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Bulk and interfacial properties of binary hard-platelet fluids
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Interfaces between demixed fluid phases of binary mixtures of hard platelets are investigated using density-
functional theory. The corresponding excess free energy functional is calculated within a fundamental measure
theory adapted to the Zwanzig model, in which the orientations of the particles of rectangular shape are
restricted to three orthogonal orientations. Density and orientational order parameter profiles at interfaces
between coexisting phases as well as the interfacial tension are determined. A density inversion, oscillatory
density profiles, and a Fisher-Widom line have been found in a mixture of large thin and small thick platelets.
The lowest interfacial tension corresponds to the mean bulk orientation of the platelets being parallel to the
interface. For a mixture of large and small thin platelets, complete wetting of an isotropic-nematic interface by
a second nematic phase is found.
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I. INTRODUCTION

There is growing interest in thermal and structural pro
erties of suspensions of platelike colloids like blood, cl
sols, or liquid crystal dispersions because of possible ap
cations in biomedicine~e.g., shape-selective separation
cell components@1#!, geophysics~e.g., oil drilling @2#!, or
liquid crystal display technology@3#. From theoretical con-
siderations@4,5# and computer simulations@6–8# one ex-
pects an isotropic to nematic transition due to the orien
tional degrees of freedom for sufficiently high plate
concentrations. This transition is not observed for clays
cause the long-ranged Coulomb interaction between
charged clay particles leads to gelation@9,10#. Nonetheless,
recent preparation methods have been developed to pro
suspensions of sterically stabilized platelets which do exh
the expected isotropic to nematic transition@11–14#. It was
shown experimentally@13# and theoretically@15–19# that
polydispersity in the size of the platelets strongly affects
phase behavior. In particular, binary mixtures of thin a
thick platelets lead to an unexpected isotropic-nematic d
sity inversion@13,16#. Although attention has been paid
the bulk phase behavior@17,19#, so far there are no studie
on fluid-fluid interfacial properties of such mixtures. On t
basis of recent theoretical studies on fluids of thin hard pla
lets near hard walls@20,21#, we expect that the competitio
of orientational entropy and excluded volume interact
leads to interesting fluid-fluid interfacial properties whi
should be experimentally accessible via optical techniqu

In this paper, we study interfacial properties between
existing isotropic and nematic phases of a binary mixture
hard square cuboids within the Zwanzig approximation@22#.
This model is chosen as the simplest nontrivial approxim
tion to the above-mentioned properties of real platelet s
pensions. Binary mixtures are used to mimic polydispers
The hard-particle approximation is doubtful for long-rang
platelet-platelet interactions, but there are model system
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quasihard platelets@11,12#. The actual shape of the platele
~disks, stripes, hexagons, or square cuboids! is expected to
be less important, only the thicknessL and the widthD are
assumed to be relevant. Finally, the square face of the p
lets can take only three rather than a continuous range
orientations~Zwanzig model@22#!. This model offers the ad-
vantage that the excess free energy functional can be d
mined within a fundamental measure theory@23–26# and
that the difficult determination of inhomogeneous dens
profiles becomes numerically feasible allowing one to stu
interfacial properties of binary hard-platelet fluids in deta
Due to the approximations, we only expect to find quali
tively correct results.

This paper is organized as follows. In Sec. II we descr
the density functional and the fundamental measure the
Section III presents two representative bulk phase diagr
of binary hard-platelet mixtures involving isotropic, nemat
and columnar phases. In Sec. IV we determine the den
and the orientational order parameter profiles as well as
interfacial tensions of isotropic-nematic interfaces in a m
ture of large thin and small thick platelets. Section V prese
density profiles at nematic-nematic interfaces. The isotrop
nematic interfaces near an isotropic-nematic-nematic tr
point are investigated in Sec. VI. Our results are summari
in Sec. VII.

II. DENSITY FUNCTIONAL AND FUNDAMENTAL
MEASURE THEORY

We consider a binary mixture of hard rectangular partic
of sizeLi3Di3Di , i P$1,2%. The position of the center o
massr is a continuous variable, whereas the normal of
square face is restricted to directionsbP$x,y,z%. The num-
ber density of the centers of mass of the platelets of sizi
and orientationb at positionr is denoted by% i ,b(r ). In the
absence of external potentials, the equilibrium density p
files of the mixture minimize the grand potential functiona

V@$% i ,b%#5(
i ,b

E d3r% i ,b~r !„kBT$ ln@% i ,b~r !L i
3#21%2m i…

1Fex@$% i ,b%#, ~1!
©2004 The American Physical Society06-1
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where the chemical potentialm i and the thermal de Broglie
wavelengthL i of platelets of sizei are independent of the
particle orientation.

In fundamental measure theory, one postulates the foll
ing form of the excess free energy functional@23–26#:

Fex@$% i ,b%#5kBTE d3rF„$nl~r !%…, ~2!

with the reduced excess free energy density

F~$nl%!52n0ln~12n3!1 (
sP$x,y,z%

n1sn2s

12n3
~3!

1
n2xn2yn2z

~12n3!2
, ~4!

and the weighted densities

nl~r !5(
i ,b

E d3r 8v i ,b
( l ) ~r2r 8!% i ,b~r 8! ~5!

for l P$0,1x,1y,1z,2x,2y,2z,3%.
The weight functionsv i ,b

( l ) are obtained by expressing th
Fourier transform of the Mayer-f function as a sum of prod
ucts of single particle functions. The Mayer-f function
equals21 if the particles overlap and is zero otherwise. E
plicit expressions of the weight functions are documented
Refs. @23–26#. In the limit of infinitely thin platelets
(Li /Di→0) the excess free energy density reduces t
third-order virial approximation@21#. For convenience, we
introduce the dimensionless variablesm i*ªm i /kBT
13 ln(D1 /Li).

III. BULK PHASE DIAGRAMS

The bulk phase behavior of spatially homogeneous bin
platelet fluids has recently been studied within the Zwan
model@17#. Rich phase diagrams are found involving an is
tropic and one or two nematic phases characterized by
ferent concentrations. The phase diagrams are very sens
to the size ratioD1 /D2 and to the aspect ratiosL1 /D1 and
L2 /D2.

In this work the following numerical method for the ca
culation of bulk phase diagrams has been used: In the ca
spatially homogeneous densities, the density functional
duces to afunctionof six variables. Therefore, in a first ste
all spatially homogeneous solutions of the Euler-Lagran
equations have been calculated using a bisection algori
In order to find the equilibrium state, such a solution cor
sponding to a minimum of the grand potential is perturb
by adding a narrow Lorentz peak and is iterated usin
Picard scheme. If the latter converges again towards the
tially homogeneous solution, one concludes that this is
deed the equilibrium state because it is stable under den
variations. This method is the numerical analog of a bifur
tion analysis since a narrow Lorentz peak has a broad Fou
spectrum.

Figure 1 shows two representative examples of bulk ph
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diagrams of binary mixtures of large and small platelets
terms of the reduced chemical potentialsm1* and m2* . The
coexistence curves in these diagrams are calculated by
ing pairs of equilibrium states with equal chemical potenti
and pressures. The phase transitions at full curves
strongly first-order, whereas dashed lines denote seco
order or weakly first order transitions.

For a binary fluid consisting of large thin and small thic
platelets@see Fig. 1~a!#, a single nematic phaseN is found,
which is separated from the isotropic phaseI by a first-order
phase boundary line. At larger values of the two chemi
potentials, the nematic phaseN demixes discontinuously into
two nematic phasesN1 and N2. Furthermore, the nemati
phaseN undergoes a phase transition into a columnar ph
C, where parallel columns of small platelets are surround
by single large platelets with orientations perpendicular
the column axes. For small values ofm1* , the nematic-

FIG. 1. Bulk phase diagrams of binary mixtures of large a
small hard platelets (L1 /D150.01; ~a!: D1 /D252, L2 /D2

50.16; ~b!: D1 /D2510, L2 /D250.1; see also the schematic sid
viewsLi3Di on the right side bar! in terms of the reduced chemica
potentialsm1* andm2* . Full lines represent strongly first-order tran
sitions, whereas dashed lines denote second-order or weakly
order transitions. In~a!, one isotropic phaseI, one nematic phaseN,
and one columnar phaseC are found. The isotropic-nematic trans
tions in the monodisperse limits occur atm1* 50.829(1) for the
large platelets (m2* →2`) and atm2* 55.505(1) for the small plate-
lets (m1* →2`). Density and order parameter profiles for isotrop
nematic interfaces at state pointsa, b, andc are shown in Fig. 3.
The nematic phaseN demixes into two nematic phasesN1 andN2.
Figure 5 exhibits density profiles for nematic-nematic interfaces
state pointsd ande, close to the lower critical point of theN1-N2

demixing. For small values ofm1* , the nematic-columnar transition
is of second or weakly first order~dashed line!, whereas it is
strongly first order~solid line! if m1* is sufficiently large. The
dashed line appears to be straight because for this range o
chemical potentials, the density of the large platelets is neglig
compared to that of the small platelets. In~b!, only a small part of
the phase diagram around the triple point tri is shown, where
isotropic phaseI coexists with two nematic phasesN1 andN2.
6-2
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BULK AND INTERFACIAL PROPERTIES OF BINARY . . . PHYSICAL REVIEW E69, 021506 ~2004!
columnar transition is of second or weakly first order. T
phase boundary line appears straight because the dens
the large platelets is negligible there, so that the mixture
nearly monodisperse. The nematic-columnar boundary
changes to strongly first order at the tricritical point whe
the nematic-nematic boundary line ends.

Upon decreasing the size of the small platelets, the lo
critical point of this first-orderN1-N2 coexistence curve
shifts to smaller values of the chemical potentials until
N1-N2 and theI -N coexistence curves start to intersect, g
ing rise to a triple point at which two nematic phasesN1 and
N2 coexist with the isotropic phaseI @see Fig. 1~b!#.

Figure 2 displays an alternative representation of
phase diagrams shown in Fig. 1 in terms of the pressurp
52V/V and the compositionx1ª%1 /(%11%2) with % i de-
fined in Eq.(6). Again, full and dashed lines describe firs
and second-order phase transitions, respectively. The tie
are marked by dotted lines and correspond to the thermo
namic states shown in Fig. 1. Note that for a typical diame
D15200 nm and room temperatureT5300 K, pD1

3/kBT
5100 corresponds to a pressure ofp'50 Pa.

Although our results can only be considered to be
qualitative significance, due to the restricted number of
lowed orientations of the platelets, we expect that these
sults clearly point to the possibilities of tuning the pha
behavior by appropriate choices of the relative diameters
the thicknesses of real platelets. We emphasize that the
pology of the bulk phase diagram of spatially homogene
binary platelet fluids, as displayed in Fig. 2, is in agreem
with the results obtained for freely rotating platelets us
the Parsons approach~see Fig. 5 in Ref.@16#; note x51
2x1). This represents strong evidence that the obser
phases are not generated artificially by restricting the or
tational degrees of freedom in contrast to the analysis
Ref. @27#.

FIG. 2. Bulk phase diagrams of binary mixtures of large a
small hard platelets, as in Fig. 1, in terms of pressurep and com-
positionx1ª%1 /(%11%2). The tie lines corresponding to the the
modynamic states shown in Fig. 1 are represented by dotted li
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IV. ISOTROPIC-NEMATIC INTERFACE

In this section we discuss the properties of interfaces
tween the coexisting isotropic and nematic phases depi
in the phase diagram of Fig. 1~a!. The interface normal is
always arranged to point inz direction. The results are ex
pressed in terms of the orientationally averaged number d
sity

% i~z!ª% i ,x~z!1% i ,y~z!1% i ,z~z!, ~6!

the nematic order parameter

si~z!ª

% i ,z~z!2
1

2
@% i ,x~z!1% i ,y~z!#

% i~z!
, ~7!

and the biaxial order parameter

qi~z!ª
% i ,x~z!2% i ,y~z!

% i~z!
. ~8!

In the numerical calculations we have used an equidis
z grid of 200 points perD1, that is, the grid is much fine
than a typical interval in which% i varies significantly. In
addition, we checked the numerical stability of our results
repeating the iterations with different initializations.

Figure 3 shows the density and the nematic order par
eter profiles of the small thick platelets for the state poi
denoted asa, b, andc in Fig. 1~a!. The interface normal and
the director of the nematic phase are parallel and the pos
z50 of the origin is fixed by choosings1(0)5 1

2 . No biaxi-
ality has been observed, that is,qi(z)[0. We have con-
firmed that the density profiles for both thin and thick pla
lets show oscillations of the same period, but the amplitu
for the thin platelets is considerably smaller than for t
thick platelets.

Whereas the density of the thin platelets is always sma
in the isotropic phase than in the nematic phase along
coexistence curve, a density inversion for the thick plate
is found. For stateb, the density of the small thick platelet
in the isotropic and the nematic phase are nearly identi
This remarkable phenomenon of isotropic-nematic den
inversion has been observed experimentally for a disper
of sterically stabilized gibbsite@Al(OH) 3# platelets@13#.

For isotropic-anisotropic coexistence in binary mixtur
of long and short thin rods, one observes a large fraction
long rods in the anisotropic phase if there is a small fract
of the long rods in the isotropic phase@28#. For platelets this
fractionation does not occur to the same extend because
density%1 increases by at most one order of magnitude up
traversing the transition from the isotropic to the nema
phase.

The nematic order parameter profiles shown in Fig. 3
hibit a small negative minimum@s2(z),0# on the isotropic
side of the interface implying a depletion of platelets w
orientation parallel to the interface. A similar minimum h
been found for freely rotating platelets near a hard wall@20#.

s.
6-3
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BIER, HARNAU, AND DIETRICH PHYSICAL REVIEW E69, 021506 ~2004!
This indicates that the nematic phase acts like a wall crea
a corresponding depletion zone in the adjacent isotro
phase.

The surface tensiong IN of an isotropic-nematic interfac
with the director of the nematic phase atz→2` parallel~i!
or perpendicular~'! to the interface normal is shown in Fig
4 as a function of the pressurep along the line of coexisting
phases. For all pressures, the parallel configuration has
lower surface tension by a factor of rather precisely three
is apparent from Fig. 4, the surface tension is a nonmo
tonic function of the pressure and exhibits a maximum cl
to statec. The maximum value ofg IN is about 20 times
larger than the ones for the monodisperse fluids corresp
ing to the end points of the curves. This implies that t
interface of thebinary fluid is rather stiff as compared to th
ones of the corresponding monodisperse fluids.

Calculating the typical surface tension at the invers
point b (g IN

i D1
2/kBT'0.1) for the above mentioned ster

cally stabilized gibbsite platelets (D1'170 nm) at room
temperatureT5300 K yields g IN

i '14 nN/m, which per-

FIG. 3. Orientationally averaged density profiles%2 ~solid lines!
and nematic order parameter profiless2 ~dashed lines! of the small
thick platelets for the state pointsa, b, andc in Fig. 1~a! at a planar
interface between the coexisting isotropic phaseI at z→` and the
nematic phaseN at z→2`. The positionz50 of the origin is
chosen to be given bys2(0)5 1

2 . The interface normal and th
director of the nematic phase are parallel, which corresponds to
lowest surface tension~see Fig. 4!. A density inversion occurs nea
the state pointb. At the interface layers form which slightly prefe
platelet orientations perpendicular to the interface normal.
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fectly agrees with the estimate provided in Ref.@13#.
A similar behavior has been found for binary mixtures

thin and thick rods@29#.

V. NEMATIC-NEMATIC INTERFACES

We now turn our attention to the properties of interfac
between two coexisting nematic phases whose correspon
phase boundaries are depicted in the phase diagram of
1~a!. Figure 5 shows the density profiles of the large a
small platelets for such interfaces. Pronounced oscillati
are found for the stated @see Fig. 1~a!# on that side of the
interface which is rich in the small thick platelets. The wav
length of the oscillationsl50.175(5)D1 is more than twice
the thickness of the thick platelets. The exponential de

he

FIG. 4. Isotropic-nematic interfacial tensiong IN of a binary
mixture of large thin and small thick platelets@see Fig. 1~a!# as a
function of the pressurep along the line of phase coexistenc
Through the choice of the boundary condition for the orientation
the nematic order atz→2` the director of the nematic phase ca
be parallel~i! or perpendicular~'! to the interface normal. The
monodisperse fluids, consisting of either the large or the sm
platelets, correspond to the end points of the curves at the left
the right, respectively. The density profiles and the orientatio
order parameter profiles for the thermodynamic states markeda, b
andc are shown in Fig. 3.

FIG. 5. The density profiles%1 ~solid lines! and %2 ~dashed
lines! of the large thin and small thick platelets of the binary ha
platelet mixture, respectively, at the planar interface between
coexisting nematic phases (N1 andN2) for the statesd ande indi-
cated in Fig. 1~a!.
6-4
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BULK AND INTERFACIAL PROPERTIES OF BINARY . . . PHYSICAL REVIEW E69, 021506 ~2004!
length j50.131(4)D1 is of the same order of magnitude
The wavelengthl and the exponential decay lengthj are the
same for the large and the small platelets.

For the statee, closer to the lower critical point o
nematic-nematic coexistence, there is no sign of oscillati
on either side of the interface. Upon approaching the low
critical point along the nematic-nematic coexistence cur
the density profiles%1 and%2 turn into monotonic functions
of z and the interfacial width broadens. In simple fluids, t
disappearance of oscillations in the density profiles is c
nected to the existence of the so-called Fisher-Widom
@30#, which divides the bulk phase diagram into regio
where the asymptotic decay of bulk two-point correlati
function is either monotonic or exponentially damped os
latory @31,32#; this behavior of the two-point correlatio
function carries over to the density profiles. Recently, su
Fisher-Widom lines have been found for a binary Gauss
core model@33# and a model colloid-polymer mixture@34#.
For the binary platelet model under consideration, the de
mination of the Fisher-Widom line requires the solution
Ornstein-Zernike equations for a six-component system,
species and three allowed orientations, which is beyond
scope of the present study. However, from the observed
ishing of the oscillations of the density profiles we conclu
that there is a Fisher-Widom line and it intersects the co
istence curve betweend ande.

We have also calculated the surface tensions of nem
nematic interfaces for different relative orientations of t
platelets and the interface. Again the smallest value is ta
by the configuration with the mean bulk orientation of t
platelets being parallel to the interface~compare Fig. 4!.
Upon approaching the lower critical point of nemati
nematic coexistence, the expected mean-field-like vanish
of the surface tension and of theN1-N2 density difference
has been recovered.

VI. ISOTROPIC-NEMATIC INTERFACE NEAR
A TRIPLE POINT

In this section we consider interfacial properties of coe
isting isotropic and nematic phases near the triple poin
the bulk phase diagram of Fig. 1~b!. We choose«ªm2*
2m2*

tri.0 at I -N2 coexistence as a measure for the und
saturation with respect to the chemical potential of the sm
platelets at the triple pointm1*

tri55.294 376 743 251(1),
m2*

tri53.054 579 122 021(1). Note that for the present Zw
zig model the accuracy of the bulk coexistence data is hig
than those one would be able to achieve for models of c
tinuously rotating platelets because only a finite set of co
istence equations has to be solved instead of nonlinear
gral equations. Hence, the undersaturation« can be defined
rather precisely in the limit«→0 within the present model
This is crucial for the subsequent wetting analysis and m
vates the use of the Zwanzig approximation.

Figure 6 shows the density profiles of the large and
small platelets for various values of«. The density profiles
exhibit a plateau region, signaling the onset of the format
of the still metastableN1 phase. In the limit of«→0, the
local density of the plateau region agrees with the one of
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bulk phaseN1 at the triple point, whereas the asymptot
densities atz→6` are the ones of the coexisting phaseI
andN2.

Figure 7 shows the interface thicknesst as a function of
the undersaturation«. There are various possible definition
for the interface thickness. We have used the following t
measures.

~1! The inflection point method: The interface thickness
given by the distance between the outermost inflection po
of the density profiles.

~2! The midpoint method: The distance between the m
points of the density profiles for theI -N1 and theN1-N2
interface defines the interfacial thickness.

Upon approaching the triple point, we find thatt diverges
for «→0 as t.2j ln«1t1 with j50.392(4)D1 , t15
20.92(4)D1 for the inflection point method andj

FIG. 6. Equilibrium density profiles of large~a! and small~b!
thin platelets@see Fig. 1~b!# at various triple point undersaturation
«ªm2* 2m2*

triP$1023,531024,1024,531025,1025% ~from left to
right! at I -N2 coexistence. The positionz50 of the origin is chosen
as the midpoint of the bulk densities ofN1 and N2. The dashed
lines represent the densities of the nematic phaseN1 at the triple
point. The isotropic phaseI is atz→`, and the nematic phaseN2 is
at z→2`.

FIG. 7. Thicknesst of the I -N2 interface as a function of the
undersaturation«ªm2* 2m2*

tri from the triple point~see Figs. 1~b!
and 6!. The solid and the dashed line are calculated according to
inflection point and the midpoint method, respectively, as descri
in the text. The correlation lengthj50.389(3)D1 is determined
from the slope of the logarithmic growth oft for «→0.
6-5



in
t

ce
ng
ed
le

b

y
bl

n

d

-

m

nd

d
ry

r

le

two

ry
he
re-
a-
en-
d
ta-
de-

ex-

on-

ll
he

he

are
th
ller
he
n-

ity
the
ials

a-

int

of
ng
d
at

BIER, HARNAU, AND DIETRICH PHYSICAL REVIEW E69, 021506 ~2004!
50.386(2)D1 , t1520.94(2)D1 for the midpoint method
~see Fig. 7!. The logarithmic divergence oft is consistent
with complete wetting of theI -N2 interface by aN1 film at
the triple point in the absence of algebraically decaying
teraction potentials@35#. Moreover, we have confirmed tha
the value ofj determined from the thickness of the interfa
is in agreement with the correlation length of the wetti
phaseN1 at the triple point. The latter has been obtain
from the asymptotic exponential decay of the density profi
from I -N1 or N1-N2 interfaces towards theirN1 bulk values
at the triple point.

The importance of interface fluctuations is determined
the so-called wetting parameter@36#

v5
kBT

4pg IN2
j2

, ~9!

which for the present system takes a value of order unit
the triple point. Fluctuations are therefore neither negligi
nor dominant.

In order to validate complete triple point wetting by a
alternative method, the vanishing of the dihedral angleqN1

of a lense of phaseN1 at the triple point has been checke
using the relation

cosqN1
5

~g IN2

tri !22~g IN1

tri !22~gN1N2

tri !2

2g IN1

tri gN1N2

tri
. ~10!

The interfacial tensionsg IN1

tri 50.050 030 566 58kBT/D1
2 and

gN1N2

tri 50.056 004 830 75kBT/D1
2 are obtained by approach

ing the triple point along theI -N1 and theN1-N2 coexist-
ence curves, respectively, from below in terms of the che
cal potential of the small plateletsm2* @see Fig. 1~b!#.

Recently, complete wetting of anI -N2 interface by aN1
film has been predicted for a binary mixture of long thin a
thick rods (L.D) with L15L2 ,D1 /D2>4 @37,38#. The ra-
tio j/L1 in those systems is of the same order of magnitu
as the valuej/D150.389(3) we have obtained for a bina
mixture of large and small platelets (L,D) with L1
5L2 ,D1 /D2510.

At the emergingI -N1 interface, the orientational orde
parameter profiless1 ands2 exhibit slightly negative minima
indicating the depletion of platelets with orientation paral
ce
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to the interface. The absolute values of these minima are
orders of magnitude smaller fors2 than fors1.

VII. SUMMARY

We have studied bulk and interfacial properties of bina
hard-platelet fluids using density-functional theory. T
platelets form square parallelepipeds with orientations
stricted to three mutually perpendicular directions. A fund
mental measure theory is used to derive the excess free
ergy functional. The grand potential functional is minimize
numerically and phase diagrams, density profiles, orien
tional order parameter profiles, and surface tensions are
termined leading to the following main results:

~1! The bulk phase diagrams for two representative
amples of binary hard-platelet fluids~Figs. 1 and 2! involve
an isotropic and one or two nematic phases of different c
centration as well as a columnar phase.

~2! For a binary platelet mixture of large thin and sma
thick platelets, the density profiles of thick platelets at t
isotropic-nematic interface exhibit oscillations~Fig. 3!. A
density inversion for the thick platelets is found. Near t
thermodynamic state marked asb in Fig. 3, the densities of
the thick platelets in the isotropic and the nematic phase
nearly identical. The interfacial tension for platelets wi
their mean bulk orientation parallel to the interface is sma
than for the corresponding perpendicular configuration. T
bidisperse mixtures have significantly larger interfacial te
sions than the corresponding monodisperse fluids~Fig. 4!.

~3! Both the large platelet and the small platelet dens
profiles exhibit pronounced oscillations on one side of
nematic-nematic interface, provided the chemical potent
are sufficiently high~Fig. 5, stated). Upon approaching the
lower critical point of nematic-nematic demixing the oscill
tions vanish and the interface broadens~Fig. 5, statee).

~4! Just above the isotropic-nematic-nematic triple po
shown in Fig. 1~b!, the I -N2 interfacial profiles thicken due
to the formation of the incipient nematic phaseN1 at this
interface~Fig. 6!. Figure 7 demonstrates that the thickness
the wetting film diverges logarithmically upon approachi
the triple point. Complete triple point wetting is confirme
explicitly by observing the vanishing of the dihedral angle
the triple point.
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