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Abstract
The adsorption and diffusion of synthesis gas components (methanol, ethanol, H2, CO2, and CO
molecules) in ZIF-7 by grand canonical Monte Carlo and molecular dynamics simulation were
investigated. The initial diffusion coefficient at the beginning of the process depends on the kinetic
diameter of the guest molecules. Also, the diffusion coefficient at equilibrium conditions probably
depends on the interaction between the guest molecules with the ZIF-7 framework. The radial distribution
function results indicate that the distribution of guest molecules in the framework is affected by the
interaction between the guest molecules. These results also demonstrate that the Zn atom and the
organic linker are favorable sites for CO2, CO, and H2. In contrast, the organic linker is the most favorable
adsorption site for methanol and ethanol guest molecules. In addition, the diffusion coefficient of guest
molecules in binary mixtures is related to the attraction or repulsion between the guest molecules.

Introduction
In the petrochemical industry, methanol (MeOH) is one of the most important industrial chemicals that
serve as both a renewable fuel and an intermediate for the production of many chemicals [1–4]. In the
industrial process, MeOH is produced from CO, CO2, and H2 gas mixture (synthesis gas) by
heterogeneous catalysts [2, 5–10]. The MeOH purification from unconverted synthesis gas and ethanol
(EtOH) is a more difficult and complex process, which is used using appropriate membranes [8, 9]. The
separation of MeOH and EtOH as process products from reactants is of very importance to increase the
efficiency of synthetic gas production units. To achieve a suitable separation, various adsorbents such as
inorganic adsorbents for example Pd-based metal adsorbents, microporous silica adsorbents, carbon
adsorbents, and zeolite adsorbents [3, 4, 9, 11–13], and Metal-organic frameworks (MOFs) [14–16] are
used in syngas purification.
Metal-organic frameworks (MOFs) are a new class of nanoporous materials, which are composed of
transition-metal centers and organic linkers with unique characteristics such as large pore volume, low
density, and high surface areas [17–22]. The MOFs due to various topologies have different applications
such as gas storage and separation [14–16, 23–25], catalysis [21, 26–30], luminescence [31],
biomedicine [32], and sensors [33]. A new and interesting class of MOFs is zeolitic imidazolate
frameworks (ZIFs) which have chemical and thermal stability and share similar pore topologies with
zeolites [22, 34, 35]. The ZIFs structures are composed of tetrahedral units formed by one bivalent metal
M2+ ions and four imidazolate anions (Im−), similar to the SiO2 tetrahedra in zeolites [34, 36, 37]. In other
words, the framework unit of M-Im-M is similar to that of Si-O-Si in zeolite, where Si and O atoms are
replaced by metal ions and Im, respectively [38, 39].
Currently, many studies have been conducted for alcohol, CO2, and light molecules adsorption and
diffusion in ZIF frameworks. Hertäg et al. have investigated the diffusion of CH4 and H2 with flexible ZIF8 models using molecular dynamics simulations and several sets of force field parameters [40]. They
have reported that flexibility is an important factor to describe the diffusion of methane in ZIF-8. Bergh
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and Gucuyener have studied the adsorption of ethane and ethylene in ZIF-7 and found that it preferably
absorbs ethane rather than ethylene [41, 42]. Zhang et al. have explored the adsorption of C1 − C4
alcohols in the ZIF-8 and reported that the interaction between alcohol and the ZIF-8 framework enhanced
as the chain length of alcohol increased [6]. Battisti et al. simulated the adsorption and dynamics of CO2,
CH4, N2, H2, and binary mixtures in the ZIF-2 to ZIF-10. They reported that ZIF-5, ZIF-7, and ZIF-9 fulfill the
condition for molecular sieving separation of H2 [10]. Liu et al reported that ZIF-7 is a prospective material
in hydrogen adsorption and separation[43].
In this study, ZIF-7 was simulated to study adsorption and diffusion of H2, CO, CO2, MeOH, and EtOH
guest molecules which has been rarely studied in previous works. The calculated adsorption isotherms
for the guest molecules were compared, and the adsorption mechanism was evaluated from a
microscopic level. In addition, the effects of the presence of guest molecules and framework on guest
molecule adsorption in ZIF-7 were evaluated.

Simulation Details
In this work, adsorption, and diffusion of CO2, CO, H2, MeOH, and EtOH in the ZIF-7 framework were
investigated. This structure is formed by zinc as metal centers connected by imidazole linkers. For the
description of the gas-adsorbent interaction, the UFF force field was used that its potentials were
successfully used in a wide range of organic frameworks such as ZIFs [44–49]. All the simulations were
performed using the Accelrys Materials Studio simulation software [50].

2.1. Adsorption method
Grand canonical Monte Carlo (GCMC) and the Metropolis method with periodic boundary conditions were
applied to simulate the adsorption [50–52]. The GCMC method has been used to simulate the adsorption
behavior of the gas mixtures [6].
The Ewald summation method and atom-based with an accuracy of 0.0001 kcal/mol were used to
describe the electrostatic and van der Waals interactions, respectively. The size of the simulation box was
22.98 × 22.98 × 15.76 Å3 and the integration time step was 1fs. The number of equilibration steps to be
carried out before the production stage includes 2500000 steps and the same number for the production
stage was used. The charges are applied using the QEq method. Adsorption behavior was investigated in
the pressure range of 1 to 10,000 kPa

2.2. Diffusion method
To investigate the diffusion behavior the system was initially equilibrated at 200.0 ps and followed by
1500 ps NVT-MD simulations [53–55]. The velocity Verlet algorithm was used to integrate the equations
of motion [53]. To regulate the temperature (at 300 K) the Nose thermostat was used [53]. The
configurations were saved every 1000 steps.
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.The self-diffusion coefficient (D S) values of components within the ZIF-7 framework were calculated
using the mean squared displacement (MSD) according to the Einstein relation [56, 57]:

(1)
where ri (t) is the position vector of guest molecule i at time t and N is the number of diffusive atoms in
the system. To estimate the electron density difference between the zinc atoms and the linker, the density
functional theory (DFT) computation was carried out using the B3LYP functional [58]. The plane-wave
basis set energy cutoff was set at 500eV.

Results And Discussion

3.1. ZIF-7 structure
ZIF-7 includes zinc atoms connected by benzimidazolate (bIm) linkers in tetrahedral coordination (Fig. 1).
As shown in Fig. 1, the sodalite (SOD) cages, which are connected via three types of small apertures in
the ZIF-7 framework, include one four-member ring-type pore, two types of six-member ring pores. Type A
six-member-ring pore (pore A) has a larger void space than type B (pore B) in the ZIF-7 framework. The
position of the benzene rings in the optimized structure in a vacuum narrows the pore entrance to about
0.3 nm [41]. The crystal structure of ZIF-7 before guest adsorption is rhombohedral with the space group
R-3 and unit cell parameters as, a = b = 22.98 Å and c = 15.76 Å, α = β = 90o and γ = 120o. The
experimentally determined unit cell structure ZIF-7 was taken from the Crystallography Open Database
(COD) [59]. After adsorption, the framework is changed to triclinic with the space group P-1 and unit cell
parameters as, a = 23.95 Å, b = 21.35 Å and c = 16.35 Å, α = 90.28o, β = 93.28o and γ = 108.41o which is
exactly following experimental crystallographic data [59]. The guest molecules can pass through the
pores and adsorb onto the SOD cage surface.
In addition to the pore structure of ZIF-7, the electrostatic potential (EP) pattern of the framework is used
for interpreting and predicting the reactivity of the guest molecules [60, 61]. The electrostatic forces
between an adsorbent structure and guest molecules would mainly affect the guest molecule incoming
and moving within the ZIF-7 framework. Thus, the analysis of the EP property of the ZIF-7 structure can
facilitate the diffusion of guest molecules within the framework [62]. Figure 2 shows the EP distribution
of zinc atoms connected by bIm linker, which identifies the electrophilic or nucleophilic centers.

3.2. Pure guest molecule adsorption and diffusion
The density of CO, CO2, EtOH, MeOH, and H2 guest molecules in ZIF-7 is shown in Fig. 3. According to Fig.
3, CO, CO2, and MeOH adsorption initially takes place in pore B at low pressure and migrates from pore B
to pore A at high pressure. These results show that the path of entry of these guest molecules from sixmember-ring pore B is more suitable than pore A. After accumulating these guest molecules in pore B,
they migrate from pore B to pore A, which provides a larger space for guest molecules. This migration
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takes place through the rotation of linkers connected to these two types of pores, which changes the
structure of ZIF-7 from rhombohedral to triclinic. Zhao et al.'s results show that the CO2 molecules
migrate from pore B to pore A via the rotation of linkers [63]. But the adsorption behaviors of EtOH and H2
molecules are different and at the beginning of adsorption and high pressure are equally distributed in
these two pores. This result shows that bIm linkers in the ZIF-7 framework are favorable adsorption sites
for MeOH and EtOH guest molecules, but the Zn clusters are the appropriate adsorption sites for CO, CO2,
and H2 guest molecules.
The diffusion coefficients of guest molecules in the ZIF-7 framework were calculated from the slope of
mean squared displacement (MSD) analysis of single guest molecules trajectories in Fig. 4. As shown in
Fig. 4, the MSD curves initially exhibit a sharp increase with time and follow a slow increase which
indicates the guest molecules have two-stage diffusion. At the initiative of the adsorption process, the
guest molecules have a fast diffusion but decrease over time. Therefore, two types of diffusion
coefficients can be calculated for the initial of the diffusion process (D SI) and when the diffusion process
reaches equilibrium (D SE). These results calculated from MSD values are listed in Table 1. Fast and slow
diffusions are dominated by intra-cage and inter-cage mobility of guest molecules, respectively [64]. At
the beginning of the diffusion process, the calculated diffusion coefficient of the studied guest molecules
is in the order of D H2 > D MeOH > D CO > D CO2 > D EtOH. This result shows that the diffusion coefficient (D SI) at
the beginning of the process may depend on the kinetic diameter of the guest molecules (Table 1) and
the interaction between guest molecules and the gate of pore structures. But the diffusion coefficient at
equilibrium conditions (D SE) probably depends on the kinetic diameter of the guest molecules and how
the guest molecule interacts with the ZIF-7 structure. At the equilibrium, the calculated diffusion
coefficient of the studied guest molecules is in the order of D H2 > D MeOH > D CO2 > D CO > D EtOH. The fast
diffusion of H2 can be attributed to the small size of H2.
Table 1
Kinetic Diameter, Dipole Moment, and the calculated diffusion coefficient of the guest
molecules at the beginning of the diffusion process (D SI) and diffusion coefficient at
equilibrium conditions (D SE).
Guest
molecule

Kinetic Diameter
(Å)

Dipole Moment
(D)

D SI

D SE

(×10− 10
m2/s)

(×10− 10
m2/s)

H2

2.9

0

21.0

0.090

CO2

3.3

0

8.7

0.013

CO

3.8

0.12

9.0

0.008

EtOH

4.5

1.44

3.3

0.007

MeOH

3.6

1.71

10.8

0.015
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The ZIF-7 crystals are formed by the attack of un-conjugated lone pairs of neutral bIm linkers to the
partially positive terminal zinc atoms as electrophilic sites to keep the charge-balanced. As shown in Fig.
2, the terminal Im linker introduces (− N−H) functionality to the structure as nucleophilic sites in the ZIF-7
framework. These electrophilic or nucleophilic sites cased to dipolar interaction with MeOH and EtOH
guest molecules with high dipole moment (Table 1) and the higher diffusion of MeOH than CO2 with the
same kinetic diameter may be related to the higher dipole moment of MeOH.
The radial distribution function (RDF) is used to evaluate the presence of guest molecules around
adsorption sites in the ZIF-7 framework. Figure 5 shows the label of the atoms present in the ZIF-7
structure as well as RDF (g(r)) results of the guest molecules as a function of distance (r). As shown, the
guest molecule density shows two peaks around C1 and C2 atoms at r ≈ 3.5 Å, with a higher density
around C1 atoms of the organic linker. The higher density of guest molecules around the C1 atom is
probably due to the lower spatial barrier of the ZIF-7 structure at this position. This result indicates that
around the C1 atoms is more space for the accumulation of absorption guest molecules. The board
peaks around C1 and C2 atoms indicate the displacement of molecules around these absorption
positions. The smaller peak at around r = 4.0 Å is related to guest molecules around C3 atoms, which
shows that this position is less favorable for studied guest molecules. The g(r) around Zn atoms displays
distinct peaks at short distance r = 5 Å and long-distances r = 9 Å, respectively, which are very strong for
CO, CO2, and H2 guest molecules. Thus, the preferred adsorption sites for CO, CO2, and H2 guest
molecules are the atoms of the organic linker (especially C1 atom). Although, the Zn atoms also can be
are favorable adsorption sites for CO, CO2, and H2. Perez-Pellitero et al reported that the preferential
adsorption sites for CO2 adsorption in ZIF-8 are the organic linkers [65]. For EtOH guest molecules the first
peak is seen at a distance of 2.2 Å from the N, C3, C4, and Zn atoms. Although the intensity of these peaks
is not high, their thinness indicates that the ethanol molecules are not able to displace around these
absorption positions. This distance probably indicates a hydrogen-type interaction between the hydrogen
atom of the ethanol hydroxyl group and the unbonded electron pair of the N atom. EtOH, with its chainlike state, has been able to adjust its position so that its hydrogen atom is available to the N, C3, C4, and
Zn atoms. Thus the preferred adsorption site for EtOH is the N atoms, and the organic linker in ZIF-7 is the
most favorable adsorption site for MeOH and EtOH guest molecules, rather than the metal cluster. A
similar result was observed in Zhang et al.'s results for MeOH adsorption in ZIF-8[6].
Figure 6 shows the adsorption isotherm of guest molecules at 300 K. Since the adsorption results of the
simulation are reported in terms of molecule/UC (i.e. unit cell), to compare the equilibrium guest molecule
capacity with experimental results, it is necessary to convert this term to mol/kg. Eq. 2 was used for this
conversion [66]:
q (mol/kg) = q (molecule/UC)/ ρ V N Av (2)
That N Av is the Avogadro constant, ρ and V are density and volume, respectively which in this study
equal 1.24g/cm3 and 7214 Ǻ3.
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As shown in Fig. 6, the loading of EtOH and MeOH is more than other components at low pressure, and
the loading of CO and H2 increased dramatically by adsorption pressure. Considerable loading of EtOH
and MeOH at low pressure is related to higher dipolar interaction with the ZIF-7 framework. However, the
saturation loading of MeOH (17.8 molecule/ UC) or (3.58 mmol/g) is more than that of EtOH (12
molecule/ UC) or (2.23 mmol/g), due to the smaller size of MeOH molecules. Also, higher interaction of
EtOH guest molecules with linkers and lower interaction with Zn atoms makes the EtOH guest molecules
less concerned to accumulate in the cage cavity of the ZIF-7 structure, so the loading does not increase
with increasing pressure (Fig. 3). The results show that the H2 loading at appropriate pressures in this
work does not reach saturation, which may be related to the small size of the H2 molecules. Figure 6
shows the CO loading at low pressure is fewer and at high pressure is higher than other guest molecules,
due to different interactions with the ZIF framework. As the inter surface of the ZIF-7 framework is
hydrophobic [62, 67, 68], the CO guest molecules at low pressure cannot diffuse in the inner network. With
the rising of the system pressure the cage-filling occurs in the SOD cage of the ZIF-7 framework and at
high pressure, the whole sodalite cage is about filled. At high pressure, the CO guest molecule can diffuse
in a hydrophobic pore structure thus the CO loading shows the highest loading [67, 69].
Figure 7 shows the adsorption Qst of guest molecules (Qst) as a function of pressure at 300 K. The Qst
of adsorption is an important parameter for guest molecule loading at low pressure and higher Qst cased
to more loading at this condition. According to Fig. 7, the Qst trend is EtOH > MeOH > CO2 > CO > H2. Thus
higher loading of EtOH at low pressure may be related to higher Qst, due to the more strongly interaction
of EtOH with the ZIF-7 framework [70]. According to Fig. 5, EtOH has a long and relatively sharp peak
around the nitrogen atom, indicating a strong hydrogen bond interaction that results in high Qst. A similar
result has been reported by Zhang et al.[6] and Mosier et al.[67]. As shown in Fig. 7, the calculated Qst of
adsorptions for guest molecules is dependent on the pressure. According to Fig. 7, the Qst of EtOH
adsorption initially is almost independent of pressure, which is attributed to the homogeneity of ZIF-8 to
ethanol adsorption. Then, the Qst value rises with EtOH pressure, which corresponds to increasing
loading region (~ 15.8 kPa, Fig. 6) and with passing through a maximum drop and becomes nearly
constant finally. Zhang et al. reported a similar result for EtOH adsorption in ZIF-8 [68]. Two types of
interactions are effective on the Qst value, one of them is adsorbate-adsorbent interaction and the other is
the adsorbate-adsorbate interaction [71]. The increasing trend of Qst with increasing EtOH loading is
ascribed to the cooperative attraction between EtOH molecules and the occupation of the more favorable
adsorption sites. However, the increasing EtOH loading leading to a weaker interaction of EtOH with the
ZIF-7 framework due to the occupation of the less favorable adsorption sites, and also the interaction
between EtOH molecules become less attractive due to steric constraint. Therefore Qst drops at high
loading, where EtOH adsorption is saturated. In the case of MeOH and CO guest molecules, also this
explanation can be used. There are two broad peaks in Qst of MeOH, which occurs at 15.8 and 251 kPa
corresponding to loading of 13.3 and 15.4 molecule/UC, respectively in the isotherms (Fig. 6). Since,
MeOH guest molecules are not saturated at studied pressures, Qst of MeOH increases after the second
peak. There is one broad peak in Qst of CO, which located between 6.3 and 631 kPa corresponding to the
loading of 0.3 and 3.9 molecule/UC in the isotherm (Fig. 6).
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The CO2 adsorption isotherm in Fig. 6, exhibits a general trend of monotonic and smooth increase, a
similar result is found in Long et al.[72] and Du et al. [73] studies. Initially, the less adsorption of CO2
guest molecules in Fig. 6 is attributed to the weak binding of these molecules with pore B [63]. With
increasing loading and aggregation of CO2 molecules in pore B, the rotation of shared linker between
pores B and A occurs leading to CO2 flowing from pore B into pore A [63]. Subsequently, the increase in
CO2 adsorption capacity is confirmed by Fig. 3.
The calculated Qst of CO2 adsorption up to 39.8 kPa equals 9.4–9.3 kcal/mol (~ 39.3–39 kJ/mol), which
is almost independent of loading. Then, it decreased to 8.6 kcal/mol (~ 36 kJ/mol), which following Du et
al. results for CO2 adsorption in ZIF-7 [73]. The equilibrium CO2 capacity, q, according to the Fig. 6 is 10
molecules/UC (2.2 mmol/g), which is equal to Yang et al. [74] and Rahman et al. [75] results.

3.3. Mixed guest molecules interactions
In this section, the effects of mixed guest molecules on their interactions with ZIF-7 are investigated. For
this purpose, the guest molecules were placed together in the ZIF-7 framework and the interactions were
evaluated from RDF results. Figure 8 shows the RDF results for guest molecules in the mixture (29%CO,
3%CO2, 58%H2, 8%MeOH, 2%EtOH) as a function of distance (R) with the ZIF-7 framework. As shown in
this figure, the RDF pattern of guest molecules within the structure in the mixed state with their single
state (Fig. 5) is reasonably different. As shown, the guest molecules density shows two peaks around C1
and C2 atoms at r = 3.5 Å, with higher density around C1 atoms of organic linkers. In comparison to the
RDF results with single guest molecules (Fig. 5), the presence of guest molecules in a mixture around C1
atoms decreased. The CO guest molecule has a strong interaction with C1 at 3.39 Å, which has shifted to
a shorter position than the pure state. Also, its interaction with C3 is stronger (compared to pure), but the
peak of the zinc atom is weakened. For the CO2 guest molecule in the mixture, the interactions are
increased through C4, N, and zinc atoms. Also, the CO2 guest molecule in the mixture guest molecules has
a more uniform distribution in the ZIF-7 framework than in the single CO2 guest molecule. RDF results in
Fig. 8 show that the interaction of MeOH with both Linker and the zinc atom becomes stronger in the
mixture. These results show that the presence of H2 guest molecules around the C3 atom in the mixture
has increased, which is related to the small size of this molecule compared to others. Also, RDF results in
Fig. 8 show that the interaction of H2 with both Linker and the zinc atom becomes stronger in the mixture.
For the EtOH guest molecule in the mixture (Fig. 8), the interaction with C2, C3, N, and zinc atoms is
decreased compared with pure molecules (Fig. 5). These changes in the position of the guest molecules
in the mixture are probably related to the interactions between the guest molecules loaded into the ZIF-7
framework. Thus the interaction between the guest molecules was evaluated in follow.
Figure 9 shows the interactions between guest molecules in the structure. As shown in this Fig., the
interaction between MeOH and EtOH with CO2 guest molecules is stronger than other interactions, which
is probably due to the interaction of the unbounded electron pair of CO2 with the hydrogen atom of MeOH
and EtOH guest molecules. The interaction of the MeOH and the H2 guest molecules is shown at a low
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distance (1.9 Å), which is higher than other guest molecules. Figure 9 shows that the interaction of EtOH
with H2 is weaker than the interaction between MeOH and H2. These interactions between guest
molecules in the mixture change the position of the molecules in the ZIF-7 framework compared with
single guest molecules.
As the results for the mixture of guest molecules in the ZIF-7 framework shown, there is the most
interaction between the molecules of CO2, CO, and H2 with EtOH and MeOH. Therefore, the effect of the
interaction between CO2, CO, and H2 molecules with EtOH and MeOH on their position in the structure was
investigated in a binary mixture. Figure 10 displays the RDF results for CO2, CO, H2, EtOH, and MeOH
guest molecules in the binary mixture as a function of distance (r) with the ZIF-7 framework. The RDF
results for the MeOH and CO2 mixture show the strong interaction between MeOH and CO2 intensifies the
presence of CO2 around the C2 atom of the ZIF-7 framework, which has a different distribution than that
of CO2 guest molecule alone (Fig. 5) or a mixture of all molecules (Fig. 8). In addition, RDF results for H2
and MeOH guest molecules show that the distribution of H2 molecules in the ZIF-7 framework is strongly
affected by MeOH molecules. As shown in Fig. 10, the H2 molecules are more located around C2 and C4
atoms in the ZIF-7 framework if the MeOH and H2 mixture is presented in ZIF-7. However, RDF results
show that the interaction of MeOH guest molecules in the ZIF-7 framework is increased by the presence
of H2 molecules, but its distribution is not affected by CO2 guest molecules.
The RDF results of the EtOH binary mixtures with CO2 and H2 show that the presence of EtOH does not
have much effect on the distribution of H2 and CO2 guest molecules in the ZIF-7 framework. But the
distribution of EtOH guest molecules in the ZIF-7 framework is affected by the presence of H2 and CO2
guest molecules and the interaction of EtOH with linkers and Zn atoms is decreased in presence of H2
and CO2 guest molecules. The difference in the distribution of MeOH and EtOH guest molecules in the
ZIF-7 framework and their effect on the distribution of CO2 and H2 molecules can be related to the higher
dipole moment of MeOH, which has a stronger effect on the presence of molecules around it.
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Table 2
Diffusion results of the binary mixtures, D S (×10− 10 m2/s).
Mixture

MeOH

EtOH

CO2

CO

H2

MeOH + EtOH

0.008

0.023

-

-

-

MeOH + CO2

0.013

-

0.010

-

-

MeOH + CO

0.020

-

-

0.023

-

MeOH + H2

0.020

-

-

-

0.016

EtOH + CO2

-

0.010

0.008

-

-

EtOH + CO

-

0.012

-

0.006

-

EtOH + H2

-

0.048

-

-

2.170

CO2 + CO

-

-

0.038

0.025

-

CO2 + H2

-

-

0.012

-

0.023

CO + H2

-

-

-

0.013

0.027

The self-diffusion coefficient at equilibrium conditions (D S) for mixed guest molecules is calculated from
MSD results and is listed in Table 2. By comparing the calculated coefficients for the binary mixture
(Table 2) and the pure molecules (Table 1), it is shown that the presence of molecules in the mixture
affects their diffusion coefficient. The result shows that the MeOH diffusion decreased in the presence of
EtOH and increased in presence of H2 and CO. The attraction between MeOH and EtOH guest molecules
in a binary mixture reduces its diffusion. Similarly, the reduction in the diffusion coefficient of other guest
molecules in binary mixtures (Table 2) can be attributed to the attraction or repulsion between the guest
molecules.

Conclusion
In this work, the results of adsorption and diffusion synthesis gas component in the ZIF-7 framework
were presented. GCMC and NVT-MD methods were performed to evaluate the adsorption and diffusion
coefficient, respectively. The Qst values show the strength of interaction energy between ZIF and guest
molecules and are slightly sensitive to pressure. The results of diffusion show that the values of the selfdiffusion coefficients at the initial point of the process follow this order: D H2 > D MeOH > D CO > D CO2 > D EtOH
which depends on the kinetic diameter of the guest molecules and interaction between guest molecules
and the gate of pore structures.; nonetheless, the diffusion coefficient at equilibrium condition probably
depends on how the guest molecule interacts with ZIF-7 structure. The results of RDF for pure
components indicate that Zn atoms are favorable adsorption sites for CO, CO2, and H2 gases. Also, the
organic linker in ZIF-7 is the most favorable adsorption site for MeOH and EtOH guest molecules rather
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than the metal cluster. The diffusion coefficient at equilibrium conditions for mixed guest molecules is
affected by the presence of molecules in the mixture. Consequently, the reduction in the diffusion
coefficient of other guest molecules in binary mixtures can be attributed to the attraction or repulsion
between the guest molecules. The results of RDF calculated for mixture show that interactions between
guest molecules in the structure change the position of the molecules in the structure.
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Figures

Figure 1
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ZIF-7 framework with zinc atoms connected through benzimidazolate (bIm) linkers in tetrahedral
coordination and include two six-member-ring pores (pore A and B) and one four-member ring-type pore.

Figure 2
The EP distribution of zinc atoms connected by bIm linkers. EP increases with the color order: blue-whitered
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Figure 3
The density of guest molecules in the ZIF-7 framework at low pressure (left column) and high pressure
(right column).
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Figure 4
MSD of the single guest molecules (16 molecules per unit cell).
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Figure 5
The label of the studied atoms in the ZIF-7 structure and calculated RDF (g(r)) results of the single guest
molecules as a function of distance (r).

Page 20/25

Figure 6
The adsorption isotherm of pure guest molecules.
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Figure 7
The adsorption Qst for pure guest molecules at 300 K
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Figure 8
The calculated RDF (g(r)) results of the mixture guest molecules (29%CO, 3%CO2, 58%H2, 8%MeOH,
2%EtOH) in the ZIF-7 framework as a function of distance (r).
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Figure 9
The calculated RDF (g(r)) results between guest molecules for mixture guest molecules(29%CO, 3%CO2,
58%H2, 8%MeOH, 2%EtOH) in ZIF-7 framework as a function of distance (r).
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Figure 10
The calculated RDF (g(r)) results between guest molecules for binary guest molecules in the ZIF-7
framework as a function of distance (r).
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