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Time-resolved infrared spectroscopic study of the switching dynamics

of a surface-stabilized ferroelectric liquid crystal
K. Tatani, J. G. Zhao, and Y. Ozaki
Department of Chemistry, School of Science and Technology, Kwansei-Gakuin University
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1 Introduction

The surface-stabilized ferroelectric liquid crystals (SSFLC) in the smectic-C* (Sm-C*) phase are some of the most
interesting liquid crystals because of their potential applications in high resolution flat panel displays and fast
electro-optic devices [1]. Ferroelectric liquid crystal molecules have a permanent electric dipole moments perpendicular
to their molecular long axis, so that by changing the polarity of the ’
external applied electric field, the permanent electric dipole will rotate
by 180° to point in the opposite direction; the molecular can switch
between the two surface-stabilized states.

Fourier transformed infrared (FTIR) spectroscopy has proven itself to

be one of the most useful techniques for investigating liquid crystal.

This method is commonly used for obtaining information about the
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order parameter, for studying the conformational changes that may =

occur, the dynamics of molecules, and of the molecular segments.

The purpose of the present study is to explore the molecular ~FIG 2. Schematic amangement for the time-resolved

infrared measurements. I and II are the projections of the

dynamical orientation of the FLC with a naphthalene ring [FLC-3; Fig.

1] during the electric-field-induced dynamical switching by measuring
temporal absorption responses of selected infrared bands over a
continuous range of polarizer orientation.

directions of the molecular long axis in the plane of the cell
window for surface-stabilized states of the ferroelectric

liquid crystal, p=g(f), ¢(r) is the azimuth angle of the

2 Experiments director around the cone at a delay time, 4 is the cone

The sample was synthesized and characterized according to the 298l Aol#) is the angle between the projection of the

reported procedure [3]. The structure and phase transition sequence of ~ ™olecular long axis and the projection of layer normal in

the liquid crystal molecule are shown in Figure 1. The sample cell ~ the plane of the cell window, (1) is the angle between the

consisted of two BaF; plates was filled with the molten sample by  Projection of the molecular long axis and the projection of

capillary action, heated to the isotropic phase, and then slowly cooled e horizontal polarization of the incidence infrared light in

down to a temperature in the Sm-C* phase. the plane of the cell window.
the

time-resolved infrared measurements were made by use of a multichannel asynchronous time-resolving FT-IR system

To investigate the segmental dynamics of the FLC,

[2,4]. The measurement geometry is illustrated in Fig. 2. These spectra were measured in the 1800~1000 em’! region
over a delay time range from 0.5 to 30.5us at an interval of 2 us and for the polarization angles w from 0° to 180° at an
interval of 5°. From these spectra one can get the polarization angle dependence of absorbance A(w) at each delay time,
and from the absorption maximum Amx= A(w=p), the information about the molecular orientation angle f(g,y) in the
spatial dimension can be obtain (p is the azimuth angle of the director around layer normal, y is the molecular rotation
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azimuth angle around the director). Furthermore, by analyzing the
time dependence of the absorption maximum A(w=p(#)), one can

reach the information concerning the molecular reorientation angle
192°C

Blp(@®),x(®) in time dimension. The absorbance versus the time and

Crystal Sm-C* Sm-A

FIG. 1. Structure and the phase transition temperature of FLC-3. polanzatlon angle can be described as follows:

Alw) = =S In(e =" b00) co5? (i~ Blp(r), 7(1))) + €= sin* (@ - Blp(), xOM + 1~ S)4,, (1)
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where 4;,, is the absorbance of an absorption band for a perfectly isotropic phase,
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S$>0 is a constant that represents the contribution of a perfectly uniaxial phase to I A
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A(w). In this model the transition dipole moment of the absorption band

investigated lies on a cone with semiangle a around the molecular long axis of

the ferroelectric liquid crystal. For perfect uniaxial orientation, the dichroic ratio

R is found from the following equation; AR R NN

Polarization angle (degree)
Amzx

R=

=2cot’ @ ) FIG. 3. Peak absorbance versus the

o polarization angle for the band at 1602 cm-1
where A, and Ap, are the absorbances measured with polarized radiation
parallel and perpendicular to the direction of the molecular long axis,
respectively. Hence, we can apply curve fitting using Eq. (1) by a least squares

method to obtain the polarization direction of the maximum absorbance [3].

due to the ring stretching mode of the
benzene and naphthalene rings during the
electric-field-induced switching of FLC-3 in

the Sm-C* phase at 117 °C at a rectangular
Here we describe the switching dynamics of the ferroelectric liquid crystal

molecule. During the electric-field induced switching, the electric torque /=PxE
(P is the total polarization of the FLC) plays two roles: (i) to make the
molecule revolve around its own axis and (ii) to make the molecule rotate

electric field of =20V with 5kHz repetition
rate for the delay times from 0.5 to 30.5 us

with an interval of 2 us.

around the tilt cone [1,4]. Therefore, the equation for the molecular motion in » Mﬁli -
the ferroelectric phase can be written as follows: e — i
do(t . e, \ .
1, 280 P, (S)E, sinpt0) 3)  a—e——
o L\ ———
-8 \m‘:‘% —ns
dy(t . » = e
O (9, (phino) +C(SNp0-200) () ——

where 7, 7, is the rotational viscosity with respect to ¢, 7, Ps(S), Py (S) is
the spontaneous polarization depending on S, E,, E/(9) is the applied electric
field, and C(S) is the constraint constant, respectively.

FIG. 4. Aof) vs delay time for representative
infrared bands of FLC-3 in the Sm-C * phase

3 Results and discussion

The plot of the absorbance for the band at 1602 cm™ versus the polarization angle w at all the delay times is presented
Fig. 3. Each symbol represents the measurement data, and the lines represent the results of the curve-fitting [3]. The
angle w=A(f), which corresponds to the absorption maximum in the polarization angles, means the orientation projection
direction of the molecular long axis in the cell window. Figure 3 reveals that the maximum and minimum absorbance
changes for the delay times at 12.5 s and 14.5 s are different from those for other delay times. In this case, it can be
seen from Fig. 2 that the orientation of the FLC molecules at the delay times of 12.5 s and 14.5 us makes a larger
inclination than that at other delay times with respect to the plane of the cell window. These experimental results suggest
that the molecules of the FLC rotate on the orbit of the cone. ‘

To analyze the changes in the direction of the molecular long axis with the delay time, So(?) for the representative
bands was calculated and shown in Fig. 4. One can observe that fo(?) is very similar for the bands at 1602, 1524, 1496,
1274, 1262, 1188, 1146, and 1066 cm™ at different delay times. This reveals that the core moiety of the FLC molecule
retains a rod-shape conformation during the electric-field-induced switching. fo(?) of the bands at 1736 and 1715 cm’”
exhibits a large deviation from those of other bands e.g. the bands at 1602 and 1188 cm™. This is due to the hindered
rotation of the C=0 groups. Moreover, it can be seen from Fig.4 that By(f) for all selected bands switches symmetrically

from a positive angleto a negative angle. These results reveal that the FLC molecule not only rotates around the layer
normal but also revolves around its own long axis.

References

[1]S.T. Lagerwall, Ferroelectric and Antiferroelectric Liquid Crystals (Wiley-VCH, Weiheim, 1999), p.169.

[2] K. Masutani, K. Numahata, K.Nishimura, S. Ochiai, Y. Nagasaki, N. Katayama, and Y. Ozaki, Appl. Spectrosc. 53, 588 (1999).
[3] Zhao, J. G; Yoshihara, T.; Siesler, H. W.; Ozaki, Y. Phys. Rev. E 64, 031704-1 (2001).

[4] Zhao, J. G; Yoshihara, T.; Siesler, H. W.; Ozaki, Y. Phys. Rev. E 65, 021710-1 (2002).

- 967 —



