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Ferroelectric properties of a perfluoroalkyl substituted two-ring benzoate doped with a chiral additive
have been studied and compared with those of well-known alkyl substituted benzoate. A study of
weakly polar three-ring ester derivatives has revealed their applicability as the components of ferroe-
lectric liquid crystal materials for display applications. The results of this work are discussed in terms
of the structure-property relationships.
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1. INTRODUCTION

An ester group is one of the most important linkages as constituents of the liquid
crystalline core.!!!> The introduction of the ester group increases the flexibility
and polarity of the molecular core. It has been shown that the dissymetrical struc-
ture of the ester group significantly affects the thermal efficiency of both substit-
uents attached to the group.(HS) In other words, the replacement of the
substituents, for example alkyl groups by perfluoroalkyl ones, leads to a suffi-
cient change in the molecular structure of ester derivatives with the correspond-
ing significant change in liquid crystalline propcnies.(17'24)

Over the past two decades there has been shown much interest in the design
and synthesis of liquid crystalline perfluoroalkyl substituted ester derivatives
owing to their promising physico-chemical and electro-optical properties.(!7-24

* Author for correspondence. Present address: LC Works, 6/68 Brinsley Road, Camberwell, VIC.
3124, Australia.

97



Downloaded by [University of California, San Diego] at 02:46 16 August 2012

98 VLADIMIR F. PETROV et al.

As a part of our systematic study of the structure-property relations in liquid
crystals {see, for example our previous publications which discuss the effects of
perfluoroalkylation in one-ring ester derivatives 123}, we present here our
results on the study of the ferroelectric properties of a perfluoroalkyl substituted
two-ring benzoate doped with a chiral additive. These results have been com-
pared with those of well-known alkyl substituted benzoate. Also, three-ring ester
alkyl-alkoxy derivatives have been studied for the estimation of their applicabil-
ity as the components of ferroelectric liquid crystal materials for display applica-
tions.

2. PHYSICO - CHEMICAL AND ELECTRO-OPTICAL PROPERTIES

The phase transition temperatures of two-ring perfluoroalkyl substituted ben-
zoate, alkyl substituted reference compounds and three-ring ester derivatives are
summarized in table I, where Cr, SmA, SmC, N and I are the crystalline, smectic
A, smectic C, nematic and isotropic phase, respectively.

It is evident from table I that the perfluoroalkylation of two-ring benzoate low-
ers the melting point (crystal — smectic A phase transition), introduces an addi-
tional smectic C phase and increases the clearing point (smectic A — isotropic
phase transition) {compounds 1 and 2}.

In order to estimate the tilt angle ® and the rotational viscosity Yo Of
compound 1 and reference compound 3, each of them was doped with 10 wt %
of a chiral dopant(zg):

(27,28)

Chiral dopant CH, CH,
| |
H—*C— ooccoo— C*—H Cri9l
| |
C4Hg C4H9

which does not change these parameters.(m) The tilt angle (of the mixture based
on perfluoroalkyl derivative) and the rotational viscosity of these two binary
mixtures have been measured according to the methods described in refer-
ences.?”?®) The temperature dependence of ® and ¥ of compound 1 doped with
a chiral additive on cooling from the isotropic phase are shown in figure 1. The
rotational viscosity shows decreasing behavior with increasing the temperature.
This is a usual situation which has been observed for many other ferroelectric
liquid crystals.(31'32) While the tilt angle is almost independent on the tempera-
ture {which is very important for ferroelectric display applications(3]'32’} and
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exhibits a jump near the smectic A-smectic C phase transition. These indicate the
first order of the SmA — SmC phase transition. It is rather seldom seen for this
type of phase transitions: usually the smectic A -smectic C phase transition is the
second order one.®!32) Ag can be seen in figure 2, the mixture based on com-
pound 1 is more viscous than the corresponding mixture based on compound 3.
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FIGURE 1 Temperature dependence of the tilt angle © (curve 1) and the rotational viscosity Yo (curve
2) in the smectic C" phase of compound 1 doped with a chiral additive on cooling from the isotropic
phase

The thermal data collated in table I reveals that the hexyloxy homologue of
three-ring ester derivative exhibits higher phase transition temperatures in com-
parison with those of the corresponding two-ring derivative (compounds 3 and
4). While changing the orientation of ester groups significantly affects the meso-
morphic properties of the ester derivatives (considering compounds with the
same terminal substituents, compounds 4, 6, 8, 10; 5, 7, 9, 11, table I). It is con-
venient to express the influence of the orientation of ester linking groups (A-B)
on the mesomorphic properties of three-ring derivatives by the following orders
of increasing the clearing point (T) {nematic — isotropic phase transition tem-
perature}, smectic A thermostability (Tg,,5) {smectic A — nematic phase transi-
tion temperature}, smectic C thermostability (Tgp,c) {smectic C — smectic A or
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smectic C — nematic phase transition temperature}, smectic C range (AT), and
melting point (T,;) {crystal — smectic C phase phase transition temperature}:

List of systems

Z=0C¢H; Ta = A-B: CO0-00C < COO-COO0 < 00C-00C < 00C-CO0
Tsma = A-B: 00C-00C < COO-COO < 0OC-COO
Tsme = A-B: COO-00C < 00C-00C < COO-COO < 0OC-COO
AT = A-B: CO0O-00C < O0C-COO < COO-COO0 < 00C-COO
T, > A-B:COO-COO < 00C-00C < COO-00C < 00C-COO
d/L = A-B: 00C-COO < COO-COO0 < 00C-00C

Z=CgHj; Ty = A-B: COO-COO = 00C-COO < 00C-00C < CO0-00C

Tsma = A-B: CO0-COO < 00C-COO

Teme £ A-B: 00C-00C < COO-CO0 < CO0-00C < 00C-CO0
AT = A-B: COO-00C < 00C-00C < COO-CO0 < 00C-CO0
T, = A-B: COO-COO < 00C-00C < CO0O-00C < 00C-COO

d/L =) A-B: 00C-COO < COO-CO0 < 0O0C-00C

These results and the phase transition temperatures of compounds 4-11 reveal
that the following combination of two ester groups A-B: O0C-COO, which are
introduced into the core, gives the highest clearing point, smectic A and smectic
C thermostabilities, melting point and broadest smectic C range among the hexy-
loxy substituted derivatives. While COO-OOC combination results in the lowest
clearing temperature, smectic A and C thermostabilities and narrowest smectic C
range. The lowest melting temperature is achieved in the COO-COO combina-
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tion. These changes in the mesomorphic properties correspond to the changes of
the ratio d / L and the character of the temperature dependence of the parameter
dB% (where d is the layer spacing obtained from X-ray diffraction measurements
and L is the molecular length, see table | and list of systems), with the lowest
and highest values observed for the liquid crystals which have OOC-COO and
OOC-0O0C combinations of linking groups, respectively. It is important to note
that three-ring hexyloxy substituted ester derivatives 4, 6, 8 exhibit the ratios d /
L < 1 which mean the monolayer arrangements of their smectic phases.

801
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AT, °C

FIGURE 2 Rotational viscosity of the mixtures based on compound 1 (curve 1) and compound 3
(curve 2) in dependence on the distance from the phase transition temperature SmA-SmC:

AT = Tsma-smC ~ Treas

The replacement of the hexyloxy group by a hexyl group significantly lowers
the phase transition temperatures of three-ring ester derivatives (compounds 4
and 5, 6 and 7, 8 and 9, 10 and 11) and leads to the different orders of increasing
Te, Tsmas Tsme and maintains the same orders of increasing AT and T, It is
evident from table I and list of systems that the influence of the orientation of
ester groups on the clearing points (nematic-isotropic phase transition tempera-
tures) of the hexyl substituted derivatives is less pronounced in comparison with
that of the corresponding hexyloxy substituted derivatives.
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The ratios d / L collated in table I reveal that the replacement of the hexyloxy
group by a hexyl one in the three-ring ester derivatives increases the d / L values
and maintains the monolayer arrangement of the smectic phases (compounds 4
and 5, 6 and 7, 8 and 9). It has been shown that the character of the temperature
dependence of the layer spacing d is strongly influenced by the orientation of
ester linking groups of the hexyl substitued ester derivatives,? while the values
of the ratio d / L follow the same order in the dependence on the orientation of
ester groups which has been observed for the corresponding hexyloxy substituted
ester derivatives (see list of systems).

These achiral three-ring ester derivatives exhibiting smectic C phase and previ-
ously discussed two-ring perfluoroalkyl substituted benzoate can be used as the
components of ferroelectric liquid crystal material for display applications. Here
it is an example of such material comprising compounds 1, 3, 4 and 5:

Ferroelectric liquid crystal material Content, wt %

OC¢H )3 11.39

OCgH, 11.39

COOCH,C,Fs 15.94

OCeH 3 7.29

coo—)—
-
coo—)— ocyy s
coo—)—
ava
ava

coo—@— CeHis 7.06

CH; CH;

H— *lc— ooc— )~ )~ )— coo— ‘c*—- H 1732
o it
al a

H— *l: — 00— )< ) )— coo— IC*— H 14381
e e,

This material exhibits the following phase transition temperatures (°C): Cr 4
SmC* 53 SmA 90 I. Low melting and wide temperature range of the chiral smec-
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tic C* phase and the values of the spontaneous polarization, rotational viscosity,
tilt angle and electro-optical response time of this mixture (figures 3, 4) make it

to be very suitable for display applications.(31'32)
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FIGURE 3 Temperature dependence of the spontaneous polarization Ps (curve 1) and the rotational
viscosity Y, (curve 2) of the liquid crystal material

3. CONCLUSION

The studies of the ferroelectric properties of achiral perfluoroalkyl substituted
benzoate doped with a chiral additive and the liquid crystal material comprising
this benzoate derivative and three-ring achiral ester derivatives have been per-
formed, with attempts to correlate the molecular level parameters with the
observed properties. The information here presented may lead to a better under-
standing of the nature of liquid crystals.
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time Ty 1_g g at the electric field tension 10 Vum (curve 2) of the liquid crystal material
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