This article was downloaded by: [University of Haifa Library]

On: 17 August 2012, At: 19:32

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

Structure and Switching in
Bent-Shaped Molecular Liquid
Crystal Systems with Two
Mesogenic Groups Linked by
Alkylene Spacer

Suk-Won Choi # , Masahito Zennyoji ® , Yoichi
Takanishi ® , Hideo Takezoe ? , Teruki Niori ® & Junji
Watanabe °

# Department of Organic and Polymeric Materials,
Tokyo Institute of Technology, O-okayama, Meguro-
ku, Tokyo, 152-8552, Japan

b Department of Polymer Chemistry, Tokyo Institute
of Technology, O-okayama, Meguro-ku, Tokyo,
152-8552, Japan

Version of record first published: 24 Sep 2006

To cite this article: Suk-Won Choi, Masahito Zennyoji, Yoichi Takanishi, Hideo
Takezoe, Teruki Niori & Junji Watanabe (1999): Structure and Switching in Bent-
Shaped Molecular Liquid Crystal Systems with Two Mesogenic Groups Linked by
Alkylene Spacer, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 328:1, 185-192

To link to this article: http://dx.doi.org/10.1080/10587259908026058



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908026058

Downloaded by [University of Haifa Library] at 19:32 17 August 2012

PLEASE SCROLL DOWN FOR ARTICLE

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 Haifa Library] at 19:32 17 August 2012

Mol. Cryst. Lig. Cryst., 1999, Vol. 328, pp. 185-192 © 1999 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.

Printed in Malaysia

Structure and Switching in Bent-Shaped
Molecular Liquid Crystal
Systems with Two Mesogenic Groups Linked by
Alkylene Spacer

SUK-WON CHOI*, MASAHITO ZENNYOII?, YOICHI TAKANISHI?,
HIDEO TAKEZOE?, TERUKI NIORI® and JUNJI WATANABE

2Department of Organic and Polymeric Materials, Tokyo Institute of Technology,
O-okayama, Meguro-ku, Tokyo 152-8552, Japan and bDepartmem‘ of Polymer
Chemistry, Tokyo Institute of Technology, O-okayama, Meguro-ku,
Tokyo 152-8552, Japan

Structure and switching behavior were studied in liquid crystals consisting of bent-shaped
molecules with the linkage of an alkylene spacer, m(O)AMnAM(O)m, where m and n are car-
bon numbers of end and spacer chains, respectively. All the compounds exhibit a fan-shaped
texture without a fringe structure in their smectic phase, different from the texture of conven-
tional bent (banana)-shaped liquid crystals. In 122AMSAMI12, two switching current peaks
indicating the antiferroelectric phase were observed. The spontaneous polarization was about
600 nC/cm?. The color change due to the birefringence change is associated with the switch-
ing, though the extinction direction between crossed polarizers remains the same. This
clearly proves that the bent-molecules do not tilt with respect to the layer normal. In the die-
lectric measurements, there exist two relaxations at 600 kHz and below 100 Hz and they are
suppressed by a biased voltage. Structure and switching in the other systems, SOAMSAMOS,
are also described briefly.

Keywords: bent-shaped molecule; antiferroelectricity; frustrated layer structure; switching
current; dielectric constant

INTRODUCTION

Recently, ferroelectric/antiferroelectric switching was observed in achiral
bent-shaped molecular systems(!.2], The linkage of two mesogens in these
compounds is 1,3-dihydroxybenzene. In this paper, we report the switching

characteristics of the liquid crystals consisting of bent-shaped molecules
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with the linkage of an alkylene spacer, m(O)AMrAM(O)m, where m and n
are carbon numbers of end and spacer chains, respectively. These liquid
crystal systems are interesting, since several phases with single layer,
double layer, frustrated layer structures are realized depending on the
choice of m and n, as shown in Fig. 1131, The number of the spacer carbon
n must be odd to realize the herring-bone structure, otherwise the SmA
and/or SmC phases arise. In the compounds with m smaller than or
comparable to n, the single layer structure appears, while the double layer
structure appears in the compounds with a larger m compared with n. In
between, the frustrated layer structure is realized.
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FIGURE 1 (a)~(d) Four smectic layer structures realized in bent-shaped
molecular systems and (e) the phases exhibited in mOAMSAMOm.
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In the following, the structure and switching of these materials are
reported base on the experiments such as texture observation, switching
current, dielectric and x-ray measurements.

EXPERIMENTAL

The sample used were achiral bent-shaped molecules, in which two
mesogens are linked by an alkylene spacer, as shown in Fig. 2. The phases
and the transition temperatures were also shown in the figure. The
materials were sandwiched between two glass plates covered with ITO for
the dielectric and electrooptic measurements. The glass plates were not
coated with any polyimide nor rubbed, so that molecules were aligned
almost homogeneously but randomly.

oot
N=C

mAMnPAMm (R :C mH om41)
mMOAMNPAMOm (R : OCpy H 2m+1)

12AM5AM12 105.1°C 107.2°C
(m=12,n=5) Cryst =— Smectic +FT=—=Is0
89.9°C  (double layer) 104°C

80AM5AMOB 108.1°C _ 133.5°C
(m=8,n=5) Cryst =—== Smectic = Iso

97°C  (frustrated layer) 128.6°C

FIGURE 2 Chemical structure of the bent-shaped molecules used.

The anisotropy of the refractive indices, birefringence, was determined
by analyzing the color, namely the transmittance spectra of the cell set
between crossed polarizers. Switching current was observed by applying a
triangular voltage wave. Dielectric response was measured with an
oscillation field of 5 mVpp~ 1.1 Vp, with or without a bias field using an
impedance analyzer (HP, LF4192A).
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RESULTS AND DISCUSSION

First of all, it was confirmed that the compounds exhibit a fan-shaped
texture without a fringe structure in their smectic phase, different from the
texture of conventional bent-shaped liquid crystals/4.5]. Figures 3(a) and
3(b} show the optical micrographs of (a) 12ZAMS5AMI12 and (b)
80AMSAMOS, respectively, in the presence and the absence of an electric
field. Two observations should be made. (1) The birefringence color
changes by applying an electric field. The birefringence in the absence of
the field was determined to be 0.244 (12AMS5AMI12) and 0.297
(8OAMSAMOS), which are smaller than that under the field, 0.262
(12AMS5AM12) and 0.337 (80AMSAMORB), respectively. (2) The dark
position remains as is by applying a field, indicating that the extinction
direction does not change. This fact indicates that the bent-shaped
molecules do not tilt with respect to the layer normal, contrary to the
conventional bent-shaped molecular systems!6].

(a) 12AM5AM12 (b) BOAM5AMOS

E =4.3V/mm

FIGURE 3 Optical micrographs of (a) 12AMSAMI12 and (b)
80OAMSAMOS in the presence and the absence of an electric ficld.
See color plate VI at the back of this issue.
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12AMSAMI2 clearly exhibits two switching current peaks (Fig. 4(a)),
as already reported!’], while 8OAMSAMOS shows a broad single peak, as
shown in Fig. 4(b). The spontaneous polarization in 12AM5AMI2 is very
large, about 600 nC/cm? almost independent of temperature. According to
the x-ray diffraction experiment, the layer spacing of 12AM5AMI2 is
52.24 A. This layer spacing and the two switching current peaks suggest
the double-layered antiferroelectric structure, as shown in Fig. 1(c). Based
on these observation, the orientational change shown in Fig. 5 could be
imagined in 122AMS5AM 12 under the application of an electric field.
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FIGURE 4 Switching current measured in (a) 12AM5AMI2 and (b)

80AMSAMOS.

In contrast, the powder diffraction pattern of 8OAMSAMOS8 shows two

peaks at 22.87 A and 35.76 A corresponding to (002) and (101) planes,
suggesting the frustrated layer structure shown in Fig. 1(d). The lattice
constants are a = 54.98 A and ¢ = 45.74 A. Since the molecular distance is
about 4.5 A, six molecules form a cluster at each lattice point in the two-
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FIGURE 5 Structure of 12AMSAMI12 without an electric field and
switching by applying +V.

dimensional (a-c plane) lattice. In the frustrated structure, the tip direction
of the molecules was found to be perpendicular to the two-dimensional
lattice by the following two experimental results; (1) x-ray measurements
irradiated from the substrate normal of a monodomain planar cell exhibit
(002) and (101) diffractions only when an electric field was applied, and
(2) the large birefringence under the field assures that the tip of the
molecules is perpendicular to the glass surface. This frustrated layer
structure shown in Fig. 1(d) is the same as that in main-chain polymer
liquid crystals!8]. It was found that the switching current observed in Fig.
4(b) could not be attributed to a ferroelectric switching according to optical
second-harmonic generation experiments. The details will be published
elsewhere.

Figure 6 shows the frequency dispersion of the dielectric constants at
95°C in a 13 pm thick cell of 12AMS5AMI2 (a) without a bias field and (b)
under a bias field of 2.5 V/um. Two relaxations at about 600 kHz and
below 100 Hz are clearly observed in Fig. 6(a) and they are suppressed by
the biased field. The lower frequency mode is observable only in the
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FIGURE 6 Frequency dispersion of the dielectric constant and loss in
12AMSAMI12 at 95°C (a) without a bias field and (b) under a bias field of

2.5 V/pm.
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FIGURE 7 Temperature dependence of the dielectric constant and loss at 1
kHz in 12AMSAMI2.
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smectic phase but not in the isotropic and the crystalline phases, as shown
in Fig. 7, where the dielectric constant and loss at 1 kHz are plotted as a
function of temperature. Hence, this relaxation must be attributed to the
antiferroelectric phase. The dielectric behavior is not clear at this stage.

CONCLUSION

The texture observation, the polarization current and the dielectric
measurements were made in liquid crystals consisting of bent-shaped
molecules with the linkage of an alkylene spacer to clarify the structure and
the switching under an electric field. Two compounds used, 12AM5AM12
and 8OAMS5AMOS, exhibit a fan-shaped texture without a fringe structure
in their smectic phase, different from the texture of conventional bent-
shaped liquid crystals. The color of the texture changes by applying an
electric field, though the extinction direction between crossed polarizers
remains the same. Therefore, the bent-molecules do not tilt with respect to
the layer normal. Two and one switching current peaks were observed in
12AM5AM 12 and 8OAMSAMOS, respectively, being attributed to the
antiferroelectric and some nonferroelectric switchings. Two dielectric
relaxations at 600 kHz and below 100 Hz were observed and were
suppressed by a biased voltage in 12AMSAMI2.
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