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Molecular simulation of the wetting of an unstructured
attractive wall by Gay–Berne liquid crystals are reported.
Simulations are performed in the grand canonical
ensemble on a wide pore at constant temperatures of
T* 5 0.53 and 0.56, corresponding to temperatures below
and above the nematic-isotropic-vapor triple point. Close
to the coexistence chemical potential, a thick liquid film
wets the solid surface. The film is composed of stratified
layers of molecules parallel to the solid surface, which
follow to a nematic domain at the lower temperature and an
isotropic one at the higher temperature. In both cases, the
film is in equilibrium with the corresponding vapor phase.
Close to the liquid–vapor interface there is a manifest
tendency for the molecules to orient themselves parallel to
the interface. The adsorption on the wall varies continu-
ously with the thermodynamic parameters considered and
no evidence of a first order prewetting transition is
observed.

Keywords: Monte Carlo; Adsorption; Film; Prewetting

INTRODUCTION

Computer simulations have allowed reasonable
insight on the phase equilibria of bulk liquid crystals
(LC), and both the structure and thermodynamics of
these systems are known to some extent [1–3].
However, the effects of surfaces on the phase behavior
of LC is far from being totally understood. Phase
equilibria of confined LC is an area of ongoing interest
since many industrial applications of LC crystals
involve the direct interaction with surfaces. In this

scenario, a myriad of new phenomena come into play,
including, but not limited to, the appearance of new
phases and wetting phenomena. Molecular simulation
is an ideal tool to study the physical phenomena found
at these nano-scales. This work focuses on studying the
wetting of an unstructured attractive wall by a simple
model of a LC.

Mostly, LC molecules are large molecules (when
compared to industrial solvents and gases) with a
rather rigid molecular backbone. Their complexity
precludes an atomistic description, which when used
within a molecular simulation, may become compu-
tationally expensive and require parallel hardware
[4]. Furthermore, most of the singular behavior
observed in LC does not seem to depend on the
detailed molecular structure, but rather on the
overall effect of the elongation and rigidity of
the molecule. Thus, LC phase behavior seems to be
appropriately modeled using either rigid (non
attracting) models [5], or “soft” potentials such as
the Kihara potential [6], simple non-flexible bead-
chain potentials [7] and the Gay –Berne (GB)
potential [8], among others. Of these, the latter has
gained the most attention due to its ability to model a
wide variety of phases (nematic, smectic, etc.), which
have been observed experimentally. Phase diagrams
have been published for several GB parameteriza-
tions [9–11] and some studies [12–14] have detailed
the liquid–vapor interface, which exhibits several
peculiarities, such as nematic ordering.
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Chalam et al. [15] have performed molecular
dynamics (MD) studies of the changes that occur in
a fluid of GB LC when confined in pores with
parallel homeotropic walls (which favor a perpen-
dicular alignment to the wall plane), showing how
the confinement shifts the phase transitions to
higher temperatures and stabilizes the LC phases.
Stelzer et al. [16], Zhang et al. [17] and Wall and
Cleaver [18] have performed MD studies on the
effect of confinement of GB molecules in attractive
smooth-walled pores. They have performed MD
simulations on wide pores (such that it would be
expected that no correlation exists between each
wall). By varying the wall potential various smectic
and planar layers were obtained near the wall,
while the coexisting bulk phase (i.e. the middle of
the pore) is either isotropic, nematic or smectic,
depending on the thermodynamic parameter.
Gruhn and Schoen [19] have performed grand
canonical Monte Carlo (GCMC) simulations on
confined GB fluids in pores formed by layers of
spherical molecules. The bulk conditions corre-
sponded to an isotropic fluid. However, upon
confinement, the molecules near the walls deve-
loped either planar (ordered layers with parallel
alignment to the wall) or homeotropic alignments.
For a wide enough pore, the middle of the pore
maintained an isotropic-like behavior. Palermo et al.
[20] performed canonical (NVT) MC simulations of
adsorption of GB molecules onto graphite-like
walls. The opposing wall of the simulation cell
was filled with a layer of either planar or
homeotropic GB molecules fixed in space. These
papers emphasize on the structure of liquid films
near a single wall or within confinement. In all of
them it is evident that the effect of the wall does not
extend more than a few layers into the bulk (or
middle of the pore) and that the film formed on the
wall is more directly influenced by the nature of the
substrate rather than on the thermodynamic
conditions.

None of the above mentioned papers address
explicitly the case of wetting of a surface (from a
vapor) by a nematic LC. Experiments show that such
a situation is possible, e.g. Sigel and Strobl [21] have
observed the wetting of a solid surface by a
homeotropically oriented nematic layer in the
isotropic phase of a cyanobiphenyl CB8. It is
expected that by varying the surface properties the
nematic wetting might change its orientation, as it is
the case for the wetting at the isotropic liquid–vapor
interface by a nematic phase, (see for example,
theoretical [22,23], computer simulation [12] and
experimental [24–26] evidence of this). It is the
purpose of this paper to determine if a simple
attractive wall is sufficient to induce wetting by a
nematic phase of a GB fluid, from a bulk phase
isotropic fluid. Such wetting may or may not be

accompanied by pre-wetting transitions, as observed
in simple spherical fluids [27].

POTENTIAL MODEL AND SIMULATION
DETAILS

The fluid–fluid intermolecular potential energy, U ff,
is modeled using an anisotropic GB [8] potential.

Uff
ij ðûi; ûj; r̂ ijÞ ¼ 41ðûi; ûj; r̂ ijÞ

£
s0

rij 2 sðûi; ûj; r̂ ijÞ þ s0

� �12
(

2
s0

rij 2 sðûi; ûj; r̂ ijÞ þ s0

� �6
)

ð1Þ

where ûi and r̂ ij are unit vectors which define the
direction of the main symmetry axis of the molecule
and intermolecular distance, respectively. Details on
the particular functional form of the potential are
given in detail elsewhere [1,2,8,11]. The potential
requires four parameters: k, the measure of the
length-to-breadth ratio of the molecule; k0, the
measure of the well-depth anisotropies; m and n

which adjust the relative strengths of the inter-
molecular interactions. Additionally, two parameters
s0 and e0 correspond to the characteristic length and
energy. We have set the values m ¼ 2; n ¼ 2; k ¼ 3
and k0 ¼ 1:25 which are the same used in the bulk
phase simulations of de Miguel et al. [9] and
correspond to the Bates–Luckhurst [11] notation of
GB (k, k0, m, n) ¼ GB (3, 1.25, 2, 2). With this choice of
parameters, the bulk liquid exhibits a vapor-nematic
transition between T* ¼ kT=10 ¼ 0:53 and 0.55,
where T is the temperature and k is Boltzmann’s
constant. Above this temperature the isotropic liquid
is in equilibrium with the vapor phase.

All distances considered in this paper are reduced
with respect to the characteristic length of the
potential, e.g. z* ¼ z=s0: The fluid is confined in a
rectangular box of length l* ¼ 15 in the x and y
directions and l*z ¼ 50 in the z direction. The box has
periodic boundary conditions in the x and y
directions and walls in the z* ¼ 0 and z* ¼ 50
plane. The walls in the z direction are hard with
respect to the GB molecules, i.e. GB molecules act as
ellipsoids with a length to width ratio of 3:1.
However, on the z* ¼ 0 plane we have super-
imposed an attractive potential of the form.

Uwf
i ¼ 21010 exp 2

zi

0:9s0

� �
for ðzi=s0Þ $ 0 ð2Þ

where zi is the normal distance of center of mass
to the z* ¼ 0 plane. The ratio of the well
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depth (potential minima) between the side–side (i.e.
parallel configuration) fluid–fluid interaction and
the fluid–solid interaction is chosen to be roughly
equivalent to the ratio found between bulk fluid
argon and the argon–graphite interactions. This
latter system, modeled as a Lennard–Jones fluid
adsorbing unto on a 9:3 wall, serves as a test case for
simple adsorption studies and has shown to have a
first order prewetting transition [27]. The attraction
(Eq. (2)) is not present in the z* ¼ 50 plane in order to
avoid capillary condensation effects. The full
potential U is thus a superposition of the fluid–
fluid interactions, the interactions of the molecules
with the attractive wall at z* ¼ 0 and the hard wall at
z* ¼ 50;

We have run GCMC molecular simulations, where
the temperature, T, chemical potential, m and volume
V are fixed. Each MC cycle consists of a total of N
translation and rotation steps on a randomly chosen
particle (where N is the number of molecules in
the system) and between 10 and 100 insertion/dele-
tion steps. The reader is referred to standard
textbooks [28,29] for a full description of the
GCMC procedure.

The volume of the box is fixed at ð15 £ 15 £ 50Þs 3
0

and initially is set up with 10 randomly placed
molecules. The potential is cut off and shifted at a
distance of 4s0 and no long range corrections are
applied. At the end of the simulations it exhibited a
maximum mean occupation of O (103) molecules. For
averaging purposes, the box has been divided in the
z direction into slices of width Dz ¼ 0:1s0 with the
exception of the calculation of the orientational order
where slices of Dz ¼ 0:5s0 were used. The area, A, of
a slice is A ¼ ð15s0Þ

2: The systems were run for up to
4.5 £ 106 cycles and statistics collected during the last
0.5 £ 106 cycles.

RESULTS

We have studied two temperatures, a lower one,
T* ¼ 0:53; in which one encounters a nematic liquid
at bulk saturation and a higher one, T* ¼ 0:56;
chosen such that the isotropic liquid is expected at
bulk condensation conditions, i.e. temperatures
chosen to be below and above the nematic-
isotropic-vapor triple point [9]. We have performed
a complete adsorption isotherm in both cases, e.g.
made a series of constant temperature simulations in
which the chemical potential was varied.

We define the adsorption, G, as

G ¼

ð50

0

½r* ðz* Þ2r*
b�dz* ð3Þ

where r*
b is the reduced bulk number density and r*

(z*) is the density profile in the z direction

r* ðz* Þ ¼
kNls 3

0

ADz
ð4Þ

and kNl is the average number of molecules in a
given slice. For practical purposes, since there is a
low density in the vapor, the bulk density of the
integral in Eq. (3) is taken to be null, as compared to
liquid-like density found in the adsorbed films.
Figure 1 corresponds to the adsorption isotherm at
T* ¼ 0:56: One observes a continuous growth of the
liquid film. A continuous increase in chemical
potential (pressure) allows a monotonous increase
in the film thickness until a fully developed thick
film is formed. There is no evidence of first order
prewetting phase transitions at this temperature.
In Fig. 2, we show some density profiles r (z*) in the
z direction (the x and y directions are infinitely
replicated due to the periodic boundary conditions)
which correspond to the above mentioned isotherm.

FIGURE 1 Adsorption isotherm for a temperature of T* ¼ 0:56 as a function of the reduced chemical potential, m*. Dashed line is a guide
to the eye and corresponds to m* ¼ 23:52; the approximate bulk saturation condition. Error bars are smaller than the symbols.
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No “jump” is seen in the film thickness, rather a
continuous buildup is observed.

In light of some controversy [27] about the GCMC
method being or not able to detect prewetting
transition, we have performed some isothermic–
isobaric Monte Carlo (NPTMC) simulations, as
described by Finn and Monson [27]. Results for
these runs show a continuous increase from a thin
film to a thick one with no discontinuity. The density
profiles agree with the GCMC results and confirm
the absence of first order (discontinuous) transition
between the thin and thick wetting film. Analogous
results were found for the lower temperature
isotherm.

From the two isotherms, two conditions are further
analyzed here, T* ¼ 0:53; m* ¼ m=10 ¼ 23:625 and
T* ¼ 0:56; m* ¼ 23:52: The chemical potentials are

chosen so that the system is close to saturation at bulk
conditions. In Fig. 3, we plot the density profiles for
both conditions. The values for the lowest tempera-
ture are shifted one unit in the vertical direction for
clarity. From the figure there is an evident stratifica-
tion close to the attractive wall ðz* ¼ 0Þ; up to a
distance of approximately z* ¼ 5: A bulk liquid is
apparent at distances farther away from the wall until
a gas – liquid interface forms at distances of
17 , z* , 22 and 22 , z* , 27 for the low and
high temperatures, respectively. The remainder of the
box, until a distance of z* ¼ 50 is reached, is filled
with a gas phase. The insert of Fig. 3 is a close-up of
the region near the wall, where the stratification is
apparent. The liquid and vapor densities, corre-
sponding to the plateau in the films coincide with the
reported values [9] for the bulk case.

FIGURE 3 Density profiles r* (z*) as a function of the distance from the wall z*. Bottom curve corresponds to T* ¼ 0:56; m* ¼ 23:52:
Top curve corresponds to T* ¼ 0:53; m* ¼ 23:625 and is shifted up one unit for clarity. Insert shows the detail for small values of z*.

FIGURE 2 Density profiles r* (z*) as a function of m* for a temperature of T* ¼ 0:56: Bottom curve corresponds to m* ¼ 25:0: Subsequent
curves correspond to increments of Dm* ¼ 0:5 and are shifted 0.05 for clarity. Top curve corresponds to m* ¼ 23:5:
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In Fig. 4, we show the P2 order parameter,

P2ðz* Þ ¼
3

2
cos2ui ðz* Þ2

1

2

� 	
ð5Þ

where ui is the angle formed by ûi, the molecular axis,
n̂, the unit vector normal to the attractive wall and
the brackets correspond to an ensemble average over
a given slice in the z direction. Values of P2 ¼ 20:5
correspond to molecules parallel to the wall while
values of P2 ¼ 1 correspond to molecules perpen-
dicular to the wall. The plot confirms the layering of
the nematic-like wetting film close to the wall.
An interesting feature is observed in the vapor–
liquid interface, where a certain alignment is
observed at the interface (the plot of P2 shows a
dip in the vicinity of the interface). This tendency of
the molecules to align themselves with the plane of
the interface has been reported in bulk liquid–vapor
studies of LC [12,13] and is due to the constraints
imposed by the interfacial tension. Plots of P4 (not
shown here) reconfirm these observations.

Considering the order tensor Q, defined as

Qab ¼
1

2
3uiauib 2 dab

 �

ð6Þ

where uia is the a ¼ x; y; z component of the axial
unit vector of molecule i. Figure 5 shows the nematic
order parameter S, defined as the ensemble average
of the largest eigenvalue of the order tensor. Values
of S close to unity correspond to a perfect
orientationally ordered phase. It is clear form the
figure that the wetting liquid layer has nematic
characteristics at the lower temperature and it shows
no ordering at the higher one.

Figure 6 are snapshots of final configurations for
the lower and higher temperatures, respectively. It is
visually observed how the attractive wall is wetted
by planar layers. This stratification, of approximately
three layers at high temperature, is induced by
the wall potential, and has an interface with a bulk
isotropic fluid. At the lower temperature it is seen
how this wall-induced ordering extends further into
the bulk fluid and interfaces with a nematic liquid.

FIGURE 4 P2 (z*) order parameter as a function of the distance from the wall z*. Bottom curve corresponds to T* ¼ 0:56; m* ¼ 23:52:
Top curve corresponds to T* ¼ 0:53; m* ¼ 23:625 and is shifted up 0.5 units for clarity.

FIGURE 5 Order parameter S as a funtion of the distance from the wall z*. Bottom curve corresponds to T* ¼ 0:56; m* ¼ 3:52: Top curve
corresponds to T* ¼ 0:53; m* ¼ 23:625 and is shifted up one unit for clarity.
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The planar alignment at the liquid–vapor interface is
observed in both snapshots.

CONCLUSIONS

In this work, we have performed GCMC simulations
of a system of GB molecules in contact with an
attractive planar wall. A thick film is monotonically
formed with no indication of any first order
prewetting transition.

In both temperatures studied, the attractive wall
induces a stratification, more pronounced at the
lower temperature, which evolves into the corre-
sponding bulk phase, nematic or isotropic, depend-
ing on the temperature. The properties of the
liquid–vapor interface are similar to those encoun-
tered under bulk conditions. Other than the layering
effect on the first layers, the wall does not seem to
have a pronounced effect on the properties of the
thick film.

We note that the buildup of the film is continuous,
i.e. no pre-wetting transition is detected. However,
such transition is not discarded given a suitable
choice of wall potential and parameters. Further
study of this phenomena is currently under way.
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