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Nematic–isotropic transition in polydisperse systems
of infinitely thin hard platelets

Martin A. Bates and Daan Frenkel
FOM Institute for Atomic and Molecular Physics, Kruislaan 407, 1098 SJ Amsterdam, The Netherlands

~Received 27 October 1998; accepted 16 December 1998!

We study the phase behavior of model colloidal systems composed of infinitely thin hard platelets,
with polydispersity in the size of the particles. Semi-grand Gibbs ensemble simulations are used to
study the coexisting nematic and isotropic phases for a range of systems with varying
polydispersity. Particle size segregation is observed in the two coexisting phases, with the larger
particles tending to be found in the nematic phase. This fractionation becomes more evident with
increasing polydispersity. We examine the relationship between the size of a particle and its
orientation in the nematic phase and find that the larger particles tend to be more orientationally
ordered than the smaller ones. The coexistence densities determined from the simulations are
compared to those obtained from recent experiments on colloidal platelets. ©1999 American
Institute of Physics.@S0021-9606~99!51511-0#
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I. INTRODUCTION

Dispersions of anisometric colloidal particles have lo
been known to exhibit an orientationally ordered nema
phase above a certain concentration and this phenom
has now been observed for a wide variety of suspension
rod shaped particles.1 While numerous experimental, theore
ical and simulation studies have been devoted to underst
ing the mesophase behavior of elongated colloi
particles,1–6 much less attention has been given to susp
sions composed of disk shaped particles. However, comp
simulations of infinitely thin platelets7 and other models o
disks with finite thickness4,8 have shown that entropy drive
transitions to liquid crystalline phases are possible for th
systems. Onsager’s theoretical approach of truncating
equation of state at the second virial coefficient has also b
applied to disk models9 but, as pointed out by Onsager, whi
this approximation is valid for infinitely thin needles, it ca
not be justified for infinitely thin disks.3 The reason that only
a small number of studies of model colloidal platelets ha
been performed most probably stems from the fact that
observation of nematic phases in real colloidal systems
disk shaped particles is much rarer than for their rod co
terparts. For example, the widely studied platelet syste
composed of clay particles are typically found not to exhi
a nematic phase but rather a gel, although orientational o
may exist at a local level in these systems.10,11 Nevertheless,
the colloidal suspensions of sterically stabilized gibbs
platelets synthesized recently by van der Kooij and L
kerkerker do appear to exhibit a nematic phase.12 However,
there is a large discrepancy between the coexistence den
determined in these experiments and those in comp
simulations of apparently similar model systems.8

One feature common to many synthetic systems but
ten neglected in simulation studies is polydispersity in s
and shape. All previous simulation studies of hard body d
models have been performed on systems of particles of e
diameter.4,7,8 Thus comparison of the transition densities d
6550021-9606/99/110(13)/6553/7/$15.00
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termined from these simulations and those in real colloi
suspensions may not be appropriate. Indeed, for rod sha
particles, size polydispersity has been shown to have a la
effect on the coexistence densities and even on the stab
of the various liquid crystalline phases.13–15 Therefore, to
provide new simulation data for comparison with experime
tal systems and to gain a better understanding of the in
ence of size polydispersity in colloids, we report simulati
results for polydisperse platelet systems.

II. THE MONODISPERSE LIMIT

The limiting case of zero polydispersity is clearly a
important reference system for our model colloid; in th
limit, we have a system of infinitely thin hard platelets
equal diameter. Such systems are found to exhibit a nem
and an isotropic phase with no other liquid crystalli
phases, such as a columnar, observed.7 This is because the
columnar phase is only expected when the volume frac
of the disk shaped particles becomes appreciable which
the infinitely thin platelet model, cannot occur at finite de
sities since the volume fraction is zero. More recent simu
tions employing a scaling argument which increases the v
ishingly small volume of a disk to a finite value, do indee
show that infinitely thin disks exhibit a columnar phase16

However, here we shall consider the effect of polydispers
on the nematic and isotropic phases only and, in particu
how size polydispersity changes the location of the transit
between these two phases.

Eppenga and Frenkel determined the equation of s
for monodisperse platelet systems of various sizes (N525,
50, 100, 400, 800! using Monte Carlo simulations.7 The
nematic–isotropic~NI! transition was found to be weakl
first order and located at a densityr5Ns3/V'4, wheres is
the diameter of a disk~see Fig. 1!. Neither an apparent jump
in density nor any hysteresis in the equation of state w
found and so the coexistence densities could not be de
mined using standard techniques.17 Thus a different route
3 © 1999 American Institute of Physics
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was taken to locate the transition, by computing the chem
potential using Widom’s insertion method18 at two different
densities corresponding to the nematic and isotropic ph
and then integrating the equation of state to determine
coexistence pressure; full details are given in the origi
article.7 This approach led to coexistence densities
r I54.04 andrN54.12. However, this method implicitly re
quires data of high accuracy for the equation of state beca
any small errors in its determination will affect the integr
tion used to calculate the transition pressure and, there
the final values obtained for the coexistence densities. S
the monodisperse limit is an important reference point for
polydisperse model, we have performed new Monte Ca
simulations to locate the NI transition densities. Thus
have both recomputed the equation of state for a system
1000 particles and simulated directly the two coexist
phases using a Gibbs ensemble simulation of 1600 partic

The equation of state determined from isobaric Mo
Carlo simulations is shown in Fig. 1, along with the resu
from the earlier study of infinitely thin platelets.7 Our results
for the equation of state away from the transitional region
in good agreement with those determined previously. Ho
ever, our results indicate clearly that the transition betw
the nematic and isotropic phases is first order and that
density jump at the transition is slightly larger than that d
termined previously. In comparison, the equation of st
determined by Eppenga and Frenkel7 appears somewhat con
tinuous in the transitional region. We note that very lo
runs of up to 500 000 cycles are necessary to obtain accu
statistics close to the transition because of slow fluctuati
of the nematic order parameter and density. Presuma
such fluctuations in the density for smaller systems lead
the smoothing of the equation of state in the vicinity of t
transition. The density jump and hysteresis in the equatio
state is suggestive of a first order phase transition but
obtain accurate values for the coexistence densities, a
energy calculation or thermodynamic integration
necessary.17 We attempted calculations to determine t
Helmholtz free energy difference between an isotropic ph

FIG. 1. Equation of state for monodisperse platelets determined from
baric Monte Carlo simulations. Open circles: compression from isotro
phase, filled circles: expansion from nematic phase, crosses: data from
7. The histogram shows the probability Pr~r! of observing a densityr
5Ns3/V in either phase in the Gibbs ensemble simulation.
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at r53.5 and a nematic phase atr54.5 by applying a per-
turbation to the system so as to suppress the first order t
sition; this value was then used to calculate the Gibbs f
energy difference between the two unperturbed phases
function of pressure by integration of the equation of state17

However, these calculations led to an unreasonable coe
ence pressure, and therefore unreasonable coexistence d
ties, outside the observed hysteresis loop. Presumably,
method fails because of reasonably large fluctuations, le
ing to poor statistics, for the nematic order parameter as
transition is crossed by increasing the strength of the per
bation.

As an alternative method to determine the coexiste
densities, we have performed a Gibbs ensemble simulatio
which the two coexisting phases are studied simultaneo
in separate boxes.19 Since the transition between the tw
phases is weak, the boxes change ‘‘identity’’ during t
simulation. This means that a box which contains the iso
pic ~or nematic! phase at the start of the simulation may la
be found to contain the nematic~or isotropic!. To locate the
transition, we therefore construct a histogram Pr~r! of the
probability to observe a densityr in either phase.20 This
probability histogram is superimposed on the equation
state in Fig. 1. Even though the boxes switch identity dur
the simulation, the maxima in the probability histogram a
still well defined and from these we determine the coex
ence densities to ber I53.6860.02 andrN53.9860.05. We
observe that the coexistence densities determined in this
are found to be within the hysteresis region of the equat
of state obtained from the isobaric simulations.

III. THE POLYDISPERSE SYSTEMS

A. Simulation methodology

To study the properties of two phases of a pure s
stance at equilibrium, we must ensure that the temperat
pressure and chemical potential are equal in each phase
can be achieved, for example, by using a Gibbs ensem
simulation.19 For a mixture of two or more components, th
chemical potential of each component must be equal in e
phase at equilibrium. This appears to rule out the possib
of studying phase equilibria in polydisperse systems cha
terized by a continuous distribution, such as particle s
since we must ensure chemical potential equality for an
finite number of species.21 The semi-grand canonical en
semble was introduced to overcome the difficulty of simul
ing polydisperse systems by imposing a chemical poten
or activity distribution.21 By imposing the activity distribu-
tion, knowing the chemical potential of one species impl
that the chemical potentials of all the species are kno
Thus this ensemble differs from the canonical ensemble
that the identities of the particles are allowed to change d
ing the simulation, subject to the imposed activity distrib
tion. This method has been further extended to constant p
sure and Gibbs ensemble variants.22 The constant volume
and constant pressure variants have been employed suc
fully to study, for example, the influence of polydispersity o
the freezing of hard spheres23 and on the phase behavior o
infinitely long rods at high density.15 The semi-grand Gibbs
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ensemble, which we use to study the NI transition in o
model colloidal system, is the choice method for direc
simulating phase equilibria in polydisperse systems, sinc
allows us to perform a single simulation in which we c
ensure equality of the temperature, pressure and chem
potentials of all species in both phases. We do note, h
ever, that for this method to be efficient, the densities of
two coexisting phases must be low enough such that an
equate number of particle insertions can be accepted~as for
any Gibbs ensemble simulation!, in order to ensure the
equality of chemical potentials in the two phases. The se
grand Gibbs methodology is discussed in detail by Ko
and Glandt and we follow their scheme for generating a
accepting trial moves.22

Following other simulations using the semi-grand c
nonical ensemble or its variants,15,21–23 we choose the im-
posed chemical potential function for the disks to be

@m~s!2m~s0!#/kBT52~s2s0!2/2n, ~1!

wherem~s! is the chemical potential of a disk with diamet
s. We performed a series of simulations in which the wid
of the activity distributionn* 5n/s0

2 was fixed at different
values. This leads to different composition distributions a
thus allows us to determine the effect of varying the polyd
persity in platelet systems.

Before discussing the results, we should briefly ment
a few computational aspects of these simulations. Since
the chemical potential function which is imposed and not
size distribution, we do not know the average size until a
the simulation has finished.21 This means that it is no
straightforward to choose a total volume for the two simu
tion boxes which corresponds to a point located in the t
phase region, especially since the NI transition is typica
weak in comparison to, for example, a gas–liquid transiti
Thus a certain amount of trial and error was necessary to
a total volume for which the nematic and isotropic pha
coexist. Moreover, while the particle exchange moves w
found to be efficient~typically only 5000–10 000 trials were
necessary to swap 5% of the particles!, the volume exchange
moves were slow and so density and nematic order par
eter fluctuations were found to be sluggish. We note t
volume moves are inefficient for hard body models, even
reasonably low densities, since there is high probability t
any two particles are at or near contact and this significa
limits the size of the volume exchange trials. This means
rather long runs~often 250 000 cycles or more! were neces-
sary to ensure equality of the pressure in the two simula
boxes. To monitor this during the simulation, we followe
the graphical method described by Frenkel and Smit,
which the fraction of particles in boxi (xi5Ni /N) is plotted
against the fraction of the total volume contained in boi
(yi5Vi /V) ( i 51,2).20 At coexistence, the simulation resul
should cluster around two points in thexy plane and so this
method allows us to follow the equilibration of the syste
and determine when the pressure is equilibrated prope
We note that, as for the monodisperse case, the box iden
were occasionally found to change and so the probab
histogram Pr~r! was used to determine the coexistence d
sities, although such changes were less frequently obse
Downloaded 11 Oct 2004 to 145.18.129.130. Redistribution subject to AI
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in the polydisperse systems. In some cases, we found tha
system would tend toward, for example, two~equivalent!
isotropic phases; this, of course, implies that the total volu
was too high to observe coexisting nematic and isotro
phases and so the total volume was decreased and the s
lation restarted. Similarly, if two~equivalent! nematic phases
were found, the total volume was increased. All simulatio
were performed using 1600 particles in total, as for t
monodisperse system. If either box fell below 500 particl
the simulation was restarted using a different total volum

An alternative scheme to study the coexisting nema
and isotropic phases would be to use a pseudo-Gibbs
semble in which volume exchanges are never attempte24

this method avoids both the problems of one box becom
too small and the slow equilibration of the box sizes. Sim
lations in this ensemble are performed as follows~see Ref.
24 for practical details!. Two simulations at different chemi
cal potentialsm I and mN , corresponding to a known stabl
point within each phase, are performed to obtain accu
values of the density and pressure at the specified chem
potentials. Once these are known, an estimate for the e
librium chemical potentialmeq can be obtained, since we ca
calculate the slope of each branch of the equation of st
dm/dP51/r. Two new simulations are then performed
gm I1(12g)meq andgmN1(12g)meq with 0,g,1 to ob-
tain a refined estimate formeq and the method iterated unt
convergence of the chemical potential and pressure is
tained. This method, therefore, determines the equation
state in theP2m plane, starting from two points either sid
of the transition and gradually converges~depending on the
value ofg! toward the transition. Such simulations were a
tempted for a monodisperse system but were found not to
stable after two or three iterations. The reason for this fail
is probably due to the fact that the gradients of the t
branches of the equation of state in the vicinity are simil7

and any inaccuracy in the pressure calculation at an in
vidual point will lead to the prediction for the equilibrium
chemical potential to be outside the range known to con
the transition. In addition, since the equation of state
infinitely thin disks in theP2m plane does not show a larg
discontinuity in slope at the transition,7 many iterations
would be necessary to obtain the coexistence densities
the same accuracy as those obtained by the isobaric sim
tions or the standard Gibbs ensemble technique. T
pseudo-Gibbs ensemble simulations were not attempted
the polydisperse systems.

B. Composition distributions at coexistence

The composition distributionsf (s) for the coexisting
isotropic and nematic phases are shown for three simulat
(n* 50.01, 0.02, 0.03! in Fig. 2, calculated from semi-gran
Gibbs ensemble runs of 50 000 cycles during which time
box identities did not change. As in other semi-grand sim
lations of hard particles,15,23 the composition distributions
are found to be shifted toward lower values ofs with respect
to the center of the activity distribution ats0 . This occurs
since large particles are entropically less favorable th
smaller ones, especially at high number densities.23 To ease
the comparison of the composition distributions found
P license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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the different systems, we scale the particle sizes such tha
average diameter in the isotropic phase is unity. Compa
the two composition distributions for each simulation, w
find that the widths are essentially equal in the nematic
isotropic phases; for example, for the activity distribution
width n* 50.03, the standard deviation of the compositi
distribution in the nematic phase is 0.5% larger than t
measured in the isotropic phase and so the differenc
polydispersity in the two phases is negligible. However,
distribution in the nematic phase tends to be centered aro
a higher value than in the isotropic phase, indicating that
coexistence, the average size of the particles is larger in
nematic phase, although not much so; for all polydispersi
studied, there is a large overlap between the size distr
tions. We also observe that the size segregation beco
more apparent for the wider distributions, that is, for t

FIG. 2. Composition~size! distributionsf (s) of the coexisting nematic and
isotropic phases in the semi-grand Gibbs ensemble simulations with ac
distribution widthsn* 5n/s0

2 of ~a! 0.01, ~b! 0.02, and~c! 0.03. Open
circles: isotropic, filled circles: nematic. The solid lines indicate the bes
Gaussian distribution to the simulation data.^s I& is the average diameter in
the isotropic phase.
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systems with higher polydispersity. This is highlighted
Fig. 3, where we plot the ratio of the average particle dia
eters in the nematic and isotropic phases as a function
polydispersity. For infinitely thin rods, this ratio is predicte
to increase with the square of polydispersity;25 this result
also appears to hold for the data obtained from the sim
tions, albeit with a different prefactor~see Fig. 3!. We note
that the composition distributions are found to be essenti
Gaussian and so we use their normalized standard devia
s as our measure of polydispersity.

C. Coexistence densities

We now turn to the coexistence densities of the t
phases in the polydisperse systems. As we noted earlie
the semi-grand simulations the particle sizes~diameters! are
shifted to lower values compared to the imposed chem
potential distribution. As the particle sizes differ from on
simulation to another of different polydispersity, for com
parative purposes the number densityr5N/V is not so use-
ful. Additionally, quantities such as volume fraction or pac
ing fraction have no meaning for the model system, as
disks are infinitely thin. Thus, to compare the densities of
different systems, we use the dimensionless density defi
by r* 5r^s3&. This measure of the density is also availab
experimentally.12 The coexistence densitiesr I* 5r I^s I

3& and
rN* 5rN^sN

3 & are shown as a function of polydispersity
Fig. 4. We note that in this plot, the differences in polyd
persity in the two coexisting phases for each simulation
seen to be negligible, as stated earlier. We observe that p
dispersity has a large influence on the location of the
transition for the colloidal platelets. The major influence a
pears to be the widening of the coexistence region with
creasing polydispersity. This feature is also predicted for
disperse and polydisperse systems composed of rod sh
particles;1,13,25,26the width of the coexistence region for rod
is predicted to widen with the polydispersity squared.25 Fig-
ure 4 indicates that a similar quadratic scaling gives a r
sonable fit to the simulation data for disks. We also obse
that, to a first approximation, the densityr I* of the isotropic
phase at the NI transition is essentially unchanged with

ity

t

FIG. 3. Ratio of the average diameter in the nematic and isotropic phas
a function of polydispersity. The solid line is the best fit of a quadra
(^sN&/^s I&51.011.3s2) to the simulation data~see text!.
P license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



se
o
c

fo

tie
qu

r
is
to
d

nd

ut-
the
ition
osi-
nt is
em
is-
n.

ies
nts.
ct-

sing

To
nal
glet

-
t

di-

r
at

lly
bu-

at
e-
cles,
no

ve
is

ith

ain
di

es
as

6557J. Chem. Phys., Vol. 110, No. 13, 1 April 1999 M. A. Bates and D. Frenkel
creasing polydispersity while that of the nematic increa
strongly. This observation is in opposition to that found f
rods, where polydispersity is found to shift the coexisten
region to lower density.1,13,26 However, this comparison is
not strictly appropriate because of the different scaling
the densities.

We note that our scaling of the coexistence densi
implies that the scaled pressure of each phase is not e
since we scale the pressure in the isotropic phase by^s I

3&
and that in the nematic bŷsN

3 &. This is entirely reasonable
and can be explained in the following way~see Ref. 25 for a
comparable situation!. For a given size distributionf (s), the
isotropic phase is stable up to a pressurePI , at which the
nematic phase first appears. As the pressure is furthe
creased, the two phases coexist and the composition d
butions rearrange themselves in such a way that the
distribution isf (s), but the distributions in the isotropic an
nematic phases aref I(s) and f N(s) as shown in Fig. 2. At a

FIG. 4. Coexistence densities of the nematic and isotropic phases obt
from the semi-grand Gibbs ensemble simulations as a function of poly
persity s. The dimensionless densities are defined asr I* 5r I^s I

3& and rN*
5rN^sN

3 &. Open circles: isotropic, filled circles: nematic. The solid lin
indicate the best fit of a quadratic to the simulation data for each ph
r I* 53.6822.43s2 andrN* 53.98115.82s2 ~see text!.
Downloaded 11 Oct 2004 to 145.18.129.130. Redistribution subject to AI
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higher pressurePN the isotropic phase is no longer stable a
the nematic has the distributionf (s). Thus the scaling im-
plicitly requires that the size distribution in both phases o
side the transitional region is equivalent, as would be
case in an experimental system, where the total compos
does not change on crossing the transition, but the comp
tion of each phase need not be the same. This argume
not valid in general but is appropriate for our model syst
since the polydispersity and, therefore, the width of the d
tribution is found not to change significantly at the transitio

D. Orientational order—size distributions

Computer simulation allows us to investigate propert
of a system which cannot easily be observed in experime
Thus, while the size distributions can be obtained by extra
ing material from each phase and observing these u
transmission electron microscopy,12 all information about the
orientational order of the different size particles is lost.
investigate how the size of a particle affects its orientatio
order in the nematic phase, we have calculated the sin
orientational distribution function~SODF! f s(b) as a func-
tion of particle size, whereb is the angle between the sym
metry axis of the particle and the director and the subscrips
indicates that this function is calculated for a particular
ameter. This is shown in Fig. 5~a! for the simulation with
activity distribution of widthn* 50.03. We observe that fo
large particles, the SODF is narrow and strongly peaked
cosb51.0, indicating that these particles are essentia
aligned along the director. For smaller particles, the distri
tion becomes wider although it remains peaked
cosb51.0. This implies that the orientational order d
creases with decreasing diameter. For the smallest parti
the SODF is almost flat, indicating that there is essentially
preferential alignment of very small particles. An alternati
distribution which contains complementary information
the size distributionf b(s), where the subscriptb indicates
that the distribution is calculated for a particular angle w
respect to the nematic director; this is shown in Fig. 5~b!. We

ed
s-

e,
e.

FIG. 5. ~a! The singlet orientational distribution functionf s(cosb) as a function of the particle diameter and~b! the size distributionf b(s) as a function of
angle for the nematic phase with an activity distribution widthn* 5n/s0

2 of 0.03~see text for definitions!. ^s I& is the average diameter in the isotropic phas
The inset in~b! shows the contour plot off b(s).
P license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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observe that, while the width of the distribution is not depe
dent on the angle made with the director, the average siz
a particle is larger for smaller angles. This feature is hig
lighted in the contour plot in Fig. 5~b!.

E. Comparison with experiment

Having determined the phase behavior of the mo
polydisperse disks, we can make an appropriate compar
with the experimental results obtained for gibbsite partic
by van der Kooij and Lekkerkerker.12 The aspect ratio of the
gibbsite particles, including the grafted polymer cha
which give the particles their steeply repulsive interactio
was determined to be 11:1, while the normalized stand
deviation in diameter was calculated to be 0.25.12 The vol-
ume fractions of the coexisting nematic and isotropic pha
converted to dimensionless densities, turn out to ber I*
52.5 andrN* 52.7. In comparison, for the model system
s50.25, we would expect the coexistence densities to
r I* '3.5 andrN* '5.0 ~see Fig. 4!. We observe a large dis
crepancy between the simulation and experimental data;
the density at which the transition occurs in the experime
system is approximately half that in the simulation and
density jump at the transition is much smaller in the r
system than in the model system, these values being 8%
35%, respectively.

Clearly there are a number of features of the experim
tal system which are missing in the model and we may w
der which of these are dominant and lead to the large shi
the coexistence densities. The gibbsite particles are not
cular but hexagonal and slightly irregular in shape. Howev
their deviation from the ideal shape appears minor and
would expect this not to have a large influence on the
transition, but only on the structure of highly ordered pha
at high densities when packing effects become import
While we cannot speculate quantitatively how the behav
of hexagons would differ from that of circular disks, if th
effective average diameter is larger for hexagons than for
equivalent disks, then this will lead to a shift to lower valu
for the coexistence densities; the influence of particle sh
will be addressed in a forthcoming paper.27 However, even if
this is so, it cannot explain the narrowing of the bipha
region. The gibbsite particles also have finite thickness~11:1
aspect ratio!, whereas infinitely thin disks are considered
the model system. We again do not expect this to be a do
nant factor, since the current and previous computer sim
tions indicate that the location of the NI transition is ess
tially equivalent for monodisperse disk systems of both fin
and infinite aspect ratios; for cut spheres8 of aspect ratio
10:1, the NI transition is estimated to take place atr I* 53.81
andrN* 53.87 although, as in this work, the density gap m
be found to differ slightly if a larger system is used to c
culate the equation of state. Thus it appears that it is the
~possibly including the shape of the face27! and not the thick-
ness of the disk which is important in determining the lo
density phase behavior in the region of the NI transitio
This is understandable when we consider that the nem
order parameter at the NI transition is typically only 0.45
0.55, indicating that the disks are far from perfectly aligne
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we expect the thickness to play a crucial role only for high
densities when the disks are almost parallel to each other
at close contact, such as at the transition to a columnar.
composition distributions in the experimental system are
Gaussian yet they are unimodal and not highly skewe28

Although these distributions are not equivalent in shape
the model and experimental system, it does not seem lik
that small changes in the form of the distribution will lead
such large errors in the coexistence densities. A further
ture which differentiates the model and experimental sys
is that the disks in the model are truly hard body, while the
may be longer range attractions or repulsions present
tween the particles in the experimental system. The influe
of such interactions is not clear and so we cannot specu
how these would change the phase behavior.

As a final important point, we note that no size segre
tion was observed in the coexisting phases in the exp
ments using gibbsite particles.12 However, Fig. 2 clearly in-
dicates that segregation is observed in the simulatio
although the composition distributions of the coexisti
phases do significantly overlap, even in the most polyd
perse system. Since only 100 gibbsite particles are typic
analyzed to determine the diameter distribution for ea
phase,28 it is not possible to statistically distinguish the tw
distributions. Indeed, this is found to be the case if just 1
particles are picked at random from the coexisting phase
the simulations. This also means that it is not possible
accurately calculate the mean diameter or the higher
ments of the distribution, which are crucial for the compa
son of the experimental and simulation data, since we n
to compare the dimensionless densities defined byr*
5r^s3&; in addition,^s2& enters the expression to calcula
the experimental number density from the volume fraction12

The use of the same values for the moments of the
distribution in each phase could account for the narrowing
the biphasic region for the gibbsite system. In addition, it
clear that any inaccuracy in the calculation of^s& for each
phase~and hence in̂s2& and ^s3&) could lead to a shift in
the coexistence densitiesr I* andrN* . We conclude that it is
necessary to make an accurate determination of the size
tribution of the gibbsite platelets to make a true comparis
with the simulation results.

IV. CONCLUSIONS

We have performed semi-grand Gibbs ensemble sim
tions to investigate the influence of polydispersity on the
transition in colloidal platelet systems. We find that the a
erage diameter of particles in the nematic phase is slig
larger than that in the coexisting isotropic phase and that
size segregation increases with increasing polydispersity
the nematic phase, the larger particles are found to h
higher orientational order than smaller ones. The coexiste
densities have been determined as a function of polydis
sity and compared to those obtained from experimental
servations of apparently similar platelets. Predictions fr
the simulation do not agree with the experimental coex
ence densities. The differences between the systems are
cussed; a possible explanation is that the platelets in the
P license or copyright, see http://jcp.aip.org/jcp/copyright.jsp
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perimental system are not truly hard body particles but a
interact through some longer range forces. However, the
rowing of the biphasic region in the experimental syst
could be due to the fact that size segregation was not
served and so the density scaling factor^s3& was taken to be
the same for each phase. The simulations reveal that
segregation does occur at the NI transition and, if this fr
tionation is taken into account for the experimental data
leads to the widening of the coexistence region. This po
can, of course, only be tested by a more accurate determ
tion of the size distribution of the gibbsite particles. Th
would help us to decide whether or not longer range inter
tions are important in determining the phase behavior an
lead to a better understanding of the nature of the partic
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