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Metastable liquid lamellar structures in binary and ternary mixtures of Lennard-Jones fluids
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We have carried out extensive equilibrium molecular dynamics simulations to investigate the liquid-vapor
coexistence in partially miscible binary and ternary mixtures of Lennard-Jones fluids. We have studied in detail
the time evolution of the density profiles and the interfacial properties in a temperature region of the phase
diagram where the condensed phase is demixed. The composition of the mixtures is fixed, 50% for the binary
mixture and 33.33% for the ternary mixture. The results of the simulations clearly indicate that in the range of
temperatures 78,T,102 K—in the scale of argon—the system evolves towards a metastable alternated
liquid-liquid lamellar state in coexistence with its vapor phase. These states can be achieved if the initial
configuration is fully disordered—that is, when the particles of the fluids are randomly placed on the sites of
an fcc crystal or the system is completely mixed. As temperature decreases these states become very well
defined and more stables in time. We find that below 90 K, the alternated liquid-liquid lamellar state remains
alive for 80 ns, in the scale of argon, the longest simulation we have carried out. Nonetheless, we believe that
in this temperature region these states will be alive for even much longer times.
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I. INTRODUCTION

In the past decade there has been a growing interes
studying the structure and interfacial properties of the liqu
liquid ~LL ! and liquid-vapor~LV ! phase coexistence of b
nary and ternary mixtures of simple fluids. The reason
this is that they are of fundamental importance to underst
the behavior of more complex fluids. A few examples whe
a better understanding of these phenomena may have im
are in the design, operation and optimization of extract
processes, in tertiary oil recovery, in adsorption or coat
processes, in biological processes, etc. Different analyt
approaches@1–4# and density functional theory implement
tions @5–7# as well as numerical simulations@8–14# have
been used to investigate these issues in simple fluids an
more complex systems@15–18#. Binary mixtures of
Lennard-Jones~LJ! fluids have been investigated with th
aim at understanding the phase coexistence as well as
interfacial and structural properties of the LV and LL inte
faces. The dependence of the surface tension on the com
sition of the bulk phases and surface segregation at the
interface have also been analyzed@3,9,19#. For two immis-
cible LJ fluids the structure of the LL interface, the capilla
waves, and pressure effects on the interfacial tension h
also been studied@20–22#. In addition, the structure of LV
and LL interfaces in binary mixtures of LJ fluids have be
investigated using density functional theory@6# as well as
molecular dynamics~MD! simulations@12#. In the present
paper we have investigated the time evolution of the den
profiles and interfacial properties of binary and ternary m
tures of partially miscible LJ fluids in a temperature regi
of the phase diagram where the condensed phase is dem
1063-651X/2003/68~6!/061204~8!/$20.00 68 0612
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The phase diagram that better describes our model bin
mixture is one that has the usual low-temperature triple po
and a higher-temperature triple point where the vapor ph
coexists with a mixed and a demixed liquid phase@23#.
These types of mixtures have received attention until
cently and need to be studied more extensively. Our findi
indicate that by properly tuning the temperature, 78,T
,102 K—in the scale of argon—and the interactions b
tween the species, long-lived metastable alternated lam
states in the liquid-liquid phase coexist with the vapor pha
These states are found in binary and ternary mixtures at c
positions of 50% and 33.33%, respectively. As temperat
decreases these states become sharper and more sta
time. We find that below 90 K, the alternated liquid lamell
state remains alive for at least 80 ns in the scale of arg
This is the longest simulation that we have carried out. Ho
ever, we believe that below this temperature these states
remain there for even very long times, suggesting thatthe
alternated liquid-liquid phases are a manifestation of the e
istence of a number of local equilibria.The layout of the
remainder of this paper is as follows. In Sec. II we descr
the model potentials that define the type of mixtures that
have investigated. Then we continue in Sec. III with a d
scription of the parameters of the MD simulations. The
sults and discussion of them are presented in Sec. IV. Fin
we end the paper with the conclusions, given in Sec. V.

II. MODELS

Let us start this section by defining the model system
the binary fluid mixture. This is made up of spherical pa
©2003 The American Physical Society04-1
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ticles A andB, which interact between themselves through
LJ potential defined by

ui j 54e i j F S s i j

r i j
D 12

2S s i j

r i j
D 6G , ~1!

where i , j 5A,B. We will usesAA andeAA as the reference
parameters—that is,e i j 5eAAa i j and s i j 5sAA51.0. This
choice of parameters represents a system in which all
particles are of equal size and the interactions are tuned
properly choosing the elements of the symmetrical ma
a i j . Since we want to study a partially miscible binary mi
ture, the attractive part of the interaction potential betwe
particles of fluidsA and B is chosen to be weaker than th
attraction between particles of the same species. There
all the matrix elementsa i j are equal to unity except thos
corresponding to the crossedAB interactions, which are
aAB50.75. This choice of potential favors the demixing
fluids A and B. On the other hand, the ternary mixture w
have considered is formed by fluidsA, B, andC which are of
the same size for the three fluid components. The poten
interactions between fluids of different kinds are chosen s
that they favor the mixing of the pairs of fluidsB,C andA,C
~alike interactions!. However, theA-B fluid interactions dis-
favor mixing ~unlike interactions!. Bearing this in mind we
can define the interaction potential in a similar way as we
for the binary mixture. It is defined by Eq.~1! where i , j
5A,B,C, and the matrix elementsa i j are equal to unity for
particles of the same type as well as the crossed interac
BC and AC. Nonetheless, theAB crossed interactions hav
matrix elementsaAB50.75. With this choice of potentials
fluid C may be considered as a surfactant. The reason for
is that particles of fluidC mediate the unlikeA-B fluid in-
teraction: that is, particles of fluidC interact favorably with
particles of fluidsA andB, while particles of fluidsA andB
interact unfavorably@14#. In the following section we presen
information concerning the parameters and details of the
merical simulations.

III. PARAMETERS AND DESCRIPTION
OF THE SIMULATIONS

We have carried out extensive equilibrium molecular d
namics simulations in the (N,V,T) ensemble. In each time
step iteration we monitor the temperature of the system
the equipartition theorem and rescale the linear momen
of the particles to keep the temperature constant. In all
simulations performed in this work the interparticle pote
tials have been shifted in such a way that they are equa
zero right at the cutoffr c53sAA . It has been shown that thi
cutoff is appropriate to account for the long tail of the pote
tial @13#. We have simulated systems with as many as 4
particles for the binary mixture and 8192 particles for t
ternary mixture. They are located inside a parallelepiped
volume 12sAA312sAA3Lz , with Lz.12sAA . We have ap-
plied periodic boundary conditions in all three directions.
minimize finite-size effects in the interfacial properties w
have followed Ref.@11#. There it is shown that in order to
have interfacial properties independent of the size of the a
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it should be at least 12sAA312sAA . We have found that for
the type of mixtures—interactions—studied in this work t
choice of the initial configuration is crucial, so we leave th
discussion for the next section. At this point all we can say
that the initial velocities of the particles are chosen from
equilibrium Boltzmann distribution. The thermodynam
variables used to describe the system’s behavior are the
duced temperatureT* 5k

B
T/eAA where k

B
is Boltzmann’s

constant and the reduced densityr* 5rsAA
3 . To investigate

the interfacial properties we need to define the reduced in
facial tensiong* 5(sAA

2 /eAA)g. The total density of the sys
tem is given byr5N/V, where N is the total number of
particles andV is the volume of the system. The equations
motion that describe the dynamics of the particles of
fluids are solved using a leapfrog scheme with an integra
step sizeDt* <531023. To be able to compare the tim
scale and temperatures of our simulations in the remainde
this paper we will use as a reference scale that correspon
to argon. In this scale the time step is equal
1.131025 ns. The shortest equilibration times that we co
sidered in the simulations were of the order of 53105 time
steps~5.5–11 ns! and the total length of the simulations aft
equilibration is in the range of 4 –73106 time steps~5.5–11
ns!. To minimize correlations between measurements we
culated thermodynamic and structural quantities every
time steps. Since we want to study the liquid-vapor ph
coexistence, the total density of the system has been ch
to be right inside the LV coexistence curve. In this way w
are able to study directly the structural properties of the
terfaces and explicitly obtain the distribution of the spec
in the directions parallel and perpendicular to the interfac

IV. RESULTS AND DISCUSSION

We would like to recall that our main objective is to focu
on the time evolution of the demixed liquid-liquid-vapo
~LLV ! phase coexistence of the binary mixture whose ph
diagram is described in Ref.@24#. These types of mixtures
have received much less attention than those based on
Lorentz-Berthelot rule, which usually yields a mixed liqu
phase. We have found that in the partially miscible mixtu
studied here, care should be exercised when choosing
initial configuration of the simulations since there are lon
lived metastable states. It is known that an equilibrium st
can be reached from any two different initial configuration
Nonetheless, for practical purposes, one always choose
initial configuration that is close to the expected equilibriu
state. So in the case of a partially miscible mixture it
natural to start from a configuration in which the species
separated if one expects to obtain a demixed liquid state.
the contrary, if in the final equilibrium state the liquids a
mixed, then one should initiate the simulation from a mix
configuration. In this paper we show evidence that long-liv
metastable alternated liquid-liquid lamellar states in coex
ence with the vapor phase can be achieved if the simulat
start from adisordered initial configurationdefined as one in
which fluids A and B are fully mixed in the liquid-liquid
phase or their particles are randomly located on the site
an fcc crystal, as is shown in Fig. 1. However, if we start t
4-2
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METASTABLE LIQUID LAMELLAR STRUCTURES IN . . . PHYSICAL REVIEW E68, 061204 ~2003!
simulations from anordered initial configurationdefined as
one in which the particles of fluidsA andB are placed on the
sites of two adjacent fcc crystals or they are distributed
two contiguous slabs containing fluidsA andB, respectively,
as shown in Fig. 2, the system ends up in an equilibri
configuration where the distribution of fluids essentially
mains the same as in the initial configuration. To allow t
formation of the vapor phase in the MD simulations we ha
left a free volume on both sides of the initial distribution
particles. However, this empty space is not shown in
snapshots. In the next two subsections we show and dis
the results of the time evolution of a binary and a tern
mixture.

A. Binary mixture

Let us start by considering a typical LLV interface stru
ture when the simulation begins from an ‘‘ordered config
ration’’ as that shown in Fig. 2. The mixture has a total
4096 particles with a concentration of fluidsA andB of 50%.
We have considered an average particle density ofr tot* 5rA*
1rB* 50.35. In Fig. 3 we show the density profiles of th
LLV coexistence at the reduced temperaturesT* 50.85 and
0.80. In our reference scale these temperatures correspo
T5101.83 K, andT595.84 K, respectively, and are in th
demixing region of the phase diagram@24,25#. Therefore we
obtain two partially separated liquid phases, one rich in fl
A and the other rich in fluidB and both of them in coexist
ence with the vapor phase. Notice that this is the minim
number of interfaces that one can obtain using perio
boundary conditions. Observe that in the phase of fluidA or
B one can also find fewer amounts of fluidB or A, whose
average density is small and constant in the bulk phase
develops a peak structure at the LV interfaces as can be
in density profiles. This distribution of particles occurs as

FIG. 1. Snapshot of the binary mixturedisordered initial con-
figuration. At t50 the particles of fluidsA ~black! andB ~gray! are
randomly located on the sites of an fcc crystal.

FIG. 2. Snapshot of the binary mixtureordered initial configu-
ration. At t50 the particles of fluidsA ~black! and B ~gray! are
separated and located on the sites of two adjacent fcc crystals
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consequence of the difference in the local densities and
unlike potential interactions between the fluids. It is impo
tant to point out that this kind of structure can only be o
tained by means of the construction of the interfaces as
have done in the present MD simulations. Another import
fact to bear in mind is the amount of simulational time r
quired to obtain equilibrium density profiles such that t
two liquid phases are completely symmetric. So we nee
to simulate these systems for as long as 33 ns and 44 n
each one of these two temperatures, respectively. On
other hand, Figs. 4 and 5 show the time evolution of
density profiles of the mixture at the same temperaturesT*
50.85 and 0.80. When the simulations started from a ‘‘d
ordered initial configuration’’ as the one shown in Fig. 1 w
observe that at both temperatures and at the early stage
the time evolution, 11 ns, the system clearly shows the
nature of an alternatedA-rich and B-rich liquid lamellar
structure in coexistence with the vapor phase. To test
time stability of these alternated structures we perform
quite long MD simulations, as long as 77 ns for each te
perature. The time length of these simulations is about 1.7
2.3 times longer than the time we followed in the evoluti
of the systems initiated from an ‘‘ordered initial configur
tion,’’ which in turn yielded the structure shown in Fig. 3. W
find that at high temperatures the lifetime of the lamel
structure is relatively short because the kinetic energy ov
comes easily the LL interfacial energy barrier. In Fig. 4 it
seen that forT* 50.85 one of the lamellae has disappeared
33 ns. Nonetheless, at a lower temperatureT* 50.80 the
time required for this disappearance to occur is between
and 77 ns, about 2 times longer than atT* 50.85. This is due
to the diffusion of particles from the narrowest lamella th

FIG. 3. Density profiles of the binary mixture in the demixe
liquid state in coexistence with the vapor phase. Notice that
density profiles of the fluid phase that is less rich show a p
structure close to the LV interface. See text for an explanation
this result.
4-3
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becomes unstable, in this case, the one on the right-h
side, towards the lamella at the middle, which in turn b
comes thicker. The fact that the right-hand side lamella is
narrowest is due to a local density fluctuation in the syste

FIG. 4. Density profiles for the mixed condensed state of
system in coexistence with its vapor phase atT* 50.85.

FIG. 5. Density profiles for the mixed condensed state of
system in coexistence with its vapor phase atT* 50.80.
06120
nd
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e
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However, this local density fluctuation may also occur in a
one of the lamellae. To understand why this diffusion
particles occurs in this direction and not in the direction
the vapor phase we estimated the LV and LL interfacial
ergies at both temperatures. In doing so we integrated
difference between the normal and tangential pressure
files @14#. One more test of the reliability of the simulation
is to check that this difference is zero in the bulk phases
that the normal pressure is constant through the length of
simulational parallelepiped. Our results indicate that the
interfacial tensions gLV* (T* 50.85)50.29060.005 and
gLV* (T* 50.80)50.42060.006) are significantly greate
than those corresponding to the LL interfacial tensio
@gLL* (T* 50.85)50.0760.01 and gLL* (T* 50.80)50.150
60.001]. Consequently, the fluid particles forming th
lamella at the right end of the LL structure have to diffu
towards the liquid lamellar phase since more energy is
quired to move towards the vapor phase. To show that
system atT* 50.85 has a shorter lifetime and eventually w
end up forming two liquid slabs in coexistence with the v
por phase we followed the time evolution of the potent
energies when the simulations are started from an orde
and a disordered configurations. The results are plotted
Fig. 6 where one sees that forT* 50.85 the behavior of the
potential energy is such that after aboutta527.5 ns both
curves are very close to each other within the size of
error bars. This indicates that fort.ta the potential energies
of both systems are the same within the accuracy of
simulations, suggesting that in both cases the system is
proaching the same thermodynamic state. However, this
pears not to be the case forT* 50.80 in which case the time
evolution of the potential energy indicates that the curves
clearly separated when the initial configurations are differe
Thus one can say that the system may converge to two
sible states: one in which the free energy is minimum—j
one LL interface—and the other with many LL interfaces
lamellar state—whose free energy appears not to be
minimum due to the existence of several interfaces. O

e

e

FIG. 6. Time evolution of the potential energy of the mixture
reduced temperaturesT* 50.85 and 0.80. The data in gray colo
correspond to a demixed fluid phase configuration while the dat
black correspond to an ordered initial configuration.
4-4
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would expect that the number of LL interfaces should
related to the value ofa i j . As we decrease further the tem
perature we find that the liquid lamellar state becomes v
well defined—sharper—and more stable. In Fig. 7 we sh
the time evolution of the density profiles at the reduced te
peratureT* 50.65 where, once more, the simulations star
from a disordered configuration. It is important to note tha
the simulation starts from an ordered configuration, then
system ends up forming two separated liquid slabs in co
istence with the vapor phase. At this temperature the a
nated lamellar structure is very well defined at early times
the simulations (t511 ns). Notice that in this case the L
interfaces are sharper and the width of the lamellae is
rower and very well defined as compared to those obtaine
higher temperatures. Note that the simulations are quite lo
77 ns, and the structure is stable during all this time. T
is not totally unexpected since as temperature decre
the diffusion of the particles of fluidA in the phase of fluid
B decreases as a consequence of the values of the inter
tension of the LL interface (gLL* 50.4660.02). This value
is about 6.6 times greater than the value ofg* at T*
50.85. In Fig. 8 we show a snapshot of the system atT*
50.65 after 77 ns of the simulation. There one can see
plicitly the lamellar structure whose density profiles a
shown in the fourth panel of Fig. 7. In the next subsection
address the issue of how a surfactant fluid—third specie
affects the stability of the lamellar state of the binary mixtu
at T* 50.65.

FIG. 7. Density profiles for the mixed condensed state of
system in coexistence with its vapor phase atT* 50.65. Note that
in the bulk phase, but close to the LV interface, the density pro
of fluid C shows peaks as a consequence of the unlike interact
between theA andB particles.
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B. Ternary mixture

Let us now consider a ternary mixture of fluidsA,B, and
C such that fluidsA andB are partially miscible, unlike in-
teractions, while the other possible mixtures are miscib
that is, theA-C andB-C interactions are alike. Therefore, a
the matrix elementsa i , j of the interparticle potential, Eq.~1!,
are equal to unity except those corresponding to theA-B
interactions for whichaA,B50.75, as defined in Sec. II. Her
the concentrations of fluidsA,B, and C are approximately
one-third of the total concentration—that is,CA5CB5CC
.33.33%. In order to obtain a well-defined lamell
state—at least four lamellae—with these concentrations
needed a total of 8192 particles of which 2730 particles c
respond to fluidC and 2731 for the other two fluids. As
consequence of the increase in the number of particles
calculations become very demanding and the the CPU t
increases substantially. As indicated at the beginning of
section to study the time evolution of the mixture we cons
ered anordered and a disordered initial configuration, as
described in what follows. Theordered initial configuration
was obtained from the two LL slabs in coexistence with t
vapor phase of the binary mixture atT* 50.65 and the par-
ticles of the third species were taken from the two liqu
slabs. Thedisordered initial configurationis defined as one
in which the particles of the three fluids are randomly plac
on the sites of an fcc crystal. For each initial configurati
the mixture was simulated for as long as 55 ns. Figure

e

e
ns

FIG. 8. Snapshot of the particles arrangement in the long-li
alternated lamellar state in coexistence with its vapor phase aT*
50.65 at 77 ns of the simulation.

FIG. 9. Time evolution of the density profiles of the lamell
state atT* 50.65. Averages are calculated using three subseq
blocks of 13106 time steps each. The initial configuration is diso
dered.
4-5



th

r
id

n-
ib
ts
si

sig
th
d

he

in
he

i

n
th
s
m
te
po
ic
b

gy
ed

e

pe
nt
a
v
t
fo

are
ns.
ing
we
unit
ten-

s
in
rfa-
un-

wer

ar
ue
a
ity

at

ial
the
rge

gh
e
lace.

has a
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shows the time evolution of the density profiles when
simulation is initiated from arandom configuration. Each
panel represents the average of the density profiles ove
ns. One sees that a pretty well-defined alternated liqu
A–liquid-B lamellar state with the number of lamellae co
stant is reached. In addition, one observes that the distr
tion of fluid C is uniform at the liquid phases. However, i
concentration increases at the LL interfaces. This is con
tent with a recent study as reported in Ref.@14#. Because of
this, the interfacial tension of the LL interface decreases
nificantly as compared to the corresponding values of
binary mixture, as will be shown below. On the other han
Fig. 10 shows the time evolution of the mixture when t
simulation started from anordered configuration. One sees
that the basic structure of the initial configuration rema
stable in time with the surfactant uniformly distributed in t
liquid phases and an increase in concentration at the LL
terface. This distribution of fluidC is similar to that found in
the alternated lamellar state. The oscillations that are see
the density profiles are mainly due to local fluctuations of
concentration since a rearrangement of the fluid particle
taking place. One would expect that after a very long ti
the system will eventually end up forming two separa
liquid slabs of the same width in coexistence with the va
phase. At this point we are not able to indicate clearly wh
one of these states corresponds to the equilibrium state
cause it is very difficult to evaluate explicitly the free ener
of the system. To try to circumvent this difficulty we proce
as in the binary mixture case; that is, we follow the tim
evolution of the potential energy for both structures atT*
50.65 and the results are plotted in Fig. 11. In the up
panel we observe that the lines representing the pote
energies are pretty close to each other within the error b
To see which system has more potential energy we remo
the error bars from these curves. The curves are plotted in
lower panel of the same figure where we observe that

FIG. 10. Time evolution of the density profiles of the lamell
state atT* 50.65. Averages are calculated using three subseq
blocks of 13106 time steps each. Here the system started from
ordered configuration. Notice that in the third block the dens
profiles of fluidA show oscillations.
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most of the time of the simulations the potential energies
essentially the same within the accuracy of the calculatio
This may be an indication that both states are approach
the same thermodynamic state. To try to clarify this issue
proceed further and evaluate the interfacial energy per
area of both states. To evaluate the reduced interfacial
sion we used the Kirwood-Buff formula@26#, which has
proved to give reasonable estimates@14#. The results of this
calculation for the liquid-vapor plus liquid-liquid interface
are plotted as a function of time for both configurations
Fig. 12. In the upper panel one can observe that the inte
cial tension shows strong fluctuations in both cases. To
derstand the time evolution ofg* we carried out a smoothing
procedure of the data and the results are shown in the lo
panel of the figure. In doing so we averagedg* every four

nt
n

FIG. 11. Time evolution of the potential energy of the mixture
T* 50.65.

FIG. 12. Upper figure shows the time evolution of the interfac
energy and its fluctuations for both the alternated lamellar and
two-liquid-slab state in coexistence with the vapor phase. The la
size of the fluctuations is mainly attributed to the relatively hi
concentration of fluidC at the LL interfaces. In the lower figure w
show the same quantity after a smoothing process has taken p
As a result one sees that, on the average, the lamellar state
consistently but slightly higher interfacial tension.
4-6
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points. We observe that for both configurations the trend
g* is about the same; however, the interfacial tension of
lamellar state is systematically above the interfacial tens
of the two-liquid-slab system. The time average difference
this quantity is about 0.13, which corresponds to an exces
interfacial energy of the lamellar structure. It is important
point out that the difference between the total interfacial t
sions of these two states comes mainly from the LL int
faces since the LV interfacial tensions are similar and t
cancel out. The decrease ing* relative to the binary system
is due to the surfactant character of fluidC which concentra-
tion is slightly higher at the LL interfaces. These results
the potential and interfacial energies indicates that in spit
the surfactant character of fluidC, the alternated LL lamellar
state remains stable for quite a long time. This happens
cause there should be an energy barrier that is large en
to be overcome by the system when the initial configurat
of fluids A, B, andC is fully random. Therefore, our result
strongly suggest that the alternated LL lamellar state i
long-lived metastable state even in the case when fluiC
plays the role of a surfactant. We have found that if t
concentration of fluidC gradually increased then one wou
reach a concentration value at which the interfaces are
duced to just one liquid-A–liquid-B interface. Increasing fur-
ther the concentration ofC would finally lead to a mixed
state. In both cases the liquid phases are in coexistence
the vapor phase. It would be interesting to determine
temperature versus concentration phase diagram of the
specie. This is the subject of a forthcoming paper.

V. CONCLUSIONS

We have shown from extensive MD simulations that
properly choosing the interaction parameters of the interp
ticle potentials and the initial conditions, long-lived met
stable alternated LL lamellar states can be achieved in
tially miscible binary and ternary mixtures of LJ fluid
These lamellar states are found to be stable and sharp
relatively low temperatures, in the temperature range of
fluid phase~78–102 K!. At temperatures well above 102 K
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we obtain a mixed liquid phase in coexistence with the va
and the mixture reaches relatively easily the equilibriu
state. However, at temperatures below this value the liq
phase of the system is demixed and relaxes slowly to
equilibrium state. We have also found that fordisordered
initial conditionswe obtain long-lived LL alternated lamella
states. For the ternary mixture that is essentially formed
the partially miscible binary mixture and a surfactant flu
we have found that even in this case pretty stable long-li
alternated liquid-liquid lamellar structures can be achiev
by considering adisordered initial stateas well. An interest-
ing point that should be addressed in a future research, a
from the finite-size effects, is the relationship of the leng
scale of the lamellar structure with the miscibility parame
a i j . We should recall that this parameter determines
strength of the molecular attractive interactions between p
ticles of different species.

Finally, we would like to point out that the alternated L
lamellar structures found here are more or less similar
those obtained in a recent density functional study of the
coexistence of amphiphile dumbells in coexistence with a
fluid @27#. Nonetheless, in this latter case the alterna
lamellar state constitutes an equilibrium state. Bearing
mind this model one may consider the ternary mixture st
ied in the present paper as one in which particlesB-C ~or
A-C) form effective amphiphilelike moleculesinteracting
with fluid A ~or B). It is important to stress the fact that he
we have obtained these LL lamellar structures in coexiste
with the vapor phase by considering spherical single-part
LJ fluids. Nevertheless, they appear to be long-lived me
stable states that are stable in time and sharper at relat
low temperatures.
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