This article was downloaded by: [University of California, San Diego]

On: 15 August 2012, At: 23:03

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

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

= Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

EVALUATION OF ELASTIC
PROPERTIES IN NEMATIC
LIQUID CRYSTAL USING
ELASTIC WAVE PROPAGATION

Masaru Inoue ® , Hiroshi Moritake ° , Katsumi
Yoshino ® & Kohji Toda "

& Department of Electronic Engineering, Graduate
School of Engineering, Osaka University,
Yamadaoka, Suita, 565-0871, Japan

b Department of Electrical and Electronic

Engineering, National Defense Academy,
Hashirimizu, Yokosuka, 239-8686, Japan

Version of record first published: 24 Sep 2006

To cite this article: Masaru Inoue, Hiroshi Moritake, Katsumi Yoshino & Kohji Toda
(2001): EVALUATION OF ELASTIC PROPERTIES IN NEMATIC LIQUID CRYSTAL USING
ELASTIC WAVE PROPAGATION, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 366:1, 173-181

To link to this article: http://dx.doi.org/10.1080/10587250108023960

PLEASE SCROLL DOWN FOR ARTICLE



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108023960

Downloaded by [University of California, San Diego] at 23:03 15 August 2012

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any form
to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not
be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 23:03 15 August 2012

Mol. Cryst. and Lig. Cryst., 2001, Vol. 366, pp. 173-181 © 2001 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint,
a member of the Taylor & Francis Group,

Printed in the USA

Evaluation of Elastic Properties in Nematic
Liquid Crystal using Elastic Wave Propagation
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and KOHJI TODAY

3Department of Electronic Engineering, Graduate School of Engineering, Osaka

University, Yamadaoka, Suita 565-0871, Japan and bDepartment of Electrical

and Electronic Engineering, National Defense Academy, Hashirimizu, Yokosuka
239-8686, Japan

An interaction between an elastic wave and a liquid crystal is investigated from the view
point of evaluation of the elastic properties of the liquid crystal. A periodical stripe domain
pattern is induced by an interaction between the elastic wave and the nematic liquid crystal,
the pattern is observed by a polarizing microscope. In the numerical analysis of elastic wave
propagation in a nematic liquid crystal cell, the Oth mode depends on the liquid crystal prop-
erties, on the other hand the 1st mode is influenced predominantly by the properties of two
sheets of glasses composing the cell. The Oth and 1st mode phase velocities are estimated
from the periodic length of the stripe domain pattern. The Oth mode phase velocity in the
nematic liquid crystal cell strongly depends on the cell layer thickness. The phase velocity
obtained from the observed result is in good agreement with the numerical analysis result.

Keywords: elastic wave propagation; nematic liquid crystal; velocity evaluation; trilayer
structure; interdigital transducer (IDT)

INTRODUCTION

Recent works on elastic wave propagation at a solid/liquid interface
have covered the viewpoints of not only physics but also engineering ap-
plication, including liquid phase sensing [1-3]. The elastic wave sens-
ing devices detect the fractional velocity change [4,5] or the propagation
loss [6], which have some possibilities of measuring dielectric constant [7),
viscosity (8], sound velocity [9], and chemical quantity [10]. The interac-
tion between an elastic wave propagation and a liquid crystal has been
reported [11,12]. The step for detailed evaluation of elastic properties of
liquid crystal has not been reached.

In this study, the phase velocity of the elastic wave propagating in the
nematic liguid crystal is analyzed numerically and experimentally. The
numerical analysis is carried out in a trilayer structure containing the
liquid crystal sandwiched between two glass plates. The phase velocity
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of the elastic wave propagating in a typical nematic liquid crystal (4’-
methoxybenzylidene-4-n-butylaniline: MBBA) is evaluated in the relation
with the observation of the periodic length of the stripe domain induced
by the elastic wave propagation.

NUMERICAL ANALYSIS RESULTS

In this section, a theoretical description of elastic wave propagation in
a fluid sandwiched between two identical solid plates is given. Figure 1
shows a coordinate system for numerical analysis in this study. The elas-
tic wave propagation is along X axis and the liquid crystal cell has the
solid-fluid interfaces at Z = 1d/2. A rigorous treatment of the hydrody-
namical problem of the liquid crystal is extremely difficult. In the case
of the elastic wave propagation in the nematic liquid crystal, the liquid-
crystalline medium is regarded as a simple viscous isotropic fluid [11]. The
material constants used for the numerical calculation and the experiment
are listed in Table 1, where 7 is the viscosity and Vi is the longitudinal
wave velocity in MBBA.

TABLE 1 Material constants of glass plate and liquid crystal.

property glass plate LC (MBBA) units

C11 8.63 xlO“’[N/m’]
c12 3.36 % 101%(N /m?]
Ca4 2.64 x101°[N/m?]
€ 5.60
p 2760 1043 kg/m?
n 0.02 to 0.07 Pas
Vi 1550 (30°C) m/s

Figure 2 shows the phase velocity dispersion curves of the elastic waves
propagating in the liquid crystal cell as a function of fd (MHz-mm). Mul-
tiple modes are recognizable, the 0th and 1st modes exist over the entire
fd range. The phase velocity of the Oth mode increases with fd value,
and reaches a constant value corresponding to the longitudinal wave ve-
locity of the liquid crystal, 1650 m/s. The phase velocity of the 1st mode
at fd = 0 equal to the surface wave velocity on the glass plate. Other
higher-order modes appear critically near the shear wave velocity in the
glass plate.

Figure 3 shows the calculated fractional phase velocity changes of the
lowest three modes propagating in the liquid crystal cell layer, as a func-
tion of the longitudinal wave velocity in the liquid crystal over the range of
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1250 m/s to 1550 m/s, under the condition that the frequency is 10MHz,
and the density and the viscosity of the liquid crystal are kept constant,
an listed in Table 1. The 0th mode phase velocity strongly depends on
the longitudinal wave velocity in the liquid crystal.

Z
Glass layer
+d/2
O herassasssnnsarassnnasnns > X

/

-d/2 7
Liquid crystal layer

Glass layer

FIGURE 1 Coordinate system for numerical analysis of elastic wave
propagation.
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FIGURE 2 Velocity dispersion curves of elastic wave modes in nematic
liquid crystal cell.
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FIGURE 3 Calculated dependences of fractional velocity change on
longitudinal velocity in liquid erystal.
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EXPERIMENTAL RESULTS

A schematic construction of the device prepared for the present study
is shown in Fig. 4. Two interdigital transducers (IDTs) are mounted on
8 230-pum-thick piezoelectric ceramic thin plate (TDK, 101A) cemented
to a 1.1-mm-thick glass plate (Corning, 7059) with epoxy resin. Each
of the IDTs has an interdigital periodicity of 500um and six electrode
finger pairs. The nematic liquid crystal (MBBA) is sandwiched between
two glass plates whose surface were coated with polyimide (JSR, AL1254)
and rubbed unidirectionally. The thickness of the liquid crystal layer was
adjusted by a PET film, as 25um and 12um. MBBA shows the nematic
phase at room temperature and all of the experiments were performed at
about 25°C,

Figure 5 shows the measured frequency dependences of the insertion
losses of the device with (rigid line) and without (dotted line) the liquid
crystal. In this case, the thickness of the liquid crystal layer is 25 um.
The observed peaks of the insertion loss curves correspond to the respec-
tive center frequency of each mode of the elastic wave propagating in a
piezoelectric ceramic thin plate and in a layered cell structure.
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Polarizing microscopic observation of the liquid crystal cell was executed
under the existence of the elastic wave excited by the IDT. A typical
stripe domain pattern was observed, as shown in Fig. 6, in the case of
the application of a 7.0 MHz CW signal to the IDT. The longer periodic
domain perpendicular to the elastic wave propagation and the shorter
periodic domain existing in the longer periodic domain are observed. In
this study, the longer periodic domain is focused and discussed. These two
types of domains appear when the acoustic power is beyond a threshold
level. With further increase of the acoustic power, these patterns are
disturbed by the vortex motion of the molecules of the nematic liquid
crystal. ]

Figure 7 shows the observed frequency dependences of the domain peri-
odicity in the nematic liquid crystal. White and black circles correspond
to the results for the 25 um and 12 pym-thick liquid crystal layers, respec-
tively. The period of the domain depends on the thickness of the liquid
crystal layer and the frequency of the elastic wave. The period of stripe
domain decreases with an increase of the carrier frequency of the elastic
wave. It is considered that the domain formation is the result of molecu-
lar orientation in the nematic liquid crystal, induced by the elastic wave
propagation.

Liquid crystal cell

Piezoelectric ceramic thin plate,..-

IDT

A\

/
Elastic wave X
Spacer

Glass plate

FIGURE 4 Schematic construction of device for experiment.
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FIGURE 5 Measured frequency dependences of insertion loss of device
with 500um interdigital periodicity: rigid and dotted lines are for device
without and with liquid crystal (MBBA), respectively.
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FIGURE 6 Observed periodic domain pattern induced by elastic wave
propagation in nematic liquid crystal cell.
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FIGURE 7 Frequency dependences of periodic length of domain pattern
induced in nematic liquid crystal cell.

VELOCITY EVALUATION

From the velocity curves in Fig. 2, Oth, 1st and 2nd mode can propagate
in the sandwiched nematic liquid crystal cell in the low frequency region.
The periodic stripe domain is induced by a nonlinear interaction between
several modes, which is known as acoustic streaming [11]. The interac-
tion causes a vortex motion in the liquid crystal cell. As the result, the
molecular orientation of liquid crystal is induced by its flow. The periodic
length P is represented by the following relation {11]:

27
T ko—ky M)

where k;(f = 0,1) is the wave number of each mode. In this study, P is
the observed periodic domain length and k; is obtained from the 1st mode
phase velocity in Fig. 2. As a result, the wave number kg is calculated
using the above relation. The 0th mode phase velocity strongly depends
on the longitudinal wave velocity in the nematic liquid crystal, as shown
in Fig. 3. The 1st mode phase velocity in the nematic liquid crystal cell
is also estimated through a similar procedure.
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FIGURE 8 Comparison between numerical velocity curves (rigid line: LC
thickness is 25um, dotted line: LC thickness is 12um) and evaluated data
for Oth mode in MBBA (white circles: LC thickness is 25um, black
circles is 12pum).
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FIGURE 9 Comparison between numerical velocity curves (rigid line) and
evaluated data for 1st mode in MBBA.
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Figure 8 shows the comparison between the numerical result and the
estimated results of the Oth mode phase velocity in the nematic liquid
crystal (MBBA) cell. Rigid and broken lines indicate the 0th mode phase
velocity curves from the numerical calculation in the cases of 25 um and
12 um-thick liquid crystal layers, respectively. White and black circles in-
dicate the 0th mode phase velocity data obtained from the above relations
in the cases of 25 um and 12 um-thick liquid crystal layers, respective-
ly. It is obvious that the evaluated data are in good agreement with the
numerical calculation results.

The numerical 1st mode phase velocity curve is compared with the
experimentally obtained data, as shown in Fig. 9. The evaluated data has
good consistency with numerical calculation results.

CONCLUSION

A periodic domain pattern excited by an elastic wave propagating in
a sandwiched liquid crystal cell was related to the velocity dispersion
curves. The phase velocity in the nematic liquid crystal cell is evaluated
from the observed periodic length of the induced stripe domain. The
present method of observing the periodic length of the stripe domain is
promising for evaluating the phase velocity of the elastic wave propagating
in a liquid crystal cell layer.
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