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Surface-induced ordering in thin uniaxial liquid crystal films
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The interface localization transition in thin uniaxial liquid crystal films with competing surface fields has
been studied using Metropolis Monte Carlo simulations. The model is constructed from a lattice of continu-
ously orientable interacting spins, and the Hamiltonian contains both bilinear and biquadratic contributions.
The biquadratic contribution to the Hamiltonian is familiar from the Lebwohl-Lasher model, and accounts for
the particle anisotropy in a liquid crystal. The head-tail asymmetry of the molecules in a uniaxial liquid crystal
is taken into account through a bilinear contribution familiar from the classical ferromagnetic Heisenberg
model with exchange anisotropy. The critical temperaturd ., characterizing the interface localization
transition within the uniaxial liquid crystal film, depends strongly on the relative magnitudes of the bilinear and
biquadratic interactions between the spins. For systems dominated by the biquadratic inteFaégsdound
to be close to the bulk critical temperature of the system. But as the biquadratic interaction strength is reduced,
T. departs markedly from the bulk critical temperature of the system.

PACS numbe(s): 64.70.Md, 75.40.Mg, 75.10.Hk, 75.40.Cx

[. INTRODUCTION confined between two surfaces, one of which favored a nor-
mal spin alignment while the other preferred a tangential
The interface localization transition in thin ferromagnetic orientation of the spins.
films with competing surfaces has been the subject of many The Lebwohl-Lasher mod¢lL0] is a lattice spin version
recent investigations. Extensive studies of the Ising ferroof the famous Maier-Saupe model of an anisotropic liquid.
magnet by Binder and co-workef&—4] distinguished the The molecules are represented by headless spins that can be
nature of this transition from the bulk phase transition andviewed as rodlike anisotropic particles, and the coupling be-
the wetting transition observed in thin films with cooperativetween translational and orientational degrees of freedom
surface fields. Both the Ising and Heisenberg models havpresent in a real nematogen are neglected. Thus it is an ap-
been widely used to model the magnetic properties of matepropriate model for orientational ordering in a solid. How-
rials. In the classical Heisenberg model, the magnetic spingver, it is believed that the model still reveals the essential
can rotate through all possible orientations, and this distintransitional properties of liquid crystals near the nematic-
guishes it from the Ising model, in which the spins are re-isotropic phase transition, and it has been extensively used in
stricted to orientations along a particular axis, conventionallicomputer simulation studies of liquid crystdls1-1§. At
denoted as the axis. For thin ferromagnetic films, the phase high temperatures, the spins rotate through all possible ori-
behavior of the Heisenberg spin system has been studieghtations, and the system is an isotropic state. But at suffi-
under the action of competing surface fields with differentciently low temperatures the spins display a spontaneous ori-
types of model anisotropyb,6]. For sufficiently large values entational ordering. The order parameter for the nematic-
of the anisotropies, the characteristic interface localizatiorisotropic phase transition is the orientational order parameter
transition of thin ferromagnetic Ising films with competing (P,). This measures the degree of orientation of the molecu-
surface fields is recovered. But for small anisotropies thdar axes along the director, which is the preferred direction of
phase behavior of the thin ferromagnetic Heisenberg film hasrientation. As a result of the continuous degeneracy of the
a markedly different character. nematic ordering in the absence of an external field, the ori-
The role of surface effects in the physics of nematic liquidentation of the director varies during the simulation. The
crystals is of great significance because of their applicatiomrientation of the director can however be pinned by the
in the thin visual display cells. The presence of boundingapplication of a one-body external field that aligns the direc-
surfaces promotes competing types of molecular alignmertor parallel to the field12,13.
between surface and bulk that provide a capacity to modify The molecules of a uniaxial liquid crystal possess a head-
the orientation of the nematic axis. Conventionally one distail asymmetry in addition to their rodlike anisotropy. A
tinguishes between parallédbr random planar or homoge- simple model to investigate the physics of uniaxial liquid
neou$ and perpendiculator homeotopit forms of surface crystals, based on the Lebwohl-Lasher model, was intro-
alignment, and most theoretical studies of thin nematic filmgduced by Biscariniet al. [15,16], in which the biquadratic
with surface alignment centered on the use of Landau—dmteraction of the Lebwohl-Lasher model was supplemented
Gennes theonyf7]. Simulation studies have primarily fo- by a bilinear exchange interaction between the spins familiar
cused on films with free surfaces and no surface figtlls from the classical Heisenberg model of ferromagnetism.
However, Chiccoliet al. [9] recently performed a Monte Such a model was first introduced to study orientational
Carlo simulation study of the topological defects in thin phase transitions in molecular crystfl®], and has also pre-
nematic films with hybrid boundary conditions. These stud-viously been applied to magnetic systems in which the ex-
ies used a lattice spin model, the Lebwohl-Lasher modelchange interaction between the magnetic spins possesses
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“quadropolar” as well as “dipolar” characteristic20]. In  where A is the exchange anisotropy which determines the
the Lebwohl-Lasher model, the biquadratic interaction favorsstrength of the bilinear exchange interaction of thandy
a parallel alignment of the spins in a preferable directioncomponents of the spin. When=0 and A =0, the model
below a critical temperatur@y . At high temperatures the reduces to the familiar classical Heisenberg model of mag-
spin orientation is isotropic. In the absence of an externahetism.
field the classical Heisenberg model only displays a sponta- The system under consideration here is a three-
neous nonzero magnetization at zero temperature. Howevetimensional thin uniaxial liquid crystal film of finite thick-
if a sufficiently large bilinear exchange anisotropy is in-nessD under the action of competing surface fields with
cluded in the Hamiltonian for the Heisenberg model, Ising-Hamiltonian
like behavior is recovered in which the spins order sponta-
neously below a critical temperatuT{ even in the absence H=Ho— 2 Hi-§— 2 Ho S, (3
of an external field. i esurface 1 i e surface D

This paper investigates the phase behavior of thin uniaxial i i i
liquid crystal films with competing surface fields. In Sec. Il a WhereH, andHp, are the applied surface fields. We consider
full description of the model is given and the details of the@ Simple cubic lattice of sizex L XD, in units of the lattice
Monte Carlo simulation method are presented. The deperfPacing, and apply periodic boundary condition in thend
dence of the equilibrium phase behavior of the film on they directions. Free boundary conditions are applied inzhe
strength of the biquadratic interaction is studied in Sec. Ii1,direction which is of finite thickness. The system is subject
while the corresponding order parameter structures in thé® competing surface fields applied a layer 1 andn=D of
film are discussed in Sec. IV. The temperature dependence € film with
the interface localization transition is investigated in Sec. V

and the paper concludes with a summary of the key findings H1=hzdis, @)
in Sec. VL. Hp=—h25p, (5)
Il. MODEL giving a Hamiltonian
Krieger and Jame§l9] introduced a lattice spin model
defined by the Hamiltonian H=Ho-h| > §- > | (6)
i esurface 1 i e surface D
A film thicknessD =12 and surface field strength=
=— J(S-S)— .S)? 1 . ( g
Tt <i§;‘> [(S-5)~e(S-5)] @ —0.55 were used throughout to aid comparison with the cor-

responding Ising and Heisenberg films investigated else-
to describe the successive orientational transitions in molecuyhere[1,2,5,6. The results do not depend significantly on
lar crystals. In the Hamiltoniafl), S=(S',S,Sf) is a unit  the value ofh, andD =12 corresponds to the crossover re-
vector representing thigh spin, and the notatiofi,j) means gime between wall and bulk dominated behavior for thin
that the sum is restricted to nearest-neighbor pairs of spingsing films [2]. In thinner films it is difficult to distinguish
The coupling constant$ and e characterize the magnitudes between “interface” and “bulk” phases in the film, since all
of the bilinear and biquadratic exchange interactions betweelayers of the film feel the effect of the competing surface
the spins respectively. Wheh=0 ande# 0, the model re- fields rather strongly. For thicker films the surfaces of the
duces to the Lebwohl-Lasher modglQ], and the system film only interact close to the bulk critical point.
displays nematic order below a critical temperatligée in Results are reported for lattices of size-32. A number
which the spins spontaneously orient in a preferred directioof additional simulations were performed for= 64 and 128,
termed the director. However, in the absence of any externdut no significant differences were found from the results
field, the orientation of the director is not fixed in space duepresented here for non-critical values of the parameters. The
to the fluctuation in the spin orientations. Wher-0 and  Metropolis algorithm[21] was used in the Monte Carlo
J+#0, the model reduces to the familiar classical Heisenbergimulations with trial configurations generated from Barker-
model of magnetism, and for ferromagnetishe0. When  Watts[22] spin rotations. The magnitude of the maximum
both J#0 ande+#0, the model has been used to describespin rotation was adjusted to ensure approximately 50% of
uniaxial liquid crystals in which ferroelectric and antiferro- trial configurations were rejected in the bulk equilibrium
electric ordering are both possill€5,16. The molecules of  state.
a uniaxial liquid crystal are characterized by a head-tail The “magnetic” order of the film is characterized lkzy
asymmetry, and hence a short ranged bilinear interactionomponent of the magnetization for the film,
supplements the biquadratic spin-spin interaction of the o
Lebwohl-Lasher model. 1 ,

This paper focusses on a lattice spin model with a gener- MZ:anl M. (@)

alization of the Krieger-James Hamiltonidh) that allows
for anisotropy of the bilinear exchange interaction with where thez component of the magnetization for theh layer

of the film:

Ho= —<Z> (A= A)NSS+S9)+SS1-&(S-S)?,
1)

z 1 Z
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In addition to the “magnetic” ordeM,, in studying this
model, it is also necessary to consider the “nematic” order
resulting from the biquadratic exchange term in the Hamil-
tonian. In common with studies of the nematic-isotropic
phase transition in liquid crystals, the orientational order pa-
rameter for the film is

<M >

9)

<P2>

1 D
Pzzagl Pons

where the orientational order parameter for ttik layer of
the film is

1
Pan=172 Pa(S-2), (10

andP,(S-2) is the second Legendre polynomial. The pres-
ence of the unit vectadt in Eq. (10) indicates that the director
is assumed to be in a time-independent alignment along the
axis. One effect of the applied surface fields is to suppress FIG. 1. The orientational order parame{ét,) (open symbols
fluctuations in the orientation of the director, which is thenand z component of the magnetization per sgM ) (solid sym-
fixed in thez direction perpendicular to the plane of the film. bols) for different valuese with A=0.1 at temperatures of*
Equilibrium averages of the order parameters were typically=1.0 and 1.5.

taken over X 10° Monte Carlo steps per spiftMCS/spin

with initial transients ignored. However afT* = 1.5, in marked contrast to tkedependence

of (M), (P,) is seen to be a smoothly increasing function of
e with (P,)>0 for all . Thus while the qualitative form of
the ¢ dependence ofP,) is the same at both temperatures,
the e dependence gfM,) is qualitatively different. Note that
For thin ferromagnetic Ising films with competing surface a temperature of * = 1.5 is above a critical temperatuife,
fields, an interface localization transition is observed that icharacterizing the interface localization transition in a thin
absent in the corresponding isotropic Heisenberg model. lferromagnetic Heisenberg film with an exchange anisotropy
the bilinear exchange interaction in the Heisenberg model i& =0.1[6]. No spontaneous magnetization of the film is ob-
made anisotropic, then the interface localization transition iserved forT>T,. However, a small nonzero value efis
recovered for sufficiently strong anisotropies. Here thesufficient to give rise to spontaneous ferromagnetic ordering
changes in the phase behavior of the thin film resulting fromwith (M,)>0 even though>T, for the Heisenberg film in
the introduction of a biquadratic exchange interaction arevhich e=0. Thus the addition of a biquadratic exchange
investigated. interaction clearly plays an important role in controlling the
First we focus on a system with a bilinear exchange anerder-disorder characteristics of the system.
isotropy of A=0.1. Fore=0, this system corresponds to a  Next the dependence of the phase behavior on the bilinear
thin ferromagnetic Heisenberg film with weak exchange anexchange anisotropy is investigated for & A<1. Over
isotropy whose phase behavior is like that observed for thehis range ofA, in the thin film geometry under investigation
isotropic Heisenberg system. The orientational order paramhere withD =12 andh= —0.55, the characteristic phase be-
eter,(P,), and thez component of the mean magnetization havior of the anisotropic Heisenberg ferromagnetic film with
per spin M), for the film are shown in Fig. 1 as a function £=0 has been show{®] to change from Heisenberg-like to
of the strength of the biquadratic exchange interaction foising-like. Figure 2 shows results for the film order param-
0.1<e<1 at reduced temperatures ©f =kgT/J=1.0 and  eters(P,) and(M,) as a function of the ferromagnetic ex-
1.5. In all cases the initial spin configuration was a ferromagchange anisotropy\ for two casesfi) T*=1.0 ande=0.1

IIl. INTERFACE LOCALIZATION
AND THE BIQUADRATIC EXCHANGE INTERACTION

netically ordered state wits’=+1 for all i. At the lower
temperature ofT*=1.0, both(P,) and (M,) are smooth
monotonic increasing functions ef and nonzero for alk.
This is as expected, since evengat 0 the film displays a
well-developed ferromagnetic order in taalirection atT*
=1.0. The degree of order of the spins is enhanced as
increases. However, at the higher temperailite= 1.5, for

and(ii) T* =1.5 ande =0.3. It can immediately be seen that
the qualitative dependence (®,) and{M,) on the control
variable is similar to that seen in Fig. 1. However, the figure
shows that(M,)=0 when the model has an isotropic ex-
change interactior =0. In this case the bilinear component
of the model Hamiltonian reduces that of a classical isotropic
Heisenberg model, and ordered spin states are quickly de-

small e the film is in a paramagnetic state with no spontane-stroyed at finite temperature. Increasing the valud ééads

ous directional ordering of the spins afid ,) =0. But there
is a sharp increase M) for ¢>0.3, indicating the onset of

to spontaneous spin alignment along #rexis and ferromag-
netic order. In contrast, the orientational order parameter,

ferromagnetic order. The paramagnetic-ferromagnetic phaggP,), is a smoothly increasing function @f with (P,)>0

transition in the film is characterized by a critical value of the
biquadratic coupling constant.=0.32+0.01 for T* =1.5.

for all A. It is notable that forT* =1.0, there is a sharp
decrease in(M,) toward zero forA<0.1. While at the
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<P >
<M >
<P, >

0.4

FIG. 2. The orientational order parame{ét,) (open symbols
and z component of the magnetization per sgi,) (solid sym-
bolg) for different valuesA at a temperature of*=1.0 with ¢
=0.1 and at a temperatufief =1.5 withe=0.3.

higher temperature of* = 1.5, the decrease ifM,) toward
zero with decreasing. occurs at much higher values af,
and is spread over a much larger range\ofalues than for %
T*=1.0.

<M

IV. STRUCTURE WITHIN THE FILM

A greater insight into the phase behavior of the film seen
above is obtained from the information contained in the layer
order parameters across the film. The layer orientational or-
der parametefP,,) across the film for temperaturé*
=1.5 and biquadratic exchange anisotrapy 0.1 is shown

in Fig. 3(a) for a set of values of the biquadratic interaction b) "
strengthe in the range 0.2 e<1. The corresponding results
for the film orientational order parametd?,) are contained FIG. 3. (@ The layer orientational order parameter across the

in Fig. 1. Fore=0.2 and 0.3, the profiles d¢P,,,) across the film (P,,), and(b) the layer magnetization across the fiivi7) for

film are symmetric about the center of the film, and the mini-different values ofe with A=0.1 at a temperaturg* =1.5. All
mum value o P,,) is located at the center of the film. This results were obtained from an initial spin stateSp# +1 for all i,
indicates that there is an enhanced ordering of the spins neg@mpeting surface fields with=—0.55 and a film thickness of
the surface due to the applied surface fields. An isotropid® =12.

state is observed in the bulk of the film. However, for

=0.4, the location of the minimum value {P,,) is dis-  of (P,,) in middle of the film. Ordering of the film is then
placed from the center of the film toward the surface, and igrincipally found at the surfaces.

located in the surface layer fer>0.4. Moreover, in the bulk The qualitative difference in film behavior between the
of the film the spins order spontaneously and as a conseesults fore<0.4 ande>0.4 can be observed immediately
quence(P,,) within the bulk increases with increasing  in the magnetization profiles across the filiM?), pre-
For £>0.4,(P,,) in the surface layers is less than the bulk sented in Fig. &). The figure shows the surface fields lo-
value. This is a result of the competition between orderingcally constrain the spins to align in a negative direction near
tendencies of the applied surface fields and the disorder inne surface and in a positive direction near the other surface.
the surface layers introduced by the free boundary conditionk the bulk of the film, the mean spin orientation of the layers
on the film. Fore>0.4 the surface field strength is insuffi- varies smoothly from one surface to the other. Eer0.2
cient to suppress the enhanced fluctuations in the spin orierand 0.3, the interface between regions of negative and posi-
tation in the surface layers where the number of nearedive magnetization is not localized, and the point of zero
neighbors are smaller. Thus, for largere>0.4, the spin  magnetization is located at the center of the film. However,
ordering within the film occurs principally within the bulk of for e=0.4, the interface is shifted toward the surface and
the film. However, fore<0.4, the isotropic phase is ob- disappears into the film surface with increasing\ote that
served in the bulk of the film, and this produces a low valuethe minimum values ofP,,) for eache are located in the
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FIG. 4. (a) The layer orientational order parameter across the FIG. 5. (& The layer orientational order parameter across the
film (P,,), and(b) the layer magnetization across the fifMZ) for ~ film (P2n), and(b) the layer magnetization profiles across the film
different values ofA with e=0.3 at a temperaturg* =1.5. Al (Mp) for different temperatures with=0.2 andA = 0.1. All results

results were obtained from an initial spin stateSh& +1 for alli, ~ Were obtained from an initial spin state 8f= +1 for all'i, com-
competing surface fields with=—0.55 and a film thickness of Peting surface fields witth=—0.55 and a film thickness ob
D=12. =12.

same layer as the point of zero magnetization in {ht) and the interface between regions of negative and positive
profiles. For smallee the spins in the center of the film are magnetization are located at the center of the film. However
in an isotropic state, and the interface between regions dbr A>0.1, the interface between regions of negative and
negative and positive magnetization is not localized. How-ositive magnetization becomes localized, and is shifted to-
ever, for largers nematic ordering occurs in the bulk of the ward the surface together with the minimum{iR,,).
film and promotes ferromagnetic order there, leading to a
localization of the interface between regions of negative and
positive magnetization at or near the surface of the film.
The bilinear exchange anisotropy can play a similar The temperature dependence of the order parameter pro-
role in controlling the existence and location of an interfacefiles (P,,) and(M?) across the film is shown in Fig. 5 for a
localization transition in the film. The layer orientational or- biquadratic coupling constaat=0.2 and a bilinear exchange
der parameter profiléP,,) and layer magnetization profile anisotropyA =0.1. At high temperature$*=1.4 and 1.6,
(M7) across the film at a temperaturé = 1.5 withe =0.3is  an isotropic paramagnetic phase is observed in the film, and
shown in Fig. 4 for different values of in the range 0.1 the system shows no spontaneous orientational ordering. The
<A <1.ForA=0.1 neither nematic nor ferromagnetic order minimum value of( P,,) and the interface between regions
is observed in the system. Both the minimum valu¢R4,) of negative and positive magnetization are both located at the

V. TEMPERATURE DEPENDENCE
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center of the film. However, as the temperature is reduced
from T* =1.3 to 1.0, the interface between regions of nega-
tive and positive magnetization becomes increasingly local-
ized and is shifted toward the surface, disappearing into the
surface at low temperatures. This interface motion across the
film is also seen in the location of the minimum (R,,).

Large shifts in the location of the interface between regions
of negative and positive magnetization are seen for tempera:
tures betwee* =1.3 and 1.4. Mirroring this, a qualitative Q/f
change in the profiles ofP,,,) across the film also occurs
between these temperatures. Adr>1.3 the layer orienta-
tional order parameter in the bulk of the film is small, and the
minimum is located at the center of the film. Thus the para-
magnetic phase of the film is associated with a delocalized
interface between regions of positive and negative magneti-
zation and an absence of orientational order away from the
film surfaces. The ferromagnetic behavior of the film is as-
sociated with interface localization within the film and the
onset of nematic order in the center of the film.

In a uniaxial liquid crystal film with competing surface
fields, a sufficiently strong biquadratic interaction between
the spins promotes orientational ordering within the film.
This can give rise to interface localization in the film at tem-
peratures above the critical temperature for the interface lo-
calization transition in the corresponding anisotropic Heisen-
berg film in which e=0. Thus the critical temperature
characterizing the interface localization transition in a
uniaxial liquid crystal film is a function o¢, A andD, i.e., N
T.=T(e,A,D). Simulations have been performed to deter- ¥
mine(P,) and(M,) as functions of temperature for different
values of the biquadratic coupling constanto study thee
dependence of .(e,A,D). Figures §a) and 6b) show the
results for one value of the bilinear exchange anisotrapy,
=0.1. The dependence of the critical temperatureAoim
similar models has been studied elsewHéie As expected,
the critical temperatur&.(e,A,D) is a monotonic increas-
ing function ofe for fixed A andD. There is no spontaneous
magnetic ordering folT>T., with (M,)=0. For T<T_, (b) T
spontaneous ordering of the film is observed with,)>0.

HOV\iever, a!thOUQNMZ> decreases sharply t(.) zero §§ parametefP,) (open symbolsand thez component of the magne-
—T¢, (P2) is a much more smoothly decreasing function of ;..o per spin(M,) (solid symbols for A=0.1 with (a) &

increasingT*, and(P2)>0 even in the high temperature _g5 25 and 5.0 anth) e=2.7, 3.0, and 4.0.

phase. This is a direct result of the symmetry of the layer

orientational order parameter profile about the center of thent values ot.. Unfortunately, a precise estimation ©f for

film, which ensures a residual nonzero contributiof®)  the interface localization transition of the film is difficult.

even in the isotropic phase due to field induced order at th&ince the points of intersection d&f, are spread over a

surfaces. In contrast, the antisymmetric magnetization profilemall, but significant, temperature range. Similar observa-

of the film in the high temperature phase ensyids)=0. tions for U_ have been reported for interface localization
Further information on the nature of the phase transitiortransition in thin Isisng films by Binder and co-worké¢gs4].

in the film can be obtained from the temperature dependenderom the results of Fig. 7, the critical temperature for

<M >

<M >

FIG. 6. Temperature dependence of the film orientational order

of the fourth-order cumulant of magnetizatifin3,23: =0.5 andA=0.1 is T =1.660+0.005, this estimate being
. obtained from an average of the intersection points of results
U1 (M%) (1)  for differentL. The value off; obtained fromU, is in good
- 3(M?)? agreement with the temperature for whigh ,)—0 in Fig.

6(a). This indicates that the critical temperatures for the other
Fore=0.5, Fig. 7 shows$J, as a function of temperature for values ofe can be directly estimated from the temperatures
three different lattice sizes ¢f=8, 16, and 32. The charac- for which (M,)—0 in a plot of(M,) vs T*. The determi-
teristic shape of the curves in the figure is consistent with aation of a more precise estimate fiy is beyond the scope
second-order phase transitip®3]. The critical temperature of this paper.
T, for the paramagnetic-ferromagnetic phase transition can One interesting feature of Fig.(® is that for £=5.0,
be estimated from the point of intersectionf for differ-  where the system is dominated by the biquadratic exchange
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FIG. 7. Fourth-order cumulant of magnetizatidp vs tempera-
ture for three different lattice sizes &f=8, 16, and 32, withe
=0.5 andA=0.1.

interaction, there is no longer a single phase transition in the
film. The temperature at which magnetic order disappears
differs markedly from the temperature at which orientational
order disappears. This would suggest that Tér<3.9 the

film displays a ferromagnetic order, while f@r* >5.9 the IS
system is in a paramagnetic isotropic state. But for 3.9
<T*<5.9 the system displays nematic order without any
magnetic order. Such a polar phase was previously observed

in studies of bulk uniaxial liquid crystals by Biscariet al.

[15,16. However, fore<2.5 there is only a single phase
transition. Systems with a pair of phase transitions and inter-
mediate polar phase only appear for2.5. Further results

of (P,) and(M,) as a function of temperature are shown in 25 30 a5 a0 as T s

Fig. 6(b) for three different values of in the range 2.5¢ .

<5.0. Fore=2.7, the two separate magnetization and nem- ®) T

atic ordering transitions are distinct, but only with a small £ g Temperature dependence of the reduced heat capacity
difference in the critical temperatures associated with the tWe+ or A —0.1 with (a) ¢ = 0.5, 2.5, and 5.0 anh) £=2.7, 3.0, and
transitions of AT ,~0.1. As ¢ increases furtherAT. in- 40

creases smoothly withT,~0.3 for e=3.0, AT.~1.0 for
e=4.0, andAT ~2.0 fore=5.0.

The parameter values used in Figapwere chosen to
provide a direct comparison with the cluster Monte Carlo’ To WL g ) ~
simulations by Biscarinet al.[15,16 of a bulk uniaxial lig- N @ uniaxial liquid crystal film to dlffgr frqm the bulk critical
uid crystal with the Krieger-James Hamiltonidh). Most ~ temperature. However a full investigation of teedepen-
remarkably the interface localization temperatures of the filnflénce of the interface localization temperature film and bulk
found in this work are essentially the same as the bulk criticritical temperature in the—0 limit is beyond the scope of
cal temperatures obtained by Biscaratial. In thick ferro-  this work. . o _
magnetic films, the interface localization transition is coinci-  Further information on the phase transition in the film can
dent with the bulk critical temperature of the film. But for the P& obtained from the temperature dependence of the specific
film sizes used in this work, the anisotropic Heisenberg filmh€atC,=(dU/dT)y where U is the energy of the system.
with =0 show marked differences between the interfacelhe excess specific he@t; = (C,—C;)/kg, whereC; is
localization temperatures and the bulk critical temperatureghe specific heat of an ideal gas, is obtained from the fluc-
for all A. Similar observations have also been made for thirfuation of the energy throughout the course of the simulation
Ising films of this sizd2]. Unfortunately, it is not possible to [24]. Figures 8a) and 8b) showC} (T) for the same system
tell whether a reduction in film thickness for the uniaxial parameters as in Figs(# and @b), respectively. The figure
liquid crystal film would lead to a significant difference be- shows a single peak i@} centered oi* =1.6 for e=0.5,
tween the interface localization and bulk critical tempera-onT* =3.0 fore =2.5, and oril* =3.1 fore =2.7. The peak
tures, since for thinner films the identification of surface ands more pronounced for large values af However, fore

bulk regions of the film becomes problematic. Clearlysas
—0, one would expect the interface localization temperature
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=4.0 and 5.0 the specific heat as a function of temperaturélamiltonian, the Lebwohl-Lasher model has been used to
shows two distinct peaks. The sharper peak is centered account for the biquadratic spin-spin interactions, and the
the higher temperature polar-isotropic phase transition of thenisotropic Heisenberg model has been used for the bilinear
film. But a broad, less distinct peak is also found for tem-exchange interaction. The coupling constarind the ferro-
peratures around the nematic-polar transition. £613.0 & magnetic exchange anisotropy in the Hamiltonian are
shoulder on the lowl™* side of the peak irC}; (T*) is the  clearly seen to be important factors in controlling the phase
result of a superposition of peaks associated with separatgehavior of the film. This work shows that the role of these
magnetic and nematic ordering transitions with only a smalkactors is to control the orientational fluctuations of the spins
difference in their transition temperatures. within the film. Larger values of both and A tend to sup-
Thus the temperature dependence of the specific heat Migress orientation fluctuations of the spins aboutzitirec-

rors the behavior observed i.n the temperature deper_1dence &n picked out by the film geometry and competing surface
the order parameters. That is, the interface localization trange |45 This then tends to increase the interface localization
sition for the uniaxial liquid crystal film splits into separate . ,qjion temperature of the film. Remarkably for films with

magnetic and nematic ordering transitions fo_r S.Uff'c'emlynon-negIigible biquadratic exchange interactions, the critical
large values ofe. For the system under investigation here, o o '
temperatures for the phase transitions within the film are

the separation of the magnetic and nematic transitions OCCULS

for £>2.5, with the temperature difference between the tWQ.IE)r:J.nC.i t.o be ckondS|stert1t V\;Itth :Ee bu'lk ;:rltlt':aIHte'mpel;atur?s.
transitions smoothly increasing with is is in marked contrast to the anisotropic Heisenberg fer-

romagnet £ =0), where for allA there is a significant dif-

ference between the bulk critical temperature and the critical

temperature for the interface localization transition in films
We have studied the phase behavior of thin uniaxial liquidof the size studied here.

crystal films with competing surface fields. In the model

VI. CONCLUSION
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