixture, CO2 tends to
strongly prefer adsorption in straight channels, leaving the tortuous channels available for
adsorption by ethane. The effects of pore connectivity and tortuosity elucidated here in
the artificially modified silicalite should be applicable for a wider range of naturally found
porous materials with a variation in the degree of pore connectivity and tortuosity. How
these effects change with a change in the mixture composition and other environmental
conditions will be investigated in another study planned to be carried out in the future.
An understanding of these effects can help identify nanoporous materials with a better
capability for separating and storing CO2.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/c9040116/s1, Atomic coordinates of all the 12 models of silicalite
and one molecule each of CO2 and ethane in the form of input CONFIG files for DL_Monte. These
files bear the name of the model they represent (SnZm).
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Figure A1. Number of adsorbate molecules adsorbed in the simulation cell of different models as
indicated. Corresonding plots for the three models representative of an ideal silicalite crystal (S4Z4),
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Figure 2, solid symbols here represent data for mixture adsorption while open symbols show the case
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