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Visco-elastic modes in some ferroelectric liquid crystals

by YUVARAJ SAH and K. A. SURESH*

Raman Research Institute, Bangalore 560080, India

(Received 22 April 1997; accepted 21 November 1997 )

We have studied the Goldstone-mode of three ferroelectric materials near the chiral smectic C
(SmC*)± smectic A phase transition. The elastic constants corresponding to the C director in
the SmC* phase have been evaluated from the dynamic light scattering measurements. In the
material SCE6 we ® nd a slow relaxing mode in addition to the normal Goldstone-mode. This
slow relaxation is present only in the SmC* phase and vanishes in the smectic A phase.

1. Introduction materials. These were SCE6, ZL5014-100 and SCE13,
and were obtained from E. Merck. The transitionChiral smectic C liquid crystal (SmC*) has a helical

structure of layers having uniformly tilted molecules. temperatures of these materials as obtained from a
Mettler (FP82) hot stage are as follows:The director makes a constant angle with the layer

normal and rotates uniformly from one layer to another. SCE6
The tilt h and the azimuthal angle w of the director are
the amplitude and phase of the order parameters in the [SmC* ¬®

54´3 ß
SmA ¬®

84 ß
Chol ¬®

120 ß
I]

SmC* phase respectively. The temperature ¯ uctuations
ZL5014-100of the director lead to ¯ uctuations in the tilt and azimuth

giving rise to strong scattering of light. Dynamic light
[SmC* ¬®

65´6 ß
SmA ¬®

70 ß
Chol ¬®

72 ß
I]scattering (wherein one looks at the temporal correlation

of the scattered light from the sample) is a useful tech- SCE13
nique for studying the ¯ uctuations at the SmC*± SmA
transition (Tc ) and in the SmC* phase [1± 4]. The soft [SmC* ¬®

60 ß
SmA ¬®

86 ß
Chol ¬®

103 ß
I]

mode is associated with the ¯ uctuations in the tilt
angle and the Goldstone-mode is associated with the 2. Experimental

¯ uctuations in the azimuth [1, 5]. The ¯ uctuation in tilt We used samples aligned both in the homeotropic
involves change in layer spacing and costs more energy (smectic layers parallel to the glass substrate) and
for thermal excitation. Hence the soft mode can only be homogeneous (smectic layers perpendicular to the glass
observed near the SmC*± SmA transition. Far away from substrate) geometries. For the homeotropic alignment
the transition, the soft mode is known to be suppressed the cleaned glass plates were coated with ODSE (0 1́%
by the Goldstone-mode. In the presence of a biased octadecyl triethoxy silane in tolune solvent) and cured
electric ® eld it is possible to observe the soft mode inside at 150ß C. Cells were made using 50 mm mylar spacers.
the SmC* phase [4]. The cells were ® lled with the sample in the isotropic

In the vicinity of the direct beam for the sample aligned phase and cooled slowly to the SmC* phase. The align-
in the Bragg mode and in the vicinity of any di� raction ment was checked with the polarizing microscope. For
order in the phase grating mode, the ¯ uctuations in the the homogeneous alignment the glass plates were coated
intensity will reveal these modes. At a given temperature with polymide solution and cured at 300ß C. They were
the measurement of relaxation time of the Goldstone- rubbed in one direction and the cells made using 50 mm
mode allows us to determine the ratio of viscosity mylar spacer. The sample was ® lled into the cell in the
coe� cient to elastic constant. The determination of this isotropic phase and was cooled slowly in the presence
parameter is very useful in the application of ferroelectric of a magnetic ® eld of 2 4́ T applied along the rubbed
liquid crystals (FLCs) to optical devices such as light direction of the glass plates.
modulators [6, 7] and display devices. The aligned sample was transferred to a Mettler

In this paper, we describe dynamic light scattering (FP82) hot stage; the temperature of the sample was
studies carried out on three room temperature FLC controlled to Ô 0 1́ß C. Light from a He± Ne 35 mW

laser (l=0 6́328 mm) with polarization parallel to the
scattering plane was incident normally on the sample;*Author for correspondence.

0267± 8292/98 $12´00 Ñ 1998 Taylor & Francis Ltd.
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702 Y. Sah and K. A. Suresh

Figure 2. The scattering geometry used for a homeotropically
aligned sample.

the viscosity coe� cient. Here the twist axis is takenFigure 1. Intensity autocorrelation data for SCE6 at 2 0́ ß C
along the z axis in the laboratory frame. K+ is given bybelow the SmA± SmC* transition temperature (Tc ). The
K+= (K1+K3 )/2 . K1 , K2 and K3 are analogous to thedata are ® tted to a single exponential.
usual splay, twist and bend elastic constants, respectively.

In the homeotropic geometry, for small scattering
angles hs (see ® gure 2), we can writethe scattered light was analysed perpendicular to the

scattering plane. A photon correlator [Malvern (4700c)
qz=|q | sin (hs /2 ) and qx=|q | cos(hs /2 ) (3 )

8 bit] was used to acquire the intensity autocorrelation
where |q |=2k i sin (hs /2 ) , k i=2p/l. Here q is the scatter-data. A typical plot of intensity autocorrelation data
ing wave vector, k i is the incident wave vector and l isobtained for SCE6 is shown in ® gure 1. This intensity
the wavelength of light. At a given temperature theautocorrelation was ® tted to an exponential function
relaxation time data at di� erent scattering angle weregiven by
® tted to equation (2) and the ratios of K+/c and K2 /c

G ( t ) =a +b exp (Õ t/t) (1 ) were extracted.
where t is the relaxation time, a the background

4. Resultsnoise and b depends on the experimental conditions.
Temperature dependences of the helical pitch of theExperiments were performed at various scattering angles

three materials are shown in ® gure 3. The pitch offor ® xed temperatures. The experimental set-up was
SCE13 is almost constant in the SmC* phase. Thecalibrated with previously obtained data on CE8 material
temperature dependence of the relaxation time across[2]. The measured relaxation time for the CE8 was in
the SmA± SmC* transition for homogeneously alignedgood agreement with earlier reported values [1, 8± 10].

The appearance of the di� raction pattern on cooling
the sample from the SmA phase also indicates the phase
transition to the SmC* phase. The pitch of the materials
in the SmC* phase was obtained by measuring the angle
of ® rst order di� raction in the phase grating mode
[11, 12].

3. Theory

Following a simple elastic theory [1, 2] one can
write the relaxation time of the Goldstone-mode for the
ferroelectric liquid crystal as

1

tG
=

K2

c
(qz Õ q0 )

2+
K+
c

q
2
x (2 )

where q0 is the wave vector of the helix and is given by
the relation q0=2p/P, P being the pitch of the SmC* Figure 3. The measured pitch for the materials as a function
phase. qx and qz are the scattering wave vector com- of temperature. The symbols Ö , 1 and 0 represent the

data for SCE6, ZL5014-100 and SCE13, respectively.ponents along the x and z direction, respectively; c is
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703V isco-elastic modes in some FL Cs

Figure 5. t Õ
1

G corresponding to the Goldstone-mode relaxationFigure 4. The inverse of the relaxation time t Õ
1 across the as a function of scattering angle for SCE6 in the SmC*SmA to SmC* phase transition for SCE6. The open circles phase. The data are ® tted to the quadratic function ofrepresent the inverse of the relaxation time corresponding scattering angle.to the degenerate mode in the SmA phase. The dark

circles represent the Goldstone mode in the SmC* phase.
The data were obtained for a homogeneously aligned
sample at a constant scattering angle.

SCE6 is shown in ® gure 4. We ® nd that the inverse of
the relaxation time corresponding to the degenerate
mode in the SmA phase drops sharply at the SmA± SmC*
transition. One may notice that the Goldstone-mode in
the SmC* phase has an almost constant relaxation time.

Scattering angle dependences of the inverse of the
relaxation time of the Goldstone-mode in the homeo-
tropically aligned SmC* phase for the three materials
are shown in ® gures 5, 6 and 7. As expected from the
simple elastic theory, the inverse of the relaxation time
is dependent quadratically on the scattering angle in all
three materials. Hence equation (2) can be ® tted with
the data to extract the values of K+/c and K2 /c at
di� erent temperatures. The calculated values of K+/c

and K3 /c for the three materials are shown in tables 1, 2
Figure 6. t Õ

1
G corresponding to the Goldstone-mode relaxationand 3. The estimation of the errors in these visco-elastic

as a function of scattering angle for ZL5014-100 in thecoe� cients were carried out using nonlinear ® tting [13].
SmC* phase.

Table 1. Viscoelastic coe� cients for the SCE6 at di� erent
We ® nd that the values do not follow a regular trendtemperatures.
with temperature. However, the values are of the same

T Õ Tc / ß C K2 /c/cm2 s Õ
1

K+/c/cm2 s Õ
1

order of magnitude as those reported in the literature
for FLCs [2, 8± 10].Õ 0 3́ 1 0́8 Ô 0 1́35 Ö 10 Õ

6 2 8́2 Ô 0 3́50 Ö 10 Õ
7

An interesting result of our study is the observationÕ 1 3́ 4 0́5 Ô 0 8́48 Ö 10 Õ
6 5 0́8 Ô 0 7́22 Ö 10 Õ

7

of a new relatively slow relaxation mode in SCE6 material,Õ 2 3́ 6 3́6 Ô 0 5́29 Ö 10 Õ
6 7 3́3 Ô 0 6́09 Ö 10 Õ

7

Õ 3 3́ 7 7́9 Ô 0 5́69 Ö 10 Õ
6 8 9́8 Ô 0 6́55 Ö 10 Õ

7 in addition to the Goldstone-mode, in a sample aligned
Õ 4 3́ 8 4́3 Ô 0 9́60 Ö 10 Õ

6 9 7́2 Ô 0 1́10 Ö 10 Õ
7

in the homogeneous geometry. We have shown in
Õ 5 0́ 7 2́6 Ô 0 6́19 Ö 10 Õ

6 8 5́0 Ô 0 7́24 Ö 10 Õ
7

® gure 8, the intensity autocorrelation data taken for thisÕ 9 3́ 7 2́4 Ô 0 6́93 Ö 10 Õ
6 9 1́6 Ô 0 8́76 Ö 10 Õ

7

slow mode and ® tted to an exponential. The relaxation
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704 Y. Sah and K. A. Suresh

Figure 8. The intensity autocorrelation data of the slow
relaxation mode for a homogeneously aligned SCE6
sample at hS=15 ß and at 0 2́ ß C below Tc .Figure 7. t Õ

1
G corresponding to the Goldstone-mode relaxation

as a function of scattering angle for SCE13 in the SmC*
phase.

Table 2. Viscoelastic coe� cients for the ZL5014-100 at
di� erent temperatures.

T Õ Tc / ß C K2 /c/cm2 s Õ
1

K+/c/cm2 s Õ
1

Õ 1 0́ 4 5́5 Ô 1 4́0 Ö 10 Õ
6 3 5́7 Ô 1 3́2 Ö 10 Õ

7

Õ 1 6́ 9 9́1 Ô 1 9́4 Ö 10 Õ
6 8 3́5 Ô 1 6́3 Ö 10 Õ

7

Õ 2 6́ 3 5́9 Ô 2 9́8 Ö 10 Õ
6 3 5́0 Ô 2 3́6 Ö 10 Õ

7

Õ 3 6́ 5 6́2 Ô 1 1́3 Ö 10 Õ
6 5 6́3 Ô 1 1́2 Ö 10 Õ

7

Õ 4 6́ 8 4́2 Ô 1 3́5 Ö 10 Õ
6 8 7́0 Ô 1 3́9 Ö 10 Õ

7

Õ 5 6́ 5 1́9 Ô 1 6́0 Ö 10 Õ
6 5 5́9 Ô 1 7́0 Ö 10 Õ

7

Õ 10 6́ 3 4́9 Ô 1 4́9 Ö 10 Õ
6 4 6́3 Ô 1 9́6 Ö 10 Õ

7

Õ 15 6́ 3 3́7 Ô 1 5́1 Ö 10 Õ
6 4 7́6 Ô 1 1́1 Ö 10 Õ

7

Table 3. Viscoelastic coe� cients for the SCE13 at di� erent
Figure 9. The inverse of the relaxation time of the slow modetemperatures.

as a function of scattering angle for SCE6 in the SmC*
phase at 0 2́ ß C below Tc .T Õ Tc / ß C K2 /c/cm2 s Õ

1
K+/c/cm2 s Õ

1

Õ 1 0́ 2 2́2 Ô 0 6́63 Ö 10 Õ
5 1 2́7 Ô 0 3́63 Ö 10 Õ

7

Õ 2 0́ 1 3́6 Ô 0 2́26 Ö 10 Õ
5 0 8́1 Ô 0 1́34 Ö 10 Õ

7 modes in an attempt to recover the broken helicoidal
Õ 3 0́ 1 9́5 Ô 0 2́55 Ö 10 Õ

5 1 1́8 Ô 0 1́54 Ö 10 Õ
7

symmetry [4, 14, 15]. One can attribute the origin of
Õ 4 0́ 1 8́9 Ô 0 3́52 Ö 10 Õ

5 1 1́6 Ô 0 3́26 Ö 10 Õ
7

the slow mode in SCE6 to the boundary e� ects which
Õ 5 0́ 1 3́4 Ô 0 3́86 Ö 10 Õ

5 0 8́3 Ô 0 2́39 Ö 10 Õ
7

can deform the helical structure of the SmC* phase.Õ 8 7́ 1 8́6 Ô 0 5́89 Ö 10 Õ
5 1 1́6 Ô 0 3́68 Ö 10 Õ

7

However, this type of slow mode was not observed in
the ZL5014-100 and SCE13 samples, even though the
cell thicknesses used were comparable to that of SCE6.time of this slow mode as a function of scattering angle

is shown in ® gure 9. The relaxation time appears to be Hence the occurrence of this mode needs further study.
It would be interesting to probe this mode as a functionnearly independent of the scattering angle. It is worth

noting that this slow relaxation mode is not observed in of sample thickness and in the presence of an external
applied d.c. electric ® eld.the homeotropically aligned sample and is only present

in the sample aligned in the homogeneous geometry.
It is well known that a FLC with high polarization We are grateful to G. S. Ranganath for useful discussions.

Our thanks are also due to K. Subramanya for his helpplaced under an external biased electric ® eld or con® ned
in a restricted geometry can give rise to additional in preparing sample cells.
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