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

On: 22 August 2012, At: 09:22

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

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

New FLC Compounds with
High Optical Anisotropy and
the Compositions Based Upon
Them

V. Lapanik # , V. Bezborodov # , A. Minko # & W.
Haase "
% Institute of Applied Physics Problems, Belarus

® Darmstadt University of Technology, Darmstadt,
Germany

Version of record first published: 31 Aug 2006

To cite this article: V. Lapanik, V. Bezborodov, A. Minko & W. Haase (2005): New FLC
Compounds with High Optical Anisotropy and the Compositions Based Upon Them,
Molecular Crystals and Liquid Crystals, 439:1, 79/[1945]-84/[1950]

To link to this article: http://dx.doi.org/10.1080/15421400590954911

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



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400590954911
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 09:22 22 August 2012

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.




Downloaded by [University of California, San Diego] at 09:22 22 August 2012

Taylor & Francis

Taylor & Francis Group

Copyright © Taylor & Francis Inc.
ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421400590954911

Mol. Cryst. Lig. Cryst., Vol. 439, pp. 79/[1945]-84/[1950], 2005

New FLC Compounds with High Optical Anisotropy and
the Compositions Based Upon Them
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Continuing our interest in the ferroelectric liquid crystalline materials for display
applications we have synthesized new chiral aryl esters of 4-alkyl-3-methylbiphenyl-
4'-carboxylic acids. Using different percentage of these compounds and aryl esters of
4-alkyl-3-chlorobiphenyl-4'-carboxylic acids we have designed the FLC mixtures with
values of spontaneous polarization from 30 to 170nC/ em?, tilt angle from 20° to 40°,
helical pitch (>0.2 um) and the constant value of the optical anisotropy (~0.35).
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INTRODUCTION

We have shown that chiral aryl esters of 4-alkyl-3-chlorobiphenyl-4'-
carboxylic acids and optically active chlorine lateral substituted
terphenyls form smectic C phase at low temperature and over wide
temperature ranges [1-4]. In continuation of these investigations
and in an attempt to obtain new promising components of the fero-
electric liquid crystalline materials for display applications we have
synthesized new chiral aryl esters of 4-alkyl-3-methylbiphenyl-4'-
carboxylic acids (Ia-d), investigated their mesomorphic properties
and physical and electrooptical properties of the FLC compositions
based upon them.
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RESULTS AND DISCUSSION

The esters (1a-d) (see Table 1) were synthesized by the interaction of
4-alkyl-3-methylbiphenyl-4’ -carboxylic acid (2) with the correspond-
ing chiral 4-substituted phenols in the presence of dicyclohexyl-carbo-
diimide (DCC) and 4-dimethylaminopyridine as catalyst. For the
preparation of acids (2) we used the synthetic pathway (see the scheme
below) based on the transformation of 3-biphenyl-6-alkylcyclohex-
2-enones (3), which are formed in high yield (75-80%) by Michael con-
densation of appropriate Mannich salt with ethyl 2-alkylacetoacetic
ester [4,5].

HLC

a,b,c,d
2n+1Cn H2n+l nwOOH

a.CH;MgJ; b.J>, isoPrOH; ¢.CH;COCI, AICL;; d.NaOBr

As can be seen from the Table, the compounds (1a,c,d) are strongly
smectogenic compounds forming smectic A and smectic C phases at
low temperatures. It should be noted that the ester (1b) does not form
mesophases.

TABLE 1 Transition Temperatures of Esters (1)

H,C

H,,.,C, coo—(<i>)p<i%comzv

Transition temperatures/°C

Sm Sm
N n p R Cr C A N I
a 5 0 CHyCH(CH3)C;Hs; o 27 ° 66 . 80 e 88 e
b 10 0 CH(CH3)CgH;s . - - - 34 e
C 10 1 CH(CHg)Cngg o 44 ] 107 L[] - 140 ]
d 10 1 CH,CH(CH3)C,Hs; e 68 ° 129 . 195 e 200 o
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FIGURE 1 Temperature dependence of the tilt angle of (1a) the analogous
chloroderivative.

Investigations of the electro-optical properties of compounds (1a-d)
have shown their main advantages in comparison with the analogous
esters of 4-alkyl-3-chlorobiphenyl-4’ -carboxylic acids [1,2]. The spon-
taneous polarization and tilt angle of these compounds are not so high
and vary from 80 t0140nC/cm?® and from 20° to 36° dependent upon
the chemical structures of the compounds (see Figs. 1 and 2). However,
it was found that methyl lateral substituted esters (la-d) allow
the temperature transition from crystal to smectic C phase to be essen-
tially decreased, and also to increase the spontaneous polarization of
the FLC mixtures without significant changes in other parameters.
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FIGURE 2 Temperature dependence of the spontaneous polarization of (1a)
and the analogous chloroderivative.
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Taking this into account and also that four ring esters (1b-d) are
characterized by high birefringence, we have developed high optical
anisotropy FLC mixtures based upon them and the corresponding
chloroderivatives We reported before [1], that the chiral aryl esters
of 4-alkyl-3-chlorobiphenyl-4’ -carboxylic acids form smectic C phase
in the temperature range 70-140°C, have a tilt angle 44° and are
promising components of FLC mixtures.

Detailed investigations of the electro-optical properties of prepared
FLC mixtures and the data presented in Tables 2 and 3, Figs. 3 and 4
show, that using different percentage of the components, the FL.C mix-
tures with a wide temperature range of Sm C phase <20 — +83°C,
value of spontaneous polarization from 30 to 170 nC/cm?, tilt angle
from 20° to 40°, helical pitch (>0.2 um) and the constant value of the
optical anisotropy (~0.35) can be prepared.

TABLE 2 Physical Parameters of the FLC-Mixtures with High Optical
Anisotropy

SmC* Operating Spontaneous
temperature voltage polarization
Mixture range (°C) (V/micrometer) (nC/cm?) Tilt angle An
LBHS-9 20 < — +69 10 173 35,8 0.245
LBHS-12 20 < — +85 10 55 31,5 0.335
LBHS-13 20 < — 472 10 147 29,2 0.335
LBHS-17 ~20 - +73 10 75 36,9 0.335
LBHS-19 20 < — +83 10 82 30,2 0.34

TABLE 3 The Influence of the Chemical Structures of Compounds on the
Main Parameters of FLC-Mixtures

Tilt
Compound An angle Ps TCr»SmC TSmC-SmA

T 7 = = 7
HmClOOCOOCH(CH} )CH, s
a
Hﬂc‘oocoocu(cm)cbuu T _ | | ;
H,C
H13C600~©7 COOCH,CH(CH,)C,H,  _ 1 _ ! _

Cl
Cl

H,;C,CH(CH,)0 —Q*COOCOOCH(CHA)QH” = T 1 1 =
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FIGURE 3 Temperature dependence of the spontaneous polarization of the
FLC mixtures.

It should be noted that we have prepared the mixtures with a wide
temperature range of the SmC*-phase, low melting point and high
switching angle using only two compounds.

These results reveal that the effect on the parameters of the mix-
tures strongly depends on the chemical structures and content of their
components and that the chiral aryl esters of methyl or chlorobiphe-
nylcarboxylic acids or analogous of them compounds are the favorable
for preparation of FLC mixtures with a wide temperature range of Sm
C phase and high optical anisotropy.
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FIGURE 4 Temperature dependence of the tilt angle of the FLC mixtures.
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We are going to synthesize other structurally similar LC compounds
to assess their ability to generate the Sm C phase at low temperature
and in a wide temperature range. We hope that the new results of our
investigations may lead to better understanding of the nature of the
ferroelectric liquid crystals and their use for display applications.

EXPERIMENTAL

The structures of the prepared compounds were confirmed by 'H-NMR
and mass spectroscopy. Phase transition temperatures were measured
using a Linkam heating stage having a polarizing PZO microscope and
also using a Setaram DSC 92.

Electro-optic studies were performed in the glass cells supplied
with ITO electrodes (with the receptivity 150 Ohm/cm?) and SiO,
insulating layers 170 nm thick. Aligning layers (nylon 6, 130 nm) were
spinned and unidirectionally rubbed. The thickness of the cells was
about 1.9 pm and measured in each case interferometrically. During
electro-optic measurements the temperature of the cells was con-
trolled with the accuracy 0.3°C and the gradients across the sample
did not exceed 1°.

The intermediates, 4-alkyl-3-methylbiphenyl-4’ -carboxylic acid (2),
3-biphenyl-6-alkylcyclohex-2-enones (3) and the final esters (la-d)
were prepared according to published methods [1-6].
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