This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Surface molecular relaxation in smectic C* phase as studied by dielectric

spectroscopy

A. M. Biradar®; S. Hiller; S. A. Pikin*; W. Haase®

@ Institut fur physikalische Chemie, Technische Hochschule Darmstadt, Darmstadt, Germany ®
National Physical Laboratory, New Dehli, India © Institute of Crystallographie, Russ. Acad. of Sciences,
Moscow, Russia

To cite this Article Biradar, A. M. , Hiller, S., Pikin, S. A. and Haase, W.(1996) 'Surface molecular relaxation in smectic C*
phase as studied by dielectric spectroscopy’, Liquid Crystals, 20: 2, 247 — 251

To link to this Article: DOI: 10.1080/02678299608031132
URL: http://dx.doi.org/10.1080/02678299608031132

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678299608031132
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 31 26 January 2011

Downl oaded At:

Liquip CrystaLs, 1996, VoL. 20, No. 2, 247-251

Surface molecular relaxation in smectic C* phase as studied by
dielectric spectroscopy
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Petersenstr. 20, 64287 Darmstadt, Germany

(Received 26 May 1995; in final form 22 September 1995; accepted 12 October 1995)

The molecular relaxation process of a ferroelectric liquid crystal with a high tilt angle and a
high spontaneous polarization in a homeotropically aligned cell has been studied by the
dielectric relaxation method in the frequency range 10Hz to 10 MHz. The measurements
have been done using thin (3-5 um) cells with gold coated electrodes and samples aligned by
a magnetic field. It has been observed that the molecular relaxation around the short axis of
the molecule is detected in the chiral nematic and smectic C* phases. The surface molecular
process is observed in the S¥ phase down to nearly 6 to 7K below the transition temperature
of the N* to the S phase. The experimental results of the surface molecular process are
analysed by theoretical calculations. The experimental results agree with the theoretical

predictions.

1. Introduction

Dielectric spectroscopy of ferroelectric liquid crystals
(FLCs) has become of increasing interest in the past few
years. It gives not only the collective modes directly
associated with the ferroelectricity (Goldstone mode,
soft mode and domain mode), but also the molecular
modes. These have been studied very extensively in the
past, particularly for second order phase transition
FLCs, for which microscopic and statistical theories
exist and account for the observed behaviour [1-3]. On
the contrary, very little is known [4,5] about first order
phase transition FLCs, possessing the SE to N* phase
fransition, probably due to the difficulty of alignment.
However, first order phase transition FLCs are very
interesting, because their material constants such as tilt
angle are very large and do not depend greatly on
temperature and these materials are better suited for
preparing electro-optical switches [6] and guest-host
displays [7].

In this article, we present dielectric studies of a first
order phase transition FLC material using homeotrop-
ically aligned cells in the frequency range 10Hz to
10 MHz. The molecular relaxation around the short axis
of the molecule is observed in the chiral nematic (N*)
and smectic C* (S&) phases. Deep in the SE phase, the
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surface molecular relaxation has been observed experi-
mentally. A theoretical explanation has been given for
the surface molecular relaxation process which can exist
very close to the surface.

2. Experimental

The dielectric studies were performed mainly using
cells with gold coated electrodes, although ITO coated
electrodes were used for checking the alignment optic-
ally. The dielectric measurements were done in a shielded
parallel-plate condenser [8]. The cell thickness was
3-5um. The cell was first calibrated using air and toluene
as standard references for calculating the absolute values
of the electric permittivity. The first order phase trans-
ition FLC material (CS-2004, Chisso Corporation,
Japan) used in this study has the following phase
sequence:

Cre —9°Co8¢—62°C-N*«T71°C—1

The FLC material was introduced into the cell by means
of capillary action in its isotropic phase. To minimize
the surface anchoring effect, no surface treatment was
given to the electrodes for achieving alignment.
Homeotropic alignment was obtained by putting the
sample into a magnetic field of 12T and cooling it
slowly at the rate 8 K h ! from the chiral nematic to the
smectic C* phase. The cooling and heating cycles were
done several times to get better homeotropic alignment.
The detailed procedure of alignment by a magnetic field
is given elsewhere [9].

The dielectric measurements were done using a

0267-8292/96 $12-00 © 1996 Taylor & Francis Ltd.
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Hewlett-Packard impedance analyser (HP 4192 A}, con-
trolled by a modified Atari Mega ST2 computer in the
frequency range 10Hz to 10 MHz using homeotropic
alignment. The bias field (generated by the impedance
analyser) was used to detect the surface molecular relaxa-
tion in the S¥ phase. The temperature and frequency
dependences of the molecular mode in the homeotropic
alignment have been analysed experimentally and
theoretically in the S§ and N* phases.

3. Results and discussion

The measuring electric field in the homeotropically
aligned FLC cell is parallel to the liquid crystal molecules
and one can measure the ¢, component of the complex
dielectric permittivity, connected with reorientation of
the molecules around their short axes. Figure 1 shows
the relaxation frequency versus temperature of the
molecular rotation around the short axis (squares) i.e. a
180° jump around the short axis over the whole N*
phase. This process is seen even in the S& phase, nearly
6 to 7K into the S} phase. The only difference is that
the molecular process is detected when the collective
dielectric processes of the planar component are sup-
pressed by applying a high bias field to the cell; this
will be discussed in the next paragraph. As seen in the
figure the relaxation frequency of the molecular mode is
temperature dependent and continuous even at the
transition temperature of S% to N* phase.

As mentioned earlier, in the homeotropic alignment,
the measuring electric field is parallel to the molecules
(ie. the smectic layers are assumed to be parallel to
the sample surface in the S¥ phase). However, when the
FLC material is cooled down to the S¥ phase, the
molecules are tilted, depending upon the tilt angle of the
material [10], resulting in tilting of the smectic layers

(instead of parallel orientation) with respect to the
sample surface. Particularly, in this FLC material, where
the tilt angle of the molecule is quite large (44°), the
measuring electric field makes a wide angle relative to
the smectic layer plane and hence the dielectric permittiv-
ity due to the planar component would be dominant in
homeotropic alignment measurements. As is well known
[11,127, the dielectric permittivity in the planar com-
ponent is dominated by collective dielectric processes
such as the Goldstone mode, soft mode, domain mode
etc. in the SE phase. It should be mentioned here, that
the soft mode contribution in the first order materials is
usually negligible. To suppress the collective dielectric
processes (particularly the Goldstone mode) of the
planar component due to the tilting of the smectic layer
planes with respect to the sample surface in homeotropic
measurements, a strong bias field has been applied to
see the pure ¢, component in the S phase in the present
investigation. It is worth stating here that in a perfectly
planar alignment (for the &, component), where the
measuring electric field is perpendicular to the smectic
layer normal, the applied bias field has a pronounced
influence on the Goldstone mode (unwinding of the
helix) in the SE phase; this has been reported recently
[13] for this material. Figure 2 shows the absorption
spectra (g, versus frequency) at different temperatures in
the S& phase which were obtained at a bias voltage of
30 V. This dielectric process can only be due to the
molecular relaxation (vibration) near the surface layers
of the substrate, which must be connected with orienta-
tional deformations of the molecules near the surface for
the following reasons: (i} the Goldstone mode contribu-
tion to the dielectric permittivity is suppressed by means
of the bias voltage; (ii) soft mode relaxation plays only
a negligible role in first order FLC materials (moreover
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the observed process was recorded deep in the SE phase);
(iii) in a perfectly planar alignment, which was achieved
by applying an electric field, just below the transition
temperature of S¥ to N* phase [ 14], we did not observe
any dielectric processes {i.e. no domain mode) for high
biasing voltages in the S phase. Therefore, there is no
reason why a domain mode process should occur with
homeotropic alignment. More experimental evidence of
the surface molecular process in the homeotropic align-
ment of high tilt angle FLC materials, which appears to
be due to the tilting of the smectic layers near the sample
surface, will be published elsewhere [ 15]. Similar results
have been observed by Pavel and Glogarova [16] in
planar aligned FLC cell of S¢ phase.

As seen in figure 1 (triangles) and figure 2, the surface
molecular process is temperature dependent. The
molecular process in the N* and S phase shows
Arrhenius-type behaviour as seen in figure 3. The activa-
tion energy calculated for the molecular relaxation
around the short axis is about 85kJmol ! and for the
surface molecular process in the S¥ phase is about
65kJmol 1. The activation energies for the molecular
process suggest that the molecular motion in the surface
layers is easier in the S% phase than the molecular
relaxation around the short axis.

Theoretically, we prove here that surface molecular
relaxation should be possible in the SE phase with
homeotropic alignment by considering the spontaneous
polarization and tilt angle of the FLC material investi-
gated. The theoretical calculations agree well with the
experimental results, predicting that the surface molecu-
lar process should appear nearly 10K below the trans-
ition temperature of N* to S} phase. At this temperature,
a change in the texture was observed. The homeotropic

alignment disappears and a partial planar alignment
becomes visible which was confirmed by the fact that
switching in the sample starts to appear at this temper-
ature (approximately 10K below the transition temper-
ature) when seen in the polarizing microscope. The
change of texture in the SE phase with the spontaneous
polarization P, = u@®, where u is the piezoelectric coeffi-
cient, at a certain temperature below the phase transition
point T;, can be related to some orientational deforma-
tions in a sufficiently thin sub-surface layer with thick-
ness A, which appears as a result of the concurrence
between a surface influence (the surface tension W) and
an internal electric field (E;,) effect resulting from the
interaction of P, with E,, in such a sub-layer. The surface
tension W can be considered as an expansion in terms
of the tilt angle @,

W= udO + wo?, (1)

where & and w are the phenomenological parameters;
the first term in equation (1) describes, for example, the
gain in energy when the spontaneous polarization P, is
parallel to the cell surface (in the homeotropic director
orientation), and the second term describes an increase
in the surface energy when the director orientation differs
from the homeotropic orientation (in the C* phase, the
director takes a position at the cone surface at an angle
of @ to the surface normal). By analogy with considera-
tion of bistability effects [ 17-20], we shall assume that
the field E;, tends to change the polarization and direc-
tor orientations to new orientations if the interaction
P.E,, = u@E,, overcomes the potential barrier K@?2/i2
inside the sub-layer, where sub-layer thickness
A~ K®?/W is the spatial scale of inhomogeneity arising
under the influence of the cell surface. It is useful to note
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that the qualitative condition
Ko’ w?

— =, 2
ueA? * u@3 K’ (2)

Ein 2 Eth oC
determines the threshold field value E,, for the existence
of bistability effects [17-19], ie. the new orientational
state could be stored even after switching off the field
E;,. Tt was shown analytically [177] and by simulation
methods [ 197 that equation (2) really works for various
initial director distributions. Let us consider two limiting
cases when (1) u®>» we, ie. the piezoelectric term in
the surface tension is dominant, and (2) w@ » ud, ie.
the director anchoring energy in W is predominant. In
the first case, it is seen from equation (2) that, at a given
field E;,, this condition can be fulfifled only if the angle &
is sufficiently large, i.e. we can estimate the threshold
(minimum} value of @ (@,,) as a function of E;, from
cquation Ey = E;:

. Ko ud? P

AL ‘ud) 5 @th oC EE;, Ay OC Ein . (3)
Thus @y, is finite and, therefore, the effect is only possible
at temperatures below the corresponding threshold tem-
perature T, < 7.. This effect is more probable for first
order phase transitions than for second order ones
because the values of the tilt angle & can be sufficiently
large near to the first order transition point T.. Though
the tilt angle depends weakly on temperature in the case
of a first order transition, a certain increase of @ with
decreasing T must exist below T, and the value @, can
occur at an intermediate temperature T, < T,. Since
we have no information about all the thermodynamic
parameters for the first order phase transition, we shall

use, for rough estimates of the order of the values,
typical data for the free energy cxpansion F=
a(T — T,)@* 4+ b@* + ..., describing second order trans-
itions, which is not bad at intermediate temperatures
for first order transitions also. Such a rough cstimate
gives a magnitude &(T)~ ((a/b)(T, - THY? and the
corresponding threshold temperature Ty

b 2
(71—7?11)0(56’1},- {(4)

Thus, below the temperature 7T, the interaction
between the spontancous polarization and the internal
field in the sub-layer with thickness A is sufficiently
strong to create a stable orientational deformation on
the scale 4. Therefore, the relaxation frequency
K K <Ein

2
75) at T~ Ty (5)

can be observed in the dielectric spectrum.
In the second case, similar calculations taking into
account equation (2) result in the estimates

. K o uKE;, w? ()
Ao =, Oy ——, ol —.
w’ th w2 vK

If one uses some typical data for material parameters,

K=~ 101N, w(homeotropic)~ 10 %Jm 2,

v~ 10" Pas,

then equation (6) results in estimates of 2~ 10um and
w ~ 1Hz, which are obviously incompatible with the
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experimental data. If one uses typical data
ux107*Cm™% a=x10°Jm 3K} bh~10°Tm3,
(T, — Ty) = 10K, o~ 10°Hz,

then equations (3)—(5) result in the estimates: A &~ 0-1 pm,
Dx01V, E, ~10°Vm L

We would like to emphasize here that we determine
these unknown parameters from the measured magni-
tudes w and T;,. Thus, the last estimates are rather more
compatible with the experimental data, and, taking into
account a possible ‘electric’ nature of the ZA-length
appearance, one can conclude that 1 represents a typical
estimate of 0-1 um of the electric screening radius.

Equations (3) and (5) also show a certain temperature
dependence of the relaxation frequency due to the tem-
perature dependence of the viscosity coefficient y, which
must increase gradually with decreasing temperature.
Therefore the relaxation frequency must decrease gradu-
ally with decreasing temperature below the threshold
temperature, this can explain the observed smooth
dependence w(T).

4. Conclusions

In conclusion, it can be said that there should be a
molecular process very close to the surface of the sub-
strate due to deformation of the homeotropic alignment
in the S¥ phase of a high tilt angle FLC material. The
experimental results of the surface molecular process
agree with the theoretical prediction. The molecular
relaxation around the short axis of the molecule (180°
jump around the short axis) is also detected in the N*
and S¥ phases in the first order phase transition
ferroelectric liquid crystal material investigated.
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