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Electromechanical effect in a freely suspended film based orottyl-4’-cyanobiphenyl has been
detected by means of light scattering at both the first and second harmonics of the exciting electric
field. Experimental studies on voltage and frequency dependencies of the optical response are
carried out. Organic solvent vapor is shown to strongly affect the electromechanical response. A
feasible mechanism for the electromechanical effect is discussed.99® American Institute of
Physics[S0003-695099)04327-3

Liquid crystals(LC) have attracted considerable atten-to expand the FS film. These blades were also used as elec-
tion because of the wide spectrum of their electro-opticatrodes to apply ac electric field to the FS film. The distance
effects! Parallel with the study on the electro-optical phe-between the electrodes was 3 mm and the expanded square
nomena, the electromechanicdtM) effect in the liquid area was changed from 10 to 30 frffor comparison, FLC
crystalline phases has also attracted great interest from tHeS-1029(Chissg which exhibits a phase sequence of -Cr
fundamental and practical points of view. Similar effects18°C SmC 73°C SmA 85°C N 91 °C Iso was also used.
have been investigated in detail in various monomer andhe experimental setup shown in Fig. 1 enabled us to mea-
polymer ferroelectric liquid crystal§FLC)>~® in which an  sure a change of the intensity of light reflected from the
alternating electrical field coupled with spontaneous andsurface of the FS film. The film was illuminated by circularly
flexoelectric polarizations gives rise to a shear deformatiompolarized light of a He—Ne las€632.8 nm. The beam was
of LC accompanying a mechanical vibration of the confiningl mm in diameter. The deformation of the FS film caused a
glassy plates. deviation of the reflected beam, which could be sensed by a

The EM effect in two-dimensional liquid crystalline sys- pinhole detector set at about 400 mm from the FS film. How-
tems based on smectic membranes known as freely sugver, not only deformation but also the change of reflectance
pended(FS) film’ has been of a special interest. The me-due to the molecular reorientation could modulate the optical
chanical vibration of the surface of FLC freely suspendedesponse. To evaluate this contribution, a photodetector with
film was effectively excited by a lateral alternating electric large aperture was used. Thus, the light could be analyzed by
field and studied by means of light scattering at the fre-either a photodiode located behind a pinhole of 1 mm diam-
quency of applied electric fieftr:}° Recently, a linear EM eter or a photodiode wita 7 mmcircular section aperture. A
effect has also been detected in a bilayer lipid membtane. computer program performed the data acquisition in the
However, the linear EM effect has never been observed in
FS films based on thermotropic achiral LC. In this letter, we
report both linear and quadratic EM effects in the FS film
based on nonferroelectric mesogenn4sctyl-4’-cyanobi-
phenyl(8CB). For comparison, we also show some results of
the EM effect in a FLC freely suspended film.

Measurements on 8CB which has a smectic A phase
between 21 and 33 °C, were carried out at room temperature
T=25°C. A FS film was prepared across two metal blades.
Two polyethyleneterephthalatdP’ET) sheets were set be-
tween the blades. The sample was loaded in the square free
area surrounded by the metal blades and PET sheets at room

temperature. One of the PET sheets can slide along the blade
FIG. 1. Experimental setuggl) He—Ne laser(2) \/4 plate,(3) Glan polar-
izer, (4) PET sheet(5) blades,(6) pinhole,(7) Si photodiode(8) computer
dAlso at: Institute Crystallography of RAS, 117333, Leninskii pr. 59, Mos- equipped with an analog to digité\/D) converter or a lock-in amplifief9)

cow, Russia. function generator with broad band amplifi¢t0) freely suspended film,
YElectronic mail: yoshino@ele.eng.osaka-u.ac.jp and(11) drops of the solvent.
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FIG. 4. Typical quadratic voltage dependence of the optical response at the
1.4 double frequency as function of the voltage applied on the elect(@@B;
— SmA phase; 1 kHz
z 12
2 10 maximum optical response was detected when the laser
§ 0.8 beam probed the surface of the FS film very close to the
é 06 electrode, and the signal was not detectable at all when the
3 o4 probe light was reflected from the center of FS film. The
%_ ) signal was absent when the photodetector with the large ap-
O o2 erture was used. This proved that the modulation of the re-
0 i Py flected beam originated not from the reflectivity change, but

PREN B
1500
Frequency (Hz)

PRSI B M
1000 2000 from the deformation of the FS film. Figures 3 and 4 show
typical observations of the expected linear and quadratic
FIG. 2. Fourier spectra of the electro-optical response @®rFS thin fim  Vvoltage dependence of the first and second harmonics of the
and(b) FS thick film.(8CB; SmA phase; alternating voltage with amplitude optical response. An EM response signal as low as
U=160V was applied to the electrodds 1 kHz). 3x10°°V was detectable in this experiment and linearity
was confirmed over two decades.

range of 10 Hz—20 kHz and produced Fourier spectra of The frequency dependence of the linear EM effect for
scattering intensity. The thickness of the FS film was deterthe thin FS film is shown in Fig. 5. The main resonance

mined roughly by visual observation of white light reflected occurred at f,,,~1190Hz with a half-width atAf

by the film. FS films used differed a lot in thickness. For ~320Hz. It should be noted that the position of the reso-

example, thin films had a dark gray coldess than 10 nance peak was sensitive to the vapor of the organic sol-

layers?) and for thick FS films blue coloabout 60 layerS)  vents. For example, the exposure of the film to the vapor of

was observed. alcohol from drops of this solvent deposited onto the PET
The most basic observation was the appearance of thsheet near the FS film as shown in Fig. 1, distinétly 30%

optical response at the fundamental frequency of an excitingeduced the strength of the optical response.

electric field. Figures @) and 2b) show the Fourier spectra For comparative analysis the Fourier spectra of the opti-

of the EM response induced in thin and thick FS films, re-cal response in the FS film based on FLC are shown in Fig.

spectively. In this case the signal was detected by a pinholg. The measurements were carried out at 25 °C in the’SmC

photodetector. In the thin film the second harmonic compophase.

nent of the signal is weaker than the fundamental one, and  Although the SmA liquid crystal belongs to the nonpi-

vice versa for the thick FS film. It should also be noted thatezoelectric clasP..,, nevertheless there can be a linear cou-

the position of the light beam on the surface of the FS filmpling between smectic curvature and external electric field,
strongly affected the optical response. For example, the
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FIG. 3. Typical linear dependence of the optical response at the fundamental . .
frequency as a function of the voltage applied on the electr(@@B, SmA FIG. 5. Frequency dependence of the linear EM effect for FS film based on
8C
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contribution only and prevailing of the second harmonic in
the optical response.

Symmetry breaking near the surface of the FS film may
also play a role in the linear EM response. Namely, near the
surface the bulk inversion symmetry breaks and surface po-
larization should be induced, which results in the linear cou-
pling of the polarization and electric field. In our case, how-
ever, EM response can be observed only in the vicinity of the
electrodes and the surface effect is not dominant.

The most probable reason why the alcohol vapor influ-
enced the EM effect, consists in the change of the surface
tension of the FS film. According the Rayleigh theory the
eigenfrequency of membrane is proportional to the square
root of the surface tensiofThus, assuming the typical value
of surface tension of the smectic membrarze50 dyn/cm’
the position of the resonance peak,=1190Hz and the
shift of the frequencyA v=170Hz, it is possible to evaluate
the value of the surface tension to bg= 38 dyn/cm after the
exposure of the FS film to the solvent vapors.

Fourier spectra of the EM effect in the FLC FS films
presented in Fig. 6 manifest clearly defined nonlinear prop-
erties due to both the mechanical vibration and the change of
the Fresnel coefficients. It seems likely that the strong cou-
pling of the spontaneous polarization of the FLC with the
electric field results in a complicated nonsinusoidal surface

FIG. 6. Fourier spectra of the electro-optical response of thin FS film basedi€lief of the FS film.

on FLC for: (a) 1 mm pinhole photodetector arid) 7 mm aperture photo-
detector T=25°C).

i.e., flexoelectric effect! The lowest-order linear coupling to
the electric fieldE is proportional to the volume torque ex-
erting on the directon of the LC and has the form of either
EVn or VEn.® In our case, both these flexoelectric contri-

To summarize, we have presented an experiment on the
linear EM effect in the FS films based on 8CB. The origin of
the linear EM effect has been discussed. We believe that the
influence of the solvent vapor on the EM effect can be used
for the detection of small amount of volatile material.

This work was supported by Grant-in-Aid for Scientific
Research from the Ministry of Education, Science, Sports,

butions could induce a linear EM effect, since in the vicinity and Culture of Japan and COPERNIC(US15-CT96-0744,

of the probed region, close to the electrodes, there is a stron®ITAS 95IN-RU-0128, Russian Fund for Fundamental Re-
electric field as well as its gradient. The probable additionabearch(98-02177]1 Grants.

contribution to the linear EM effect proceeds from the static

electric field of the diffusion part of the double layeg, that
also adds to the quadratic response of a nentatismecti¢
LC, the linear oné® Indeed, since the dielectric torque is
proportional to the total field squaredVly=AeE?
=Ae(Eysinwt+E;)? the cross term corresponds to the
“quasilinear” effect with respect to the applied sinusoidal
electric field.

The dominant role of the linear EM effect in a thin FS
film and quadratic EM effect in a thick film can be inter-
preted as follows(i) Both the linear and quadratic effects are
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