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ABSTRACT

The Gibbs ensemble Monte Carlo simulation is used to investigate the vapor-liquid phase behavior of a
binary Lennard-Jones mixture confined in a slit-like pore at reduced temperature T* = 1.0. Our simulation
program is tested by comparing the simulated phase diagram with the previous simulation results from
various methods. Then phase diagrams of a binary asymmetric Lennard-Jones mixture confined in the
slit-like pores are investigated by varying the pore width and fluid-pore wall interaction. The asymmet-
ric system studied exhibits azeotropic behavior. The pore walls are symmetric but selective to the two
components. The simulated results indicate that both the pore width and interactions between fluid and
the pore wall have significant influence on the vapor-liquid phase diagram for the binary Lennard-Jones
mixture. When the interaction energy parameter between component 1 and the pore wall is fixed, the
azeotropic point is shifted from the bulk azeotropic composition to component 2-rich side of the phase
diagram as the interaction strength between component 2 and the pore wall is increased. In the mean-
time, both the azeotropic pressure and the relative volatility increase significantly. As the pore becomes
narrower, it is found that the azeotropic pressure increases significantly while the azeotropic composition
remains almost unchanged. The phase selectivity decreases as the pore becomes narrower in the whole
range of composition. All the simulated results suggest that the azeotropic point of a binary mixture can
be shifted or even be removed by the confinement and the relative volatility for vapor-liquid equilibria

can be changed greatly by changing the pore width or fluid-pore wall interactions.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Since confined fluids are involved in many physical and chemi-
cal processes such as membrane separation process and chemical
reaction in micro-reactor, understanding their thermodynamic and
kinetic properties is of great importance from both theoretical and
application points of view [1]. The vapor-liquid phase diagram
in confined space is dramatically different from the correspond-
ing bulk one due to the interplay of the fluid-fluid and fluid-wall
interactions [2]. For example, the vapor-liquid critical tempera-
ture in the confinement is lower than that in bulk, as can be seen
from experiments [3], molecular simulations [4] and density func-
tional theories [5]. The capillary condensation, layer transition and
adsorption behavior of simple fluids in slit-like or cylindrical pores
[6] have been widely investigated using grand canonical Monte
Carlo (GCMC) simulations [7-11] and density functional theories
[12,13].

In the molecular simulations, several powerful methods are
available for the study of the phase diagram. These methods
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include the Gibbs ensemble Monte Carlo (GEMC) [14], semigrand
Monte Carlo (SGMC) [15], Gibbs-Duhem integration [16] and
transition-matrix Monte Carlo (TMMC) [17] simulations. Among
these methods, the GEMC simulation has always remained pop-
ular both because of its physical, intuitive nature and its perfect
performance on the vapor-liquid and liquid-liquid equilibrium
prediction far from the critical point.

The GEMC method is a direct method for determining the
coexisting phases. In this approach, the existing phases are sim-
ulated simultaneously in two separate boxes and the equilibrium
is reached by particle displacements inside each simulation box,
volume changes, and particle exchanges between the two sim-
ulation boxes. It has been widely used to simulate the phase
diagram of various fluids in bulk case [18-20]. And it has also
been extended to estimate the adsorption and phase diagram for
pure fluids confined in narrow pores. For example, the GEMC
method has been extended for the prediction of adsorption and
capillary condensation of simple fluids in narrow cylindrical pores
[21]. The liquid-liquid equilibria in the slit pores for a simple
Lennard-Jones symmetric mixture have been reported by Kierlik
et al. [22] and Gozdz et al. [23]. Sliwinska-Bartkowiak et al. [24]
have investigated the liquid-liquid transition in cylindrical pores
by the GEMC simulation and density functional theory. Kanda and
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Table 1

The values of potential parameters for binary Lennard-Jones mixtures.
Mixture 022/011 o12/011 £22/€11 e12/€11
Symmetric 1.0 1.0 1.0 0.75
Asymmetric 1.15 1.075 1.0 0.75

Makino [25] have reported the liquid-liquid interface properties
of the Lennard-Jones symmetric mixture in the slit pore. All above
mentioned studies show that the effect of confinement is to lower
the critical mixing temperature, and to reduce the range of immis-
cibility. When the fluid-wall attraction is greater for component 1
than for component 2, the liquid-liquid coexistence curve is shifted
towards the 1-rich side of the diagram. However, we have not found
any molecular simulation studies on the vapor-liquid phase dia-
gram for fluid mixtures confined in pores by the GEMC method, or
even other simulation technologies.

The separation of a homogeneous azeotropic mixture is a com-
mon task in the chemical industry. The traditional distillation is
unsuitable for the separation of this kind of mixture and some new
methods are still in demand. The knowledge of azeotropic behav-
ior is also important when considering mixtures for their use as
refrigerants [26]. A computational strategy and methods for the
automated calculation of complete loci of homogeneous azeotropy
of binary mixtures have been proposed based on the equation of
state [27]. But the confinement effect on the azeotropic behavior of
binary systems has not been understood. The objective of this work
is a simulation analysis of the shift of the azeotropic point by the
confinement. We systematically study the effect of the pore width
and fluid-wall interaction on the vapor-liquid phase diagram for
the confined Lennard-Jones mixture with an azeotropic point.

2. Model and simulation details

The Lennard-Jones 12-6 potential is a very important model for
exploring the phase behavior of simple fluids. In this work, we con-
sider the binary Lennard-Jones mixture confined in the slit-like
pores. The interactions between each pair of particles are repre-
sented by a truncated Lennard-Jones potential, i.e.,
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where rj; is the center-to-center distance between particles of types
iandj, and oj; and ¢;; are, respectively, the size and energy parame-
ters for the interaction potential. r. in Eq. (1) is the cutoff distance.
According to the convention, the smaller species is considered to
be species 1 and its interaction parameters 011 and €11 are assigned
as the units of length and energy, respectively. In this work, a
binary symmetric and a binary asymmetric Lennard-Jones mixture,
both exhibiting azeotropic behavior, are investigated. The poten-
tial parameters of the two binary systems studied are listed in
Table 1.

The slit-like pore studied in this work is represented by two
infinite parallel plates separated by a physical width H in the z
direction. The pore walls are energetically homogeneous. The inter-
action between fluid and the pore wall is a function of the normal
distance to the wall, and can be expressed by the Lennard-Jones
(9-3) potential, i.e.,

1il2) = i [(zz)g - (22)3] )

wherei=1and 2, zis the perpendicular distance of the fluid particle
i from the wall, g,; is the interaction energy parameter between
fluid particle i and pore wall, and z,; is the size parameter, which

is set to be 0.507; in this work. When a fluid particle is confined
in the slit-like pore, the external potential Vf"t (2) (i=1, 2) can be
expressed as

Viext(z)szi(z)_;,_le»(H—z) (l=1,2) (3)

In the GEMC simulations, the vapor-liquid phase diagrams of
the binary Lennard-Jones mixtures were determined in two simu-
lation boxes: one corresponding to the liquid phase and the other
corresponding to the vapor phase. We performed three types of
Monte Carlo moves, displacements of a randomly selected molecule
inside each simulation box, volume changes of the two boxes by
equal and opposite amounts, and the particle exchanges between
the two simulation boxes.

For the bulk simulation, 2000 particles were used and three-
dimensional periodic boundary conditions were adopted. The
potential cutoff distance was set to be 5.0071. The typical calcu-
lation consisted of 9 x 10* Monte Carlo cycles in which the last
4 x 10* Monte Carlo cycles were used to sample and average. Each
Monte Carlo cycle involved one translation move for each parti-
cle, one volume change attempt, and 100-200 molecule transfer
attempt. For the case of slit-like pores, the simulation parameters
were the same as those in bulk case except that the periodic bound-
ary conditions were only adopted in the x- and y-directions, and the
potential cutoff distance was set to be 6 o11.

Although the pressure can be calculated in a standard way from
the virial, it can be calculated directly in the molecular simula-
tion by performing trial volume changes to compute (B/SAE/BV)T’N,
where 8 = 1/kgT, kg is the Boltzmann constant, T is the absolute
temperature, AE is the excess Helmholtz free energy, V is the vol-
ume, and N is the number of particles in the system. Following
the work of Harismiadis et al. [28] and Vortler and Smith [29], we
applied this approach to the calculation of the pressure in Gibbs
ensemble simulations. The pressure was obtained by taking the
limit AV— 0, i.e.,

o lim In <exp(—,8AU)>0

AV—0 AV )

where AU is the total potential energy change when the volume is
changed by the trial volume change AV, (---)o denotes a canonical
ensemble average over configurations of the reference systems. In
practice, the pressure was determined by extrapolating the ratio in
Eq.(4)to AV=0.

In all simulations, we adjusted the maximum possible dis-
placement and maximum volume change to obtain an average
acceptance of 50% for translation moves and volume changes.
The number of particle transfer is adjusted to achieve about 1-2
accepted transfers per Monte Carlo cycle. A simulation run was
divided into many blocks and each block covered about 10 Monte
Carlo cycles. Firstly, the block average properties were calculated
by accumulating and averaging the instantaneous properties over
the Monte Carlo cycles within a block. Then the total average prop-
erties were obtained from the block average properties. At last, the
estimated errors were obtained from the standard deviation of the
block average properties. This block averaging technique has been
successfully applied in the molecular simulation in the previous
work [30].

3. Results and discussion
3.1. Validation of the GEMC simulation program

We have simulated the vapor-liquid equilibria for bulk binary
symmetric Lennard-Jones mixture at reduce temperatures T*=1.0
and 1.15 to validate the GEMC simulation program. Here the
reduced temperature T* is defined as T* = kgT/e11. All the interac-
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Fig. 1. (a) Vapor-liquid phase diagram in the pressure-composition plane for a
binary symmetric Lennard-Jones mixture exhibiting azeotropic behavior at reduced
temperatures T*= 1.0 and 1.15. Circles are the results from the present GEMC simu-
lation algorithm, and solid lines are the results from TMMC simulations [17]. GEMC
simulation data (+) generated by Panagiotopoulos et al. [ 14], and Gibbs-Duhem inte-
gration data (¢) obtained by Mehta and Kofke [31] are also plotted in the figure for
comparison. Only the left branch of phase diagram is given because it is symmetric.
(b) Chemical potentials of the two components in vapor and liquid phases for the
system in (a) at reduced temperature T*=1.0.

tion parameters for the binary symmetric Lennard-Jones mixture
can be found in Table 1, which give rise to an equimolar azeotrope
at moderate temperature. The pressure-composition projection of
the vapor-liquid phase diagram for this symmetric mixture is plot-
ted in Fig. 1(a). For comparison, the simulated results from previous
studies using the GEMC [14], TMMC [17] and Gibbs-Duhem inte-
gration [31] are also included in Fig. 1(a). Because the vapor-liquid
phase diagram for this mixture is symmetric, only left branch of the
phase diagram is shown in Fig. 1(a). In our simulation we have used
a cutoff distance r. = 5017 with a long-range correction. We have
increased ten times the run length for one case at higher temper-
ature and one at lower temperature, and no effect on the results is
found. This shows that our simulation run length is long enough.
The agreement between our simulations and the literature TMMC
results is very good. The azeotropic pressures estimated from our
simulations are 0.110 at T =1.15 and 0.0502 at T* = 1.0, which show
very good agreement with the literature azeotropic pressures 0.110
and 0.0484.

To make sure that equilibrium have been achieved before any
property averages can be calculated, it is customary to monitor
the approximate equality of the vapor-liquid equilibria of a binary
mixture. We report the chemical potentials u of the two com-
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Fig. 2. Temperature-density vapor-liquid coexistence for the square-well fluid with
parameter A =1.5 in a hard planar slit pore with width H/o =4.0. Squares, triangles
and circles are the phase equilibrium data obtained by using smoothed chemical
potentials in conjunction with the Gibbs-Duhem equation, from the GEMC simula-
tions of Vortler and Smith [29], and from the present work, respectively.

ponents in both phases for the symmetric mixture in Fig. 1(b) at
reduced temperature T*=1.0. The simulated chemical potentials
are computed with a long-range correction. From the figure we find
that chemical potentials of each component in the vapor and lig-
uid phases are very close to each other. The maximum differences
in chemical potentials between the two phases for components 1
and 2 are 0.031¢1; and 0.070¢&11, respectively. These results indi-
cate that the equilibrium conditions have been reached in the
sample and average stage of the molecular simulations. Accord-
ing to the results shown in Fig. 1 we can conclude that our GEMC
simulation program is accurate and suitable for investigating the
vapor-liquid phase coexisting properties of binary Lennard-Jones
mixture.

To validate our GEMC simulation program for confined fluids,
we have computed the vapor-liquid equilibria for square-well fluid
in the hard slit-like pore. The results are compared with litera-
ture data in Fig. 2. Here the width of the hard slit pore is H/o =4.0
and the range parameter for the square-well fluid is A =1.5. From
Fig. 2 we can see that our simulation data are in good agreement
with those from the GEMC simulations of Vortler and Smith, and
those obtained by using the smoothed chemical potentials from
the simulations in conjunction with the Gibbs-Duhem equation.
These results indicate that our GEMC simulation program is also
applicable to the study of phase diagram for the confined fluids.

3.2. Asymmetric binary mixture confined in slit-like pores

We have used the GEMC simulations to investigate the
vapor-liquid phase diagram for the binary asymmetric
Lennard-Jones mixture in bulk and confined in slit-like pores.
In all the simulations for the asymmetric binary Lennard-Jones
mixture, the reduced temperature is set to be T=1.0, and the
cutoff distance for the Lennard-Jones potential is enlarged to be
rc = 6011 for more accuracy. The potential parameters for the
binary asymmetric Lennard-Jones mixture can be found in Table 1.
Fig. 3 depicts the vapor-liquid phase diagram for this asymmetric
Lennard-Jones mixture in bulk and in a hard slit-like pore with
pore width H = 10074;. In this figure, the errors of the vapor-liquid
coexistence are smaller than the size of the symbols. The system
equilibrium pressures in the hard slit-like pore are higher than
those in bulk, while the azeotropic composition changes very little
by the confinement of hard wall. The observation that saturation
pressure under the slit pore confinement is generally higher than
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Fig. 3. Vapor-liquid phase diagram for the asymmetric Lennard-Jones mixture in
bulk and in hard slit-like pore with pore width H*=10.0 at reduced temperature
T*=1.0.
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Fig. 4. Vapor-liquid phase diagram for the asymmetric Lennard-Jones mixture
confined in slit-like pore with pore width H/o11=10.0 and fluid-wall interac-
tion parameters &y1/€11 = 2.0, and &y /€11 = 2.0 and 4.0 at reduced temperature
T*=1.0.

the bulk saturation ones is in accordance with that for the confined
pure fluid [32].

The effect of the interaction strength between fluid and pore
wall is investigated by fixing the interaction energy parameter
between fluid component 1 and pore wall as &,,1/€11 = 2.0 and
varying the interaction energy parameter between fluid compo-
nent 2 and pore wall from &, /€11 = 2 to &y2/&11 = 20. The pore
widthinthese casesis H = 10071, and the external potential is given
by Eq. (3). Figs. 4-6 depict the vapor-liquid phase diagram for the
asymmetric Lennard-Jones mixture confined in the slit-like pore
at different &,,,. In Figs. 4-6, px =p0’131/811 is the reduced pres-
sure, x; is the mole fraction of component 2 in liquid phase and y,
is the mole fraction of component 2 in vapor phase. Table 2 gives
the azeotropic compositions and pressures for the binary asym-
metric Lennard-Jones mixture at different &,,,. There is a small
drop in azeotropic composition at &,,2 /€11 = 2, as compared to that
for the hard-wall pore. This drop is probably due to the statistical
error in this case, and it does not mean any non-monotonic behav-
ior. From Figs. 4-6 and Table 2 one can see that as the interaction
strength ¢, is increased, the azeotropic composition is shifted sig-
nificantly towards component 2-rich side of the phase diagram and
the azeotropic pressure increases greatly.
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Fig. 5. Same as in Fig. 4 but for &y, /€11 = 6.0, 10.0 and 12.0.
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Fig. 6. Same as in Fig. 4 but for ey, /€11 = 13.0, 17.0 and 20.0.

Qualitatively, it is easy to understand the phenomenon that the
azeotropic composition for the binary asymmetric Lennard-Jones
mixture changes significantly in the selective slit-like pores. Tak-
ing the short range side of the Lennard-Jones (9-3) potential into
account, we may assume that in the region far from the wall, the

Table 2

Azeotropic compositions and pressures at various interaction strengths between
fluid component 2 and the pore wall for the asymmetric Lennard-Jones fluid mix-
tures confined in the slit-like pores with pore width H = 10017 and ey = 2.0g17 at

reduced temperature T*=1.0.

Ew2/E11 X5 p“

Bulk 0.390 + 0.009 0.0416 + 0.0004
Hard wall 0.400 + 0.019 0.0466 + 0.0002
2.0 0.397 + 0.019 0.0479 + 0.0002
4.0 0.420 £+ 0.014 0.0495 + 0.0002
6.0 0.468 + 0.012 0.0529 + 0.0005
8.0 0.546 + 0.027 0.0583 + 0.0004
10.0 0.648 + 0.035 0.0651 + 0.0005
12.0 0.750 + 0.044 0.1042 + 0.0007
13.0 0.787 + 0.012 0.1145 + 0.0014
14.0 0.832 £ 0.002 0.1441 + 0.0014
16.0 0.851 &+ 0.019 0.2033 + 0.0040
17.0 0.874 + 0.013 0.2440 + 0.0039
20.0 0.917 £+ 0.012 0.3464 + 0.0094
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Fig. 7. The density profiles of the liquid phase for the binary asymmetric
Lennard-Jones mixture in slit-like pores at reduced temperature T*=1.0 when
the total mole fraction of component 2 is 0.5. The slit-like pore parameters are
H/O']] = ]0.0, Ew1 /811 =2.0and 8W2/811 =20.0.

phase behavior is almost the same as that in bulk and therefore this
partial azeotropic composition is the same as that in bulk. While
in the region near the wall, due to the stronger adsorption field
exerted by the wall on fluid component 2 than on fluid component
1, the densities of fluid component 2 are larger than that in bulk,
while the densities of fluid component 1 are smaller than that in
bulk, as can be seen from Fig. 7. This results in a larger mole fraction
of fluid component 2 near the pore wall. Considering the contri-
butions of two regions together, we obtained that the azeotropic
composition of the system is shifted from bulk azeotropic point to
component 2-rich side of the phase diagram.

It can be also seen from Fig. 7 that in the case of strong compo-
nent 2-wall interaction gy (e.g., &w2/€11 = 20.0), a greater amount
of fluid component 2 accumulates at the first and second layers near
the pore wall, while molecules of fluid component 1 are excluded
from the first layer and stay at the second layer and the middle
region of the pore.

Fig. 8 depicts the density-composition phase diagram for the
asymmetric Lennard-Jones mixture in various external potentials.
Here px = (p103; + p203; ) is the total reduced density, p; and p,
are the number densities of fluid components 1 and 2, respectively.
Compared with Figs. 4-6, we can see that no matter whether in
bulk or in the slit-like pores, the azeotropic point of the binary
Lennard-Jones mixture locates at the compositions corresponding
to the maximum of vapor density and the minimum of liquid den-
sity. In the slit-like pores with weak interactions between fluid and
the pore wall, i.e., &2 /€11 ranges from 2.0 to 12.0 [see Fig. 8(a)], the
increase of ¢,,, causes considerable increases in the density of both
coexisting phases in the entire range of composition, and larger
increases are observed for vapor phase. What is interesting is that
in the slit-like pores with &,,, greater than 13.0 [see Fig. 8(b)], the
density of liquid phase decreases with the increase of ¢,,, near the
azeotropic composition, around which some concave curves are
observed. The stronger the adsorption field exerted by the wall on
fluid component 2 is, the deeper the concave is.

Fig. 9 depicts the influence of the interaction strength between
fluid component 2 and pore wall on the relative volatility for the
binary asymmetric Lennard-Jones mixture confined in the slit-like
pores at reduced temperature T*=1.0. Here the relative volatility
of component 2 with respect to component 1 is defined as

(5)

(a)
[ —o— bulk LE ==
—#=z [z =20
. [ —6—¢ /¢ =
£ szhn %0 *BK*"**
e = 3 ~%
b e fe =60 3 ¥ ha *.
01_ w2 11 *_/*__/'_ —"'-'-..‘__ )
1} %2 -
- . B ~ - L ¥ S
9
—t—e fe =100 - %= ¢ [c =120 d
L i 1 i 1 A L
0.0 0.2 0.4 0.6 0.8 1.0

0.0 02 0.4 0.6 0.8 1.0
X (total)

Fig. 8. Vapor-liquid coexisting densities for the binary asymmetry Lennard-Jones
mixture at reduced temperature T*=1.0 and confined in slit-like pores with pore
with H/o11 =10.0 and various fluid-wall interactions: &y1/€11 = 2.0 and ey2 /€11 =
2.0,4.0,6.0,10.0,12.0, 13.0, 17.0 and 20.0.

The relative volatility «1,=1.0 corresponds to the azeotropic
point.

From Fig. 9 we can see that in the slit-like pore with the inter-
actions &,1/€11 = €w2/€11 = 2.0, the azeotropic composition and
the relative volatilities at x, >0.2 are almost the same as those in
bulk. As the interaction strength between component 2 and the
pore wall becomes stronger, the azeotropic composition is shifted
towards the increase of the mole fraction of fluid component 2, and
the relative volatility increases simultaneously. When the interac-
tion strength ¢y, is large enough, there is a peak on the curve of
relative volatility as a function of mole fraction of fluid compo-
nent 2, and the relative volatility is close to unity when the mole
fraction of fluid component 2 is larger than the azeotropic composi-
tion. This phenomenon corresponds to the overlap of the liquid and
vapor branches when x, is larger than the azeotropic composition
for ey > 12.0.

To explore the dependence of the vapor-liquid phase equi-
libria of the binary asymmetric Lennard-Jones mixture on the
pore width, simulations were carried out in the slit-like pores
with the fluid-wall interactions &y1/€11 = &w2/€11 =2.0 and
pore widths H/o1; = 4.5,6,7.5and 10. The obtained pressure-
composition phase diagram is presented in Fig. 10, and the
azeotropic compositions and pressures are summarized in Table 3.
It is observed from Table 3 that the azeotropic compositions are
nearly unchanged with the variation in the pore width, and are
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Table 3

Azeotropic compositions and pressures for the asymmetry Lennard-Jones fluid mix-
tures confined in the slit-like pores with different widths at reduced temperature
T*=1.0. The fluid-pore wall interaction energy parameters are &1 = &y2 = 2.0€11.

H* X;Z p az

10.0 0.397 + 0.019 0.0479 + 0.0002

7.5 0.397 + 0.009 0.0555 + 0.0006
6.0 0.401 + 0.012 0.0603 + 0.0001
45 0.383 + 0.034 0.0744 + 0.0003
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Fig. 11. Vapor-liquid coexisting densities for the binary asymmetry Lennard-Jones
mixture confined in the slit-like pores with various widths H/o1 =4.5, 6.0, 7.5 and
10.0 at reduced temperature T* = 1.0. The fluid-wall interaction energy parameters
are ew1/€11 = Ewz /€11 = 2.0.

almost the same as that in bulk. There should not be any non-
monotonic behavior of azeotropic composition as a function of
pore size. The small value of azeotropic composition for the pore
width H/o17 = 4.5 is due to large statistical error because in this
case the vapor-liquid two phase region is very narrow in the phase
diagram, leading to great difficulty in determining which point is
azeotrope [see Fig. 10]. This can be judged from the information
on the errors given in Table 3. The azeotropic pressure, however,
increases significantly as the pore becomes narrower. The area
of the vapor-liquid region becomes smaller as the pore width is
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T .
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Fig. 12. Relative volatility for the asymmetric Lennard-Jones mixture confined in
slit-like pores with various widths Hjo1 =4.5, 6.0, 7.5 and 10.0 at reduced tempera-
ture T* = 1.0. The fluid-wall interaction energy parameters are &1 /11 = éwz2 /611 =
2.0.
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decreased. Fig. 11 depicts the density-composition phase diagram
for the binary asymmetric Lennard-Jones mixture confined in the
slit-like pore with different widths. The liquid density decreases
while the vapor density increases as the pore width becomes nar-
rower. Fig. 12 depicts the relative volatility for the binary mixture
confined in the slit-like pore with different pore widths. It is shown
that when the pore becomes narrower, the relative volatility is
much closer to unity, indicating that the phase selectivity for the
binary mixture decreases in the whole range of composition.

4. Conclusions

We have performed the GEMC simulation for the binary sym-
metric Lennard-Jones mixture in bulk and square-well fluid in the
slit pore. The simulated results have been compared with the previ-
ous work in order to validate our GEMC simulation program. After
that, we have studied the effect of the pore width and fluid-wall
interaction on the vapor-liquid phase equilibrium, azeotropic com-
position and pressure as well as the relative volatility for the binary
asymmetric Lennard-Jones mixture confined in the slit-like pores.

For the binary asymmetric Lennard-Jones mixture, when the
pore width and the interaction strength between fluid component
1 and pore wall are fixed and as the interaction strength between
component 2 and the pore wall is increased, the azeotropic point
of the system is shifted from x, =0.390 to 0.917, and the azeotropic
pressure increases considerably. The azeotropic point locates at the
composition corresponding to the maximum of vapor density and
the minimum of liquid density. With the increase of fluid com-
ponent 2-wall interaction &, the relative volatility increases. In
the unselective slit-like pores, the azeotropic composition for the
binary asymmetric Lennard-Jones mixture is nearly unchanged
with the variation in pore width. The liquid density decreases while
the vapor density increases as the pore becomes narrower. The
phase selectivity decreases with the narrowing of the slit-like pore
in the whole range of composition.

All the simulated results indicate that the azeotropic composi-
tion can be shifted or even be removed by the confinement. The
selectivity of vapor-liquid phase equilibrium can be influenced
greatly by changing the pore width or fluid-pore wall interaction.
From all the results obtained in the simulations we may conclude
that the confinement can provide a new way to separate the binary
mixtures with azeotropic points.
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