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FreÂ edericksz transition in polymeric hexatic liquid crystals

by P. SCHILLER*, K. CAMARA, G. PELZL, U. EMMERLING, J. LINDAU
and F. ZEITLER

Martin-Luther-UniversitaÈ t Halle, Institut fuÈ r Physikalische Chemie, MuÈ hlpforte 1,
D 06108 Halle/S., Germany

(Received 12 December 1997; accepted 3 April 1998 )

The threshold voltage for the FreÂ edericksz transition of a polymer hexatic liquid crystal
depends on the ® lm thickness. This behaviour is attributed to the coupling of the director
and the bonds de® ned by the hexatic order. We ® t the results of a simple elastic continuum
model to threshold data. The ® t is suitable for the estimation of several material constants.

1. Introduction

In a few hexatic smectic phases, long molecules are
tilted towards the smectic layer planes [1, 2]. The tilt can
be characterized by a unit vector n called the director,
which is parallel to the direction of the molecular long
axes. A macroscopically non-homogeneous director
con® guration produces an elastic torque, which can be
described by a continuum theory. A further degree of
freedom is attributed to the bond-orientational order.
The bonds are de® ned as the lines connecting the centres
of gravity of neighbouring molecules. Although a crystal-
line lattice does not exist, the local hexagon consisting
of the six nearest neighbours of a particle in a smectic Figure 1. Director and bond reorientation in a planar ® lm of

the smectic F phase. The angles g and w de® ne the rotationlayer is aligned macroscopically. The smectic I, F and L
of the director n and the hexagon of the bonds from theirphases are distinguished by the director orientation with
initial position. The z-plane is parallel to the boundingrespect to the bonds. In the smectic I phase, the director
plates of the ® lm. The angle m is enclosed between the

is tilted towards an apex of the local hexagon, while in ® lm normal and the smectic layer ( layer tilt ).
the smectic F phase the tilt direction is locked halfway
between two local bonds. The smectic L phase is de® ned Applying an electric ® eld to a suitably prepared planar
by an asymmetrical tilt direction [2]. oriented sample, elastic distortions appear for a voltage

If elastic distortions occur, the angle h between the exceeding a certain threshold value. A mathematical
director and the smectic layer normal remains constant, model for the FreÂ edericksz transition of the hexatic
but the projection of the director onto the smectic smectic F phase should be similar to the corresponding
layer plane could be turned far away from the initial model for the smectic I phase [3, 4]. Figure 1 refers to
position after applying a relatively weak torque. Thus the smectic F phase. Applying a su� ciently high electric
the azimuthal angle w is su� cient to locate the director ® eld across a planar ® lm (parallel to the z-axis), the
( ® gure 1). The rotation of the local hexagon from its director reorientation (w) should be accompanied by a
initial position is characterized by an angle g. Since reorientation of the bonds (g). To describe these ® eld-
there is a coupling between the director and the bonds, induced director and bond reorientations the free energy
distortions of the director ® eld also cause distortions of [4]
the bond-net. It was found both theoretically [3] and
experimentally [4] that the hexatic order has some

F =
1

2 P
d/2

Õ d/2
dz[K1 (qzw)

2 + K6 (qzg)
2+ H (w Õ g)

2

in¯ uence on electrically driven instabilities of thin ® lms.
The FreÂ edericksz transition, originally observed in

Õ Deeff (U/d )
2
w

2] (1)nematic layers [5], also occurs in smectic C ® lms [6, 7].

is a suitable starting point, where d is the ® lm thickness,
K1 and K6 are e� ective elastic constants for director and*Author for correspondence.
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bond rotations, the coe� cient H de® nes the strength of clari® ed unambiguously, we do not discuss the threshold
behaviour of this phase. It is interesting now to comparethe director ± bond coupling, Deeff>0 is the e� ective

dielectric anisotropy and U is the applied voltage. the material constants for the polymer P6 with the
corresponding results for the compound MThe e� ective dielectric anisotropy Deeff depends on the

layer tilt angle m and the three principal values of the
dielectric tensor. Assuming ® xed bond and director
angles at the boundaries Ð w(z= Õ d/2 ) =w (z=d/2 ) =0

and g(z = Õ d/2 ) =g(z =d/2 ) =0 Ð a threshold voltage
at which distortions start to grow can be evaluated by which has the phase sequence
minimizing the free energy (1). Due to the coupling of

Cr 69 SmX 66 5́ SmF 75 SmC 94 N 110 I ( ß C).the director and the bonds, this threshold depends on
the sample thickness d. The square of the threshold The low molar mass compound M has a structure
voltage U

2
C can be written as [4] quite similar to that of the mesogenic unit of the polymer.

Figure 2 illustrates the dependence of the threshold on
U

2
C=U

2
0C 1 + (d/d0 )

2 Õ
(d/d0 )

4

K6 /K1+ (d/d0 )
2D (2 ) the temperature for planar ® lms with thickness d =6 mm.

The threshold voltage of the low molar mass liquid
where crystal ® lm is found to be somewhat lower than the

threshold of the polymer ® lm.
More interesting is the dependence of the thresholdU0= A p

2
K1

Deeff B
1/2

and d0= A p
2
K1

H B
1/2

.

on the ® lm thickness. In ® gures 3 and 4, the square of
UC is plotted versus the square of d for eight di� erentA plot of U

2
C versus d

2 allows determination of some
samples (d=2, 4, 6, 10, 15, 25, 40 and 50 mm). Thematerial constants which are coe� cients in the free
threshold voltage of the nematic sample is nearlyenergy (1).
independent of the ® lm thickness, but there is a charac-
teristic dependence for smectic C and smectic F ® lms.2. Experimental results
We have used equation (2) to ® t the experimental data.The experimental set-up for the determination of the
Theoretical arguments suggest that U0 should havethreshold voltage is the same as that described in
nearly the same value for the smectic C and the smecticreference [4]. A voltage was applied to the bounding
F phase, as long as the tilt angle h remains constantplates of a liquid crystalline ® lm with a uniform director
[4]. Actually, optical and X-ray di� raction experimentsalignment parallel to the substrates (planar orientation).
revealed that the angle h# 30 ß does not change signi-Increasing the voltage, the intensity of the light transmitted
® cantly in the temperature range of our experiments.through the ® lm was measured by using a polarizing
Therefore it was reasonable to determine U0 by usingmicroscope equipped with a photomultiplier. The threshold
the threshold data for the smectic C phase, since for thisvoltage was obtained from the transmission± voltage
phase U0 is not much di� erent from the FreÂ ederickszcurve.

A fairly good planar orientation of smectic polymer
liquid crystals can be achieved by cooling down from
the aligned nematic phase. In this paper we consider
planar smectic C and smectic F ® lms formed by the side
group polymer (P6)

where the spacer length chosen was x =6. The phase
sequence of P6 was found to be

Cr 30 SmX 82 SmF 94 SmC 128 Nre 129 5́

SmA 131 N 147 I ( ß C).
Figure 2. FreÂ edericksz threshold for ® lms of the polymer P6

The symbol Nre indicates a re-entrant nematic phase. As and the low molar mass liquid crystalline material M as
a function of the temperature (d=6 mm).the structure of the smectic X phase (SmX) was not
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373FreÂ edericksz transition in hexatic L CPs

Table.

Phase q/ ß Ca
U0 /V d0 /mm K6 /K1 (H/K1 )/1010 m Õ

2

P6
SmC 98 9 3́ 5 3́ 14 9́ 35 1́
SmF 92 9 3́ 4 0́ 58 1́ 61 7́
SmF 90 9 3́ 2 7́ 91 5́ 135 4́

M
SmC 77 8 0́ 10 0́ 2 3́ 9 9́
SmF 72 8 0́ 4 7́ 13 5́ 44 7́
SmF 70 8 0́ 3 5́ 22 8́ 80 6́

a Temperature of observation.

Therefore the experimental results support the general
concept [1] based on a ® nite coupling of the directorFigure 3. The square of the threshold voltage for the
to the bond-net. The statement that K6&K1 agrees wellFreÂ edericksz transition of the polymer P6 plotted against

the square of the ® lm thickness. The experimental data with the conclusions drawn from light scattering experi-
are ® tted by using equation (2). ments [8] for free-standing ® lms. Furthermore, our

measurements support the assumption that the values of
the elastic constant K1 for the smectic F phase and the
smectic C phase do not di� er much as long as the tilt
angle h remains approximately constant [4]. Comparing
the results for the low molar mass liquid crystal and
the polymer (see the table) , no signi® cant di� erences in
the general behaviour were detected. In accordance with
X-ray experiments [9], some bond-orientational order
was proven to exist even in the smectic C phase. This
observation indicates that the smectic C phase belongs
to the hexatic liquid crystalline class of phases.

Financial support by the Deutsche Forschungs-
gemeinschaft and the Fonds der Chemischen Industrie
is gratefully acknowledged. P. S. is also grateful for
support through the SFB 197.

Figure 4. The same plot as in ® gure 3 for the low molar mass
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