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Abstract. The Monte Carlo simulation method in the grand canonical ensemble has been used to study the
wetting behavior of highly non-additive symmetric mixtures in contact with selective walls. We have focused
on the behavior of the mixtures, which exhibit closed immiscibility loops in the bulk, and have investigated
the interplay between the surface selectivity and the wetting properties of the adsorbed mixtures. Different
wetting behaviors has been found, depending on the values of the adsorption energies of the mixture
components. We have considered the systems in which the wetting at non-selective walls occurs at the
temperatures below the onset of the demixing transition in the bulk. When the average value of adsorption
energies is fixed, the wetting temperature has been found to be unaffected by the weak selectivity of
the wall. In this case, the reentrant mixing has been observed in thick adsorbed films. However, when
the wall selectivity increases beyond a certain threshold value, the reentrant mixing in the film has been
suppressed. This leads to the increase of the wetting temperature. In the case, when the adsorption energy
of one component is fixed, while the adsorption energy of the second component changes, the wetting
temperature has been found to exhibit non-monotonous changes with the difference between the adsorption
energies of the mixture components.

1 Introduction

It has been now well established that a simple model of
non-additive symmetric mixtures exhibits complex phase
behavior [1–8]. In the binary symmetrical mixture, its
pure components are indistinguishable. Thus, the inter-
action potentials for the AA and BB pairs are the same.
Only the interaction potential acting between the pairs
AB may have different strength and/or range. Thus, the
properties of a symmetric mixture are determined by two
parameters. The first is defined by the ratio of the inter-
action strengths of the AB and AA (BB) interactions,
e = εAB/εAA, and the second is defined by the ratio of
the parameters which define the ranges of the interaction
between different pairs, s = σAB/σAA. The parameter e
measures the energetic non-additivity, and the parameter
s is a measure of the geometric non-additivity. The phase
behavior of symmetric mixtures has been found to change,
depending on the magnitudes of these two parameters.
When e < 1, the energy of interaction between the like
particles is higher that the energy of interaction between
the pairs of unlike particles, and the mixture is expected
to undergo a demixing transition. However, the demixing
transition has been found to be also strongly affected by
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the magnitude of the parameter s. In general, the values
of s higher than unity enhance demixing, while the values
of s lower than unity suppress demixing. Such situation
results from the competing energetic and entropic (pack-
ing) effects. The demixing transition has been observed
to occur in the liquid and/or in the solid phases, and to
be of the first or higher order, depending again on the
magnitudes of the parameters e and s, as well as on the
temperature.

In particular, it has been demonstrated [8] that when
the parameters e and s are both considerably smaller than
unity, the symmetric mixtures may exhibit closed immis-
cibility loops in the liquid phase. In such cases, the vapor
condenses into the mixed liquid at low temperatures, since
the packing effects are strong. The mixed liquid can attain
much higher density than the demixed liquid. At very
low temperatures, the ratio of average number densities
of a perfectly mixed and demixed solid phases is roughly
proportional to s−3. On the other hand, the ratio of inter-
action energies in perfectly mixed and demixed solid phase
is proportional to s−6 e. Of course, these relations cannot
be directly applied to liquids. Nonetheless, they indicate
that the packing effects can quite successfully compete
with the energetic effects, when the parameter s is suffi-
ciently small. For example, it has been shown [8] that when
e = 0.6, the mixture with s = 0.6 does not show any trace
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Fig. 1. The schematic representations of the bulk phase dia-
gram for the mixture with e = 0.6 and the values of the
parameter s between 0.7 and 0.74. Parts a and b show (T ∗, µ∗)
and (T ∗, ρ) projections, respectively. The regions correspond-
ing to the vapor, the mixed liquid, the demixed liquid and the
mixed solid phases are marked by v, ml, dl and ms, respectively.
Ttrc,1 and Ttrc,2 mark the tricritical points, and Ttr,v−ml−ms

and Ttr,v−ml−dl correspond to the different triple points. The
first-order phase boundaries are given by solid lines, and the
dashed line corresponds to the λ-lines.

of phase separation in the liquid, while the mixtures with
s > 0.7 undergo the demixing transition, and the temper-
ature at which the demixing transition occurs gradually
decreases with s.

It has been shown that the behavior of non-uniform
symmetric mixtures is also very complex. The wetting
behavior of only energetically non-additive symmetric
mixtures, when e < 1, and s = 1, in contact with non-
selective solid substrates has been studied by several
authors [9–16]. The assumption that s = 1 has allowed to
apply different theoretical approaches [11,13–15], includ-
ing the density functional theory and lattice gas models.
These methods cannot be applied to symmetric mixtures
with negative geometrical non-additivity (s < 1).

Also, the literature describing the behavior of sym-
metric mixtures confined in pores is quite abundant
[17–24].

It is worth noting that symmetric mixtures can be
treated as a simple model of racemic mixtures [25], which
consist of D and L isomers. The separation of racemic mix-
tures into the pure D and L isomers is of great importance
in several fields, like biology and drug industry, since the
D and L enantiomers very often show different biologi-
cal activity [26]. The separation of racemic mixtures can
be achieved in a number of ways, and several of them
involve adsorption at chiral surfaces [27,28]. For exam-
ple, kinked-stepped, high Miller index surfaces of metal
crystals are chiral and exhibit enantiospecific properties
[29]. In particular, the adsorption energies of D and L iso-
mers on such naturally chiral surfaces are different [30].
Using the concept of a symmetric mixture, it is possible

to model adsorption on chiral surfaces, by assuming that
the mixture components interact differently with the solid
surface. Although the model of spherical non-additive
symmetric mixtures is very simple, nevertheless, it can
shed a new light on the interplay between the properties
of bulk mixtures and their wetting behavior.

The wetting of non-selective surfaces by energetically
(e < 1) and geometrically (s 6= 1) non-additive symmetric
mixtures have also been studied, but only by the computer
simulation methods [31,32]. In the special case of only
geometrically non-additive mixtures (e = 1 and s 6= 1),
which do not phase separate, the wetting behavior has
been found to depend strongly on the structure of the
mixed bulk liquid and solid phases [31]. It has been demon-
strated that for a given strength of the surface potential,
the wetting temperature shows non-monotonous changes
with s, following the changes of the bulk triple point tem-
perature. This occurs even when the wetting temperature
is located well above the bulk triple point, and indicates
that the short range ordering in the liquid-like films and
in the bulk liquids plays an important role in the wetting
phenomena.

The study of wetting behavior of energetically and geo-
metrically non-additive mixtures, with e < 1 and s < 1,
at non-selective walls, has concentrated on the systems,
which exhibit closed immiscibility loops in the bulk [32].
In such cases, the vapor condenses into the mixed liquid
at low temperatures, and into the demixed liquid at the
temperatures above the triple point, Ttr,v−ml−dl, in which
the vapor coexists with the mixed and demixed liquids.
These mixtures show the phase diagrams like that given in
Figure 1. Since the AB interaction is weaker than the AA
and BB interactions (e < 1), the mixed adsorbed film
experiences a relatively stronger attraction to the sur-
face than the demixed film. The attractive surface always
increases the tendency towards mixing in the film, and the
mixing in the film is also enhanced by the negative geomet-
rical non-additivity (s < 1). In such cases, the AB pairs
are preferred in particular when the density is high. These
two effects lead to the stabilization of mixed films, even
when the chemical potential approaches the bulk coex-
istence, and the temperature is higher than Ttr,v−ml−dl.
When it happens, only a partial wetting takes place at
the temperature of the triple point Ttr,v−ml−dl and above,
since the mixed film cannot grow to form a macroscopic
(mixed) liquid layer. The bulk liquid becomes demixed at
T ≥ Ttr,v−ml−dl, and the stable mixed liquid appears only
at the higher chemical potential, at which the demixed
and mixed liquids coexist (see Fig. 1). However, taking
into account that a complete wetting is bound to appear
at a certain temperature below the temperature at which
the vapor–liquid coexistence terminates [33,34], the sys-
tems considered in reference [32] have been found to show
two, upper and lower wetting transitions.

In this work, we have considered the wetting behav-
ior of symmetric mixtures in contact with selective walls.
The primary aim of our study has been to elucidate how
the wetting behavior of highly non-additive symmetric
mixtures changes, when the bulk mixtures show different
tendency towards mixing in the bulk. In particular, we
have concentrated on the mixtures with the bulk phase

https://epjb.epj.org/


Eur. Phys. J. B (2018) 91: 210 Page 3 of 12

diagram like that shown in Figure 1. It should be men-
tioned that we have already discussed the effects of wall
selectivity on the wetting of the mixture with e = 0.6 and
s = 0.73 [35], which also show the closed immiscibility
loop. Here, we have considered the mixtures of the lower
tendency towards demixing, with s = 0.7 and 0.72, and
demonstrated how the wall selectivity affects their wetting
behavior.

2 The model and simulation method

The model applied here has been the same as that used
in reference [35]. Thus, the potential describing the inter-
action between the components of the binary symmetric
mixture, consisting of the components A and B, has
been represented by the truncated (12,6) Lennard–Jones
potential

uij(r) =

{
4εij [(σij/r)

12 − (σij/r)
6] r ≤ rmax

0 r > rmax
, (1)

where r is the distance between a pair of the particles
i and j. We have taken the value of εAA = εBB = ε
as the unit of energy, and σAA = σBB = σ as the unit
of length. Therefore, the parameters, e = εAB/εAA and
s = σAB/σAA, characterize non-additivity of the bulk
fluid. We have also introduced the reduced temperature,
T ∗ = kT/ε, and the reduced chemical potentials of the
species A and B, µ∗i = µi/ε, i = A, B. All the energy
like quantities have been expressed in the units of ε. The
fluid–fluid interaction potential has been cut at the dis-
tance r∗max = 3.0. Throughout this paper we have assumed
that µ∗A = µ∗B = µ∗.

The mixture has been placed in contact with a selective
smooth wall. The fluid–wall interaction potential, being a
function of the distance from the wall (z) only, has been
represented by the following equation:

vi(z) = ε∗gs,i

[(σ
z

)9
−
(σ
z

)3]
. (2)

In the above ε∗gs,i is a measure of the fluid–wall interac-
tion strength (expressed in the units of ε) for the i-the
component (A or B). The fluid–wall interaction potential
has been cut at the distance from the surface equal to
z∗max = 10.

The model has been studied using the Monte Carlo
simulation method in the grand canonical ensemble
[31,32,36–38]. Using the cells of the size L∗x × L∗y × L∗z =
20× 20× 60 the standard periodic boundary conditions in
the x and y directions have been applied. The solid sur-
face has been placed at z = 0 and the simulation box has
been closed from the top, at z = L∗z, by a reflecting hard
wall.

The quantities recorded included the average numbers
of particles A (NA) and B (NB) and the density profiles
for each component, ρk(z). The density profiles allow to
calculate the surface excess densities of the components,

ρex,k, using the following equation

ρex,k =
1

S

∫ Lz

0

[ρk(z)− ρo,k]dz, (3)

where S is the surface area, and ρo,k is the bulk density
of the k-th component. The total excess density has been
obtained as a sum ρex = ρex,A + ρex,B .

Using the density profiles, we have also calculated the
order parameter profiles

m(z) =
|ρA(z)− ρB(z)|
ρA(z) + ρB(z)

, (4)

being the measure of phase separation across the adsorbed
film.

Besides, we have calculated the total order parameter
m, defined as

m =
|ρex,B − ρex,A|

ρex
. (5)

Of course, we have also monitored the average fluid–
fluid potential energy (per particle), 〈u∗gg〉, the average
fluid–wall potential energies for both components 〈u∗gs,k〉
(k = A or B), and the total potential energy of the system.

The wetting behavior has been investigated using the
excess adsorption isotherms calculated at different tem-
peratures, and the density profiles recorded at different
temperatures and at different values of the chemical
potential. The phase boundaries of the bulk systems
have been taken from references [31,32]. We have per-
formed the runs involving 108–5 × 109 Monte Carlo
steps. Each Monte Carlo step consisted of randomly cho-
sen attempts to translate a randomly chosen particle, to
create a new particle in a randomly chosen position, to
annihilate a randomly chosen particle or to change the
identity of a randomly chosen particle. Similar numbers
of Monte Carlo steps have been used to equilibrate the
system.

Throughout this paper, we have considered the mix-
tures with the parameter e equal to 0.6, and the
parameter s equal to 0.70 and 0.72. It has already
been mentioned in Section 1 that the bulk phase dia-
grams of these mixtures are qualitatively the same [31,32]
(see Fig. 1), and that these mixtures exhibit closed immis-
cibility loops. At low temperatures, between the triple
point T ∗tr,v−ml−ms, in which the vapor coexists with the
mixed liquid and the mixed solid, and the triple point
T ∗tr,v−ml−dl, in which the vapor coexists with the mixed
and demixed liquids, the vapor condenses into the mixed
liquid. Only at the temperatures exceeding the triple
point T ∗tr,v−ml−dl, the demixing transition accompanies
the vapor condensation. It should be noted that the
demixing is the first order transition at the temperatures
between T ∗tr,v−ml−dl and the tricritical point T ∗trc,1. The
tricritical point T ∗trc,1 is the onset of the so-called λ-line,
along which the demixing occurs via the continuous tran-
sition. The vapor–liquid coexistence terminates at still
another tricritical point, T ∗trc,2, which replaces the usual
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vapor–liquid critical point, and being also the onset of
λ-line. Thus, the λ-line forms a closed loop, as shown by
the dashed line in Figure 1.

3 Results and discussion

To begin with, we present the results for the mixture with
s = 0.7. In this case, the onset of the demixing transi-
tion is located at the triple point temperature of about
T ∗tr,v−ml−dl = 1.11, which is quite close to the tricritical

point T ∗trc,2 ≈ 1.18. It has been demonstrated [32] that in
the case of non-selective walls, with ε∗gs,A = ε∗gs,B = ε∗gs,
this mixture shows two wetting points. The lower
wetting transition occurs at the temperature T ∗w,1, below
T ∗tr,v−ml−dl, when the developing mixed wetting film and
the bulk liquid are mixed. Of course, the wetting temper-
ature decreases when ε∗gs becomes larger, and for ε∗gs equal
to and higher than about 6, the wetting has been found
to be pinned in the triple point T ∗tr,v−ml−ms ≈ 0.865,
in which the vapor coexists with the mixed liquid and
the mixed solid phases. However, a complete wetting
ceases as soon as the temperature reaches the triple point
T ∗tr,v−ml−dl, because the adsorbed film remains mixed up
to the bulk coexistence. This is a consequence of the
enhanced mixing in the film due to the attractive fluid–
surface potential. However, a complete wetting is bound
to reappear below the tricritical point T ∗trc,2, as it follows
from the theoretical argument of Cahn [33] and of Ebner
and Saam [34]. These authors have demonstrated that a
complete wetting has to occur at the temperature lower
than the vapor–liquid critical point. The same applies to
the systems in which the vapor–liquid coexistence termi-
nates in the tricritical point. This implies the presence of
the second (upper) wetting transition above T ∗tr,v−ml−dl,
but below T ∗trc,2. Indeed, we have found a rather clear evi-
dence of such behavior [32]. The situation is expected to
be different when the mixture is in contact with selective
walls.

The first series of calculations has been carried out for
the fixed mean value of the surface potential strengths
of the components, ε∗gs = (1/2)(ε∗gs,A + ε∗gs,B) = 5.5. The

lower wetting temperature (T ∗w,1) of the system with
∆ε∗gs = ε∗gs,A− ε∗gs,B = 0 (a non-selective wall) has been
estimated to be equal to about T ∗w ≈ 0.92. This temper-
ature is considerably lower then the triple point temper-
ature T ∗tr,v−ml−dl. Our aim here has been to find, how
the increasing difference between ε∗gs,A and ε∗gs,B affects
the wetting behavior. Obviously, when ∆ε∗gs increases, the
adsorbed film has to show a growing tendency towards
demixing, due to the preferential adsorption of one com-
ponent.

In the limit of very low adsorption, i.e., in the Henry’s
low region, when one can assume that the adsorbed
molecules do not interact one with another, the surface
excesses of the components A and B are independent of
s and e, and depend only on the magnitudes of ε∗gs,A and
ε∗gs,B . Namely, the surface excess of the kth component is
given by the following equation

Fig. 2. The changes of the order parameter m versus temper-
ature in the low adsorption limit (in the Henry’s region) for
〈ε∗gs〉 = 5.5 and different values of ∆ε∗gs.

ρex,k ∼ ρo,k
∫ ∞
zo

[exp[−v∗k(z∗)/T ∗]− 1]dz . (6)

In the above, the integration starts at the Gibbs dividing
surface located at zo. The bulk densities of the com-
ponents A and B are bound to be same, since their
chemical potentials are equal. The surface excesses, ρex,A
and ρex,B , allow to calculate the order parameter m (cf.
Eq.(5)). In Figure 2 we have shown the changes of the
order parameter m with temperature, for several choices
of ∆ε∗gs and for ε∗gs = 5.5. An increase of ∆ε∗gs leads to the
enhancement of demixing, i.e., to the preferential adsorp-
tion of the component B. This figure also shows that the
degree of demixing gradually decreases with temperature,
as expected.

When the film density becomes larger, one has to take
into account the interaction between the adsorbed parti-
cles, and the behavior of the growing film has to change.
We have calculated the excess adsorption–desorption
isotherms for several choices of ∆ε∗gs, between 0.2 and
2.6, and at different temperatures. The examples of our
results have been presented in Figures 3–7. For the val-
ues of ∆ε∗gs up to 1.0, we have found the same behavior
as in the case of the non-selective wall (∆ε∗gs = 0.0) with
ε∗gs,A and ε∗gs,B equal to 5.5 [32]. In particular, the wet-
ting temperature has been found to occur at T ∗w ≈ 0.92.
The main part of Figure 3 presents the examples of the
total surface excess adsorption isotherms, recorded for the
system with ∆ε∗gs = 1.0, at different temperatures, right
at and above the wetting temperature. It is evident that
thick wetting films develop. The inset in Figure 3 shows
the changes of the order parameter m along the isotherms
and demonstrates that at the temperatures below the
triple point T ∗tr,v−ml−dl ≈ 1.11, the films undergo a reen-
trant mixing when the chemical potential approaches the
bulk coexistence. However, the situation changes when the
temperature exceeds the triple point T ∗tr,v−ml−dl. Under
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Fig. 3. The main figure shows the excess adsorption isotherms
(ρex versus µ∗), while the inset shows the corresponding
changes of the order parameter m with the chemical poten-
tial µ∗ at different temperatures (given in the figure), for the
system with 〈ε∗gs〉 = 5.5 and ∆ε∗gs = 1.0.

Fig. 4. The examples of density profiles for the components A
(solid lines) and B (dashed lines) for the system with e = 0.6,
s = 0.70, 〈ε∗gs〉 = 5.5 and ∆ε∗gs = 1.0 at T ∗ = 0.94 and different
values of the chemical potential (shown in the figure). The color
key applies to the on-line version of the paper.

Fig. 5. The examples of density profiles for the components A
(solid lines) and B (dashed lines) for the system with e = 0.6,
s = 0.70, 〈ε∗gs〉 = 5.5 and ∆ε∗gs = 1.0 at T ∗ = 1.14 and different
values of the chemical potential (shown in the figure). The color
key applies to the on-line version of the paper. The inset gives
the order parameter profiles for two values of µ∗.

Fig. 6. The excess adsorption isotherms ρex,K of the compo-
nents K = A (open symbols) and K = B (filled symbols) at
T ∗ = 0.93, 0.94 and 0.96, for the system with 〈ε∗gs〉 = 5.5 and
∆ε∗gs = 1.4.
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Fig. 7. The main figure shows the density profiles of the com-
ponents A (dashed lines) and B (solid lines) recorded for the
system with 〈ε∗gs〉 = 5.5 and ∆ε∗gs = 1.4 at T ∗ = 0.96 and dif-
ferent values of the chemical potential (given in the figure).
The inset shows the corresponding order parameter profiles.

such condition, the vapor condenses into the demixed
liquid, and the order parameter starts to increase when
µ∗ approaches the bulk coexistence (see the order param-
eter changes at T ∗ = 1.14 in the inset to Fig. 3). We have
not been able to get very close to the bulk coexistence
point, due to the finite size of the simulation cell.

The reentrant mixing in the film has also been illus-
trated by the density profiles shown in Figure 4, recorded
for the same system, at T ∗ = 0.94 and different values of
the chemical potential. The thin film (at µ∗ = −3.73) is
highly demixed, while the thick film is mixed and attains
a rather high density. Only the first two layers, adjacent to
the surface, exhibit a substantial enrichment in the more
strongly adsorbed component B. On the other hand, at
T ∗ > T ∗tr,v−ml−dl, the density profiles of both components

(see the main part of Fig. 5) show large differences over
the entire film. The profiles given in Figures 4 and 5 also
show that the interface between the film and the bulk
vapor becomes more and more diffused when the tem-
perature increases. The inset in Figure 5 shows the order
parameter profiles at the values of µ∗ rather close to the
bulk coexistence and demonstrates that a partial demixing
occurs even in the outer parts of the adsorbed layer.

An increase of ∆ε∗gs above 1.0 leads to the changes
in the wetting behavior. The predominant adsorption of
the component B increases and causes a stronger phase
separation in the adsorbed layer. The film may remain
demixed at the bulk coexistence, at higher temperatures
than observed for smaller values of ∆ε∗gs. This implies that
the wetting temperature should also increase. For exam-
ple, we have found that when ∆ε∗gs = 1.4, the reentrant
mixing in the film does not occur at T ∗ = 0.94, but it is
present at higher temperatures. This is illustrated by the

Fig. 8. The changes of the wetting temperature against the
difference between the adsorption energies of the components
(∆ε∗gs) for the systems with s = 0.70 and 〈ε∗gs〉 = 5.5.

excess adsorption isotherms of the mixture components,
depicted in Figure 6. At T ∗ = 0.93 and 0.94 the adsorbed
films remain demixed and rather thin, while the reentrant
mixing occurs at higher temperatures, and the film attains
larger thickness. The reentrant mixing is accompanied by
a large decrease of the order parameter m in the entire
film (see the inset to Fig. 7). However, the density profiles
given in the main part of Figure 7 show that the reentrant
mixing causes the density of the more strongly adsorbed
component B to undergo large changes only in the outer
part of the film, while the component A shows a large
increase of density in the entire film.

We have also carried out simulation for still larger val-
ues of ∆ε∗gs, up to 2.6, and the results are summarized
in Figure 8, which presents the changes of the wetting
temperature with ∆ε∗gs. It is quite clear that as long as
∆ε∗gs ≤ 1.0 the wetting temperature does not change, and
then rather sharply increases when ∆ε∗gs becomes greater.
Upon the increase of ∆ε∗gs, the stability of the demixed
films also increases. Only at sufficiently high tempera-
tures, the entropic effects become large enough to trigger
the reentrant mixing, which allows for a complete wetting.

The second series of calculations has been carried out
assuming the fixed value of ε∗gs,A = 5.0, and different,
greater than ε∗gs,A, values of ε∗gs,B , between 5.2 and 8.0.
We recall that when ε∗gs,A and ε∗gs,B are both equal

to 5.0 (a non-selective wall), the wetting occurs below
T ∗tr,v−ml−dl, at the wetting temperature Tw,1 ≈ 0.97. In

the previous work [35], we have presented the results
for a similar situation, but for the mixture characterized
by s = 0.73. It has been shown that when the wetting
transition at non-selective wall occurs at the tempera-
ture between T ∗tr,v,ml−ms and T ∗tr,v−ml−dl, an increase of
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Fig. 9. The main part show, the excess adsorption isotherms of
individual components (ρex,K for the system with ε∗gs,A = 5.0
and ε∗gs,B = 5.4, at different temperatures. The inset shows
the density profiles for the components A (solid lines) and
B( dashed lines) at T ∗ = 0.98 and for different values of the
chemical potential (given in the figure).

∆ε∗gs leads to non-monotonous changes of T ∗w,1, and that a
complete wetting also occurs at any temperature exceed-
ing T ∗tr,v−ml−dl. The presently considered mixture, with
s = 0.7, shows a considerably stronger tendency towards
mixing, and hence its wetting behavior is also expected to
be different.

In the main part of Figure 9, we have shown the
excess adsorption isotherms at T ∗ = 0.95, 0.96 and 0.98,
recorded for the system with ∆ε∗gs = 0.4. One readily
notes that at T ∗ = 0.95, the surface excesses of both
components remain quite small, even when the chemi-
cal potential approaches the bulk coexistence. On the
other hand, at T ∗ = 0.96, and at the higher tempera-
ture of 0.98, thick mixed films develop. In the case of
T ∗ = 0.96, we have found a sharp prewetting transition,
while at T ∗ = 0.98 the increase of the surface excesses
is smooth, implying that the prewetting critical temper-
ature is lower than 0.98. The inset in Figure 9 gives the
density profiles of the components A and B at T ∗ = 0.98,
and for different values of the chemical potential. It is
quite well seen that the film shows a nearly complete
mixing upon the approach to the bulk coexistence. Only
the first layer exhibits a small enrichment in the com-
ponent B. The above results suggest that the wetting
temperature occurs at T ∗w ≈ 0.955 ± 0.005. A very sim-
ilar behavior has been observed for ∆ε∗gs up to about 1.4.
Only the wetting temperature has been found to gradually
decrease.

However, when the difference between ε∗gs,A and ε∗gs,B
becomes larger than about 1.4, the wetting temperature
has been found to gradually increase (see Fig. 10). In
the region of ∆ε∗gs ≤ 1.4, the increase of ε∗gs,B causes the

Fig. 10. The changes of the wetting temperature against the
difference between the adsorption energies of the components
(∆ε∗gs) for the systems with s = 0.70 and ε∗gs,A = 5.0.

increase of the average fluid–solid interaction energy in the
film, which results in the increase of the film density. This,
in turn, favors mixing and leads to a gradual decrease of
the wetting temperature. On the other hand, when ∆ε∗gs
becomes high enough, a strong preferential adsorption of
the component B stabilizes the demixed film. However,
an increase of ∆ε∗gs is accompanied the increase of the
average fluid–solid interaction energy, and therefore the
wetting temperature only weakly increases with ∆ε∗gs.

Figure 11 presents a comparison of the fluid–surface
interaction energy profiles (upper panels), and the density
profiles (lower panels) recorded at the same temperature
T ∗ = 0.92 and the same chemical potential close to the
bulk coexistence, µ∗ = −3.75, for the systems character-
ized by different values of ∆ε∗gs. In the upper panels of
Figure 11, we have also put the values of the average
fluid–surface potential energy, calculated as

〈u∗gs〉 =
1

S

∫ Lz

zo

[ρA(z)vA(z) + ρB(z)vB(z)]dz. (7)

When ∆ε∗gs = 0.6, the wetting temperature is higher
than 0.92, and only a thin adsorbed layer of low density
appears. The profiles of u∗gs,K(z∗) show that the fluid–
solid interactions of both components are not very high.
Also, the average fluid–solid potential energy is quite
small. Of course, the fluid–solid interaction of the more
strongly adsorbed component B is larger. A small enrich-
ment of the film in the component B is due to a rather
small value of ∆ε∗gs. In the case of ∆ε∗gs = 1.4, the wet-
ting temperature is lower than 0.92, and a thick mixed film
of much higher density develops. In particular, the layers
adjacent to the surface reach very high density, and also
show a considerably stronger interaction with the surface.
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Fig. 11. The fluid–surface interaction energy profiles (upper panels), and the density profiles (lower panels), recorded at
T ∗ = 0.92 and µ∗ = −3.75, for the systems characterized by different values of ∆ε∗gs given in the upper panels. In the upper
panels, we have also given the average values of the fluid–surface potential energies, calculated under the same thermodynamic
conditions.

However, the difference between the fluid–solid interaction
in the first layer is greater since the component B interacts
with the surface much more strongly than the component
A. However, the density of component A is large even in
the first layer, indicating a high degree of mixing. In a
mixed layer, the number of particles interacting with the
surface is greater than in the demixed one. In the dense
layer, the average distance between a pair of BB (or AA)
particles is slightly larger than σ, while the average dis-
tance between a pair of AB particles is lower, and slightly
larger than sσ. In the consequence, a large number of
interacting particles cause that the average fluid–surface
potential energy is also large. The situation changes again
when ∆ε∗gs = 2.0. This system has the wetting tempera-
ture of about 0.925. A large difference between ε∗gs,A and
ε∗gs,B causes that at T ∗ = 0.92 the film is highly demixed
and remains stable up to the bulk coexistence. The total
density of the first layer is, however, lower than in the case
of ∆ε∗gs = 1.4. This is due to the fact that this layer is
predominantly occupied by the component B, and hence,
there are more BB and AB pairs. A small density of the
component A in the film causes that its contribution to
the fluid–solid interaction is low. Despite the fact that the
component B shows a considerably stronger interaction
with the surface than in the system with ∆ε∗gs = 1.4, the
total average fluid–surface potential energy is lower than
in the system with ∆ε∗gs = 1.4.

We have also performed similar simulations for the sys-
tems with ε∗gs = 6.0 and different values of ∆ε∗gs, up to 3,
as well as for the systems with ε∗gs,A = 6.0 and the greater
values of ε∗gs,B , up to 9.0. We recall that the mixture
with e = 0.6 and s = 0.7 in contact with a non-selective
wall characterized by ε∗gs = 6.0 has shown the triple point
wetting at T ∗w = T ∗tr,v−ml−ms ≈ 0.875. The systems with

ε∗gs = 6.0 have been found to behave similarly as the dis-
cussed earlier systems with ε∗gs = 5.5. For small values
of ∆ε∗gs, up to about 0.6, the triple point wetting at
T ∗w ≈ 0.875 has been observed. A further increase of ∆ε∗gs
has caused the increase of the wetting temperature. When
∆ε∗gs = 1.0, 2.0 and 3.0, the wetting temperature has been
estimated as equal to 0.89 ± 0.005, 0.925 ± 0.005 and
0.98 ± 0.01, respectively.

The behavior of the systems with ε∗gs,A = 6.0 and dif-
ferent values of ∆ε∗gs has been found to be quite different
than observed for the series with ε∗gs,A = 5.0. In the
case of the series with ε∗gs,A = 5.0, the wetting transi-
tion at the non-selective wall occurs at T ∗w = 0.97± 0.05,
i.e., well above the triple point T ∗w = T ∗tr,v−ml−ms. By
increasing ∆ε∗gs, up to about 1.4, the wetting tempera-
ture decreases to about 0.915, and then starts to increase
again, when ∆ε∗gs becomes higher (cf. Fig. 10). When
ε∗gs,A = 6.0, the increase of ∆ε∗gs, up to 3.0, has not been
found to cause any changes of the wetting temperature.
In all cases, we have observed the triple point wetting at
T ∗w = T ∗tr,v−ml−ms. The wetting occurs via the first-order
transition and is accompanied by the prewetting transi-
tion. For small values of ∆ε∗gs, up to about 0.6, the onset
of the prewetting transition is located right at the triple
point T ∗tr,v−ml−ms. However, for the larger values of ∆ε∗gs,
the onset of the prewetting transition occurs at lower tem-
peratures (see Fig. 12). It does not imply that wetting
occurs below the triple point. In the case of a strongly
adsorbing non-selective walls, we have also observed the
prewetting transitions to occur below the triple point [32],
in agreement with the theoretical predictions of Pandit
and Fisher [39]. The behavior observed agrees with the
results obtained for the systems with non-selective walls
discussed in reference [32]. Namely, it has been shown that
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Fig. 12. The main figure shows the excess adsorption
isotherms ρex,K of the components K = A (open symbols)
and K = B (filled symbols) for the system with ε∗gs,A = 6.0
and ∆ε∗gs = 1.0 at different temperatures. The inset shows the
schematic representation of the phase diagram for the same
system.

when the strength of the surface potential, ε∗gs, exceeds
6.0, the wetting transition is pinned in the triple point
T ∗tr,v−ml−ms.

Now, we turn to the discussion of the wetting behav-
ior of the mixture characterized by s = 0.6 and s = 0.72.
This mixture has the triple point T ∗tr,v−ml−ms at the
temperature equal to 0.835 ± 0.005 and the triple point
T ∗tr,v−ml−dl at 0.97 ± 0.005. We have considered two series
of systems, in which ε∗gs,A = 5.0 and 6.0, while ε∗gs,B has
been assumed to be larger and changed between 5.2 and 6.
In the first case of ε∗gs,A = 5.0, the wetting transition
at the non-selective wall has been found to occur right
at the temperature of the triple point T ∗tr,v−ml−dl, i.e., at
T∗w = 0.97 ± 0.005. Thus, only the demixed film wets the
surface. On the other hand, when ε∗gs,A = 6.0, the wetting
transition has been estimated to occur at a considerably
lower temperature, at T ∗w = 0.875 ± 0.005 [32].

In the case of the series with ε∗gs,A = 5.0, one can expect
that the wall selectivity should not lead to the changes of
the wetting temperature. An increase of ∆ε∗gs is bound to
enhance demixing in the film. Therefore, at the tempera-
tures below the triple point T ∗tr,v−ml−dl, the film is likely to
remain demixed up to the bulk coexistence, and hence can-
not wet the surface, since the bulk liquid is mixed. On the
other hand, as soon as the temperature reaches or exceeds
the triple point T ∗tr,v−ml−dl, the enhanced demixing in the
film favors the formation of thick wetting layer, since the
bulk liquid is also demixed. Figures 13 and 14 present

Fig. 13. The excess adsorption isotherms of individual com-
ponents for the system with s = 0.72, ε∗gs,A = 5.0, and
ε∗gs,B = 5.2. The inset shows the examples of density profiles
of the components A (solid lines) and B (dashed lines) at the
temperature below and above the wetting temperature. The
estimated values of the chemical potential at the bulk coexis-
tence are equal to about µ∗

o = −3.65 and –3.627 at T ∗ = 0.96
and 0.98, respectively.

the examples of the excess adsorption isotherms and den-
sity profiles, obtained for the systems with ∆ε∗gs = 0.2
and 1.0, respectively. When ∆ε∗gs = 0.2, the adsorption
of both components remain quite low as long as the tem-
perature is lower than T ∗tr,v−ml−dl. The density profiles
calculated at T ∗ = 0.96 and 0.98, and for the chemi-
cal potential values very close to the bulk coexistence
(see the inset to Fig. 13) demonstrate that at the tem-
perature below the triple point (0.96), the film thin and
shows a low degree of demixing. On the other hand, at
T ∗ = 0.98, the developing film is highly demixed and
attains much higher thickness. The same occurs at still
higher temperatures.

When the value of ε∗gs,B increases, the predominant
adsorption of component B also increases and hence the
adsorbed film can reach greater thickness, even at the tem-
peratures below the wetting transition. This is illustrated
by the excess adsorption isotherm at T ∗ = 0.96, shown in
the main part of Figure 14. At the temperatures above
T ∗w, the film thickness increases, although the density pro-
files of individual components look quite similar. It should
be noted that the wetting is the first order transition, and
one should not expect the divergence of the film thickness,
as long as the chemical potential is lower than the bulk
coexistence value.

The calculations have demonstrated that the systems
discussed exhibit the prewetting transition already below
the wetting temperature. The onset of the prewetting
transitions have been found to occur at gradually decreas-
ing temperatures when ∆ε∗gs increases. This demonstrates
that the phase diagrams for these systems look like that
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Fig. 14. The excess adsorption isotherms of individual compo-
nents for the system with s = 0.72, ε∗gs,A = 5.0 and ε∗gs,B = 6.0.
The inset shows the examples of density profiles of the compo-
nents A (solid lines) and B (dashed lines) at the temperature
below and above the wetting temperature. The profiles at
T ∗ = 0.96 and 0.98 have been recorded for µ∗ = −3.658 and
−3.629, respectively.

given in the inset of Figure 12, but with the triple point
T ∗tr,v−ml−ms replaced by the triple point T ∗tr,v−ml−ms and
with the condensed phases ms and ml replaced by ml and
dl, respectively.

The series of systems characterized by e = 0.6, s = 0.72,
ε∗gs,A = 6.0 and different values of ε∗gs,B between 6.2 and
7.0 have shown still different wetting behavior. For the
values of ∆ε∗gs < 0.6, the wetting temperature has been
found to decrease from about 0.875, when ∆ε∗gs = 0 to
0.835, when ∆ε∗gs = 0.6. A further increase of ∆ε∗gs up
to 1.0 has not led to any changes of the wetting tem-
perature. We recall that the triple point T ∗tr,v−ml−ms is
located just at the temperature of 0.835, so that the triple
point wetting occurs for large values of ∆ε∗gs. Although,
we have not carried out calculations for the values of ∆ε∗gs
greater than 1.0, nevertheless it can be anticipated that
the wetting temperature should gradually increase when
∆ε∗gs becomes high enough. This prediction is based on the
results obtained for the the previously discussed systems
with s = 0.7 and ε∗gs,A = 6.0, as well as on the results
obtained for the system with s = 0.73 and ε∗gs,A = 6.0

[35]. There is, however, a difference in the behavior of
the systems with s = 0.7, 0.72 and 0.73, resulting from a
different tendency towards demixing. Figure 15 shows the
plots of the wetting temperature against ∆ε∗gs the systems
with different s. In the case of s = 0.7 and ε∗gs,A = 6, the
surface field is strong enough to ensure a complete wet-
ting already at the triple point T ∗tr,v−ml−ms. An increase
of ∆ε∗gs causes that the reentrant mixing in the film occurs

Fig. 15. The plots of the wetting temperature versus ∆ε∗gs, for
the systems with e = 0.6, ε∗gs,A = 6.0 and different values of s
(shown in the figure). The horizontal dashed lines mark the
locations of the triple point T ∗

tr,v−ml−ms in the bulk mixtures
of different values of the parameter s.

even when the component B shows a strong preferential
adsorption. The solid phase does not wet the surface, and
it results in the pinning of the wetting transition in the
triple point. For the larger values of s = 0.72 and 0.73, the
situation changes. When the surface is non-selective, the
wetting transition occurs above the corresponding triple
points. The increase of ε∗gs,B leads to stronger average
fluid–solid interaction, and moves the wetting transition
towards lower temperatures. In the case of s = 0.72, the
wetting temperature reaches the triple point T ∗tr,v−ml−ms,
when ∆ε∗gs ≈ 0.6. For still higher values of ∆ε∗gs the triple
point wetting occurs. The mixture with s = 0.72 has a
larger tendency towards demixing than the mixture with
s = 0.7, and hence the reentrant mixing should also be
suppressed when ∆ε∗gs becomes sufficiently high. How-
ever, this phenomenon has not been observed for the
largest value of ∆ε∗gs = 1.0 considered here. The sup-
pression of reentrant mixing occurs in the mixture with
s = 0.73, which exhibits still higher tendency towards
demixing [35], and results in a gradual increase of the
wetting temperature when ∆ε∗gs is higher than about 0.4.

4 Summary

In this paper, we have attempted to elucidate the inter-
play between the properties of bulk highly non-additive
symmetric mixtures, with the parameter e = 0.6, and
their wetting behavior at selective walls. To this end,
we have performed extensive Monte Carlo study in the
grand canonical ensemble. The mixtures considered are
characterized by different value of the parameter s, equal
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to 0.70 and 0.72, and exhibit the closed immiscibility
loops. The demixing transition along the vapor–liquid
coexistence occurs only at sufficiently high temperatures,
above the triple point T ∗tr,v−ml−dl, in which the vapor
coexists with the mixed and demixed liquids. At lower
temperatures, below T ∗tr,v−ml−dl, but above the triple
point T ∗tr,v−ml−ms ≈ 0.815, in which the vapor, the mixed
liquid and the mixed solid coexist, the vapor condenses
into the mixed liquid. The bulk phase diagrams of the mix-
tures studied are qualitatively the same (cf. Fig. 1), but
they show different tendency towards demixing, resulting
from the changes of the geometrical non-additivity, mea-
sured by the magnitude of the parameter s. In the case
of s = 0.7, the vapor condenses into the demixed liquid
only over a very narrow range of temperatures, between
T ∗tr,v−ml−dl ≈ 1.11 and T ∗trc,2 ≈ 1.18. On the other hand,
the mixture with s = 0.72 exhibits a considerably higher
tendency towards demixing, and the vapor condensation
leads to the formation of demixed liquid phases already at
T ∗tr,v−ml−dl ≈ 0.97. The tricritical point T ∗trc,2 is located
between 1.18 and 1.175.

We have considered the systems with the fixed average
value of, ε∗gs = 0.5(ε∗gs,A + ε∗gs,B), as well as the systems in
which ε∗gs,A has been fixed, while ε∗gs,B assumed different,
greater than ε∗gs,A, values.

In the case of the fixed average values of ε∗gs, equal to
5.5 and 6.0, we have found that the wetting temperature
does not change for ∆ε∗gs lower than a certain thresh-
old value. Then the wetting temperature rather sharply
increases with ∆ε∗gs. This behavior can be understood by
taking into account that small values of ∆ε∗gs considerably
affect only the composition of the layers adjacent to the
surface, so that the developing film can readily undergo
the reentrant mixing. Since the value of ε∗gs is constant, the
average fluid–surface interaction in the thick films is prac-
tically unaffected by the behavior of the layers adjacent
to the surface, and hence, the wetting temperature does
not change. Once the value of ∆ε∗gs becomes larger than
the threshold value, the stability of thin demixed layer
becomes sufficiently large to hinder the reentrant mixing,
and the demixed film survives even when the chemical
potential reaches the bulk condensation point. Only at suf-
ficiently high temperatures, the increasing entropic effects
allow for the reentrant mixing to occur. This leads to large
increase of the wetting temperature.

The behavior of systems with the fixed value of ε∗gs,A
and different (higher) values of ε∗gs,B has been found to
considerably different. In such cases, the increase of ∆ε∗gs
leads to the increase of the average fluid–solid interac-
tion. Therefore, one expects a gradual lowering of the
wetting temperature with ∆ε∗gs. We have found that it

happens only when the wetting transition at non-selective
wall occurs above the triple point T ∗tr,v−ml−ms, in which

the vapor coexists with the mixed liquid and solid phases,
and for small values of ∆ε∗gs (cf. Figs. 10 and 15). In the
system with s = 0.72 and ε∗gs,A = 6.0, the wetting tem-
perature has been found to decrease and reach the triple
point T ∗tr,v−ml−ms for ∆ε∗gs ≈ 0.6. A further increase of
∆ε∗gs to 1.0 has not changed the wetting temperature. In

the case when the wetting at a non-selective wall occurs
right in the triple point T ∗tr,v−ml−ms, an increase of ∆ε∗gs
does not change the wetting temperature. This implies
that the solid phase does not wet the surface.

The results presented above have demonstrated that
the wetting behavior of highly non-additive symmetric
mixture strongly depends on the properties of the bulk
mixtures as well as on the strength of interactions between
the mixture components and the surface. When the wet-
ting transition occurs at non-selective walls occurs above
the triple point T ∗tr,v−ml−ms and below the triple point
T ∗tr,v−ml−dl, weakly selective walls have been found to lead
to a decrease of the wetting temperature. On the other
hand, strongly selective walls may cause an increase of the
wetting temperature, due to enhance stability of demixed
films. In the case of triple point wetting, in T ∗tr,v−ml−ms,
at non-selective walls, the wall selectivity does not lead to
the decrease of the wetting temperature, since the solid
phase does not wet the surface.
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