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This Supporting Information contains: All force field parameters used in this work; the

change of ideal gas free energy ∆Gideal
A↔B of the reactions A ↔ B computed using tabulated

data for the reactions considered in this work; details regarding the calculations of entropy

and enthalpy changes due to adsorption using multiple linear regression; the computed com-

position of the mixture of xylene isomers at chemical equilibrium as a function of pressure

at 523 K; the computed fugacity coefficients of xylene isomers as a function of pressure at

532 K; the computed heats of adsorption of xylene isomers at infinite dilution in the zeolite

types considered in this work; the computed changes of free energy, enthalpy, and entropy

due to the transfer of a xylene molecule between the bulk phase at chemical equilibrium and

the zeolite types considered in this work; the computed densities of the mixtures of xylene

isomers as a function of pressure at 523 K.
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Table S1: Force field parameters of the guest-guest interactions. Lennard-Jones
parameters are listed. The reader is referred to the original publication of the
force field for details.S1

Molecule Pseudo-atom ε/kB / [K] σ / [Å] q / [e]
Xylenes C 21.0 3.880 0

CH 50.5 3.695 0
CH3 98.0 3.750 0

Figure S1: Schematic representation of m-xylene for the TraPPE-UAS1 force field. Pseudo-
atom labels use the notation of Table S1.

Table S2: Force field parameters of the host-guest interactions. Lennard-Jones
parameters are listed. Partial charges for Si and O atoms are included in the orig-
inal force field. Electrostatic interactions are not considered in this work. The
interactions between different host-guest atom types are obtained using Lorentz-
Berthelot mixing rules.S2 The reader is referred to the original publication of
the force field for details.S3

Pseudo-atom ε/kB / [K] σ / [Å] q / [e]
Si 22.0 2.3 +1.50
O 53.0 3.3 -0.75
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Table S3: Helium void fraction and gravimetric surface area computed using
iRASPA,S4 unit cell parameters, and amount of unit cells considered for the
simulations of each zeolite framework used in this work. *Maximum diameter
of a sphere that can be included in the zeolite framework.S5

Zeolite Helium void Surface Unit Unit cell dimensions / [Å] Unit cell angles / [◦] Max. diam.
type faction / [-] area / [m2/g] cells a b c α β γ sphere* / [Å]
FAU 0.494 1212.8 2 x 2 x 2 24.345 24.345 24.345 90 90 90 11.24
MWW 0.395 965.1 3 x 3 x 2 14.390 14.390 25.198 90 90 120 9.69
AFI 0.291 602.4 3 x 3 x 4 13.8271 13.8271 8.58035 90 90 120 8.3
MEL 0.309 736.1 2 x 2 x 3 20.270 20.270 13.459 90 90 90 7.72
MOR 0.309 1002.9 2 x 2 x 4 18.256 20.534 7.542 90 90 90 6.7
BEA 0.415 1063.5 3 x 3 x 2 12.632 12.632 26.186 90 90 90 6.68
MRE 0.172 354.2 4 x 2 x 2 8.257 14.562 20.314 90 90 90 6.36
MFI 0.265 657.5 2 x 2 x 3 20.090 19.738 13.142 90 90 90 6.36
MTW 0.238 537.4 2 x 6 x 3 25.552 5.256 12.117 90 109.312 90 6.08
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The change of ideal gas free energy ∆Gideal
A↔B of a reaction A ↔ B is computed with

tabulated enthalpies and entropies of formation using:S6

∆Gideal
A↔B = ∆Ho

f,B −∆Ho
f,A +

∫ T

298K

∆Cp,A↔BdT

−T
(
So
f,B − So

f,A +

∫ T

298K

∆Cp,A↔B

T
dT

) (S-1)

where ∆Ho
f,A,∆H

o
f,B and So

f,A, S
o
f,B are the enthalpy and entropy of formation of components

A and B at 298 K and 1 atm. ∆Cp,A↔B is the difference between the constant pressure

heat capacities of component A and B at temperature T . The enthalpies and entropies of

formation, and the constant pressure heat capacities of xylene isomers are obtained from

Refs.S7–S10 The Brick softwareS11 uses the ideal gas partition function of each component as

input. The reader is referred to the Supporting Information of Ref.S11 for detailed steps for

converting ∆Gideal
A↔B to ideal gas partition functions. The values of ∆Gideal

A↔B used in this work

are listed in Table S4.

Table S4: Change of ideal gas free energy ∆Gideal
A↔B of a reaction A↔ B at 523 K

computed using tabulated dataS7–S10 for the reactions considered in this work.

Reaction A ↔ B ∆Gideal
A↔B / [kJ/mol]

m-xylene ↔ o-xylene 4.06
m-xylene ↔ p-xylene 3.62
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Multiple linear regressionS12,S13 is used to compute changes of enthalpy and entropy due

to the transfer of one xylene molecule from the bulk phase (mixture of xylenes at chemical

equilibrium) to the zeolite framework. The change of free energy ∆Gtr,i due to the transfer of

one xylene molecule i from the bulk phase to the zeolite is related to the change of enthalpy

∆Htr,i and entropy ∆Str,i by:

∆Gtr,i = ∆Htr,i − T∆Str,i (S-2)

The change of free energy due to the transfer of one xylene molecule between the bulk

phase and the zeolite is obtained using:S14,S15

∆Gtr,i = RT ln
ρbulk,i
ρads,i

(S-3)

where ρbulk,i and ρads,i are the number densities of molecule i in bulk phase and zeolite,

respectively. The change of enthalpy ∆Htr,i due to the transfer of one xylene molecule i

from the bulk phase to the zeolite is obtained from:

∆Htr,i = Hads,i −Hbulk,i −RT (S-4)

where Hads,i is the enthalpy of adsorption of component i from the mixture of xylenes at

chemical equilibrium in the zeolite framework, and Hbulk,i is the enthalpy of adsorption of

component i in the bulk phase mixture of xylenes at chemical equilibrium. Both Hads,i

and Hbulk,i are computed by Monte Carlo simulations in the grand-canonical ensemble using

multiple linear regression.S12,S13
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The Brick-CFCMC softwareS11 was used to compute fugacity coefficients φi for com-

ponent i from the excess chemical potential µexcess,i obtained with the CFCMC method

using:S16

φi =
N

βV
exp (βµexcess,i) (S-5)

where N is the total number of whole molecules, and V is the volume of the simulation box.

For the input for grand-canonical Monte Carlo simulations using the RASPA software,S4,S17,S18

the fugacity coefficients are transformed to chemical potentials µi using:S18

βµi = βµ0
IG,i + ln (βφiP ) (S-6)

where P is the pressure, and µ0
IG,i is the the chemical potential of the reference state.
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The selectivities SA/B for the adsorption of component A over B from the bulk phase at

chemical equilibrium in the zeolite types considered in this work are calculated using:S19

SA/B =

(
qA
qB

)(
xB
xA

)
(S-7)

where qi is the computed loading of component i in the zeolite framework; and xi is the mole

fraction of component i in the bulk phase mixture of xylenes at chemical equilibrium.
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Table S5: Composition of the mixture of xylene isomers at chemical equilibrium,
fugacity coefficients of xylenes, and density of the mixture as a function of pres-
sure at 523 K as computed by Monte Carlo simulations in the NPT -ensemble,
combined with the reaction ensemble. The numbers between round brackets
denote the uncertainties in the last digit.

Pressure / Mole fraction / [-] Fugacity coefficient / [-] Density / State
[bar] m-xylene o-xylene p-xylene m-xylene o-xylene p-xylene [kg/m3] of matter
0.03 0.547(2) 0.214(2) 0.239(2) 0.987(16) 0.994(24) 0.984(25) 0.073(1) vapor
0.053 0.547(3) 0.215(2) 0.238(2) 0.986(18) 0.984(26) 0.992(10) 0.129(1) vapor
0.094 0.547(2) 0.216(2) 0.237(3) 0.988(18) 0.985(15) 0.992(14) 0.230(1) vapor
0.168 0.547(3) 0.215(2) 0.238(5) 0.979(28) 0.986(13) 0.972(17) 0.410(1) vapor
0.3 0.547(2) 0.216(3) 0.237(2) 0.982(28) 0.989(13) 0.985(14) 0.730(1) vapor
0.533 0.547(2) 0.216(3) 0.237(3) 0.981(29) 0.979(20) 0.978(20) 1.303(1) vapor
0.94 0.546(1) 0.215(1) 0.239(2) 0.980(24) 0.976(14) 0.973(44) 2.333(1) vapor
1.68 0.546(4) 0.215(2) 0.239(5) 0.971(27) 0.967(11) 0.961(18) 4.197(2) vapor
3 0.547(3) 0.215(2) 0.238(3) 0.942(20) 0.946(18) 0.943(21) 7.625(4) vapor

5.33 0.547(4) 0.214(4) 0.239(2) 0.913(18) 0.911(19) 0.903(11) 14.12(1) vapor
16.87 0.536(10) 0.229(17) 0.235(11) 0.587(52) 0.544(33) 0.589(50) 623(2) liquid
30 0.533(10) 0.225(10) 0.242(11) 0.348(18) 0.319(11) 0.338(16) 629(2) liquid
53.3 0.539(9) 0.226(8) 0.235(11) 0.215(13) 0.203(12) 0.213(7) 640(3) liquid
94.8 0.536(18) 0.231(14) 0.233(8) 0.140(12) 0.129(6) 0.139(8) 655(2) liquid
168.7 0.530(19) 0.229(22) 0.241(16) 0.107(10) 0.098(7) 0.103(6) 677(2) liquid
300 0.536(16) 0.229(22) 0.235(15) 0.090(6) 0.083(7) 0.090(3) 703(2) liquid
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Table S6: Heat of adsorption at infinite dilution of xylene isomers at 523 K
in the zeolite framework types considered in this work as computed by Monte
Carlo simulations via Widom’s test-particle insertion method.S20 The numbers
between round brackets denote the uncertainties in the last digit.

Zeolite m-xylene o-xylene p-xylene
type / [kJ/mol] / [kJ/mol] / [kJ/mol]
FAU 40.865(3) 40.835(5) 40.540(6)
MWW 53.25(2) 60.4(3) 65.0(4)
AFI 56.236(9) 47.608(8) 57.205(5)
MEL 67.47(5) 62.99(6) 65.69(7)
MOR 62.285(1) 62.59(3) 62.951(9)
BEA 59.247(8) 58.63(1) 61.27(1)
MRE 50.0(8) 34.5(2) 71.97(4)
MFI 69.7(2) 56.5(5) 62.8(2)
MTW 65.82(4) 67.5(1) 68.43(4)
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Figure S2: Heat of adsorption of xylene isomers at 523 K and 30 bar in the zeolite frame-
work types considered in this work, adsorbed from the mixture at chemical equilibrium as
computed by Monte Carlo simulations.
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Figure S3: (a) Selectivities for the adsorption of xylenes from the bulk phase at chemical
equilibrium at 523 K in FAU-type zeolite in the ternary mixture (computed using Eq. S-7);
computed (b) changes in free energy ∆Gtr,i, (c) changes in enthalpy ∆Htr,i, and (d) changes
in entropy T∆Str,i, due to transferring one xylene molecule of type i from the bulk phase at
chemical equilibrium to FAU-type zeolite at 523 K.
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Figure S4: (a) Selectivities for the adsorption of xylenes from the bulk phase at chemical
equilibrium at 523 K in MWW-type zeolite in the ternary mixture (computed using Eq. S-7);
computed (b) changes in free energy ∆Gtr,i, (c) changes in enthalpy ∆Htr,i, and (d) changes
in entropy T∆Str,i, due to transferring one xylene molecule of type i from the bulk phase at
chemical equilibrium to MWW-type zeolite at 523 K. Typical snapshots of the simulation of
adsorption of pure o-xylene in MWW-type zeolite at 523 K and (e) 0.94 bar and (f) 300 bar.
At 0.94 bar, o-xylene is only located in the 12-ring cages. At 300 bar, o-xylene is located
both in the 12-ring cages and the 10-ring channels.
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Figure S5: (a) Selectivities for the adsorption of xylenes from the bulk phase at chemical
equilibrium at 523 K in AFI-type zeolite in the ternary mixture (computed using Eq. S-7);
computed (b) changes in free energy ∆Gtr,i, (c) changes in enthalpy ∆Htr,i, and (d) changes
in entropy T∆Str,i, due to transferring one xylene molecule of type i from the bulk phase at
chemical equilibrium to AFI-type zeolite at 523 K.
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Figure S6: (a) Selectivities for the adsorption of xylenes from the bulk phase at chemical
equilibrium at 523 K in MEL-type zeolite in the ternary mixture (computed using Eq. S-7);
computed (b) changes in free energy ∆Gtr,i, (c) changes in enthalpy ∆Htr,i, and (d) changes
in entropy T∆Str,i, due to transferring one xylene molecule of type i from the bulk phase at
chemical equilibrium to MEL-type zeolite at 523 K.
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Figure S7: (a) Selectivities for the adsorption of xylenes from the bulk phase at chemical
equilibrium at 523 K in MOR-type zeolite in the ternary mixture (computed using Eq. S-7);
computed (b) changes in free energy ∆Gtr,i, (c) changes in enthalpy ∆Htr,i, and (d) changes
in entropy T∆Str,i, due to transferring one xylene molecule of type i from the bulk phase at
chemical equilibrium to MOR-type zeolite at 523 K. (e) Typical snapshots of the simulation
of adsorption of the mixture of xylene isomers in MOR-type zeolite at 300 bar and 523 K.
m-Xylene is shown in blue, p-xylene in grey, and o-xylene in orange.
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Figure S8: (a) Selectivities for the adsorption of xylenes from the bulk phase at chemical
equilibrium at 523 K in BEA-type zeolite in the ternary mixture (computed using Eq. S-7);
computed (b) changes in free energy ∆Gtr,i, (c) changes in enthalpy ∆Htr,i, and (d) changes
in entropy T∆Str,i, due to transferring one xylene molecule of type i from the bulk phase at
chemical equilibrium to BEA-type zeolite at 523 K.
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Figure S9: (a) Selectivities for the adsorption of xylenes from the bulk phase at chemical
equilibrium at 523 K in MRE-type zeolite in the ternary mixture (computed using Eq. S-7);
computed (b) changes in free energy ∆Gtr,i, (c) changes in enthalpy ∆Htr,i, and (d) changes
of entropy T∆Str,i, due to transferring one xylene molecule of type i from the bulk phase
at chemical equilibrium to MRE-type zeolite at 523 K. Changes in enthalpy for m-xylene
and o-xylene are not shown due to poor sampling of enthalpy of adsorption in the zeolite,
as these molecules are not adsorbed by MRE-type zeolite.
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Figure S10: (a) Selectivities for the adsorption of xylenes from the bulk phase at chemical
equilibrium at 523 K in MFI-type zeolite in the ternary mixture (computed using Eq. S-7);
computed (b) changes in free energy ∆Gtr,i, (c) changes in enthalpy ∆Htr,i, and (d) changes
in entropy T∆Str,i, due to transferring one xylene molecule of type i from the bulk phase at
chemical equilibrium to MFI-type zeolite at 523 K.
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Figure S11: (a) Selectivities for the adsorption of xylenes from the mixture at chemical
equilibrium at 523 K in MTW-type zeolite in the ternary mixture (computed using Eq. S-7);
computed (b) changes in free energy ∆Gtr,i, (c) changes in enthalpy ∆Htr,i, and (d) changes
in entropy T∆Str,i, due to transferring one xylene molecule of type i from the bulk phase at
chemical equilibrium to MTW-type zeolite at 523 K.
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