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Abstract

We investigate bulk and interfacial profies of a recently proposed hard-body model foemary mixture of amphiphilic particles,
spheres and needles using density functional theory. The simple model amphiphiles are formed by bonding a vanishingly thin needle tail ra-
dially to a hard-sphere head group. Such particles provide a natural amphiphile when added to a binary mixture of spheres and needles. As al
interactions are hard, we seek to find wheth@phiphilic effects can be driven by entropy out the need to invoke attractive interactions.
In order to assess the amphiphilic character of the model we first examine the spatial and orientational distribution of the amphiphiles at the
free interface between demixed needle-rich and amphiphile-rich fluid phases of the binary amphiphile—needle subsystem. We then considel
the free interface between sphere-rich and needle-rich phases upon adding amphiphiles with low concentration to the demixed system. In
both cases the orientational distribution of the particles in the interface provides strong evidence that amphiphilic properties can arise purely
from geometrical packing effects.
0 2004 Elsevier Inc. All rights reserved.

1. Introduction clarify this point by investigating the properties of a model
entropic amphiphile system in the presence of inhomogene-
Amphiphilic molecules are @racterized by a hydrophilic  ity. Our study is not only of interest from a pure statistical
head group and a hydrophobic tail. The preferential ad- mechanics point of view; with the increasing experimental
sorption of amphiphiles at oil-water interfaces facilitates accessibility of colloidal systems, in which energetic effects
phase separation and thus gives rise to numerous industriakgn pe largely suppressed,noe realistic possibilities for
and domestic applicationst is generally accepted that at-  he study of hard-body amphiphiles. Significant advances
tractive interactions play a large role in both driving and 3¢ heen made in the fabrication of colloidal particles with
stabilizing amphiphilic ordefThe coupling between attrac- more complex geometry by the adhesion of simpler col-

tive forces anq the i.ntrinsi(.: pgrtigle geometry pfo‘?'uces the | gigal particles. A report of experimental progress in the
spatial and orientational distributions characteristic of am- study of such “colloidal molecules” can be found][t in

phiphilic systems. However, it is not clear whether attractive which the authors construct composite particles by bonding

interactions are a fundamental requirement to reproduce : .
1al req P spheres together into doublet, triplet, and tetrahedral clus-
the phenomenology of amphiphilic systems, or whether at-

traction simply provides a stabilizing mechanism for an

essentially entropic phenomenon. In this paper we seek to We pose the simple question: Can amphiphilic effects

arise solely from the geometrical properties of the parti-
— cles? That entropy could drive amphiphilic behavior does
Corresponding author. Fax: +41-31-631-46-11. not seem unreasonable; many of the phenomena usually as-
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0021-9797/$ — see front mattéi 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.jcis.2004.08.097


http://www.elsevier.com/locate/jcis
mailto:brader@cns.unibe.ch

496 J.M. Brader, M. Schmidt / Journal of Colloid and Interface Science 281 (2005) 495-502

hard spheres provide a good model of certain suspensions of/iew of hard-particle models we refer the reader{34].
spherical colloids; however, hard-particle models can also be Despite the simplicity of our model amphiphiles an exper-
useful in accounting for the behavior of considerably more imental realization still presents a considerable challenge.
complex soft-matter systems. One of the early examples of Spherical PMMA, polystyrene, or silica particles all pro-
this approach originated in the 1954 paper of Asakura and vide a good approximation to idealized hard spheres and thin
Oosawa, where they proposed a mechanism by which anboehmite rods coated with silica have properties similar to
effective attraction could arise between two large spherical our ideal needles. Fusion of these existing particles would
colloidal particles immersed in a sea of rigid, but mutually well approximate our amphiphilic particles.

interpenetrable, macromolecules, the now familiar “deple-  In this paper we investigate the distribution of hard-
tion attraction”[12]. In a subsequent work Asakura and Oo- body amphiphilic particles at the interface between two fluid
sawa considered the depletion attraction as a possible mechphases. We both extend and draw connections between pre-
anism for the aggregation of colloids in colloid—polymer vious studies in which the free interface between demixed
mixtures[13]. In 1976 Vrijindependently proposed the same fluid phases in the binary needle—sphere mixfgg¢ and the
mechanism for aggregation and defined an explicit model adsorption at a hard wall of the same model amphip#&k
Hamiltonian for a colloid—polymer mixture, now termed the were considered. In order to fully assess the ternary mix-
Asakura—Oosawa—Vrij or simply the AO modé#l]. This ture we have followed a systematic program consisting of a
model is a binary hard-sphere mixture in which the mutual full investigation of the bulk thermodynamics of the three
interaction between moleceof one of the species is set binary subsystem§30], namely the sphere—needle (SN),
equal to zero in order to mimic the behavior of spherical amphiphile—needle (AN), and amphiphile—sphere (AS) mix-
polymer coils at low concentration or theta point conditions. tures, a study of the pure amphiphilic system adsorbed at
Despite the simplicity of the interactions this model provides a hard wall[33] and of the free interface in the demixed SN
areasonable description of the bulk fluid—fluid phase separa-systen{32]. Here we extend the study [#2] and investigate
tion observed in real colloid—polymer mixturfs-5,15,16] the free interface of the AN mixture. We then consider the
and predicts a rich variety of inhomogeneous phenorf@na  full ternary amphiphile—sphere—needle (ASN) mixture and
17,18] some of which have been observed in experiments analyze the distribution of amphiphiles in the free interface
[7-10]and in simulationg19]. In a similar spirit, Bolhuis between demixed sphere-rieimd needle-rich phases when
and Frenkel (BF) proposed a model for a binary mixture of small concentrations of amphiphile are added.

spheres and rodlike particl¢80] which played an impor- The paper is organized as follows. In Sectiwe define
tant role in motivating a number of subsequent experimental the model. In SectioB we give a description of the density
studieg[2,21-23] The spherical colloids are again modeled functional theory and define the order parameters used for
as hard spheres and the rodlike particles are taken to bequantitative analysis. In Sectighwe present our results and
infinitely thin needles of a given length. The bulk phase be- in Section5 we give concluding remarks and present possi-
havior predicted by this model is found to agree favorably bilities for future study.

with that of real colloidal rod—sphere mixturf&24]. Due

to the simple nature of the infearticle interactions, accu-

rate approximate theories have been constructed for both the. The model

AO and BF rod-sphere models. A good description of the

bulk-phase equilibria is given by free-volume the{29,24, We consider a ternary mixture consisting of amphiphiles,
25] whereas inhomogeneous situations can be successfully,aegles and spherf80]. Fig. 1shows a sketch of the mix-

treated using modern developments in density functional y,re The interaction between particles is infinitely repulsive
theory[26—28]

As a simple model for an amphiphilic system Bolhuis
and Frenkel considered amphiphilic particles constructed by
bonding a hard-sphere “head group” to a spherocylinder

“tail” [29]. The talls are taken to be mutually noninteracting — O
but retain a hard repulsion with respect to the head group.
The behavior of these model particles was found to mimic
that of real amphiphiles when they are immersed in a sea of
/ O

hard spheres. The most recent model in this hierarchy, and
the subject of the present study, is a generalization of the
sphere—needle model to a ternary mixture of amphiphiles,

spheres and needl30], in which amphiphile particles are
P £30] phip P Fig. 1. The model ternary mixture cassng of amphiphiles (A), spheres

constructed by radla”y bondlng aneedle to a sphere Surface'(S), and needles (N). All interactions are infinitely repulsive for spatial over-
The use of needles rather_than sphgrocyl!ndgrs makes thgaps. The needles are of vanishing thickness and, therefore, have no mutual
model amenable to theoretical analysis which is, at present,interaction. The amphiphile parties are formed by bonding a needle radi-

not possible for the BF model amphiphiles. For a recent re- ally to a sphere surface.
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for spatially overlapping configurations and zero otherwise. refer the reader tf80]. Numerical minimization of the func-
The amphiphilic particles consist of a hard sphere of diam- tional forinhomogeneous situations is performed using stan-
eteroa and an infinitely thin needle of lengtha bonded dard iterative techniqug32]. In the case of the ternary ASN
radially to the sphere surface. We will henceforth refer to mixture we have to minimize the grand potential, with re-

the sphere as the amphiphile “head” and the bonded needlespect to variation of three inhomogeneous density profiles,
as the “tail.” The position vector which locates the par- 82 /8pa(r, 2) = 8§2/8pNn(r, 2) = 682 /5ps(r) = 0, where
ticle is taken to be the center point of the sphere and the pa(r, £2), pn(r, £), and ps(r) are the density profiles of
direction of the tail is specified by a unit vect® which, amphiphiles, needles, and spbg respectively. To obtain

in the planar geometry under consideration, lies at an anglefree interface profiles is somewhat easier than in the case
of 6 to thez-axis. When calculating inhomogeneous density of a discontinuous external potent{&3], where the com-

profiles we choose a coordinate system suchéhat cor- plex nonconvex shape of the model amphiphiles demands a
responds to a particle configuration where the tail points in very careful treatment of the angular discretization.
the negative-direction. The needles have lendtkh and, as In order to analyze the behavior of the nonspherical par-

they are of vanishing thickness, have no mutual interaction. ticles we consider two characteristic distributions obtained
The third species are simple hard spheres of dianagtdn from the full profilesp;(r, ), i = A, N. The first is the
order to reduce the number of free parameters we considerrientation-averaged profile which describes the distribution

the special case =oa =o0s, L = La = Ls, ando = L. of the centers of mass,
With the size ratios thus specified we are left with three ther- @@
i — 3 : _ 2
modynamic control parameterg = oSmps/6, the packing pi(r) = / 4—p,~ (r, 2). Q)
T

fraction of spheresja = o3mpa /6, the packing fraction of ) ) . o
the spherical amphiphile heads and the reduced needle denN€ second is an orientational order parameter, which is
sity py = GNLﬁ,pN- It is to be emphasized that the theory is dn‘fer’ent for needles and amphiphiles. For amphiphiles we
in no way constrained by our choice of size ratios and calcu- consider the average
lations for other choices afs, oa, Ls, andLa are no more 20
difficult than for the case we study here. (cost) = ﬁA(f)_1/ 2 PA(T. £2) cosd, 2)

The model we employ is closely related to that of Bol- & . ]
huis and Frenkel29]; in fact the BF model amphiphile is whereas for the needles, due to the inflection symmetry
obtained by simply replacing the needle tail with a mutu- £ — —$, we use
ally noninteracting spherocylinder. The two models become d20
identical in the limit of vanishing spherocylinder radius. <P2(0059)>=,5N(f)_1/ H,ON(V,SZ)Pz(COSQ), 3)
For nonzero spherocylinder radii the present model is much
more accessible to theoretical analysis than the BF model.WherePz(x) = (3x* — 1)/2 is the second Legendre polyno-
From a conceptual point of view our model is rather differ- mial. For free interface studies of the ternary mixture we set
ent from that of BF, as it is fully additive; the noninteracting the coordinate origin (in) to the position of the Gibbs di-
nature of the tails arises as a consequence of the vanishingyiding surface for spheres; i-effoo dz (ps(z) — ps(—00)) +
thickness. Needle interactionan then be included, if neces- f0°° dz (ps(z) — ps(c0)) = 0. For the AN mixture we fix
sary, to second virial level in the spirit of Onsag@4], albeit the origin according to the ®bs dividing surface of am-
at the expense of increased computational compl¢38}Y, phiphiles.

3. Method 4. Results

Density functional theory (DFT) is a powerful tool in the  4.1. Amphiphile-needle binary mixture
study of inhomogeneous fluid86]. We employ the DFT
of [30], which successfully extends Rosenfeld’s fundamen-  The AN mixture is similar to the SN mixture, with the
tal measures theor|87,38] to systems of nonconvex par- important distinction that both species possess orientational
ticles with orientational degrees of freedom. Although we order. The angular distribution of amphiphiles in the inter-
consider only the special case of a ternary mixture, the the-face between demixed phases constitutes the first true test of
ory is formulated for a general multicomponent mixture of the amphiphilic character of dmodel, beyond the initial in-
spheres, needles, and amphiphiles, with arbitrary size ratiosdications provided by trends in the bulk phase equili[8&
between species. Within the framework of fundamental mea- and the structure of the one-component amphiphile system
sure theory the excess free energy is expressed as the spatiadsorbed at a hard-wall substr§38]. Due to the similarity
integral over a function of weighted densities. The weighted of the AN and SN binary mixtures we expect there to be a
densities are constructed by convolving the equilibrium den- close correspondence betwegs(r) in the SN mixture and
sity profile with geometrically determined weight functions pa(r) in the AN mixture. Indeed, the noninteracting char-
which are characteristic of the particle shapes. For details weacter of the amphiphile tails suggests that for fluid states it
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Fig. 2. The bulk fluid—fluid demixingphase diagram of the AN mixture for

L = o, whereL is the tail length and is the sphere diameter, as a function

of amphiphile packing fraction and scaled needle reservoir density,

The tie lines correspond to}, = 19, 21, 23, 25 (from bottom to top) and
indicate the coexisting states for which we perform detailed studies of the
free interface. The broken line shows the phase boundary of the SN mixture
for comparison, where the horizontakis denotes the packing fraction of
spheresys.

may be useful to regard the AN mixture as a perturbed SN
mixture. V0 S e A 02 4 6 8 1012
For simplicity we consider the caden = Ly = oa. Itis 72/
convenient to present results in a semi-grand-canonical en-
semble in which the amphlphlles are trefatEd canoplcally but tion of the scaled coordinate perpendicular to the interfa¢e, in the AN
are coupled to a reservoir of needles at fixed chemical pOten'binary mixture. Results are shown for needle reservoir depgity 19, 21,
tial. Fig. 2shows the bulk fluid—fluid binodal in thiga, p}) 23, 25 corresponding to the state points markefign 2 The sphere profile
plane, where}, = UNLﬁp,(, is the reduced needle density in  of the SN mixture ap);, = 23 is also shown for comparison. Although the
i resevor. Forthe present i a1, e e pot o o soned. wonason i saneer
the AN mlxtyre lies ?t larger value§ ’Di thar.] for.t.he equiv- amphiphiles,{cosd), ;S a function ot /o in the AN binary r‘r)ﬂxture. The
alent SN mixture withLy = os. This is an intuitive result, positive peak demonstrates the tendency for the amphiphile tails to point
as the replacement of spheres by amphiphiles suppresses thgio the needle-rich phase.
tendency to demix. The presence of the amphiphile tails in-
creases the similarity of the two species in the mixture and
thus enhances their miscibility. the enhanced oscillations present in fiagr) profile are not
We now consider the properties of the planar inter- due to simple differences in the bulk phase boundary. Larger
face between demixed needle-rich and amphiphile-rich fluid differences between coexisting gas and liquid densities give
phases. The four tie-lines fig. 2 are located ap’ = 19, rise to a sharper interface arttktefore increase packing ef-
21, 23, and 25 and indicate the states for which we carry fects. The fact that the difference in coexisting densities is
out detailed structural investigation of the interface. In this smaller in the AN mixture, for a givep, value, than for
(na. pL) representation the tie lines are horizontal, which is the SN mixture, suggests that the presence of the tails en-
simply a consequence of coupling the system to a needlehances the packing structure of amphiphiles over that of pure
reservoir. The tie lines become skewed in a fully canonical spheres. Indeed, examination of the hard-wall profil¢33h
(na, px) representation. gave preliminary evidence that at liquid densities the am-
The profiles irFig. 3a show the angle-averaged density of phiphile profiles tend to be more structured than their sphere
amphiphiles through the interface. As anticipated, the pro- counterparts. As the crystalérphases of the mixture are not
files closely resemble those of the spheres in the SN mixtureknown, the largest needle reservoir packing we consider is
when calculated at equivalent state points. However, the os-p;, = 25, for which the coexisting amphiphile liquid lies at
cillations which occur on the amphiphile-rich side of the na ~ 0.4. Provided the region of fluid—solid coexistence for
interface for larger values qf?, have larger amplitude than  the AN mixture is not substantially different from that of the

Fig. 3. The angle-averaged density profile of amphiphjjagz), as a func-

those seen in the sphere profiles of the SN mix{3&. SN mixture the state points considered here should all re-
Comparison between the binodal curves for the present AN main safely below the triple point.
mixture and the SN mixture shows that, for a givénvalue, Fig. 3 shows the orientational order parameter for am-

the coexisting sphere liquid density is considerably larger phiphiles, a value of+1 (—1) corresponds to total perpen-
for the SN mixture than the corresponding amphiphile liquid dicular (parallel) alignment of the amphiphile tails with re-
density in the AN mixture. We can therefore conclude that spect to the interface. The state pojrit= 19 lies close to
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Fig. 5. The bulk phase diagram bt ternary ASN mixture. (a) Thes, %)
plane for a fixed amphiphile chemical potentigk . Dotted line,ua = 0,

Fig. 4. The needle order parameters in the AN mixture as a function Solid line, a =15, broken lineua = 18, and dot-dashed ling,s = 20.

of the scaled coordinate perpendicular to the interfage,. (a) The an- (b) The(na, p}) plane forua = 15, 18, and 20. In both representations the
gle-averaged needle density,. (b) The orientational order parameter, {i€ lines are horizontal.

(Pp(cosd)). In both cases we display the needle order parameters for the

SN mixture atp}, = 23 for comparison. Although the magnitude of the ori- 4.2. The amphi phile distribution at the needle—sphere
entational ordering is clearly larger in the SN mixture, due to differences in interface

the bulk phase diagram, the needles exhibit considerably more structure.

We next consider the question of how the amphiphiles are
distributed at the free interface in a demixed SN mixture. In
the bulk critical point and the interface is diffuse with corre- Fhe followmg we restrict ourselves to low amphlphlle chem.-
spondingly weak orientational order, the maximum value of ical po.tent|als,uA: _SUCh that the needle—sphere .|nt§rface IS
(cos) only reaching~0.05. Nevertheless, the amphiphile only slightly modified by the presence of amphiphiles. We
tails still display a clear tendency to point into the needle- uﬁie‘;]ﬁicas ;tfcﬁggoelnggﬁmetir ;05\;22]/ trne tulén;ibe.;(i am-
rich phase, even though the spatial density variation is weak. PP P 9 Y : A =

For larger values op the effect increases significantly. For tTaﬁs\,vr?orr?r?gI\i/zeerctiht?\rk:)lza;lycigi[:nelxc:?:E.e:EZrﬂglmV\llg?/le?g;e?r-l
ph =25, the highest value considered, the peak in the distri- g 9

. S . ) Ap suchthatA? = 023/6, and is expressed in units of ther-
bution reaches-0.25, indicating strong orientational order- A A= TOA P

. . L SV . mal energyg T, wherekg is Boltzmann’s constant arit is
ing at the interface. These orietitmal distributions provide the temperature
the first indication that our hard body particles can behave as |

- S . X In order to fully understand the inhomogeneous ternary
realistic almp.hlphlles in the presence of inhomogeneity. On i+ re it is first necessary to determine the location of the
the amphiphile-rich side of the interfageos?) shows os-

; i o 1 ST phase boundaries of the bulk system. To display the ternary
cillatory behavior Fig. 30), similar to the oscillations ipa phase diagrams in the most accessible way we first show the
(Fig. 3a). This suggests a strong coupling between center-of- (ns, pT) plane for a fixed amphiphile chemical potentja,.
mass and orientational order. This allows clear identification of the coexisting sphere den-

The needle order parameters, showrigs. 4 and4b, sities.Fig. 5a shows theus, o) plane for four different val-
lend further evidence for increased spatial—orientational cou- yes of amphiphile chemical potentjah = 0, 15, 18, and 20.
pling in the AN mixture relative to the SN mixture. For a  For values ofua < 10 the phase boundary becomes indistin-
given value ofp; the magnitude of orientational order inthe guishable from that of the SN mixtuf85] on the scale of
SN mixture is significantly larger than in the AN mixture Fig. 5a. Forua = 15 very few amphiphiles enter the system
due to the stiffer interface. However, the oscillatory struc- and the binodal is only slightly perturbed from the pure SN
ture exhibited by the needle profiles in the AN mixture is case. Increasing the amphiphileemical potential to values
much more pronounced than in the SN case. ua > 15 causes a dramatic change in the qualitative shape
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Fig. 6. The bulk phase diagranf the ternary ASN mixture in théns, px)
plane at four different values of the amphiphile chemical potential, (a)

ua = 0, which, on the scale of the figure, is indistinguishable from the
pure SN mixture for whichua = —oo, (b) ua = 15, (c) ua = 18, and (d)

ua = 20. Asup is further increased the critical point touches the vertical
axis and then disappears. This sf@ggs phase separafidn the AN binary
mixture.

of the binodal, with the critical point shifting to lower values
of ns. Fig. 5b shows the&na, p;) plane and gives the coexist-

the two coexisting amphiphildensities corresponds to the
sphere-rich phase, reflecting the fact that the hard-body am-
phiphiles prefer to mix with spheres than needles, at least for
the size ratios considered heFdg. 6 shows the same phase
boundaries in théns, ps) plane which allows determination

of the coexisting needle densities.

We next consider the distribution of amphiphiles at the
interface of a demixed SN mixture. For the purpose of il-
lustration we display results for the state popjt= 23,
ua = 18, which is well away from the critical point and
thus ensures a sizable difference in coexisting sphere den-
sities. The value ofia = 18 is sufficiently large to ensure
that a reasonable number of amphiphiles can enter the sys-
tem without modifying the bulk phase boundaries strongly.

Fig. 7a shows the sphere profil&ig. 7b the angle-
averaged needle density, alfig. 7c the needle orientational
order parameter. All three profiles lie close to those of the
pure SN mixture being only weakly perturbed by the pres-
ence of amphiphiles. The needles order perpendicular to the
interface on the needle-rich side and parallel on the sphere-
rich side. While the parallel ordering is a rather trivial pack-
ing effect the perpendicular oeding is more interesting and
reflects the tendency of the needles to poke through the gaps
in the effective wall of spheres. The fact that our theoretical
approach can capture the perpendicular order illustrates the
level of sophistication of the fundamental measures method
in accounting for subtle packing effects in hard-particle sys-
tems.

Fig. 7d shows the angle-averaged amphiphile density pro-
file. The amphiphiles show a clear tendency to agglomerate
at the SN interface with a peak in the amphiphile density
which approaches twice the bulk value in the sphere-rich
phase. By increasing; to values greater than theg = 23
considered here we find that the peak in amphiphile density
at the interface becomes increasingly pronounced, relative to
the bulk amphiphile densities. However, such states could be
metastable with respect to possible crystalline phases.

Fig. 7e shows the orientational order parameter of am-
phiphiles. The strong positive peak in this quantity repre-
sents a key result of this work and clearly demonstrates that
our model amphiphiles undergo ordering in the interfacial
region which mimics that observed in real amphiphilic sys-
tems. The peak reaches a value~08.25 indicating that
this is a strong effect. Recall that a value of unity corre-
sponds to a delta-distribution of amphiphile orientations at
6 = 0. Indeed, the orientational ordering of the amphiphiles
is an order of magnitude larger than that of needles. The
peak located at/o ~ —0.4 approximately corresponds to
the Gibbs dividing surface aimphiphiles. Recall that we
define our origin according to the Gibbs dividing surface
of spheres. The orientational order parameter also presents
a “shoulder” feature at/o ~ 0.75 which corresponds to
the peak in the average density. In the absence of excess
amphiphile adsorption at the interface the orientational or-

ing amphiphile density in each phase. For reasons of clarity der would decay into the bulk phases on either side of the

we omit the result foua = 20. In each case the larger of

dividing surface with similar decay lengths. However, the
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Fig. 7. Order parameter profieof the ASN ternary mixture fop, =23 andp 4 = 18. (a), (b), and (c) show the sphere density, the angle-averaged needle
density, and the orientational order parameter, respectively, as a function of scaled distance alangsthBue to the low amphiphile density in the system

all three profiles lie close to those in the SN system. The angle-averagelipdnite density profile, (d), exhibita well-defined peak which reflectseth
agglomeration of amphiphiles at the interface. The positive value of thatatienal order parameter of amphiphiles, (e), indicates that the iphileis
collected at the interface have tails which point preferentially into the needle-rich phase.

agglomeration of amphiphiles on the sphere-rich side of the at planar free interfaces. In the case of the demixed AN bi-
interface increases the penetration of parallel order into the nary mixture the amphiphiles in the interfacial region tend
sphere-rich phase. Preliminary results suggest that for largerno order perpendicular to the interface with tails which point
values ofp}, there is an increase in both the height of the preferentially into the needle-rich phase. In the ternary ASN
peak in the orientational order parameter and the extent ofmixture, when the density of amphiphiles is small, the am-
the shoulder feature. It might be intuitively expected that phiphiles agglomerate at the interface between sphere-rich
largerp;, values would lead to a thinner layer of orientational and needle-rich phases, where they exhibit strong orienta-
ordering due to the increasing sharpness of the interface tional ordering reminiscent of real amphiphilic systems. Al-
However, the competition between the effects of increasing though we consider an idealized model we believe that our
interfacial sharpness and increasing agglomeration of am-qualitative findings are robust to perturbation and hope that
phlphlles at the interface renders the thickness of the Spatia|0ur work will motivate future experimenta| studies of col-
orientation layer a nontrivial quantity. loidal amphiphiles. The tunable nature of the interactions in
colloidal systems, togetherith their experimental accessi-
bility, has shed light on several fundamental aspects of liquid
5. Discussion state physics which could not be addressed in atomic sys-
tems. By regarding colloids as model atoms one can take ad-
We have shown that a simple entropic model can success-vantage of the increased length and time scales to investigate
fully reproduce the phenomeragy of amphiphilic particles ~ basic phenomena and test microscopic theories. Some exam-
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