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Multistable alignment in free suspended nematic liquid crystal films
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~Received 12 April 1999!

Two different types of orientation were observed in free suspended nematic liquid crystal films. The align-
ment was either homeotropic or planar, depending on the time during which the film was cooling from the
isotropic state to the liquid crystal one. It was shown that nucleation of defects makes planar orientation
preferable.@S1063-651X~99!50810-6#

PACS number~s!: 61.30.2v
ple
pe
ta
by
ng
h
on
u
li

i
in
a
z
r-
im
n
b
ac

e-
-
ell

g

he
ob-
ient
s-
ad
lt-

-

I. INTRODUCTION

All the liquid crystal applications are based on the sim
fact that liquid crystals can be easily aligned by a pro
surface treatment of the surface of the material in con
with the liquid crystal. The preferred direction imposed
the surface is transmitted into the bulk because of long ra
orientational order in liquid crystals. The structure of suc
system is a result of the competition of intrinsic ordering
one hand and surface induced effects on the other. M
work has been done on orientation of liquid crystal on a so
substrate; see, for example, reviews@1,2#. The orientation
that is imposed onto a liquid crystal by an isotropic surface
studied much less. Despite the seemed simplification, s
only the polar angles of the director orientation are fixed
interfaces and the molecular interactions do not fix the a
muthal orientation, this object is still far from being unde
stood and is an attractive matter for consideration. The s
plest example of an interface between a liquid crystal a
isotropic matter is a free surface of liquid crystal. The o
served phenomena at an air-nematic liquid crystal interf
PRE 601063-651X/99/60~4!/3495~3!/$15.00
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can be summarized as follows@3–9#: ~i! the easy director
orientation of 4-n-pentyl-48-cyanobiphenyl~5CB! nematic
liquid crystal is orthogonal at the free surface@9#; ~ii ! the free
suspended liquid crystal films of 4-methoxybenzyliden
48-butylaniline ~MBBA ! exhibit the both planar or orthogo
nal orientation depending on the thickness of the film as w
as on the temperature@7,8#. We have investigated the thin
~the thickness was varied between 4-8mm) free suspended
nematic liquid crystal films of 5CB. We observed both t
homeotropic and planar orientations. The type of the
tained structure was the result of the temperature grad
during the cooling from the isotropic state to the liquid cry
tal state. For the slow cooling the liquid crystal always h
homeotropic orientation, and for the fast cooling the resu
ing structure is planar.

II. EXPERIMENT

To suspend liquid crystal films, copper foil 10mm thick
was used with a square hole of 450mm and a distance be
d

FIG. 1. Typical profile of the

free suspended nematic liqui
crystal film. The thickness of the
film is marked directly on the pic-
ture.
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tween neighboring holes of 50mm. The 5% solution of liq-
uid crystal 5CB in hexane was dropped on the foil. When
hexane evaporated, the liquid crystal formed uniform fil
within the holes. After this, the foil with liquid crystal films
was placed in the microscope heating stage~HS1-i, Instec,
Inc.!. The temperature was changed with the accuracy
0.03 K. The thickness of the liquid crystal films was det
mined by the interference microscopy method.

III. RESULT AND DISCUSSION

The orientation of molecules in freshly prepared free s
pended liquid crystal films was homeotropic. The typic
profile of the films is shown in Fig. 1. The nematic film
profile does not change during the heating to the isotro
state and cooling back while the orientation of liquid crys
suffers the drastic change. The velocity of cooling effec
the resulting structure. Thus, if the temperature is going fr
50 °C down to the temperature that corresponds to the n
atic to isotropic phase transition~in our case this is 34.6 °C)
for 100 s, one can observe homeotropic orientation in e
hole @see Fig. 2~a!#. Decreasing the cooling time to 40
some holes demonstrated planar orientation of the liq
crystal; see Fig. 2~b!. Note that planar orientation forms oc
casionally; for each thermal cycle planar orientation appe
in a different hole. Figure 2~c! shows the structure of liquid
crystal films for 30 s cooling time. In this case planar orie
tation becomes dominated. Additional heating or cool
within the nematic phase does not influence the already
tained structure. To understand this phenomenon, let us
sider the nematic layer with the profile shown in Fig. 1 in t
right-hand coordinate system where the axiszW coincides with
the normal to the layer. The behavior of the nematic liqu
crystal layer is described by the total free energy@10#

Fd5
1

2E drW$K11~¹W nW !21K22~nW ¹W 3nW !21K33~nW 3¹W 3nW !2%,

~1!

whereK11, K22, andK33 are the elastic constants, andnW is
the director. For a general case one can define the direct
the form nW 5(sinu cosw,sinu sinw,cosu), whereu5u(z) is
the angle that describes the tilt of the director along axis,
w5w(z) is the azimuthal angle in the plane of the cell. Ta
ing the]u/]z5u(d)2u(0)/d, for the homeotropic orienta
tion of liquid crystal one can obtain the free energy per u
area as follows:

FH5K33S u0

d D 2

d1Wu0
2 , ~2!

whered is the thickness of the cell,W is the anchoring co-
efficient for nematic-air interface, andu0 is the angle that
describe the inclination of nematic layer@11#. For the planar
orientation one can get

FP5K11S u0

d D 2

d1W sin2S p

2
2u0D . ~3!

Taking into account K1156.2310212N, K3358.25
310212N @12#, W5431026 J/m2 @9#, d58 mm, and u0
e
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50.02 rad~see Fig. 1!, we can find from Eqs.~2! and~3! that
FH512.25310210 J/m2, FP5431026 J/m2 . Obviously,
FP@FH , the homeotropic alignment will be realized.

For the sharp cooling, liquid crystal film will create

FIG. 2. Structure of the free suspended nematic liquid cry
film obtained by cooling from the isotropic phase;~a! cooling time
is 100 s,~b! cooling time is 40 s,~c! cooling time is 30 s.
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number of crystallization centers. Thus, one can expect
existence of domain walls ford,b or surface lines ford
.b @13#, whereb5K/2W is the extrapolation length. Th
total energy for the wall is equal toEW5pA2dK22W54.3
31025 J/m2 @13#, where K2253310212N @14#. The total
energy for the surface line is equal toEL52pK2251.9
31025 J/m2 @13#. In this case to realize homeotropic alig
ment, the liquid crystal layer should overcome the state
has higher free energy than planar state. Because of this
planar alignment is energetically preferable,

FW.FL.FP.FH . ~4!

Truly speaking, the orientation of liquid crystal laye
showed in Fig. 2~c! is not exactly the planar one. Moreove
e

at
the

this orientation is the most probably tilted or double hybr
But either tilted or double hybrid orientation has a lower fr
energy than we consider for planar alignment. In this c
inequality ~4! will be automatically fulfilled.

To conclude, it is shown that specific orientation behav
of free suspended nematic liquid crystal films is governed
elastic forces.
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