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We study adsorption of a symmetric binary Lennard-Jones mixture, which exhibits partial mixing in a bulk
phase, in slitlike pores formed by the walls having antisymmetric properties with respect to the components.
The calculations are carried out by means of a density functional approach. We show that under suitable
conditions the pore filling may occur as a sequence of two first-order transitions. The capillary condensation
may lead to an “antisymmetric” liquidlike film, the symmetry of which follows the symmetry of the adsorbing
potential, or to a “demixed” film, the symmetry of which is only weakly associated with the symmetry of the
adsorption potential. The additional first-order antisymmetric-demixed film transition begins at the triple point
temperature and ends at the critical end point temperature.
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I. Introduction

The thermodynamic behavior of confined fluids signifi-
cantly differs from that of a bulk fluid under identical ther-
modynamic conditions. The effects of confinement on phase
transitions have been studied for a long time, cf. the review
papers[1–4]. One of the most often explored pore models
used for that purpose is a slitlike pore with energetically
homogeneous walls. Such pores, if formed by two parallel
infinite planes, are usually assumed to have the walls of iden-
tical adsorbing properties. The last assumption is not neces-
sary and, in fact, the pore walls can exhibit different adsorb-
ing properties. Several papers[4–12] have been published in
the literature concerning the phase behavior of lattice mod-
els, including ferromagnetic Ising films, binary mixtures, and
polymers confined to slitlike pores with the walls exerting
opposing surface fields(the so-called “competing” or “op-
posing” walls). In such cases a novel type of phase transition
can be observed. This transition occurs from a state of the
fluctuating interface to a state of the localized interface, and
is called the localization-delocalization transition. More de-
tailed discussion of that problem can be found in a recent
review paper[4].

Identical and competing walls are the two limiting cases
of a more general situation in which the properties of both
walls can be arbitrary. Therefore, it is of interest to investi-
gate the pore models in which the adsorbing properties of the
walls change from identical to opposing. In our recent papers
we have investigated the adsorption of single-component flu-
ids in slitlike pores with differently adsorbing walls[13,14].
Using lattice as well as off-lattice models we have observed
that when the adsorption energy due to one wall is gradually

weakened, a single coexistence envelope, which describes
capillary condensation in a pore with two identical walls,
splits into several, layeringlike branches. “Dryness” at
weakly attractive(or repulsive) wall “pushes” the adsorbate
molecules towards the second, strongly adsorbing wall and
enforces their clustering and thus facilitates the layering-type
phase transitions.

The goal of this work is to extend our previous studies to
the case of a binary mixture, exhibiting partial mixing in the
bulk. The tool we use for that purpose is the fundamental
measure of density functional approach[15,16], which we
have recently applied to investigate adsorption of mixtures in
pores as well as at single flat walls[17–21]. Similarly as in
the works quoted above, we use a simple model of a binary
mixture, which in the literature is known as a symmetric
binary mixture[22–29]. The model involves two species,j
=1,2, of equal diameters,s1=s2=s, i.e., it ignores the in-
fluence of the size ratio on the phase behavior. Moreover,
additivity of diameters is assumed and hences12=s. The
interactions between like particles are assumed to be repre-
sented by identical functional form(Lennard-Jones potential)
and are characterized by the same energy parameters,«11
=«22=«. The “cross” interaction between unlike particles is
also represented by the Lennard-Jones potential and charac-
terized by the energy parameter«12,«. It is worth mention-
ing that this model was widely applied to study adsorption
[17–29] on solids, as well as to study an interface between
two demixing fluids[30–33].

Obviously, this model, as well as the model of the fluid-
pore interactions described below, are idealizations, in com-
parison to adsorbing systems in nature. However, the focus
of our work is to reveal some general trends of the phase
behavior of confined mixtures, and therefore we reduce the
number of the model parameters to a minimum.

II. Theory

We assume that the pore walls are energetically homoge-
neous, so that the potential exerted by a single wall,i =1,2,
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v j
sidszd on the componentj , is a function of the normal dis-

tancez only. The external field acting on a particle ofj th
kind, due to both pore walls, is given by

v jszd = v j
1szd + v j

2sH − zd, s1d

whereH is the pore width. We model the functionsv j
i szd by

Lennard-Jones(9,3) potential

v j
i sxd = H« j

i fsz0j
i /xd9 − sz0j

i /xd3g for x . 0

` otherwise.
s2d

Without loss of generality, we assume that the parametersz0j
i

are independent of species and wall indices and equal to
0.5s. The case of the so-called nonselective adsorption
[2,17–21,26–28] is met if the energy parameters« j

i are iden-
tical for both species at both walls. However, in this work we
shall study the adsorption between the so-called opposing[4]
(or antisymmetric) walls, for which«1

1=«2
2;«w1 and«1

2=«2
1

;«w2, i.e., the adsorbing field exerted by the first wall on the
molecules of the first component is equal to the field exerted
by the second wall on the particles of the second component,
and vice versa.

The fluid particles interact via a truncated Lennard-Jones
potential

ujlsrd = H« jlfss/rd12 − ss/rd6g for r , rcut

0 otherwise,
s3d

wherercut=2.5s is the cutoff distance. The use of a cutoff in
theoretical calculations is not necessary. The reason for its
introduction is to facilitate a comparison of theoretical pre-
dictions with future computer simulation results.

The energy parameter of the Lennard-Jones potential be-
tween unlike particles,«12/«, has been assumed to be equal
to 0.75. Hereafter we uses and« as the units of length and
energy, respectively. Similarly, we define the reduced tem-
perature asT* =kT/«.

The local densitiesrisr d of both speciessi =1,2d are com-
puted according to a density functional approach. In the
present study we use the theory originally derived by Rosen-
feld [15,16]. Because this theory has been described and
used in several papers, see, e.g., Refs.[17–21], we present
the final equations only.

The density profile equation, obtained by minimizing the
excess grand canonical potential,

DV = Ffr1sr d,r2sr dg − Ffrb1,rb2g

− o
i=1

2 E dr hmifrisr d − rbig − risr dvisr dj

+ o
i=1

2 E dr hfrisr dln risr d − risr dg − frbilnrbi − rbigj

+
1

2 o
i,j=1

2 E dr E dr 8fr jsr 8drisr d − rbjrbiguij
sattdsur − r 8ud

s4d

reads

lnfrisr d/rbig = −
1

kT
o
a=0

3 E H ] F

] nasr 8d
− S ] F

] na
D

hrsr8d=rbij
Jwa

3sur − r 8uddr 8 −
1

kT
o
a=1

2 E H ] F

] nvasr 8dJwva

3sur − r 8uddr 8 − visr d/kT

+ o
j=1

2 E dr 8fr jsr 8d − rbjguij
sattdsur − r 8ud. s5d

In the above,mi is the configurational chemical potential of
the componenti ,rbi is the bulk density of theith component,
F is the free energy functional of hard spheres[15,16],

F/kT= − n0lns1 − n3d +
n1n2 − nv1 ·nv2

s1 − n3d

−
n2

24p

fn2
2 − nv2 ·nv2g
s1 − n3d2 , s6d

and the quantitiesna and nva are the averaged densities,
given by the following equations:

nasr1d = o
i=1

2 E dr 2risr 2dwasr12d, a = 0,1,2,3 s7ad

and

nvasr 1d = o
i=1

2 E dr 2risr 1 + r 2dwvasr 2d, a = 1,2, s7bd

wherewasr ,sd, a=0,1,2,3 (scalar quantities), and wvasr d,
a=1,2 (vector quantities), are the weight functions, chosen
such that the Percus-Yevick equation is recovered for a ho-
mogeneous fluid. It is worth mentioning that the vectorial
contribution to the free energy for a homogeneous fluid is
zero. The weight functions are given in Ref.[15]. Moreover,
uij

sattdsrd denotes the attractive part of the Lennard-Jones po-
tential (1), defined, as common, according to the Weeks-
Chandler-Andersen scheme[34],

uij
sattdsrd = H − «i j , r , r ij ,min

uijsrd, r ù r ij ,r min,
s8d

wherer ij ,min=21/6s.
The relationship betweenmi andrbi is

mi/kT= − lns1 − n3d + ss/2dn2/s1 − n3d + ss/2d2hn1/s1 − n3d

+ s1/8pdn2
2/fs1 − n3d2gj s9d

+ ss/2d3fn0/s1 − n3d + n1n2/s1 − n3d2 + s1/12pdn2
3/s1 − n3d3g

+ o
j=1,2

rbjE druij
attsrd,

where the average densities are calculated according to Eq.
(7a) with local densities equal to the bulk densities. We also
introduce the symbolx to abbreviate the bulk fluid composi-
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tion, x=rb1/rb, whererb=rb1+rb2 is the total bulk fluid den-
sity.

The knowledge of the density profiles allows us to calcu-
late the adsorption isotherms of each species,Gi,

G j =E
0

H

dzfr jszd − rbjg. s10d

The total adsorption isothermG is a sum of individual ad-
sorptions,G=G1 and G2. We also define the average fluid
density in the pore askrl=G /H and its composition(selec-
tivity ) asS=G1/G.

The methods used to solve the density profile equations,
as well as to evaluate the phase diagrams, have been de-
scribed in our previous works[17–21].

III. Results and Discussion

We investigate adsorption from a gas phase(i.e., the bulk
gas densities are always lower than the bulk dew point den-
sity), at an equimolar,x=0.5, composition. Therefore the
configurational chemical potentials of both species are iden-
tical, and for this reason we drop the species indices.

We begin with a brief outline of the phase diagram of the
bulk fluid, which for several models has been evaluated ear-
lier and presented in our recent works[17–21]. The diagram
for the fluid in question is displayed in Fig. 1. This plot has
been prepared assuming that the gas-phase composition is
kept constant and equal tox=0.5. The bulk critical tempera-
ture is equal toTb,c

* <1.16 and thel line, which characterizes
demixing, approaches the liquid branch of the gas-liquid en-
velope at the critical end point temperature. The critical end
point temperature is lower than the critical temperature

Tb,CEP
* <0.98. At the temperatures belowTb,CEP

* the liquid
condenses into a demixed fluid, whereas at temperatures
higher thanTb,CEP

* both phases are mixed and characterized
by x=0.5.

In order to demonstrate how the differences in the adsorb-
ing properties of the two pore walls influence the phase be-
havior of a confined fluid, we have performed calculations
for several pores characterized by a fixed value of the param-
eter«w1=11« and varying the value of«w2.

The above value of the parameter«w1 has been selected to
avoid the appearance of layering transitions in the case of a
pore with identical walls at the reduced temperatures higher
than<0.75, and to assure that the pore walls are wet within
the investigated range of temperatures. In other words, our
intention has been to avoid perturbations connected with the
occurrence of layerings and with possible changes in the
wettability of the pore walls. Majority of our calculations has
been carried out for the pore of the widthH=10s.

We have started our study with the evaluation of the phase
diagrams for the fluid confined in a pore with identical walls,
«w1=«w2=11«, and in the pore in which each of the species
is preferentially adsorbed only by one wall. Setting«w1

=11« and «w2=0.01« we model the situation in which the
particles of the first component are accumulated at the wall,
located atz=0, whereas the particles of the second compo-
nent are accumulated at the wall placed atz=H. The reason
for which we have not used simply opposing hard walls is
that we just want to have comparable volumes accessible to
adsorbate molecules in all investigated cases. For this reason,
the application of a soft(but almost completely) repulsive
potential seems to be a better choice.

Figure 1 shows the phase diagrams, evaluated for the two
above described model pores, as well as the corresponding
bulk phase diagram. Solid lines denote the results for the
pore with identical walls. Because we are interested in the
phenomenon of capillary condensation only, the relevant plot
of thel line for confined systems has been omitted, and only
the critical end point temperature has been marked by a star.
Obviously, both the critical and the critical end point tem-
peratures are lower than the corresponding bulk values. At
the temperatures lower(higher) than the critical end point
temperature the capillary condensation leads to a demixed
(mixed) adsorbed liquid.

The shape of the capillary condensation part of the phase
diagram evaluated for opposing walls is very close to the
situation with identical walls, cf. dashed lines in Fig. 1. Note
that the critical capillary condensation temperatures are al-
most identical in those two systems. The similarity of both
phase diagrams does not imply that thermodynamic proper-
ties of those systems are also very similar. In particular, the
shape of adsorption isotherms(see Fig. 2) for the pores with
opposing and identical walls are different. In the former case
the adsorption isotherm exhibits a rounded step at low
chemical potentials, being a reminiscence of the first layering
transition, which has been found at still lower temperatures.

The opposing walls enforce the layering, and at the lowest
investigated temperatures we observe the occurrence of the
envelope associated with the layering transition within the
layers adjacent to the pore walls. This effect is quite similar
to that observed for single-component fluids[13,14]. The

FIG. 1. The capillary condensation in the pore ofH=10s with
identical walls«w1=«w2=11« (solid lines) and with antisymmetric
walls «w1=11« and«w2=0.01« walls (open circles). The left panel
gives the average density-temperature envelope and the right panel
the configurational chemical potential–temperature diagram. In both
panels stars denote the locus of the critical end point. We have also
included the bulk phase diagrams. The bulkl lines are denoted by
dotted lines.
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occurrence of the layering is the first qualitative difference in
the thermodynamic behavior of the two systems in question.
Another difference between the systems with identical and
with opposing walls concerns the lack of the critical end
point temperature and the demixing inside the pore in the
latter case. The composition of a fluid confined in the pore
with «w1=11« and«w2=0.01« is always equal toS=0.5. This
can be understood by inspection of the local densities. The
density profile for both components(see Fig. 3) are perfectly
antisymmetric, so that the density profile of one component
can be obtained by reflecting the profile for the second com-
ponent with respect to the linez=H /2. Therefore, we shall
call such a confined fluid structure as antisymmetric. Obvi-
ously, the symmetry of the confined fluid follows from the
symmetry of the external potential field. Both confined sys-
tems, before and after capillary condensation, are antisym-
metric.

The capillary condensation leads to a development of a
kind of an “interface” at the pore center, separating “1-rich”
from “2-rich” films. The development of such an interface
costs extra work(cf. the plot ofDV in Fig. 2). The price for
that work can be paid if the difference in the adsorbing po-
tential between two walls with respect to both components,
i.e., the differenceu«w1−«w2u is big enough. However, if this
difference is small, different pore filling scenarios are pos-
sible and the rest of our work is devoted to the discussion of
such situations.

We now consider the case in which the differenceu«w1

−«w2u is small. In Fig. 4 we show thermodynamic properties
characterizing capillary condensation in the case when«w1

=11« and«w2=10« at T* =0.85. Left, central, and right pan-
els display the excess grand potential, adsorption isotherm,

and the selectivity versus the configurational chemical poten-
tial, respectively. Dotted lines correspond to adsorption of
rarefied phase, whereas solid and dashed lines correspond to
the adsorption of dense, liquidlike phases. If the bulk gas
density increases from zero(or if the configurational chemi-
cal potential increases from minus infinity) to the value cor-
responding to the point labeled 1 in Fig. 4, the following

FIG. 2. Examples of the plots of the excess grand potentials
(upper panel) and of the isotherms(lower panel) for the systems
with identical walls and with antisymmetric walls. The nomencla-
ture of the lines is explained in the upper panel. Here the numbers
is parentheses denote the values of«w1 and«w2 and the lines labeled
adsorption and desorption denote adsorption and desorption
branches. Vertical solid lines in the lower panel indicate the equi-
librium transitions. The calculations have been carried out forH
=10s and atT* =0.85.

FIG. 3. Examples of the density profiles of two species(solid
and dashed lines) before(upper panel) and after(lower panel) cap-
illary condensation transition in the pore with antisymmetric walls,
«w1=11« and«w2=0.01« at T* =0.9. The pore width isH=10s.

FIG. 4. The plot of the excess grand potential(left panel), of the
adsorption isotherm(central panel), and of the selectivity(right
panel). The calculations have been carried out for«w1=11« and
«w2=10«, H=10s, and atT* =0.85. Dotted lines correspond to(an-
tisymmetric) gaslike phase, dashed lines to antisymmetric liquidlike
phase, and solid lines to a demixed liquidlike phase. Labels 1 and 2
denote the capillary condensation and the antisymmetric film–
demixed film transition, respectively. Vertical, dash-dotted line,
with label 1, and solid line, with label 2, indicate equilibrium
transitions.
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changes occur. At very low bulk gas densities the density
profiles are close to the ideal gas distributions, i.e., antisym-
metric films start to develop. With an increasing bulk gas
density the density profiles change and directly before the
capillary condensation transition we observe the existence of
two adlayers at each pore wall. Capillary condensation oc-
curs at the chemical potential corresponding to point 1. This
process leads to the formation of antisymmetric, liquidlike
film inside the pore, cf. upper panel of Fig. 5. However,
already at that value of the configurational chemical potential
there exists an additional solution to the density profile equa-
tion (7a) and (7b). This solution is marked by dots in the
middle panel of Fig. 5 and corresponds to ademixedfilm,
without an interface at the pore center. We abbreviate that
kind of film as a demixed one. However, this film(the ther-
modynamic quantities characterizing that film are marked by
solid lines in Fig. 4) is metastable with respect to antisym-
metric film—the latter corresponds to lower value of the
grand potential, cf. left panel of Fig. 4. At the point labeled
by 2 the situation changes, namely, the antisymmetric film
becomes metastable with respect to the demixed film, cf.
lower panel in Fig. 5. It is an abrupt process, which is ac-
companied by a jump at the adsorption isotherm(the corre-
sponding branches of the excess grand potential do intercept)
and therefore it occurs as a first-order transition, cf. central
panel in Fig. 4.

A discontinuous demixing is the main difference, com-
pared with the case of pores with identical walls. The demix-
ing observed inside the pore with identical walls “beyond”
the first-order capillary condensation transition has been of
the second order[17–21].

With the temperature increase(see Fig. 6) up to T* =0.9
the following changes occur. The condensation at point 1
leads to antisymmetric film and there is still a possibility to
obtain solutions corresponding to demixed films, but this
transition occurs at the chemical potential above the value
corresponding to the bulk gas-liquid transition. Thus, we can
conclude that if the adsorption takes place from agaseous
bulk phase the antisymmetric-demixed film transition ob-
served in Fig. 4 ends at the temperature at which the chemi-
cal potential becomes equal to the chemical potential at the
bulk coexistence. For the system in question this temperature
is T2

* <0.88. We stress that above the temperatureT2 the
antisymmetric-demixed film transition can still be found, but
at bulk densities higher than the bulk dew density.

In contrast, when the temperature decreases, the picture of
the pore filling becomes different. Figure 7 is an analog of
Fig. 4. The data presented here have been evaluated atT*

=0.75. The value of«w2 has been also changed and equals
now 9.5«. Under such conditions the capillary condensation
leads directly to a demixed film and antisymmetric liquidlike
film is always metastable with respect to a demixed film. In
other words there exists some characteristic temperatureT1

* ,
below which the capillary condensation leads to a demixed
film. Note that the adsorption branch of the isotherm in Fig.
7 shows a sequence of layerings(to make them more visible
the dotted line in the central panel of Fig. 7 has been deco-

FIG. 5. Changes in the structure of the confined fluid during
phase transitions shown in Fig. 4. Solid and dashed lines are for
thermodynamically stable states, whereas open and closed circles
denote metastable states. Upper panel displays the density profiles
of rarefied phase at point 1 in the phase diagram in Fig. 3. Middle
panel shows stable and metastable density profiles of the liquidlike
adsorbed phase at point 1, whereas lower panel shows the profiles
after the antisymmetric film–demixed film transition at point 2.
Here only one profile for the metastable state is displayed. The
profile for the second component is symmetric with respect to the
pore center. The values of all parameters are the same as in Fig. 4.

FIG. 6. The plot of the excess grand potential(left and central
panels) and of the adsorption isotherm(right panel). The calcula-
tions have been carried out for«w1=11« and«w2=10«, H=10s, and
at T* =0.9. Dotted lines correspond to(antisymmetric) gaslike
phase, dashed lines to antisymmetric liquidlike phase, and solid
lines to a demixed liquidlike phase. Labels 1 and 2 denote the
capillary condensation and the antisymmetric film–demixed film
transition, respectively. Vertical, dash-dotted line, with label 1, and
solid line, with label 2, indicate equilibrium transitions. For a better
visualization of the transitions, the plots of the grand potential for
capillary condensation and for the antisymmetric-demixed film
transition have been plotted in two distinct panels. The value of the
chemical potential at the bulk dew point is given in the central panel
and the thick vertical line, labeledb indicates the locus of the bulk
gas-fluid transition.
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rated with points), but they are metastable with respect to the
capillary condensation, which takes place at point 1.

The results presented so far indicate that there exist the
following possible scenarios of capillary condensation.

Below some characteristic triple point temperatureT1
* ,

the capillary condensation leads to a demixed film in the
entire pore, without an interface at the pore center.

At the temperature higher thanT1
* the condensation leads

to an antisymmetric film. However, there may also exist a
second first-order transition between antisymmetric and de-
mixed films. Taking into account the experimental condi-
tions, i.e., the fact that in our “experimental setup” the ad-
sorption occurs from gaseous phase, we can also distinguish
the temperatureT2

* as the temperature at which the
antisymmetric-demixed film transition occurs at the chemical
potential equal to the chemical potential at the bulk gas-
liquid coexistence. Obviously,T2

* is not a threshold for dif-
ferent pore filling mechanism, but it characterizes the cross-
ing between the pore filling mechanism and the bulk
condensation.

A different behavior has been found if the difference be-
tween«w1 and«w2 is large enough. In such systems the con-
densed liquidlike phase is always antisymmetric—thus, pre-
sumably the temperatureT1

* drops to zero. This is also the
reason for which we do not observe demixing transition on
the phase diagram in Fig. 1 for the fluid adsorbed in the pore
with opposing walls.

If the difference in the adsorbing potential between two
walls decreases to zero, the first-order antisymmetric-
demixed film transition reduces to thel line. One can thus
expect for a nonzero differenceu«w1−«w2u the first-order
antisymmetric-demixed transition must terminate at the criti-
cal end point temperature, at which the first-order transition
transforms into thel line.

Figure 8 presents the phase diagram for the system with
«w1=11« and «w2=10« in the density-temperature(left
panel) and the chemical potential–temperature(right panel)

planes, respectively. Lower horizontal dotted line denotes the
triple point temperatureT1

* and the upper dotted line denotes
the temperatureT2

* . Filled and open circles represent the first-
order transition between antisymmetric and demixed liquid-
like films. To distinguish adsorption from gas and liquid
phases the transition points have been marked with open
circles in Fig. 8. We stress that the capillary condensation
critical temperature for the present system is nearly the same
as for the systems plotted in Fig. 1.

For the system with«w1=11« and «w2=10« the reduced
critical end point temperature is higher than 1.04. The value
of the critical end point temperature decreases with a de-
crease of the differenceu«w1−«w2u. We have carried out ad-
ditional calculations for the system with«w1=11« and «w2

=10.6«. The results are displayed in the insets to left and
right panels of Fig. 8. In this case the estimated value of the
critical end point temperature isT* <0.96 and is nearly equal
to the temperatureT2

*

For a fixed value of«w1 a decrease of«w2 lowers those
temperatures, whereas an increase of the pore width shiftsT1

*

towards higher values. In Fig. 9 we have displayed the de-
pendence ofT1

* on the energy«w2 and on the pore width. The
value of«w1 was fixed and equal 11«. If the value of«w2 is
low enough, layering transitions may appear. In this work,
however, we have not explored the situations in which lay-
ering transitions occur and, therefore, we have not studied a
possible competition between layerings and capillary con-
densation. On the other hand, when the value of«w2 ap-
proaches«w1 (i.e., 11« in our case), the temperatureT1

* ap-
proaches the critical end point temperature of the system

FIG. 7. The same as in Fig. 4, but for«w1=11« and«w2=9.5«,
H=10s, and atT* =0.75. To make metastable(with respect to the
capillary condensation) layerings more visible the dotted line in the
central panel has been decorated with points.

FIG. 8. Phase diagram for the system with«w1=11« and «w2

=10«, H=10s in the average density-temperature plane(left panel)
and in the configurational chemical potential–temperature plane
(right panel). Lines denote capillary condensation envelope, points
correspond to the antisymmetric film–demixed film transition.
Lower and upper horizontal dotted lines denote the triple point tem-
peratureT1

* and the temperatureT2
* , respectively. Insets to both pan-

els show parts of the phase diagrams, obtained for«w1=11« and
«w2=10.6«. In this case the antisymmetric-demixed first-order tran-
sition ends at the critical end point. Thel line, being its continua-
tion, is marked as thick dotted line.
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with identical walls and the entire envelope of the
antisymmetric-demixed film transition meets thel line.

Let us summarize briefly our work. In the case of adsorp-
tion in slitlike pores with antisymmetric walls a new pore
filling scenario has been found. It takes place when the dif-
ference between the strength of the adsorbing potentials at
both walls is small enough and the temperature is lower than
the characteristic triple point temperatureT1

* . Under such

conditions, the capillary condensation transition leads to the
formation of a demixed film. The symmetry properties of
that demixed film do not follow the symmetry of the appro-
priate Boltzmann factors. At the temperatures higher thanT1

* ,
the capillary condensation leads to antisymmetric films,
which exhibit the same symmetry as the symmetry of the
external fields acting on both components. A further increase
of the bulk density enforces the occurrence of the second
first-order transition between the antisymmetric and demixed
films. This first-order transition ends at its critical end point
temperature, above which it transforms intol line.

There are several problems, which still need to be solved.
In particular, we have not investigated the effects due to
wettability changes in the system and the influence of
layering-type transitions on the phase behavior of a binary
mixture in pores with antisymmetric walls. Next, we have
investigated only one bulk fluid model, with rather high
value of the cross energy. It would be of interest to explore
other bulk fluid models, e.g., models exhibiting the existence
of the tricritical temperatures[35]. Finally, investigation of
adsorption in much wider pores, in which it might be pos-
sible to find the interface delocalization transition[4] would
be also of interest. All these problems are currently under
study in our laboratories.
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