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ABSTRACT
We study important aspects of shape selectivity effects of zeolites for hydroisomerization of linear alkanes, which produces a myriad of iso-
mers, particularly for long chain hydrocarbons. To investigate the conditions for achieving an optimal yield of branched hydrocarbons,
it is important to understand the role of chemical equilibrium in these reversible reactions. We conduct an extensive analysis of shape
selectivity effects of different zeolites for the hydroisomerization of C7 and C8 isomers at chemical reaction equilibrium conditions. The
reaction ensemble Monte Carlo method, coupled with grand-canonical Monte Carlo simulations, is commonly used for computing reac-
tion equilibrium of heterogeneous reactions. The computational demands become prohibitive for a large number of reactions. We used
a faster alternative in which reaction equilibrium is obtained by imposing chemical equilibrium in the gas phase and phase equilibrium
between the gas phase components and the adsorbed phase counterparts. This effectively mimics the chemical equilibrium distribution in
the adsorbed phase. Using Henry’s law at infinite dilution and mixture adsorption isotherm models at elevated pressures, we calculate the
adsorbed loadings in the zeolites. This study shows that zeolites with cage or channel-like structures exhibit significant differences in selectiv-
ity for alkane isomers. We also observe a minimal impact of pressure on the gas-phase equilibrium of these reactions at typical experimental
reaction temperatures (400 − 700 K). This study marks initial strides in understanding the reaction product distribution for long-chain
alkanes.
© 2024 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivs 4.0 International (CC BY-NC-ND) license (https://creativecommons.org/licenses/by-nc-nd/4.0/). https://doi.org/10.1063/5.0209210

I. INTRODUCTION

In transitioning toward fuels and chemicals from renewable
sources, platforms that provide clean hydrocarbon liquid energy car-
riers derived from carbon dioxide directly or via bio-components
can play an important role.1–3 For sustainable aviation fuel and
low carbon gas-oil or lubricants, isoalkanes with high degree of
branching are the preferred constituents.4 Hence, zeolite catalyzed
shape selective hydroisomerization,5 often called catalytic dewaxing,
will be a key step in the production of such sustainable fuels and

lubricants, similar to its current application in refineries and
gas-to-liquid technology.6,7

The process of transforming normal alkanes into branched
isomers in the presence of H2 is known as hydroisomerization
of alkanes.8 In hydroisomerization reactions, linear alkanes are
adsorbed and dehydrogenated at the metal sites of the zeolites.9 This
leads to the formation of alkenes, which migrate to the acid sites
of the zeolites. These alkenes form alkylcarbenium ions via proto-
nation, which are transferred to the metal sites where alkanes are
produced through hydrogenation reactions.9 Hydroisomerization
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reactions are generally performed in a special category of
nanoporous materials called zeolites.10 Zeolites are important for
selective production and separation of branched hydrocarbons,11 the
ability to sort molecules primarily based on size exclusion.12 This
is due to a regular pore structure of molecular dimensions. The
maximum size of the molecular species that can enter the zeolite
pores is controlled by the channel dimensions.12 It is very impor-
tant to understand the role of the shapes and sizes of channels
present in different zeolites for determining the selectivity of the
hydroisomerization process.13 This is because hydroisomerization
reactions produce a large number of isomers and cracked prod-
ucts. The number of isomers formed increases rapidly with the
increase in the carbon chain length.14 Therefore, a detailed analy-
sis of the reaction product distribution in experiments is not always
possible.

Hydroisomerization reactions are reversible in nature. To iden-
tify the conditions that can potentially yield optimal reaction prod-
ucts, it is important to comprehend the role of chemical equilibrium
in these reactions. Estrada-Villagrana et al.15 modeled the hydroiso-
merization of a mixture of alkanes (C6, C7, C8, and C9) in Pt/USY
(Ultra stable Y)-type zeolites at reaction equilibrium. These authors
studied the following cases: (1) hydroisomerization with no restric-
tion to cracking reactions, (2) limiting the cracking of 33mC5 and
223mC5 isomers, and (3) a system without any cracking reaction.
The reaction product distribution closest to experimental results16

was obtained by limiting the cracking of 33mC5 and 223mC5 iso-
mers.15 The selectivities obtained for the case without any crack-
ing reaction (Case 3) differed significantly from the experimental
results, which involved only reaction products due to isomeriza-
tion. In the experiments,16 the cracking of longer chain isomers (e.g.,
C9) was observed.15 However, Estrada-Villagrana et al.15 empha-
sized the importance of analyzing such systems (case 3) at reaction

equilibrium to enhance selectivity toward isomerization over crack-
ing reactions. In addition, comparing reaction equilibrium distri-
bution with data from experiments or kinetic models helps us to
distinguish between thermodynamic and kinetic contributions to
the reaction product distribution. Steijns et al.17 performed experi-
ments of hydroisomerization of C10 molecules on Pt/Y-type zeolites
and compared the results to reaction equilibrium data18 obtained
from the literature. These authors have observed that following the
hydroconversion process, the fraction of n-C10 in the mixture is
larger than the corresponding fraction at equilibrium. The concen-
trations of the di-branched and multi-branched isomers are always
lower than the thermodynamic equilibrium data.17 Steijns et al.17

have concluded that for a mixture of isomers with the same degree
of branching, thermodynamic equilibrium is reached at medium
conversion ∼(40% − 70%). For a mixture of isomers with varying
degrees of branching, equilibrium is never reached. This aligns with
the widely accepted carbenium ion mechanism.17 In this work, reac-
tion equilibrium distribution of hydroisomeization of C7 and C8
isomers is studied, which will serve as the first step toward under-
standing the reaction product distribution of hydroisomerization,
which is influenced by adsorption of reactants, reaction kinetics,
diffusion of molecules inside zeolites, and desorption of reaction
products.5,12 The aim of this study is to understand the shape selec-
tivity effects of FAU-, ITQ-29-, BEA-, MEL-, MFI-, MTW-, and
MRE-type zeolites (Fig. 1) on hydroisomerization of C7 and C8
isomers at reaction equilibrium. This study does not account for
reaction kinetics and diffusion of isomers inside zeolites. Cracking
reactions, being irreversible19 in nature, are also excluded from this
analysis. For modeling of cracking reactions, the reader is referred to
Ref. 20. Future investigations will aim at understanding the reaction
product distributions for the isomerization of long-chain alkanes
and to which extent chemical equilibrium is applicable.

FIG. 1. Typical representations of pore structures of (a) FAU-, (b) ITQ-29-, (c) BEA- (d) MEL-, (e) MFI-, (f) MTW-, and (g) MRE-type zeolites. The FAU-type zeolite has
cage-like pore structures. The ITQ-29-type zeolite also has cage-like pore structures connected by narrow channels. The three-dimensional network of straight channel-like
pores in both vertical and horizontal directions is present in BEA- and MEL-type zeolites. The MFI-type zeolite has sinusoidal shaped channels in the horizontal direction and
straight channels in the vertical direction. MTW- and MRE-type zeolites contain one-dimensional channel-like pores in vertical and horizontal directions, respectively. In these
representations, the horizontal direction is represented by the x axis and vertical direction is represented by the y axis. The iRASPA software21 was used to generate these
images.
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Achieving chemical reaction equilibrium in experiments is a
challenging task as hydroisomerization reactions are always accom-
panied by irreversible cracking reactions. An alternative pathway to
study reaction equilibria is by performing Reaction Ensemble Monte
Carlo (RxMC) simulations22–24 using a classical force field-based
description of hydrocarbon–zeolite and hydrocarbon–hydrocarbon
interactions. Grand-Canonical Monte Carlo (GCMC) simulations
coupled with reaction ensemble can be used to compute the chem-
ical equilibrium distribution.25,26 Another way to compute the
adsorbed phase reaction equilibrium distribution is by using the
RxMC method in the constant pressure Gibbs ensemble (GE-
NPT).25,27 The reaction ensemble trial moves involve the removal
of randomly selected reactant molecules and insertion of reaction
product molecules simultaneously.24,28 The efficiency of this algo-
rithm is low for systems with high molecule densities and a large
number of independent reactions.24,28 Therefore, these methods
can become computationally very time consuming for studying
the hydroisomerization of alkanes, which consists of a large num-
ber of possible reactions, especially for long-chain hydrocarbons.
There is a faster alternative to compute reaction equilibrium dis-
tributions when chemical reactions and phase equilibrium occur
simultaneously.15,29 This method has several requirements: (1) Each
species should achieve phase equilibrium between all phases. (2) The
reactions must be in chemical equilibrium in each phase. For a sys-
tem at constant temperature and pressure, the Gibbs free energy
of the system is minimum29 at equilibrium. The chemical reaction
equilibrium distribution can be obtained by minimizing the molar
Gibbs free energy of the system with respect to variations that are
consistent with the stoichiometry of the chemical reactions.29 For
mono-molecular reactions, this can be achieved by simply equating
the Gibbs free energies or the chemical potentials of the components
present in the reaction equilibrium mixture. A detailed explanation
of this method is provided in Sec. II of this study. Here, we impose
chemical equilibrium in the gas phase for the hydroisomerization of
alkanes and phase equilibrium of the isomers between the gas and
the adsorbed phase. This automatically mimics the reaction equi-
librium conditions in the adsorbed phase. Therefore, the adsorbed
phase distribution is the reaction equilibrium distribution in this
case. At reaction equilibrium, the chemical equilibrium of alkenes
as intermediates may play an important role. In this study, we con-
sider only the reaction equilibrium of the alkane isomers involved
in the reactions. This is due to the lack of availability of thermody-
namic data for the corresponding alkene intermediates. We consider
equilibrium between dehydrogenation of alkanes into alkenes, pro-
tonation of alkenes to form alkylcarbenium ions, and formation of
corresponding alkane isomers via hydrogenation. The reaction equi-
librium distribution at both infinite dilution and high pressures is
investigated. The gas phase equilibrium distribution at infinite dilu-
tion is computed using the ideal gas chemical potential,30–32 and the
corresponding distribution in the adsorbed phase is calculated using
Henry’s law.

This article is organized as follows. The important concepts and
the theory behind the method to compute reaction equilibrium dis-
tributions are discussed in Sec. II. The simulation techniques used
in this study are explained in detail in Sec. III. In Sec. IV, the shape
selectivity effects of different zeolites on the Henry coefficients and
the reaction equilibrium distribution of C7 isomers at both infinite
dilution and finite loading conditions are analyzed. It is observed

that multi-branched isomers are favored in cage-like structures
(ITQ-29-type zeolite) and mono-branched isomers are favored in
the channel-like structures. At high pressures, the gas phase compo-
sition is computed by considering deviations from ideal gas behav-
ior. The adsorbed phase distribution at finite loadings is obtained
using Ideal Adsorbed Solution Theory (IAST).33,34 It is observed that
the gas phase equilibrium distribution is not significantly influenced
by the gas phase pressure, especially at temperatures equal to or
above 500 K. Therefore, variations in the selectivity in the adsorbed
phase are influenced by the pure component adsorption isotherm
parameters, which are used as input for mixture isotherm calcula-
tions. In Sec. V, we discuss conclusions on how the shape selectivity
of various zeolites influences the hydroisomerization reaction. This
article also contains a supplementary material (SI1.pdf and SI2.xlsx).
The force field parameters required for the calculations of the Henry
coefficients are listed in the supplementary material, SI1.pdf. Results
and raw data (Henry coefficients and adsorbed phase selectivities)
pertaining to C8 isomers are also included in the file SI1.pdf. The
chemical thermodynamic data for C7 and C8 isomers obtained from
the thermodynamic tables by Scott35 are listed in the supplementary
material, SI2.xlsx. The file SI2.xlsx also contains data for the gas
phase distribution of C7 and C8 isomers at reaction equilibrium.
Additionally, the Henry coefficients, gas phase selectivity, adsorbed
phase selectivity data at infinite dilution, the pure component fugac-
ity coefficients, and the gas phase distribution at finite loadings for
these isomers are included in SI2.xlsx. The nomenclature for all of
these isomers is listed in the worksheet Intro of SI2.xlsx.

II. THEORY
In the context of chemical reaction equilibria, chemical equilib-

rium is defined by the summation of the product of stoichiometric
coefficients and the chemical potentials of each component equating
to zero,36

Nr

∑
r=1

νrμr +

Np

∑
p=1

νpμp = 0. (1)

Here, ν is the stoichiometric coefficient of each component par-
ticipating in the reaction and μ is the chemical potential for each of
these components. The subscript r indicates reactants and p denotes
reaction products. For mono-molecular reactions, this equation can
be simplified as the chemical potentials of the reactant and reaction
product become equal,

μr = μp. (2)

This leads to a computationally faster method in calculat-
ing reaction equilibrium distribution compared to RxMC simu-
lations. This study primarily concentrates on hydroisomerization
reactions, which are mono-molecular in nature. The modeling
framework explained here remains valid for other heterogeneous
mono-molecular reactions. Consider a system of such reactions
involving hydrocarbon chains (A1, A2, . . . , AN),

A1 ÐÐ⇀↽ÐÐA2, A2 ÐÐ⇀↽ÐÐA3, ⋅ ⋅ ⋅ , AN−1 ÐÐ⇀↽ÐÐAN.

According to Eq. (2), we have

μads,A1 = μads,A2 = μads,A3 = ⋅ ⋅ ⋅ = μads,AN . (3)
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This scenario is analogous to a fluid mixture undergoing
adsorption, where the gas phase composition reaches chemical
equilibrium. By enforcing gas phase equilibrium for a mixture
comprising of components (A1, A2, . . . , AN), we obtain

μgas,A1 = μgas,A2 = μgas,A3 = ⋅ ⋅ ⋅ = μgas,AN . (4)

At adsorption equilibrium, the chemical potential of the com-
ponents in the gas phase and the adsorbed phase is equal, so we
have

μads,A1 = μgas,A1 , μads,A2 = μgas,A2 , μads,A3 = μgas,A3 , ⋅ ⋅ ⋅ ,
μads,AN = μgas,AN .

(5)

Combining Eq. (4) with Eq. (5) yields Eq. (3). This is shown
schematically in Fig. 2, which shows that the reaction equilibrium
distribution in the adsorbed phase can be ascertained by consid-
ering a gas-phase composition at chemical equilibrium at specific
temperature and pressure, coupled to the corresponding mixture
adsorption isotherms of the individual components involved in
the reactions.25,26 In the scenario of infinite dilution, the mixture
adsorption isotherms can be replaced with Henry’s law.

To determine the gas mixture at chemical equilibrium, the
chemical potentials for each of these components present in the mix-
ture is required. At low gas phase pressure, the chemical potentials
of the components in the gas phase mixture can be approximated as
the ideal chemical potential (μid,i),30,37

μid,i = RT ln(
ρ0

q0,i
) + RT ln(

ρi

ρ0
). (6)

In Eq. (6), ρ0 denotes the reference density, which is chosen to
be 1 molecule/Å3. q0,i is the isolated molecule partition function,30–32

and ρi is the number density of the component i. R is the universal
gas constant, and T is the absolute temperature. The quantity q0,i
can be computed using quantum chemical software, such as Gaus-
sian.38 The term RT ln (ρ0/q0,i) in Eq. (6) is the reference chemical

potential, μref,i. This quantity can be calculated using thermody-
namic tables, such as Scott’s tables35 and the JANAF tables.39 μref,i
calculated using Scott’s tables equals

μref,i = [G0,i(T) −H0,i(Tref)] −D0,i. (7)

In Scott’s tables, the reference temperature Tref is 0 K. In Eq. (7),
G0,i(T) denotes the standard Gibbs free energy of component i at a
specified temperature T. H0,i(0 K) represents the standard enthalpy
of formation of component (i) at 0 K. D0,i is the atomization energy
computed using Scott’s table as follows:

D0,i =

Natoms,i

∑
j=1

ajΔfH0,j(0 K) − ΔfH0,i(0 K). (8)

In Eq. (8), aj is the number of atoms of type j present in
molecule type i. ΔfH0,i is the enthalpy of formation of i. For
mono-molecular reactions, equating the ideal gas chemical poten-
tials [Eq. (6)] of the components leads to the ratios of the densities
of the reactant and the reaction product in each reaction as follows:

ρ1

ρ2
=

q0,1

q0,2
. (9)

The subscripts 1 and 2 in Eq. (9) represent the reactant and
reaction product in the reaction. For a system of N number of
reacting components, Eq. (9) can be extended as follows:

ρ2

ρ1
=

q0,2

q0,1
,

ρ3

ρ1
=

q0,3

q0,1
, ⋅ ⋅ ⋅ ,

ρN

ρ1
=

q0,N

q0,1
. (10)

The mole fractions in the gas phase yi are calculated using the
ratios of the gas phase densities,

yi =
ρi

∑
N
n=1 ρn

. (11)

It is important to note that the error propagation of the gas
phase distribution due to uncertainties in the ideal gas chemical

FIG. 2. Schematic representation of the modeling framework to compute reaction equilibrium loading in the adsorbed phase. Chemical reaction equilibrium is imposed for the
system consisting of A1, A2, . . ., and AN type molecules in the gas phase and phase equilibrium between the gas and the adsorbed phase counter-parts. This establishes
chemical equilibrium between the molecules in the adsorbed phase.

J. Chem. Phys. 160, 214708 (2024); doi: 10.1063/5.0209210 160, 214708-4

© Author(s) 2024

 17 June 2024 14:24:29

https://pubs.aip.org/aip/jcp


The Journal
of Chemical Physics ARTICLE pubs.aip.org/aip/jcp

potentials of C7 and C8 isomers is usually negligible. At infinite
dilution, the quantity of molecules at reaction equilibrium in the
adsorbed phase is determined using Henry’s law,

qload,i = KH,iPtotyi. (12)

Here, qload,i is the amount of adsorbed loading of component i, KH,i
is the Henry coefficient of component i, and Ptot is the total gas phase
pressure of the reacting mixture. The mole fractions in the adsorbed
phase xi are computed using

xi =
qload,i

∑
N
n=1 qload,n

=
KH,iyi

∑
N
n=1 KH,nyn

=
KH,iρi

∑
N
n=1 KH,nρn

. (13)

At higher pressures, the chemical potential of a real gas is con-
sidered, which is the sum of the ideal gas chemical potential and an
excess chemical potential μex,

μi = RT ln(
ρ0

q0,i
) + RT ln(

ρi

ρ0
) + μex

= RT ln(
ρ0

q0,i
) + RT ln(

βyiPtot

ρ0
) + RT ln (ϕi). (14)

In Eq. (14), Ptot is the total pressure of the mixture. ϕi is the
fugacity coefficient of component i in the gas phase. If the total pres-
sure is not too high (typically <10 bars), the fugacity coefficients of
the components in a mixture can be estimated using the Lewis and
Randall rule,40

fi = ϕpure,iyiPtot. (15)

According to the Lewis and Randall rule, the fugacity fi of a
component i in a mixture is equal to the product of the total pressure
Ptot, mole fraction yi in the gas phase, and the corresponding pure
component fugacity coefficient ϕpure,i at the same temperature and
total pressure. Replacing ϕi in Eq. (14) using Eq. (15) leads to

μi = RT ln(
ρ0

q0,i
) + RT ln(

βyiPtotϕpure,i

ρ0
). (16)

The ratio of the mole fractions of the reactant and the reaction
product in a mono-molecular reaction is computed by combining
Eqs. (2) and (16),

y2

y1
=

q0,2

q0,1

ϕpure,1

ϕpure,2
. (17)

The ratio of the densities of the reaction product and the
reactant is equal to the ratio of the corresponding mole fractions,

ρ2

ρ1
=

q0,2

q0,1

ϕpure,1

ϕpure,2
. (18)

For a system of N number of reacting components, Eq. (18) can
be extended as follows:

ρ2

ρ1
=

q0,2

q0,1

ϕpure,1

ϕpure,2
,

ρ3

ρ1
=

q0,3

q0,1

ϕpure,1

ϕpure,3
, ⋅ ⋅ ⋅ ,

ρN

ρ1
=

q0,N

q0,1

ϕpure,1

ϕpure,N
.

(19)

The ratio of the densities [Eq. (18)] at higher pressure is
expressed as the product of the ratio of the densities at infinite
dilution [Eq. (9)] and the inverse of the ratio of the fugacity coeffi-
cients of the pure components. At higher pressures, the equilibrium
loadings are calculated using the Ideal Adsorbed Solution Theory
(IAST).33,34 The mole fractions in the adsorbed phase, denoted by xi
are calculated using

xi =
qload,i

∑
N
n=1 qload,i

. (20)

The selectivity of a component in the gas phase is quantified
as41

sgas
i =

yi

(∑
N
n=1 yn) − yi

. (21)

To provide insights into the reaction equilibrium distribution
in the adsorbed phase, the reaction selectivity is defined as follows:41

sads
i =

xi

(∑
N
n=1 xn) − xi

. (22)

The selectivity of a component in both the gas phase [Eq. (21)]
and adsorbed phase [Eq. (22)] is defined as the ratio of the mole frac-
tion of the component to the sum of the mole fractions of all other
components present in the same phase,

sgas
rel,i =

sgas
i

sgas
ref
=

yi
(∑N

n=1 yn)−yi
yref

(∑N
n=1 yn)−yref

, (23)

sads
rel,i =

sads
i

sads
ref
=

xi
(∑N

n=1 xn)−xi
xref

(∑N
n=1 xn)−xref

. (24)

To compare selectivity of a component relative to another, the
term relative selectivity is defined as the ratio of the absolute selec-
tivity of that component to a reference component as shown in
Eqs. (23) and (24) for the gas (sgas

rel,i) and the adsorbed phase (sads
rel,i),

respectively. In this study, n-C7 and n-C8 molecules are chosen as
reference components for computing relative selectivities.

III. SIMULATION DETAILS
To determine the ratios of the densities of the isomers at chem-

ical equilibrium, the reference chemical potential μref,i [Eq. (7)] is
a crucial parameter. To compute this, thermodynamic tables by
Scott35 are used. The detailed raw datasets essential for these cal-
culations, which are obtained from these tables, are available in the
supplementary material, SI2.xlsx, for both C7 and C8 isomers.

At infinite dilution, the adsorbed loadings are calculated using
Henry’s law [Eq. (12)]. The equilibrium loading of each iso-
mer is proportional to the corresponding Henry coefficient KH.
Henry coefficients are computed using the Widom test parti-
cle insertion method42 combined with the Configurational-Bias
Monte Carlo (CBMC) method.43–45 Alkanes are modeled using the
united-atom model.46 This model is found to be accurate while
being computationally cost-efficient47 because the united-atoms
(C, CH, CH2, and CH3) are charge-neutral and the Coulomb
interactions can be omitted.48 The TraPPE united-atom force field47
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TABLE I. Total number of unit cells for different zeolites used in the simulations to compute the Henry coefficients of C7 and
C8 isomers, along with the dimensions and void fractions of these zeolites.55

Unit cell dimension (Å)

Zeolite Number of unit cells a b c Void fraction

FAU-type 8 (2 × 2 × 2) 24.35 24.35 24.35 0.49
ITQ-29-type 27 (3 × 3 × 3) 11.92 11.92 11.92 0.403
BEA-type 4 (2 × 2 × 1) 12.66 12.66 26.41 0.41
MEL-type 8 (2 × 2 × 2) 20.27 20.27 13.46 0.28
MFI-type 8 (2 × 2 × 2) 20.09 19.74 13.14 0.29
MTW-type 36 (2 × 9 × 2) 25.55 5.26 12.12 0.21
MRE-type 20 (5 × 2 × 2) 8.26 14.56 20.31 0.16

is used for the intramolecular bonded interactions, which include
bond-stretching, bond-bending, and torsion interactions. All para-
meters necessary for intramolecular bonded potentials are listed
in Tables S3–S5 of the supplementary material, SI1.pdf. The non-
bonded interactions between the adsorbent and the adsorbate
as well as the intramolecular non-bonded interactions are mod-
eled using Lennard-Jones interactions.49 For non-bonded inter-
adsorbate interactions, the Lennard-Jones parameters for each com-
ponent are obtained from the work of Dubbeldam et al.,50 which
are listed in Table S1 of the supplementary material, SI1.pdf. The
TraPPE-zeo force field51 is used for the non-bonded interactions
between the adsorbate and the adsorbent. All silica zeolites are
considered as rigid structures.52 The influence of zeolite flexibility
is negligible on adsorption processes, especially at infinite dilu-
tion.52 The Lennard-Jones parameters for zeolite atoms are listed
in Table S2 of the supplementary material, SI1.pdf. Lennard-Jones
interactions are truncated and shifted at 12 Å without applying
tail corrections. To account for these interactions between different
types of atoms, the Lorentz–Berthelot53,54 mixing rules are used. The
force field parameters used in this study are extensively validated and
can perfectly reproduce experimental adsorption results.50,51 Table I
lists the number of unit cells in the simulation box for each zeo-
lite, along with the respective dimensions and the void fractions of
these zeolites. The results for the hydroisomerization of C7 isomers

TABLE II. Pure component Langmuir-type isotherm parameters for adsorption of C7
isomers in MTW-type zeolites at 500 K obtained by fitting to the results from CBMC
simulations in the grand-canonical ensemble.

Saturation loading Langmuir
Isomer (mol/kg zeolite) constant (1/Pa)

n-C7 0.471 1.12 × 10−3

2mC6 0.476 4.97 × 10−4

3mC6 0.479 1.99 × 10−4

3eC5 0.620 9.16 × 10−6

22mC5 0.496 4.96 × 10−6

23mC5 0.647 3.09 × 10−5

24mC5 0.644 4.74 × 10−5

33mC5 0.504 2.80 × 10−6

223mC4 0.486 1.20 × 10−6

in these zeolites are included in Sec. IV, while the results pertaining
to C8 isomers are presented in the supplementary material, SI1.pdf.

To calculate the ratios of the gas phase densities of the iso-
mers at high pressures, the computations require pure compo-
nent fugacity coefficients corresponding to the total pressure of
the mixture [Eq. (19)]. These values are determined using the
Peng–Robinson equation of state,56 which requires the magnitudes
of critical temperature, critical pressure, and acentric factors as
input. These critical parameters are listed in the worksheet Crit-
ical_consts of the supplementary material, SI2.xlsx. The adsorbed
phase equilibrium loadings at high pressures are calculated using
Ideal Adsorbed Solution Theory (IAST). Pure component adsorbed
loadings at various pressures (101–108 Pa) are computed using the
Grand-Canonical Monte Carlo (GCMC) simulations coupled with
the CBMC-algorithm using the RASPA software.48,57 For details
on computing adsorption isotherms using GCMC simulations, the
reader is referred to Refs. 58 and 59. The pure component adsorbed
loadings are fitted to the single site Langmuir-type isotherm equa-
tion. The fitted parameters (Table II) are used as input in calculating
adsorbed phase loadings of mixtures. The effect of higher pressure
on the adsorption of C7 isomers in MTW-type zeolites is stud-
ied using the same number of unit cells for the simulation box
as specified in Table I. The pure component isotherm parameters
for different isomers in MTW-type zeolites at 500 K are shown in
Table II.

IV. RESULTS AND DISCUSSIONS
The considered zeolites exhibit diverse pore shapes and sizes,

such as cage-like structures (FAU- and ITQ-type zeolites), chan-
nels with intersections (MEL-, MFI-, and BEA-type zeolites), and
one-dimensional channel-type zeolites (MRE- and MTW-type zeo-
lites). We extensively analyze shape selectivity effects of the zeolites
at infinite dilution for C7 isomers. Additionally, the effect of pres-
sure on the equilibrium distribution of C7 isomers inside MTW-type
zeolites has been studied. The temperature was varied from 400 to
700 K. The effects of FAU-, ITQ-29-, BEA-, MEL-, MFI-, MTW-,
and MRE-type zeolites on hydroisomerization of C7 isomers are dis-
cussed. The shape selectivity effects on hydroisomerization of C8
isomers are also studied. The results pertaining to C8 isomers are
shown in Figs. S1–S15 of the supplementary material, SI1.pdf. Addi-
tionally, the numerical values of the thermochemical properties of all
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FIG. 3. Relative selectivities of different C7 isomers at reaction equilibrium in the
gas phase at infinite dilution. The reaction equilibrium distribution is computed at
400 K (blue filled rhombus), 500 K (green filled triangle), 600 K (red filled square),
and 700 K (black filled inverted triangle). The raw data are listed in the worksheet
lnq_iC7 of the supplementary material, SI2.xlsx.

isomers ranging from C7 to C8 isomers listed by Scott35 are included
in the supplementary material, SI2.xlsx.

At infinite dilution, the equilibrium distribution of reactions
in the adsorbed phase is governed by the interplay between the gas
phase distribution and the Henry coefficients. In Fig. 3, the selec-
tivities of C7 isomers relative to n-C7 at gas phase equilibrium are
shown for temperatures ranging from 400 to 700 K. 2mC6 and 3mC6
exhibit the highest selectivity for all isomers. There is a temperature-
dependent shift favoring the selectivity of 3mC6 over 2mC6 at higher
temperatures. 3eC5 displays the smallest selectivity for the mono-
branched isomers. At 400 K, 22mC5 has the highest selectivity for
di-branched molecules. At elevated temperatures (600 and 700 K),
23mC5 has the largest mole fraction for all di-branched isomers.

The selectivity of 24mC5 decreases relative to 23mC5 with increas-
ing temperatures. For the di-branched isomers, 33mC5 is the least
favored molecule. 223mC4 has the smallest selectivity compared to
the other isomers.

Figure 4 shows the Henry coefficients for C7 isomers in FAU-
and ITQ-29-type zeolites for a temperature range of 400–700 K.
The FAU-type zeolite shows small variations in adsorption selectiv-
ity of C7 isomers. This can be attributed to its large pore diameter
(7.4 Å).55 The geminal alkanes (22mC5 and 33mC5) have the lowest
Henry coefficients for di-branched isomers due to the steric hin-
drance posed by the close proximity of two methyl groups during
adsorption. ITQ-29- and FAU-type zeolites show similar affinity for
adsorption because of the cage-like pore structures present in these
zeolites. Figure 4(b) shows an increase in the Henry coefficients with
an increasing degree of branching in the ITQ-29-type zeolite. Such
variations are also present in the FAU-type zeolite, but the larger
pore size of this zeolite significantly mitigates this effect. 22mC5 and
33mC5 are the least favored di-branched isomers in both ITQ-29-
and FAU-type zeolite environments.

BEA-type [Fig. 5(a)] and MEL-type [Fig. 5(b)] zeolites exhibit
strikingly similar trends in the variation of Henry coefficients for C7
isomers. These three-dimensional zeolite structures feature straight
channel-type pores with intersections. The channels present in BEA-
type zeolites (7.6 × 6.4 and 5.5 × 5.5 ) Å260 have larger diameters
than those in MEL-type zeolites (5.3 × 5.4 ) Å2.55 An increase in the
degree of branching leads to a decrease in Henry coefficients in both
zeolites. n-C7 is the most favored isomer in the channel-type pores
of BEA- and MEL-type zeolites. 3eC5, characterized by the pres-
ence of an ethyl group, has the lowest Henry coefficient compared to
the other mono-branched isomers. 22mC5, 33mC5, and 223mC4 are
the least adsorbed isomers in both zeolites. The proximity of mul-
tiple methyl branches in these isomers reduces the preference for
adsorption inside the channel-type pores. 24mC5 is the di-branched
isomer with the highest affinity for adsorption in both BEA- and
MEL-type zeolites. This is attributed to the considerable separation

FIG. 4. Henry coefficients of C7 isomers in (a) FAU- and (b) ITQ-29-type zeolites at 400 K (blue filled rhombus), 500 K (green filled triangle), 600 K (red filled square), and
700 K (black filled inverted triangle). The raw data are listed in the worksheets xi_iC7_400 K, xi_iC7_500 K, xi_iC7_600 K, and xi_iC7_700 K of the supplementary material,
SI2.xlsx.
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FIG. 5. Henry coefficients of C7 isomers in (a) BEA-, (b) MEL-, and (c) MFI-type zeolites at 400 K (blue filled rhombus), 500 K (green filled triangle), 600 K (red filled square),
and 700 K (black filled inverted triangle). The raw data are listed in the worksheets xi_iC7_400 K, xi_iC7_500 K, xi_iC7_600 K, and xi_iC7_700 K of the supplementary
material, SI2.xlsx.

between the two methyl groups in this particular isomer. In Fig. 5(c),
the Henry coefficients for C7 isomers in MFI-type zeolites are listed.
The MFI-type zeolite is also a three-dimensional zeolite structure
consisting of channel-like pores connected by intersections.55 Unlike
BEA- and MEL-type zeolites, the MFI-type zeolite is characterized
by both sinusoidal and straight channels.55 Branched isomers pref-
erentially adsorb at channel intersections of MFI-type zeolites,44,61

while linear alkanes (n-C7) lack such preferences.44,61 Similar to
BEA- and MEL-type zeolites, the MFI-type zeolite also displays
decreasing adsorption affinity with an increasing degree of branch-
ing. Nevertheless, the preferences for di-branched isomers differ,
favoring 22mC5 due to the optimal fit of its two methyl groups
at channel intersections [Fig. 6(a)]. As the separation between the
methyl groups expands (23mC5 and 24mC5), the probability of
either branch attempting to fit into the channel-type pores increases
[Figs. 6(b) and 6(c)], resulting in an unfavorable scenario. This
is because of the smaller diameter of the channels compared to

the intersections. 33mC5 also exhibits preferential adsorption in
the MFI-type zeolite, but with a lower Henry coefficient compared
to 22mC5, which can be attributed to the higher steric hindrance
experienced by 33mC5.

Figures 7(a) and 7(b) show the Henry coefficients for various
C7 isomers in MTW- and MRE-type zeolites, which feature one-
dimensional channel-like pore structures. An overall reduction in
the magnitude of Henry coefficients is observed with an increasing
degree of branching in both MTW- and MRE-type zeolites. This
is consistent with other zeolites with channel-like pore structures
(BEA-, MEL-, and MFI-type zeolites). The decrease is sharper than
that observed in BEA-, MEL-, and MFI-type zeolites due to smaller
pore diameters and the absence of channel intersections. Inside both
MTW- and MRE-type zeolites, 3eC5 is the least favored mono-
branched isomer. The variations in Henry coefficients in the MTW-
type zeolite closely resemble those observed in BEA- and MEL-type
zeolites. 22mC5 and 33mC5 are the least preferred di-branched
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FIG. 6. Typical snapshots of adsorption of (a) 22mC5, (b) 23mC5, and (c) 24mC5
isomers in MFI-type zeolites at infinite dilution and 500 K. These snapshots are
obtained from Monte Carlo simulations of a single molecule inside MFI-type zeo-
lites. In these snapshots, the sinusoidal shaped channels of MFI-type zeolites are
located in the horizontal direction and the straight channels are located in the
vertical direction. The iRASPA software21 was used to generate these images.

isomers due to steric hindrance posed by the close proximity of the
two methyl branches. Similar to the MTW-type zeolite, the MRE-
type zeolite also exhibits decreasing Henry coefficients with increas-
ing branching. Larger variations in magnitudes of Henry coefficients
can be observed in MRE-type zeolites compared to MTW-type zeo-
lites. Inside the MRE-type zeolite, 23mC5 is less favored than the
22mC5 isomer, which is attributed to the corrugations present in the
channel-like pores. These corrugations are formed by a combination
of peaks and crests, which create regions with varying channel diam-
eters. The higher probability of accommodating both methyl groups
in a region with a peak favors the preferential adsorption of 22mC5

FIG. 8. Typical snapshots of adsorption of (a) 22mC5, (b) 23mC5, and (c) 24mC5
isomers in MRE-type zeolites at infinite dilution condition and 500 K. These snap-
shots are obtained from Monte Carlo simulations of a single molecule inside
MRE-type zeolites. In these snapshots, one-dimensional channels of MRE-type
zeolites are shown in the horizontal direction. The iRASPA software21 was used to
generate these images.

[Fig. 8(a)] compared to 23mC5 [Fig. 8(b)] in the MRE-type zeolite.
24mC5 [Fig. 8(c)] is the most favored di-branched isomer because
of the possibility to fit the two methyl branches in the regions where
the peaks of the channel corrugations are present.

Adsorption of multi-branched isomers is favored in zeolites
with cage-like structures (ITQ-29-type zeolite). Channel-like pore
structures, particularly one-dimensional ones without intersections
such as in MTW- and MRE-type zeolites, favor the adsorption of lin-
ear and mono-branched isomers. The temperature-dependent vari-
ations in the Henry coefficients are similar in all zeolites considered
in this study. Each isomer shows a reduced affinity for adsorption at

FIG. 7. Henry coefficients of C7 isomers in (a) MTW- and (b) MRE-type zeolites at 400 K (blue filled rhombus), 500 K (green filled triangle), 600 K (red filled square), and
700 K (black filled inverted triangle). The raw data are listed in the worksheets xi_iC7_400 K, xi_iC7_500 K, xi_iC7_600 K, and xi_iC7_700 K of the supplementary material,
SI2.xlsx.
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FIG. 9. Relative selectivities of different C7 isomers at reaction equilibrium in (a) FAU- and (b) ITQ-29-type zeolites at infinite dilution. The reaction equilibrium distribution
is computed at 400 K (blue filled rhombus), 500 K (green filled triangle), 600 K (red filled square), and 700 K (black filled inverted triangle). The raw data are listed in the
worksheets xi_iC7_400 K, xi_iC7_500 K, xi_iC7_600 K, and xi_iC7_700 K of the supplementary material, SI2.xlsx.

elevated temperatures. Apart from the Henry coefficients, the equi-
librium distribution of hydroisomerization reactions in the adsorbed
phase is also influenced by the mole fractions of the isomers in the
gas phase [Eq. (13)]. At infinite dilution, the gas phase distribution
relies solely on the ideal gas reference chemical potential or the iso-
lated molecule partition function [Eq. (6)]. The equilibrium distribu-
tion in the adsorbed phase for a system of mono-molecular reactions
is determined by the combined influences of the gas phase selectivity
and the Henry coefficients. For the FAU-type zeolite, the variations
in the adsorbed phase selectivity are similar to those observed in the
gas phase selectivity, as shown in Fig. 9(a). This is due to the lack
of variation in the magnitudes of the Henry coefficients of C7 iso-
mers in FAU-type zeolites, irrespective of the degree of branching
of these isomers. This is because of the larger pore size in FAU-type
zeolites. Similar variations in selectivities can be observed in ITQ-29-
type zeolites to certain extent [Fig. 9(b)]. The preference for 22mC5
is consistently lower than that for 23mC5 and 24mC5 in this zeo-
lite, despite 22mC5 being favored over the other two isomers in the
gas phase at 400 K. This discrepancy is attributed to the larger influ-
ence of the small magnitudes of Henry coefficient compared to the
corresponding gas phase selectivity. This is caused by the smaller
channel diameters, which connect the cage-type pores in ITQ-29-
type zeolites (4.1 Å)55 compared to FAU-type zeolites (7.4 Å).55 At
temperatures of 500 K and above, 23mC5 exhibits a higher selec-
tivity than 24mC5 in both FAU and ITQ-29-type zeolites. This is
favored by both gas phase selectivity and Henry coefficients. ITQ-29-
and FAU-type zeolites show lower selectivity for 223mC4 com-
pared to the other isomers. Although 223mC4 preferentially adsorbs
in these zeolites, the lower gas phase selectivity plays a dominant
role in determining its fraction in the adsorbed phase at reaction
equilibrium.

We examine reaction equilibrium distributions of C7 isomers
in zeolites featuring three-dimensional channel-like pore structures.

The selectivities of C7 isomers relative to n-C7 in the BEA-type
zeolite show an overall decrease with the increasing degree of
branching [Fig. 10(a)]. This is influenced by the variations in Henry
coefficients of the C7 isomers in BEA-type zeolites. At 400 K, 2mC6
is favored over n-C7 and 3mC6. As temperature increases, the selec-
tivities of n-C7, 2mC6, and 3mC6 become nearly equal. 3eC5 is the
least favored mono-branched isomer due to low gas phase selectiv-
ity and a lower Henry coefficient. At low temperatures (500 K and
lower), 24mC5 is the most preferred di-branched isomer primar-
ily due to a higher Henry coefficient. At elevated temperatures (600
and 700 K), 24mC5 and 23mC5 exhibit almost identical selectivities.
33mC5 has the lowest selectivity compared to the other di-branched
isomers, attributed to the steric hindrances leading to a reduced
adsorption affinity. The variations in the selectivities in MEL-type
zeolites [Fig. 10(b)] are similar to those in BEA-type zeolites. 22mC5
shows a higher selectivity than 23mC5 at 400 K. At higher temper-
atures, the difference between the Henry coefficients of these two
isomers becomes less significant. The higher selectivity of 23mC5
compared to 22mC5 is mainly caused by the gas phase selectiv-
ity. Similar to BEA-type zeolites, the MEL-type zeolite also favors
24mC5 as the most preferred di-branched isomer at lower temper-
atures (400 and 500 K). At elevated temperatures (700 K), 24mC5
and 23mC5 show nearly identical selectivities because these isomers
have Henry coefficients of comparable magnitudes. This is favored
by slightly lower gas phase selectivity of 24mC5 compared to 23mC5
at temperatures higher than or equal to 500 K. Selectivities of C7
isomers relative to n-C7 in the MFI-type zeolite also show a decreas-
ing trend in the reaction equilibrium distribution with an increasing
degree of branching [Fig. 10(c)]. The selectivity of di-branched iso-
mers is highly influenced by Henry coefficients in MFI-type zeolites.
22mC5 is the most favored isomer, and 24mC5 is the least favored
isomer. This aligns closely with the Henry coefficients of these two
isomers in MFI-type zeolites. The two methyl groups in 22mC5 can
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FIG. 10. Relative selectivities of different C7 isomers at reaction equilibrium in (a) BEA-, (b) MEL-, and (c) MFI-type zeolites at infinite dilution. The reaction equilibrium
distribution is computed at 400 K (blue filled rhombus), 500 K (green filled triangle), 600 K (red filled square), and 700 K (black filled inverted triangle). The raw data are listed
in the worksheets xi_iC7_400 K, xi_iC7_500 K, xi_iC7_600 K, and xi_iC7_700 K of the supplementary material, SI2.xlsx.

be optimally accommodated at the intersections of the channel-type
pores in MFI-type zeolites. The increasing probability of accommo-
dating one of the methyl groups of 24mC5 inside the channels makes
the adsorption of this isomer less favorable than 22mC5.

Figures 11(a) and 11(b) show the relative selectivities of C7 iso-
mers in MTW- and MRE-type zeolites. In MTW-type zeolites, the
selectivity decreases from n-C7 to 3mC6 at temperatures larger than
or equal to 500 K. The decreasing trend in the Henry coefficients
of these isomers plays a dominant role in deciding the correspond-
ing selectivities. 22mC5 has a lower Henry coefficient compared to
3eC5 at all temperatures. The low gas phase selectivity for 3eC5
influences its lower selectivity in the adsorbed phase compared to
22mC5. Both the Henry coefficient and gas phase selectivity favor
24mC5 compared to other di-branched isomers at 400 K in MTW-
type zeolites. The selectivity drops at higher temperatures because

of the decrease in the gas phase selectivity compared to 23mC5.
The relative selectivities in the MRE-type zeolite are similar to the
corresponding variations in Henry coefficients. The smaller pore
diameters in MRE-type zeolites lead to a larger influence of Henry
coefficients compared to the gas phase distribution at chemical
equilibrium.

The effects of Henry coefficients on adsorbed phase equilib-
rium distribution are not prominent in zeolites with larger pore
size such as the FAU-type zeolite. While multi-branched isomers
are preferably adsorbed in the ITQ-29-type zeolite, such influence
on the adsorbed phase reaction equilibrium distribution decreases
due to reduced gas phase selectivity. All di-branched isomers exhibit
higher selectivities compared to n-C7 in the ITQ-29-type zeolite. In
BEA-, MEL-, and MFI-type zeolites, n-C7, 2mC6, and 3mC6 have
very similar selectivities. Additionally, the mono-branched isomers
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FIG. 11. Relative selectivities of different C7 isomers at reaction equilibrium in (a) MTW- and (b) MRE-type zeolites at infinite dilution. The reaction equilibrium distribution
is computed at 400 K (blue filled rhombus), 500 K (green filled triangle), 600 K (red filled square), and 700 K (black filled inverted triangle). The raw data are listed in the
worksheets xi_iC7_400 K, xi_iC7_500 K, xi_iC7_600 K, and xi_iC7_700 K of the supplementary material, SI2.xlsx.

except for 3eC5 have higher selectivity compared to the di-branched
isomers in these zeolites. In zeolites with narrow channel-like pores,
such as MRE- and MTW-type zeolites, the affinity of C7 isomers for
adsorption plays an important role in determining adsorbed phase
selectivity at reaction equilibrium. MTW- and MRE-type zeolites
favor linear isomers (n-C7) the most. 223mC4 is the least favored
isomer in all zeolites considered in this study. In this study, it is

FIG. 12. Analysis of reaction product distribution of C7 isomers in the BEA-type
zeolite obtained from experiments by Agarwal et al.19 (red filled triangle, 543.95 K;
green filled square, 556.48 K; and black filled inverted triangle, 569.02 K) and com-
puted at chemical equilibrium in this work (blue filled rhombus, 500 K, and blue
filled star, 600 K). Cracking reactions are not included in computing reaction equi-
librium distribution because of the irreversible nature of these reactions. The mole
fractions of the reaction products at temperatures (red filled triangle, 543.95 K;
green filled square, 556.48 K; and black filled inverted triangle, 569.02 K) are also
calculated without including the cracked products for comparing with the reaction
equilibrium distributions (blue filled rhombus, 500 K, and blue filled star, 600 K).

observed that the variations in selectivities between the linear and
the branched isomers are significantly influenced by the pore dia-
meter of the zeolite. The channel distributions and the shape of the
channels play an important role in determining the differences in the
selectivities of isomers with similar degree of branching.

The equilibrium distribution of C7 isomers in BEA-type zeo-
lites is compared to the results from experiments conducted by
Agarwal et al.19 (Fig. 12). These authors have shown a complete
reaction network of hydroisomerization of C7 isomers and possible
hydrocracking reactions. It is important to note that the computa-
tion of reaction product distribution at chemical equilibrium does
not include any cracked products. This is because of the irreversible
nature of the cracking reactions. At temperatures smaller than 500 K,
negligible conversion of n-C7 takes place (∼3%).19 There is very
high conversion at temperatures above 581.55 K, and the reac-
tion product distribution is mainly composed of cracked products
(2mC3 and C3 molecules).19 At intermediate temperatures in the
range 543.95–569.02 K, the reaction product distribution is compa-
rable to the molar composition at reaction equilibrium computed
in this study (Fig. 12). The distribution obtained from experi-
ments at 556.48 K is closest to the equilibrium distribution. This
indicates that at medium conversion (543.95–569.02 K), thermody-
namic equilibrium is approached for isomers with similar degree of
branching.17

Figure 13 shows the distribution of gas phase reaction equilib-
rium for the hydroisomerization of C7 isomers at finite loadings. The
gas phase distribution remains relatively constant with increasing
pressure. Specifically, at 400 K, deviations from infinite dilution con-
ditions are observed at ∼3 bars, which is due to phase transition. As
temperature increases, these deviations become less pronounced. At
500 K, the gas phase distribution deviates from ideal gas behavior at
∼10 bars, but at higher temperatures (600 and 700 K), these discrep-
ancies become nearly negligible [Figs. 13(c) and 13(d)]. Apart from
the reference chemical potential [Eq. (6)], the gas phase distribution
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FIG. 13. Effect of gas phase pressure on the equilibrium distribution of C7 isomers at temperatures (a) 400 K, (b) 500 K, (c) 600 K, and (d) 700 K. The raw data are listed in
the worksheet lnQ_iC7_high_press of the supplementary material, SI2.xlsx.

also depends on the ratios of the corresponding fugacity coefficients.
The pure component fugacity coefficients of C7 isomers at tem-
peratures ranging from 400 to 500 K and pressures ranging from
1 × 101 to 3 × 106 Pa are listed in the worksheet Fugacity_iC7 of the
supplementary material, SI2.xlsx. There are negligible variations in
fugacity coefficients of C7 isomers at temperatures (500 K or above).
Therefore, the fugacity ratios remain close to unity. This leads to
negligible deviations in the gas phase distribution with variations in
pressure.

The adsorbed phase equilibrium distribution is influenced
by the adsorption affinity of the isomers toward the adsorbate.
Quantitatively, this can be understood from the pure component
adsorption isotherm parameters, which are used as input for com-
puting mixture adsorption isotherms. Figure 14(a) shows the pure

component adsorption isotherms of C7 isomers in the MTW-type
zeolite at 500 K. The isomers with a longer main chain (e.g., n-C7)
are preferred at low pressures. At high pressures, the shorter chains
are preferred because of the lack of available space for adsorption.
This phenomenon is known as size entropy.62–64 Mixture adsorp-
tion isotherms for C7 isomers in the MTW-type zeolite at 500 K
are shown in Fig. 14(b). The corresponding gas phase composition
is considered to be in chemical equilibrium at 500 K. These mix-
ture isotherms are equivalent to the adsorbed phase distribution.
The corresponding selectivities of the C7 isomers relative are illus-
trated in Fig. 14(c). The absolute selectivities of n-C7, 2mC6, and
3mC6 decrease with the increasing pressure, whereas the selectivi-
ties of the multi-branched isomers increase with the increase in the
pressure. This is again due to size entropy effects.62–64
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FIG. 14. (a) Pure component adsorption isotherms, (b) mixture adsorption isotherms computed using IAST, and (c) reaction equilibrium distribution (absolute selectivities) in
the adsorbed phase of C7 isomers in the MTW-type zeolite at 500 K. The pure component isotherms are fitted to single-site Langmuir-type isotherms.

V. CONCLUSIONS

Shape selectivity effects of zeolites on C7 and C8 isomerization
are addressed using a reaction equilibrium model. The equilibrium
distribution in the gas phase relies on the isolated molecule partition
functions. These are computed using the thermodynamic tables by
Scott.35 The selectivity in the adsorbed phase is determined by the
combined effects of the gas-phase distribution and the Henry coef-
ficients. In zeolites with larger pore sizes (FAU-type zeolite), Henry
coefficients have a small impact on the adsorbed phase distribution
at reaction equilibrium. Multi-branched isomers are favored in zeo-
lites with cage-like structures (ITQ-29-type zeolite). Di-branched
isomers consistently have higher selectivity than n-C7 in ITQ-29-
type zeolites. BEA-, MEL-, and MFI-type zeolites exhibit similar
selectivities for n-C7, 2mC6, and 3mC6, with a general preference
for mono-branched isomers over di-branched isomers. In zeolites
with narrow one-dimensional channel-like pores (MRE- and MTW-
type zeolites), variations in Henry coefficients play a crucial role in

deciding adsorbed phase reaction equilibrium distribution. MTW-
and MRE-type zeolites favor n-C7 the most. 223mC4 is the least
favored isomer in all zeolites considered in this study. This is due
to the presence of multiple methyl branches in close proximity in
this isomer, causing steric hindrance. To accommodate the influence
of pressure, the consideration of non-ideal gas behavior becomes
necessary. The gas-phase distribution is influenced by the ratios
of the isolated molecule partition function and the inverse of the
ratios of the fugacity coefficients of the components. Increasing
pressure hardly affects the gas phase distribution of C7 isomers at
higher temperatures (500–700 K). This is because the values of the
fugacity coefficients of the isomers are relatively similar. The selec-
tivities at high pressures are primarily governed by the parameters
of the pure component isotherms, which serve as inputs for the mix-
ture isotherm model (IAST). This work will be further continued
toward comprehending the reaction product distribution for long-
chain alkanes and to which extent chemical reaction equilibrium is
reached inside the zeolite.
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SUPPLEMENTARY MATERIAL

This article contains a supplementary material (SI1.pdf and
SI2.xlsx). The force field parameters required for the calculations
of the Henry coefficients are listed in the supplementary material,
SI1.pdf. Results and raw data (Henry coefficients and adsorbed
phase selectivities) pertaining to C8 isomers are also included in the
file SI1.pdf. The chemical thermodynamic and the reaction equi-
librium distribution data of C7 and C8 isomers are listed in the
supplementary material, SI2.xlsx.
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