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Lateral substitution in nematic systems
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Samsung Electronics, Suwon P.O. Box 37, 449-900 Korea

(Received 9 August 1996, in final form 13 June 1997; accepted 19 June 1997 )

Lateral substitution of mesogenic systems is shown to produce a great diversity of new liquid
crystalline structures. The effect of such structural changes on the physico-chemical and
electro-optical properties of laterally substituted nematic systems is discussed and compared

with that of their unsubstituted analogues.

1. Introduction

Understanding the structure—property relations existing
in liquid crystals continues to provide a considerable
research challenge. It has been shown that even small
structural changes of the molecules forming liquid
crystals lead to the considerable changes of their
physico-chemical and electro-optical properties [1-8].
One of the useful methods for the creation of new liquid
crystalline (LC) structures with desirable characteristics
is the lateral substitution of the molecular core by the
alkyl, alkoxy, alkenyl, halogen, cyano, and other groups
[1-3,6-29]. The effect of lateral substitution on the
physico-chemical and electro-optical properties of many
nematic systems has been considered in past decades
[1-3,6-8,13].

The present paper is not intended to be an updated
comprehensive collection of laterally substituted nematic
systems data. Rather, it will emphasize two major prob-
lems of the field. First, the structure—property relations
existing in laterally substituted nematic systems will be
critically discussed, underlining additional data explain-
ing the experimental results. Second, a number of trends
which seem to be emerging as basic principles of receiving
laterally substituted liquid crystals with the desirable
characteristics will be discussed, with the hope of raising
additional research interest in this area.

2. Mesomorphic properties
The effect of lateral substitution on the mesomorphic
properties of a compound has been found to be difficult

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

to rationalize [1-3,30-33]. It is therefore the purpose
of this section to define what relations can be established
for laterally substituted nematic systems, even though
these may be empirical.

2.1. Lateral substitution of the 1,4-phenylene fragment
2.1.1. Effect of the type of laterial substituents on the
mesomorphic properties

Among all known molecular fragments incorporated
into the core of LC molecules, the 1,4-phenylene
fragment is the most useful for lateral substitution
[1-3,6-8, 11-15, 18-20, 22-25, 27, 29]. Since most later-
ally substituted two-ring compounds are not mesomorphic
or possess monotropic phase transitions [34-39], it
would be better to consider the effects of lateral sub-
stitution of the 1,4-phenylene fragment incorporated into
the molecular core of mostly three- and four-ring
compounds.

The nature of lateral substituents has important
implications on both the type of mesophase formed and
phase transition temperatures. Among all known lateral
substituents, the fluorine atom is the most useful owing
to its small size leading to the least possible disruption
of the lath-like nature of a laterally fluoro-substituted
molecule with the simultaneous modification of'its dipole
moment [40,41]. These features can be favourable for
achieving desirable physico-chemical and electro-optical
properties of liquid crystals and are illustrated by the
following examples.

Tables 1-3 show the effect of the introduction of the
different lateral substituents in the 1,4-phenylene frag-
ment of the molecular core of liquid crystals on their
mesomorphic properties (compounds 1-1-1-6; 1-7, 1-8;

0267-8292/97 $12:00 © 1997 Taylor & Francis Ltd.
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Table 1. Mesomorphic properties of liquid crystals:

HitCs{_ >COOQCN a
=X

No X Y Phase transitions/°C Reference
1-1 H H Cr;82Cr; 111-5N2261 [52]
1-2 F H Cr90N1951 [22]
1-3 Cl H Cr88N1471 [22]
1-4 Br H Crl102N128I [22]
1-5 CH; H Cr83N1351 [22]
1-6 CN H Cr85-:2N143-91 [53]
1-7 H F Cr97N2171 [54]
1-8 H CN Crl132-2N178-71 [53]

Table 2. Mesomorphic properties of liquid crystals:

e Dooo L Yewmn

No X Y Phase transitions/°C Reference
2-1 H H Cr123Sm136N1841 [9]
2-2 CH; H Cr44N1281 [9]
2-3 OCHj; H Cr48Sm74N941 [9]
2-4 C,Hs H Cr47N671 [9]
2-5 Cl H Cr54Sm110N1291 [9]
2-6 H CH; Cr68N821 [9]

2-1-2-5, 2-6; 3-1-3-3; 3-4, 3-5). As can be seen from
these tables, lateral substitution of the 1,4-phenylene
fragment incorporated into the molecular core of the
given LC structures leads to a decrease in the phase
transition temperatures: crystal-nematic (smectic) [in
some cases], smectic-nematic, and nematic—isotropic
liquid in varying degrees depending on the type of lateral
substituent.

It is useful to express the influence of the type of
lateral substituents X on the mesomorphic properties of
liquid crystals by the orders of increasing clearing tem-
perature T¢ (nematic—isotropic liquid phase transition)
and nematic range AT (see tables 1 and 2) shown
overleaf. The results presented and data taken from the
literature [1-3,6-8,18,19,42-58] reveal that lateral
substitution of the 1,4-phenylene fragment of the molecu-
lar core of a liquid crystal by alkyl, alkoxy, alkenyl,
halogen, NH2, NO2, CN groups have a considerable
effect on their mesomorphic properties depending on
the LC structure and type of lateral substituent and
result in the reduction of the nematic thermostabilities,
and in most cases, the smectic thermostabilities due to
the lateral substituents broadening the molecule and
reducing intermolecular forces.

On the one hand, it has been shown that increasing
the length of a lateral alkyl chain correlated with its
van der Waals volume results in a decrease in the
clearing temperature of laterally substituted liquid crys-
tals [9, 57, 58], and it has been proposed that there is a
linear relationship between the phase transition tempera-
tures and the van der Waals volume of lateral substituents
X (F, CHj3, Cl, Br, NO,, I) for laterally 3'-substituted
4'-n-alkoxybiphenyl-4-carboxylic acids with the following
order of increasing clearing points [ 13]:

Ta— X: I<NO;<Br<CI<CH3;<F<H

On the other hand, the results received for the systems
I and IT make them difficult to follow that relationship
[18,47,44].

The influence of the type of lateral substituent on the
phase transition temperatures of laterally substituted
liquid crystals can be explained using the results of X-ray
diffraction investigations on the structure of the nematic
phase. The investigation of polar liquid crystals by X-ray

Table 3. Physico-chemical properties of liquid crystals 3-1-3-5.
No. Compound Phase transitions/°C di/A &lA /A &lA Reference
/N
3-1 H7C3O‘©‘@°2H5 Cr50-8Sm87-7N174-41 19-5 46 [19,62,63]
3-2 HoN N= S86N1271 217 110 [19,62,63]
H 7 N\
3-3 7C3<:>_FQ_(N}C2“5 Cr60-2N1451 197 38 [19,62,63]
GO
3-4 H15C7- N Cr67N98-11 202 33 29-3 60 [11,14]
\_, CN
3-5 H15C7 —N HO Cr102N139-5 28-8 122 [11,14]
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H11C5<:>—©COO-YQ§N (1) [22,52, 53] Y=H, T, X: Br<CH,<CN<CI<F<H

H9C4-<:>-COO)C(25H11

diffraction has revealed not only the existence of a layer
structure in the smectic phase of these compounds but
also periodic density fluctuations in the nematic phase
having a period d [59-62]. They involve swarms con-
taining tens to hundreds of molecules and are charac-
terized by a correlation length & defined directly from the
width of the diffraction peak. For the nematic phase of
some two-ring cyano derivatives it has been shown that
the ratio d/L, where L is a molecular length, is about
1-2-1-5[59-62]. Hence the period of the fluctuating layer
structure significantly exceeds a single molecular length,
and should be related to the size of the molecular dimer.
Such a dimer is formed by two polar molecules being
mutually antiparallel. Experimental values of the layer
structure of period d, for some other cyano derivatives
showed that ¢ depends on the molecular structure of
the polar liquid crystals and characterizes in particular
the degree of overlap of the molecular cores on dimer
formation [59-62].

Further X-ray diffraction study of the nematic phase
of polar liquid crystals revealed in some cases the simul-
taneous existence of two fluctuation layer structures with
incommensurate periods d; and d», where di<<L and
L <dr<2L [60-62].

For weakly polar compounds 3-1-3-3 (see table 3)
only the monomeric density wave was observed with a
characteristic period d; [ 19, 62, 63]. A somewhat unusual
situation has been observed for compound 3-2. The
length of its molecular agrees with that for 3-1 and 3-3,
but di is appreciably greater. Presumably, due to the
interaction with a neighbouring molecule (taking into
account the attraction and steric factors), the presence
of the lateral substituent NH> leads to a fluctuation
layered structure whose period is greater than the length
of an individual molecular as a result of a longitudinal
shift of neighbouring molecules relative to one another.
Compound 3-2 having the highest value of the cor-
relation length & can be considered the most smectogenic
(potentially) and compound 3-3 with a fluorine atom as
a lateral substituent is the least smectogenic among the
compounds 3-1-3-3 [62, 63].

It has been shown that the lateral hydroxy substitution
of the 1,4-phenylene fragment of 5,6,7,8-tetrahydro-

(In [9] Y=H, T,

AT  X: Br<CH;<CN<CI<F<H
X: C,H;<OCH,;<CH;<CI<H

AT X: (:1<(jzl_l5N OCH3<H<CH3

quinoline cyano derivatives results in increasing the
melting and clearing points compared to those of the
corresponding unsubstituted analogues (compounds 3-4
and 3-5, table 3) [ 11, 14]. This may well be due to the
enhanced axial molecular polarizability resulting from
delocalization of r-electrons caused by intramolecular
hydrogen bonding, which is possibly responsible for the
disappearance of the local smectic-like fluctuations of
the monomeric density wave observed from the X-ray
diffraction study of the structure of the nematic phase
[14]. Similar effects caused by intramolecular hydrogen
bonding have been found for other laterally hydroxy
substituted derivatives [ 11].

2.1.2. Influence of the position of lateral substituent in
the 1,4-phenylene fragment on the mesomorphic
properties

The data collated in tables 1, 2 and 4 reveal that the
position of the lateral substituent in the 1,4-phenylene
fragment incorporated into the molecular core of the
liquid crystals has a considerable effect on their meso-
morphic properties (compounds 1-1, 1-2 and 1-7, 1-6
and 1-8; 2-1, 2-2 and 2-6; 4-1, 4-2 and 4-3).

The introduction of a fluoro substituent in the ortho
or para positions to the terminal cyano group of
system (I) effectively reduces both the clearing and melting
points compared to those of the parent compound (com-
pounds 1-1, 1-2 and 1-7, table 1). This reduction of the
phase transition temperatures is more pronounced for
ortho substitution. In the case of lateral cyano substitu-
tion, again laterally ortho substituted liquid crystals
exhibit lower values of melting and clearing temperatures
(compounds 1-1, 1-6 and 1-8, table 1). Interestingly, para
substitution of the cyano group in system (I) even leads
to a higher melting point compared with its unsubstituted
analogue (compounds 1-1 and 1-8).

Both lateral methyl substitutions in the ortho or para
positions to the terminal pentyl group of system (II)
produce liquid crystals exhibiting only the nematic
phase with lower values of crystal-nematic and nematic—
isotropic liquid phase transition temperatures (compounds
2-2 and 2-6, table 2), and a broader nematic range
(compound 2-2) than the corresponding parent compound
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2-1. In this case, the reduction of the clearing and melting
points is more pronounced for compounds having lateral
para and ortho methyl substituents, respectively.

The phase transition temperatures for compounds
4-1,4-2,4-3 (see table 4) show how strongly the smectic
character of the parent compound 4-1 is reduced
(compound 4-2) or removed with increasing the nematic
range (compound 4-3) by lateral fluoro substitution. The
clearing temperatures for compounds 4-2 and 4-3 are
very similar and the lower smectic character of com-
pound 4-3 is associated with the C-F bond pointing
towards the nitrogen atom of the pyridin-2,5-diyl
fragment [65].

The influence of the position of the lateral fluoro
substituent in the 1,4-phenylene fragment incorporated

H11CsO—@coo@§N () [22,52-54] T,

ch4Ocoo)C(5H11 (In [9]

=N Y X

(III) [12, 68]

into the molecular core of the liquid crystalline systems
on their mesomorphic properties can be expressed by
orders of increasing clearing points and nematic ranges
depending on the lateral substituents X and Y intro-
duced into the 1,4-phenylene fragment (see tables 1, 2
and 4), as shown below.

These results show that the position of a lateral substi-
tuent in the 1,4-phenylene fragment has a strong influence
on the mesomorphic properties of a given system leading
in most cases to the reduction of the nematic and smectic
thermostabilities [ 1-3, 6-8, 34, 35, 42,43, 66—104].

Higher values of clearing points observed for some
2-fluoro substituted cyano derivatives compared to those
of their unsubstituted analogues were explained in terms
of molecular association [2, 54, 67, 71-77,96-991].

X-Y. F-H<H-F<H-H
AT X-Y.F-H<H-H<H-F

T. X-Y H-CH,<CH,-H<H-H
AT  X-¥ H-CH,<H-H<CH,-H

T. X-Y H-F<F-H<H-H
AT X-Y F-H<H-H<H-F

Table 4. Mesomorphic properties of liquid crystals 4-1-4-9.

No. Compound Phase transitions/°C Reference
41 oCa oy 0ot Cr87Sm142N2081 [64]
HgC & H
42 9 4@”@}‘@? s Cr94Sm138-8N179-81 [64]
H & H
43 904O*C,}-F©°C 3 Crd5-2N174-51 [12]
4-4 H11Cs{_)-c00_H—¢ Hon Crl109N237-51 [50]
CH3
45 H11C5©COOCN Cr98N 1461 [22]
CH3
46 H1105©COOgL‘3 Cr861 [25]
47 H11csOC2H4F Cr82N1211 [128]
F
48 H11C5<___>-02H4F Cr74-8N95:91 [35]
cl F
49 H11C5OC2H4F Cr14-7N471 [26]
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Table 5. Mesomorphic properties of liquid crystals:

HirCs{_ EB—QfooQYz av)

No X Y VA Phase transitions/°C Reference
5-1 H H CN Crl127N1921 [24]
5-2 F H CN Cr94N1671 [23]
5-3 F F CN Cr63N1421 [23]
5-4 H Cl CN Crl106N1171 [23]
5-5 Cl H CN Cr93N1091 [23]
5-6 Cl Cl CN Cr86l [23]
5-7 Cl F CN Cr59N741 [23]
5-8 F Cl CN Crl1051 [23]
5-9 H H NCS Cr131-1SmA145-7N1881 [29]
5-10 H F NCS Cri51Cr115-8SmA151-1N1781 [29]
5-11 F H NCS Crl104N163-51 [29]
5-12 F F NCS Cr49-4SmA110-7N155-41 [29]
5-13 H H F Cr;65-7Cr;70-4Cr75-:3SmA80-6N 1181 [29]
5-14 H F F Cr69-2SmA85N99-21 [29]
5-15 F H F Cr;55-5Cr61-6N80-31 [29]
5-16 F F F Cr50-1Sm(44-5)N70-51 [29]
5-17 H H OCF; Cr68-:9SmA138-11 [29]
5-18 F H OCF; Cr48-4SmA111N113-91 [29]
5-19 H H CF; Cr;71-5Cr;75Cr89-5SmA135-21 [29]
5-20 F H CF; Cr74-4SmA102-81 [29]

2.1.3. Influence of the quantity of lateral substituents and
their positions in the molecular core of liquid
crystals on their mesomorphic properties

As mentioned above, the position of the lateral sub-
stituent in the 1,4-phenylene fragment of the molecular
core of liquid crystals has a significant influence on their
mesomorphic properties. Similar effects have been found
for compounds having a laterally substituted 1,4-phenylene
fragment in different positions in their cores.

The data collated in table 5 show that both lateral
3-chloro and 3'-chloro substitutions of cyano derivatives
of system (IV) result in decreasing melting and clearing
temperatures compared to those of the parent compound
(compounds 5-1, 5-4 and 5-5), while the decrease in the
phase transition temperatures is more pronounced for
the latter having the lateral 3'-chloro substituent. In
the case of lateral fluoro substitutions of propyl, butyl,
pentyl, hexyl and heptyl homologues of cyano derivatives
(see systems IV and V, tables 5 and 6), again, the
reduction of the clearing points was observed (com-
pounds 5-1 and 5-2; 6-1, 6-2, 6-3; 6-5, 6-6, 6-7; 6-9, 6-10;
6-12, 6-13), while the reduction of the melting points
was found for almost all these compounds under con-
sideration, except compound 6-3. As can be seen from
table 6, laterally 3-fluoro or 3'-fluoro substituted propyl
homologues of the cyano derivatives of system V (com-
pounds 6-2 and 6-3) have almost the same clearing
temperatures and differ in the melting points with the
higher value belonging to the latter having a 3-fluoro-

Table 6. Mesomorphic properties of liquid crystals:

0
H2n+1Cn<gB—Q§00@$N V)

No. n X Y Phase transitions/°C Reference
6-1 3 H H Crl105N2011 [24]
6-2 3 F H Cr89N1741 [23]
6-3 3 H F Crl126N173-51 [23]
6-4 3 F F Cr103N143-51 [23]
6-5 4 H H Crl12IN1971 [24]
6-6 4 F H Cr95N1681 [23]
6-7 4 H F Crl103N1641 [23]
6-8 4 F F Cr64N1431 [23]
6-9 6 H H Crl123N1821I [24]
6-10 6 F H Cr97N1571 [23]
6-11 6 F F Cr68N1311 [23]
6-12 7 H H Crl108N1811I [24]
6-13 7 F H Cr95N1531 [23]
6-14 7 F F Cr71N1311 [23]

4-phenyl fragment. For the butyl homologues the same
tendency in the phase transition temperatures was
observed with a more pronounced difference in the
clearing points (compounds 6-6 and 6-7).

The replacement of the terminal cyano group by the
NCS group in compound 5-1 to produce compound
5-9 results in slightly increasing the melting point, decreas-
ing the clearing point and the appearance of the smectic
A phase with high thermostability (see table 5). Both
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Table 7. Mesomorphic properties of liquid crystals:

No. X VA Phase transitions/°C Reference
7-1 H OCF,Cl Cr96Sm112-5N1231 [27]
7-2 F OCF,Cl Cr43N751 [27]
7-3 H OCHF, Cr82Sm121-1N169-41 [20]
7-4 F OCHF, Cr50-5N118-41 [20]
7-5 H OCF,CHFCF; Cr118-2SmB176-4N181-91 [125]
7-6 F OCF,CHFCF; Cr50-7SmB97-5SmA124-1N148-11 [125]
7-7 H Cl Crl158N1891 [121]
7-8 F Cl Cr108N143-51 [119]
7-9 H OCH,CF; Cr100SmB170SmA 1941 [122]
7-10 F OCH:CF3 Cr81SmB101SmA133N139-61 [122]
7-11 H F Cr98-:3N153-41 [149]
7-12 F F Cr67-9N98-61 [35]

lateral 3-fluoro or 3'-fluoro substitutions of compound 5-
9 decreases its clearing and melting points, while the
smectic A phase disappears with increasing nematic range
in the latter case and exhibits increased thermostability
in the former case (compounds 5-10, 5-11).

Similar tendencies in the phase transition temper-
atures were found for the terminally fluoro-substituted
derivative of system IV and its laterally fluoro-substituted
analogues (compounds 5-13-5-15, table 5). Increasing
the number of lateral substituents in the molecular core
of liquid crystals further lowers the melting and clearing
points with a more pronounced effect found for chloro
substituents (compounds 5-1, 5-3,5-6) and can increase
the nematic range (compounds 5-1 and 5-3; 6-5 and
6-8; 6-9 and 6-11; tables 5 and 6). The introduction of
the different lateral substituents (fluoro and chloro) in
the same molecular core of the liquid crystals also leads
to a decrease in the melting and clearing points com-
pared to those of the parent compounds (compounds
4-7, 4-8 and 4-9; 5-1, 5-7, 5-8; tables 4 and 5) with a
more pronounced effect being found for compound 5-8
having 3"-fluorophenyl and 3-chlorophenyl fragments.

Table 8. Mesomorphic properties of liquid crystals:

0
\
Han+1Cn{ O/B_Qfow (vin)

No. n X Phase transitions/°C Reference
8-1 4 H Cr2211 [24]
8-2 4 F Crl164N1691 [23]
8-3 5 H Cr198N208I [24]
8-4 5 F Crl156N1741 [23]
8-5 6 H Crl153N1931 [24]
8-6 6 F Cr158N1671 [23]
8-7 7 H Crl165N2021 [24]
8-8 7 F Crl147N1691 [23]

The efficiency of the lateral substituents and their
positions in the molecular core of the liquid crystals of
system IV can be derived as follows (see table 5):

0
H11Cs{c>)B—Q§00@$ V) [23, 24, 29]

Z=CN, Tq— X-Y:Cl-Cl=F-CI<CI-F<CI-H

<H-CI<F-F<F-H<H-H

AT — X-Y: H-CI<CI-F<CI-H<H-H

<F-H<F-F
Z=NCS, Ta— X-Y:F-F<F-H<H-F<H-H
AT — X-Y:H-F<H-H<F-F<F-H
Ta— X-Y: F-F<F-H<H-F<H-H
AT - X-Y: H-F<F-H<F-F<H-H

These results and the data on the phase transition
temperatures presented in tables 5 and 6 clearly show
that the lateral mono and double fluoro substitution of
the cyano and isothiocyanato derivatives of systems IV
and V produce low melting liquid crystals with broad
nematic ranges which can be used as the components of
wide temperature range liquid crystalline materials for
display applications [15].

It has been shown that increasing the number of
lateral substituents introduced in the 1,4-phenylene frag-
ment incorporated into the molecular core of liquid
crystals further decreases the clearing points leading in
some cases to the disappearance of the nematic phase
(compounds 4-4-4-6, table 4). Similar effects have been
found for other liquid crystalline derivatives [ 22—-24, 26,
34, 35, 40, 43, 46, 50, 66, 80, 83, 85-87, 94, 105-118].
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2.1.4. Influence of lateral substitution on the terminal
group’s efficiency
It has been found that lateral substitution of the
1,4-phenylene fragment incorporated into the molecular
core of liquid crystals may affect the terminal group’s
efficiency by different degrees (see tables 5 and 7)
[8,23,24,29]:

0
\
H1105<:68—Q§00@$ V) [8, 23,24, 29]

X=H,Y =H, Ta— Z: F<CF;<OCF;3;<NCS<CN
AT — Z: F<NCS<CN
Tsma — Z: F<CF3<OCF3;<NCS
ATsma > F<NCS<CF3;<OCF;3;
X=F,Y=H, Ta— Z: F<CF;<OCF3;<NCS<CN
AT — Z: F<NCS<CN
Tsma — Z: CF3<OCF3
ATsma — CF3<OCF3
X=F,Y=F, Ta— Z:F<CN<NCS
AT — Z: F<NCS<CN,

where Tsma and ATsma are the thermostability and range
of the smectic A phase, respectively.

Similar relationships can be derived for other liquid
crystalline derivatives:

X=H, Ta— Z:OCF,CI<F<OCHF;
< OCF:CHFCF;<CI<OCH:CF;
AT — Z:OCH2CF3;<OCF,CHFCF3;
<OCF:CI<CI<OCHF.<F

X=F, Ta— Z:OCF,;CI<F<OCHF,<OCH2CF;
< CI<OCF:CHFCF3
AT — Z:OCH2CF3;<OCF,CHFCF;3;<F
<OCF:CI<CI<OCHF;.

(VD) [20, 27, 124-127]

As can be seen from these results and data taken from
the literature, lateral substitutions of the 1,4-phenylene
fragment of the molecular core of liquid crystals can
affect the efficiency of the attached terminal groups
depending on the molecular structure of the liquid
crystal, position and type of lateral substituent. So far,
increasing the number of saturated molecular fragments,
such as a trans-1,4-cyclohexylene fragment, results in the

lower alteration of the orders of increasing 7 and AT
of nematic systems caused by their lateral substitution,
while increasing the number of lateral substituents and
1,4-phenylene fragments in the core gives a more pro-
nounced effect on the 7 and AT orderings [ 20, 23, 24,
27, 29, 34, 39-41, 47, 48, 51-53, 83, 89, 90, 94, 95, 100,
109, 110, 112, 113, 119-135].

The odd-even effect is well known and observed for
many homologous series of liquid crystals, especially
for two-ring compounds [3,7,19,136]. This can be
explained by the odd carbon atom alkyl chain having a
terminal CH3z group which extends the long molecular
axis, whereas in an even number carbon chain the
terminal CH3z group tends to lie off axis [7]. In the
corresponding alkoxy substituted series, the oxygen is
equivalent to a CH: group and the reverse situation
is found [136].

One can expect that the lateral substitution of the
1,4-phenylene fragment incorporated into the molecular
core of liquid crystals may affect their alkyl chain’s
efficiency, particularly the odd—even effect. The proposed
influence is not found for the compounds presented in
tables 5 and 6 (see system V). However, systems VII
(see table 8) and VIII (see table 9) show that the lateral
substitution may affect the terminal alkyl group’s efficiency
in different degrees depending on the molecular structure
of the liquid crystal and the position and type of the
lateral substituents.

0
Haneicn_ B 00 oV v) [23.29]

X=H,Y=H Ta->nn=T<n=6<n=5<n=4<n=3
AT 5> nn=6<n=5<n=7<n=4<n=3
X=F,Y=H Ta->nn=T<n=6<n=5<n=4<n=3
AT 5> nn=T<n=6<n=5~n=4<n=3
X=H,Y=F Ta—->nn=5<n=4<n=3
AT > n:n=5<n=3<n=4
X=F,Y=F Ta-onn=T<n=6<n=5<n=4<n=3

AT—>n:n=3<n=7<n=6<n=5<n=4

0
\
Hon+1Cn{ 6B—Q)<(ZOOH (VII) [23, 24]

X=H, Ta—>nn=4<n=6<n=7<n=5
AT > n:n=5<n=7<n=6
X=F, Ta—->nn=6<n=T=n=4<n=5

AT > n:n=4<n=6<n=5<n=7
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H2n+1CnQ—Q—(/N:\>CmH2m+1
Y X

(VIII) [19]

Tel— n-m:2-5<2-3<<5-2<3-2
<3-5<5-3

AT — n-m:2-3<2-5<3-5<5-3
<3-2<5-2

X=NH2, Y =H, Ta—>n-m:2-3<2-5<3-2<5-2
<3-5<5-3

AT — n-m:5-3<2-3<<3-2<<3-5
<5-2<2-5

Te1—> n-m:2-5<2-3<<5-2<3-5
<3-2<5-3

AT — n-m:2-3=2-5<5-2<3-2
~5-3<3-5.

Similar results have been found for other liquid crystalline

derivatives [22, 34, 35, 48, 52, 70, 71, 75, 79, 82, 88-90,
96, 104, 128-148].

2.1.5. Influence of lateral substitution on the molecular
core’s efficiency

It has been found that lateral substitution of the
1,4-phenylene fragment incorporated into a LC molecular
core can affect its efficiency depending on the LC molecular
structure, type and position of the lateral substituent [8].
This is illustrated by the following orders of increasing
the clearing points and nematic ranges depending on
the type of molecular fragment 4 (see tables 1 and 5,
[8,22,78]):

H1105-A®-COOQ§N (IX) [8,22]

X=H, Tg— 4:BDox<Ch<Ph<Dox
AT — A:BDox<Dox<<Ch<Ph
X=Cl, TaAT— A:BDox<Dox<Ph<Ch
X=F, Tqg— 4:BDox<Ph<<Ch
AT — A:BDox<<Ch<Ph

where BDox is C?B, DoxisC%, chis( ). Pris )
) 6

Similar relationships have been found for other liquid
crystalline derivatives [ 8]. The results presented reveal
the strong dependence of the mesomorphic properties
of laterally substituted 1,4-phenylene derivatives on their
molecular structure, quantity, type and position of the
lateral substituents.

2.2. Lateral substitution of the trans-1,4-cyclohe xylene
fragment

Bearing in mind the fascinating variations in LC
physical properties that may be brought about in
nematic systems having a laterally substituted
1,4-phenylene fragment and related directly to molecu-
lar structural changes, it would be satisfying to make
such comparisons for liquid crystalline systems con-
taining a laterally substituted trans-1,4-cyclohexylene
fragment and be able to tune their properties to display
applications.

It has been found that the introduction of fluorine
and oxygen atoms, and methyl and cyano groups in
the trans-1,4-cyclohexylene fragment belonging to the
molecular core of liquid crystalline derivatives sufficiently
reduces their nematic thermostabilites, and in most cases,
smectic thermostabilities; and for two-ring compounds,
can lead to monotropic phase transitions or even to
the disappearance of the mesophase due to the lateral
substituents broadening the molecule and reducing
intermolecular forces [10, 11, 17, 18, 25, 28, 150-153].
These effects are more pronounced for three- and four-
ring liquid crystals and can be illustrated by comparing
the phase transition temperatures of the liquid crystals
presented in tables 9—11.

The introduction of a methyl group or fluorine atoms
in the lateral positions of the trans-1,4-cyclohexylene
fragment incorporated into the molecular core of liquid
crystals of given structures results in decreasing the
clearing points compared to those of the parent com-
pounds (compounds 3-1 and 9-7; 9-8 and 9-11; 9-12
and 9-15; 9-16 and 9-19; 10-1 and 10-2; 10-1 and 10-4;
10-5, 10-7 and 10-8; tables 9 and 10). The smectic
thermostability of laterally methyl substituted liquid
crystals can be increased (compounds 10-7 and 10-8)
and decreased (compounds 3-1 and 9-7; 9-8 and 9-11;
9-12 and 9-15; 9-16 and 9-19) in comparison with the
parent compounds. It has been found that laterally
fluoro-substituted liquid crystals exhibit smectic thermo-
stability with lower values compared to those of their
laterally unsubstituted analogue (compounds 10-3 and
10-4, 10-5). The melting points exhibit both the increase
(compounds 3-1 and 9-7; 10-1 and 10-2; 10-3 and
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Table 9. Mesomorphic properties of liquid crystals: Table 11. Mesormorphic properties in liquid crystals:
Hz"”C\?Q}QQ Cnfiomt (vim HiesA )~z xm
No. n m X Y  Phase transitions/°C  Reference No. At z Phase transitions/°C ~ Reference
9.1 2 3 H H Cr51-9Sm92-7N158-81 [19] 11-1 Ch H Cr58Sm81N981 [47]
92 2 3 NH» H  Sm69NI105I [19] 112 ChO H Cr755mA961 [154]
9-3 2 3 F H Crd7-6N127-51 [19] 11-3 Ch CH; Cr98Sm123N1781 [47]
94 2 5 H H Cr40-2Sm84-6N153-11 [19] 11-4 ChO CH3 Cr84SmA148N1521 [154]
9-5 2 5 NH; H Sm60N1131 [19] 11-5 Ch OCH; Cr80N1651 [83]
96 2 5 F H Cr39-5N119-51 [19] 11-6 ChO  OCH; Crl12N178I [154]
3-1 3 2 H H Cr50-8Sm87-7N174-41 [19] 11-7 Ch F Crl100N1531 [83]
32 3 2 NH; H Sm86N1271 [19] 11-8 ChO F Cr74N1261 [28]
33 3 2 F H  Cr60-2N14511 [19]
97 3 2 H CH; Cr62N95-61 [11] O Q
98 3 5 H H  Cr48Sm93-8N177:4I [19] . . D
99 3 5 NH, H  Sml02N146I [19] tChis -, ChO is
910 3 5 F H  Cr52:9N144-6] [19]
911 3 5 H CH; Cr47Sm50-6N111-11 [11] 10-4, 10-5) and decrease (compounds 9-8 and 9-11; 9-12
9-12 5 2 H H Cr65-8Sm78N1681 [19] and 9-15; 9-16 and 9-19; 10-7 and 10-8) for laterally
913 5 2 NH, H  Sm80ONI2SI [19] methyl of fluoro-substituted liquid crystals. Interestingly,
914 5 2 F H Cr60N1421 [19] increasing the quantity of lateral fluorine atoms intro-
915 5 2 H  CH; Cr34N94-71 [11] ,
916 5 3 H H Cr37Sm93-5N1791 [19] duced in the trans-1,4-cyclohexylene fragment leads to
917 5 3 NH, H Sm116N1471 [19] increasing the melting points, decreasing the smectic (Tsm)
9-18 5 3 F H Cr66N1511 [19] and nematic thermostabilities (compounds 10-3-10-5,
9-19 5 3 H CH; CriI5NI1111 [11] table 10):
Table 10. Mesomorphic properties of liquid crystals 10-1-10-10.

No. Compound Phase transitions/°C Reference

10-1 Hi1Cs{_)—{ I~ Hen Cr96N2221 [83]
10-2 1,.]38 ol Cro7N158I [10]
10-3 H1 1C5O_©‘QC3H7 Cr41Sm156N1601 [124]

F

10-4 M 1%@—@—@%7 Cr45Sm135N1401 [17]
F

10-5 Hy 1C:b—©‘<:>o3“7 Cr78SmA9ON99I [28]
0

10-6 H1165C>—©~<:>C3H7 Cr99SmB142-5N1521 [154]
10-7 H1105<:>COOCN Cr85-2N240-81 [95]

CH3
10-8 H11C5OCOOCN Cr66Sm77N1961 [25]
CH3
10-9 H11C5Q§%°CN Cro3N1471 [25]
HgC coo"c H
10-10 9 “QCH3 O C|5 f Cr5ON6SI [18]
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Y
X
H11csb—©—QcaH7 (X) [18, 28, 124]

Ta— X-Y:F-F<F-H<H-H
AT — X-Y:H-H<F-H<F-F
Tsm— X-Y:F-F<F-H<H-H
ATsm — X-Y:F-H<F-F<H-H,

where ATsm is the smectic range.

As supported by the data presented in tables 10 and
11, the oxidation of the trans-1,4-cyclohexylene fragment
of the molecular core of given liquid crystals results
in decreasing the clearing points (compounds 10-3 and
10-6; 11-1 and 11-2; 11-3 and 11-14; 11-7 and 11-8)
for weakly polar alkyl, dialkyl and polar derivatives;
increasing the clearing points (compounds 11-5 and
11-6) for alkyl-alkoxy derivatives compared with those
of the corresponding parent compounds. The melting
temperatures and smectic thermostabilities of the com-
pounds presented exhibit a more complicated character:
increase (compounds 10-3 and 10-6; 11-1 and 11-12;
11-5 and 11-6) and decrease (compounds 11-3 and 11-4;
11-7 and 11-8) of the melting points; increase (com-
pounds 11-1 and 11-2; 11-3 and 11-4) and decrease
(compounds 10-3 and 10-6) of the smectic thermostability,
respectively.

The influence of the quantity of lateral substituents in
the trans-1,4-cyclohexylene fragment belonging to the
molecular core of liquid crystals on their mesomorphic
properties can be expressed by the following orders of
increasing clearing points and nematic ranges (compounds
10-7-10-9, table 10), as shown below. As can be
seen for the system XI, increasing the quantity of
lateral substituents introduced in the trans-1,4-cyclo-
hexylene fragment of the LC molecular core results in
decreasing the clearing temperatures of liquid crystals.
The same results were obtained for liquid crystals having
a laterally multi-substituted 1,4-phenylene fragment
(see §2.1.3).

As can be seen from tables 2 and 10, the introduction
of a methyl group in the lateral position of the trans-
1,4-cyclohexylene fragment of the molecular core of
laterally chloro-substituted liquid crystalline compound
2-5 to produce compound 10-10 further reduces the
clearing and melting points compared to those of the
laterally unsubstituted analogue 2-1 and creates only
the nematic phase.

X
(XI) [25,95] T.

The data collated in table 11 show that the oxidation
of the trans-1,4-cyclohexylene fragment of system XII
affects the ordering of the nematic ranges and has no
influence on the ordering of the clearing points in
dependence on the terminal groups Z:

(XII) [28, 47, 83, 154]
A=Ch, Ta— Z:H<F<OCH3:<CH;
AT - Z:H<F<CH3;<OCH3;
A=ChO, Tq— Z:H<F<CH3<OCH;
AT — Z:CH3<F<<OCH3,

O

As in the case of the 1,4-phenylene fragment, lateral
substitution of the trans-1,4-cyclohexylene fragment
belonging to the molecular core of liquid crystals can
affect the terminal group’s efficiency (see table 9):

H2n+1CnQ@—®CmH2m+1
Y- X N

X=H, v =H,

where ChO is

(VI [11, 19]

Te1—> n-m:5-2<3-2<3-5<5-3
AT — n-m:3-5<5-3<3-2<5-2
X=H, Y =CHs, Ta— n-m:5-2<<3-2<<5-3~3-5
AT — n-m:3-2<3-5<~5-2<5-3

The results presented reveal the strong dependence of
the mesomorphic properties of laterally substituted trans-
1,4-cyclohexylene derivatives on their molecular structure,
quantity, type, and position of the lateral substituents.

2.3. Lateral substitution of the 1,4-cyclohexenylene
fragment

The data presented in table 12 show the phase
transition temperatures of laterally substituted 1,4-cyclo-
hexenylene derivatives and their unsubstituted analogues.
The introduction of the lateral cyano, chloro and methyl
groups in the 1,4-cyclohexenylene fragment of the com-
pounds 12-1 and 12-3 to produce the compounds 12-2
and 12-4, 12-5, respectively, effectively reduces the melting
points leading to the disappearance of the nematic
phase; while lateral double methyl substitution of the

X-¥ CH,-CH,<CH,-H<H-H

AT X-¥ CH,-CH,<CH,-H<H-H
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Table 12. Mesomorphic properties of liquid crystals 12-1-12-9.

No. Compound, R =CsH; Phase transitions/°C Reference

12-1 R I )F Cr68N1071 [155]
H3C

122 RO Y N )F Cr581 [155]

12-3 R O~ Cr83N113-61 [155]
cl

12-4 R03H7 Crd0-61 [155]
NC

12-5 RC3H7 Cr50-51 [155]

12-6 R@COOCN Cr64N1651 [25]

CHs

127 R C%C;OCN Cr69N1031 [25]

12-8 ROCZH5 Cr79N(76)1 [28]
0

12-9 r{ V4 HocaHs Cr70SmA86I [156]

compound 12-6 produces the liquid crystal 12-7 with
sufficiently decreased clearing point and slightly increased
melting point.

As can be seen from table 12, replacement of the
1,4-cyclohexenylene fragment by the 3,6-cyclohex-2-en-
1-one fragment in compound 12-8 to produce compound
12-9 results in the disappearance of the monotropic
nematic phase, decreasing the melting point and pro-
moting the appearance of the smectic A phase with a
high thermostability.

The efficiency of the molecular fragments 4 belonging
to the molecular core of system XII can be derived
as follows:

Hi1CsA{_H-0CoHs

(XIO) [20, 28, 154, 156-158]

r OO OO0y

Similar relationships have been found showing the
efficiency of the molecular fragments incorporated into
the molecular core of systems XIV-XVI[156], as shown
overleaf. It has been found that the influence of lateral
methyl substitution on the efficiency of molecular frag-
ments of system XVII can be expressed by the orders of
increasing Tci and AT [9] shown overleaf.

where Phis @ , Chis <:> Cehis O

These results show that the lateral 3-methyl substitution
of the 1,4-cyclohexenylene fragment results in the lowest
value of nematic thermostability compared to those of
the corresponding 3-methyl substituted zrans-1,4-cyclo-
hexylene and 1,4-phenylene fragments incorporated
into the same molecular core (system XVII). The results
presented reveal that the mesomorphic properties of
laterally substituted 1,4-cyclohexenylene derivatives are
influenced by their molecular structure, quantity, type
and position of the lateral substituents.

2.4. Lateral substitution of heterocyclic molecular
fragments

It has been shown that lateral substitution of the
pyridin-2,5-diyl, pyrimidin-2,5-diyl and trans-1,3-dioxan-
2,5-diyl fragments of the molecular core of liquid crystals
leads to similar effects in their phase transition tem-
peratures as in the case of lateral substitution of the
1,4-phenylene fragment [ 136, 161-163]. Some examples
of laterally substituted heterocyclic liquid crystals and
their parent compounds are given in table 13. The intro-
duction of the chloro and fluoro atoms, and a methyl
group in the lateral position of the pyridin-2,5-diyl or
trans-1,3-dioxan-2,5-diyl fragments incorporated into
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Table 13. Mesomorphic properties of liquid crystals 13-1-13-9.

No. Compound Phase transitions/°C Reference

1341 H”C5°©_©CN Cr59-3N94-61 [136]
132 H”C5°©_Q8|N Cr76:81 [136]
133 H“C50©_Q8: Cr231N(189)1 [136]
13-4 HoCa0{ ) /-:, Cen Cr117N265I [21]
13-5 H9C4OCN Crl137N1581 [21]
13-6 H“C5<:>_©_QC3H7 Cr37Sm94N1791 [19]
13-7 H”C-”O_@@?m Cr60Sm91SmA124N1501 [161]
13-8 H1105\z }'COOCN Cr113N2041 [159]

0
3.9 H11Cs<o i}.g%oCN Cr106N1281 [160]

Hy 1C5-AF(XIV) X1v) T, 23:(:@ < @ ‘OC> <O® <<:>
AT 23:(:@ <O<t><© <o<i> <<:>

(NC)CI

micsA )= Yo xv) 1, A@@O@(ZDQ
0,
st 2O<O0O0

HitCsAd Y~ e (XVI) T, AT A:%i><®<<:>

CH3

caro{_yco0 H—(A%CaHy (XVIN) [9] T,  A: Ceh<Ph<Ch;AT  A: B<Ch~ Ceh

the molecular core of liquid crystals of given structures hydroxy substituted pyridine derivatives compared to those
decreases the clearing temperatures (compounds 13-1 of the corresponding laterally unsubstituted analogues
and 13-2; 13-4 and 13-5; 13-6 and 13-7; 13-8 and 13-9); can be explained in terms of increasing the axial
can increase (compounds 13-1 and 13-2; 13-4 and 13-5; molecular polarizability resulting from delocalization of
13-6 and 13-7) and decrease (compounds 13-8 and 13-9) n-electrons caused by intramolecular hydrogen bonding
the melting temperatures, respectively; and can increase [136].

the smectic thermostability (compounds 13-6 and 13-7). The influence of lateral hydroxy substitution on the

The higher clearing and melting points of laterally alkoxy group’s efficiency of the 2,5-disubstituted pyridine
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derivatives can be derived as follows (see table 13 and

[136]):
H2n+1CnO: / YN (xvIn
O avm
X=H, Ta—-onn=5<n=6<n=7<n=8

AT —>n:n=8<n=7<n=6~n=>35
X=O0H, Ta—>nn=5<n=6<n=7<n=38
AT—>nn=6<n=7<n=8

These results reveal that the lateral hydroxy substitution
of the pyridin-2,5-diyl fragment of system XVIII affects
the ordering of the nematic ranges and has no influence
on the ordering of the clearing points in dependence on
the alkoxy group’s length.

The results presented in this section clearly show that
the phase transition temperatures of laterally substituted
heterocyclic liquid crystals strongly depend on their
molecular structure, type and position of the lateral
substituent.

3. Static dielectric properties
From dielectric theory of nematic liquid crystals the
dielectric anisotropy Ae=¢|— &, where ¢) and ¢, are,
respectively, dielectric constants that are parallel and
perpendicular to the nematic director n, is given by
equation (1) [164]:

Ae= NhFlgo[Aa — FillkT (1 —3cos” B)1S (1)

where h = 38*/(28*+ 1), £ = (g +2¢))3,Aa= (a]— o),
F is the cavity reaction field, u is the permanent molecular
dipole moment, B is the angle between u and the
molecular long axis, N is the number of molecules per
unit volume, A« is the polarizability anisotropy.

The introduction of lateral substituents into LC
molecular structures has a considerable effect on
their dielectric anisotropy (compounds 14-1 and 14-2;
14-3-14-6; 5-1 and 5-3; see table 14). These results
can be explained in terms of the contribution of the
individual dipole moments of the lateral substituents
to the overall molecular dipole moment relative to the
director [equation (1)]. For example, when the longi-
tudinal component of the dipole moment for the lateral
substituent coincides with that for the terminal polar
group, Ag grows (compounds 14-3, 14-5, 14-6; 5-1 and
5-3, table 14); in other case Ae¢ decreases (compounds
14-3 and 14-4).

It has been shown that liquid crystalline molecules
having strongly polar end groups form associated
pairs. Both head-to-head and head-to-tail pairing occurs
[166-168], but antiparallel association predominates

and reduces the effective dipole moment [169]:

2 2

U= gu’, (2)
) kT (si—ei)eitel’)
fr=

He 4TcNgi(g§>O + 2)2

: (3)

where £{° = 1-05n, ; g 1s the correlation factor characterizing
the degree of association [ 169]:

It has been found that lateral fluoro substitution of
4-n-alkyl (or alkoxy)-4-cyanobiphenyl increases the value
of g revealing the decrease of antiparallel associations in
these systems [ 170, 171]. In the case of two-ring cyano
benzoate esters, the effect of lateral fluoro substitution
in the ortho position to the terminal CN group is to
increase the correlation factors of upto 1-4 [171] pro-
viding evidence in support of the concept of parallel
associations proposed in reference [167].

4. Optical properties
The phenomenological relation between the refractive
index and the polarizability can be defined as [172, 173]:

=) +2)=Na Beo, (4)

where the mean polarizability a*Z(aH—anl)B; nl=
(n§+ 2n§)/3; no is the ordinary and n. is the extra-
ordinary refractive index. From equation (4) and pre-
vious section, it follows that the compounds which have
a large induced polarizability of their highly conjugated
n-electron system exhibit the large values of the optical
anisotropy An =n¢— no.

As can be seen from table 14, the lateral fluoro
substitution of compound 14-3 decreases its optical
anisotropy (compounds 14-4 and 14-5). This can be
explained in terms of reducing the effective conjugation
length of the n-electron system resulting in a shorter
resonance wavelength of the UV absorption spectrum
for laterally fluoro-substituted liquid crystals [174]:

5. Visco-elastic properties

It has been shown that liquid crystalline materials for
TN and STN applications should have a low viscosity
to give accceptable response times for LCDs [175,176].
The following examples and the data collated in the
literature [2-4, 6, 10, 20] reveal that lateral substitution
of nematic systems always leads to increased rotational
y1 and kinematic v viscosities, see compounds 14-3, 14-5,
14-6; 14-7 and 14-8, table 14.

The elastic constant ratio K3/K; is a parameter of
great importance for STN-LCDs defining their electro-
optical performance [177]. It has been found that
lateral fluoro substitution of the 1,4-phenylene frag-
ment incorporated into the molecular core of liquid
crystals has a significant effect on their elastic properties
depending on their molecular structure, position and
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Table 14. Dielectric, optical and visco-elastic properties of liquid crystals 14-1-14-10, 5-1 and 5-3.

1

No. Compound Ag An vimm?*s~ K3/Ky Reference
14-1 Hr03{_)—(_)c00{ sty —032° [10]
HaC
142 sl (Yoo yoatr —074° [10]
14-3 H7C3<:>—<:>—©“° 3-6° 0097° 16° [90,165]
F
14-4 H7C3<:>_<:>_F© 1-2° [165]
F
14-5 H7C3O‘O‘QF 40 0089° 21° 16° [34,90,165]
F
14-6 HMO—Q—QE 43 0-073" 251" 1-4¢ [34,165]
7 NCaH
14-7 H”Cf’o_@_@% 7 60" [19,64]
14-8 Yo At 95" [11,64]
14-9 H11C5<:>-COO©—C5H11 0-68¢ [178]
CsH
14-10 H”C5OCOOQ 511 1138 [178]
0
5.1 H11C5{6B—©COO©CN 1.5 .
0
5-3 Hircs_ 3B—®‘§OOQEN 46° [8]

a: t=T/Tn-1=09; T/K, Tn1/K. b: t=0-85. ¢ and d: extrapolated from the 10 % w/w solutions in ZLI-4792 and ZLI-3086,
respectively, at 20°C. e: T = Tn.1— 60°C. f: T =20°C. g: t=0-95. h: extrapolated from the 20 % w/w solution in the mixture of

3.4-difluoro-substituted derivatives at 20°C.

type of lateral substituent. Lateral fluoro substitution
of the 14-phenylene fragment incorporated into the
molecular core of polar liquid crystals can decrease the
K3/Kj ratio (compounds 14-5 and 14-6 ), while the lateral

fluoro substitution of the 1,4-phenylene fragment of
weakly polar liquid crystals can increase the elastic
constant ratio (compounds 14-9 and 14-10) [ 34, 178].

6. Electro-optical properties

The relationship between the type of lateral sub-
stituent and the electro-optical parameters of liquid
crystalline mixtures containing laterally substituted com-
pounds can be found from the data presented in table 15.
The coincidence of the direction of longitudinal parts of
the dipole moments of lateral substituents with the
direction of the dipole moment of terminal CN group
gives rise to the total dipole moment, and consequently
to the dielectric anisotropy [see equation (1)], which
results in decreasing the threshold voltage of the twist-

effect [179] of liquid crystalline mixtures 2—-5 and 7-9
compared to those of mixtures 1 and 6 containing corres-
ponding laterally unsubstituted analogues, respectively
[22], see also [11, 15-17,19].

7. Conclusions

In this work, lateral substitution in nematic systems
has been summarized with reference to their physico-
chemical and electro-optical properties which are strongly
dependent on their molecular structure, quantity, type
and position of the lateral substituents. The results
presented demonstrate that lateral substitution of the
fragments incorporated into the molecular core of liquid
crystals can provide desirable variations in their meso-
morphic, dielectric, optical and elastic properties for
improved satisfaction of the requirements for using them
as the components of liquid crystalline materials for
different display applications.
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Table 15. Electro-optical properties of liquid crystalline mixture
[22]:
X
Hy 1C5-A©-COO@CN (XIX)
Threshold Saturation

N A X voltage Vio/V voltage Voo/V
25°C 25°C
1 Ch H 2-80 4-00
2 Ch F 224 296
3 Ch Cl 225 337
4 Ch Br 223 3-35
5 Ph CH3 2:66 3-38
6 Ph H 2:74 390
7 Ph F 2:01 2:90
8 Ph Cl 2:32 3-36
9 Ph CH;3 2:67 341

Ch is the trans-14-cyclohexylene group; Ph 1is the

1,4-phenylene group; Liquid crystalline mixtures are composed
of 25% wi/w of the 4-ethoxyphenyl trans-4-butylcyclohexyl-
carboxylate, 55 % w/w of the 4-ethoxyphenyl trans-4-hexylcyclo-
hexanecarboxylate and 20 % w/w of a compound belonging to
the system (XIX) [22].

[1]
[2]

[31]

[4]

[5]
[6]
[7]
[8]
[91]

[10]

[11]

[12]

[13]
[14]

References
GRrAY, G. W, 1976, Advances in Liquid Crystals, edited
by G. H. Brown (Academic Press), Vol. 2, p. 1.
Gray, G. W., 1987, Thermotropic Liquid Crystals,
Critical Reports on Applied Chemistry, Vol.22 (John
Wiley).
Coates, D., 1990, Liquid Crystals; Applications and
Uses, edited by B. Bahadur (World Scientific
Publishing), Vol. 1, p. 91.
PoHL, L., and FINKENZELLER, U., 1990, Liquid Crystals,
Applications and Uses, edited by B. Bahadur (World
Scientific Publishing), Vol. 1, p. 139.
PetrOV, V. F., Proc. SPIE, 2408, 84.
PeTROV, V. V., 1995, Lig. Cryst., 19, 729.
PavLucHENKO, A. I., PETROV, V. F., and SMIRNOVA,
N. 1., 1995, Lig. Cryst., 19, 811.
Bezsoropov, V. S., PETrROV, V. F., and LapaNIK, V. 1.,
1996, Lig. Cryst., 20, 785.
BezBOrODOV, V. S., DABROWSKI, R., PETROV, V. F.,
and LAprANIK, V. 1., 1996, Liq. Cryst., 21, 801.
KARAMYSHEVA, L. A., RoitMaN, K. V., AGAFONOVA,
I. F., TorGgova, S. 1., GEyvanpov, R. KH., PETROV,
V. F., GRrReBYONKIN, M. F., BEzBorODOV, V. S,
ANDRYUKHOVA, N. P., and BumaGIN, N. A., 1990, Mol.
Cryst. lig. Cryst., 191, 259.
PavLucHENKO, A. I., PETROV, V. F., GREBYONKIN,
M. F., IvascaHeEnko, A. V., KoroTkova, N. 1.,
SMmirNoOvAa, N. I., KrucHkova, L. V., KARAMYSHEVA,
L. A., AGaroNova, 1. F., DakaNoOV, P. P., GEYVANDOV,
R. KH., PozHiDAEV, E. P., and BoroTIN, B. M., 1989,
Eur. Pat. Appl., EP 374849.
BUCHECKER, R., PAVvLUCHENKO, A. 1., PETROV, V. F.,
ScHADT, M., SMIRNOVA, N. 1., and TrTtov, V. V., 1994,
US Patent 5284956.
GRraAy, G. W, 1966, Mol. Cryst., 1, 333.
Petrov, V. F., PavLUucHENKO, A. I., and SMIRNOVA,
N. 1., 1995, Mol. Cryst. lig. Cryst., 265, 47.

[15]

[16]

[17]

[18]
[19]

[20]

[21]
[22]
[23]

[24]
[25]

[26]

[27]

[28]
[29]
[30]
[31]
[32]
[33]

[34]

[35]
[36]
[37]
[38]

[39]

BEzBorODOV, V. S., GRINKEVICH, O. A., GREBYONKIN,
M. F., LaraNIK, V. 1., MINKO, A. A., RZHUSSKY, V. V.,
MURAVSKY, A. A., PETROV, V. F., and IVASCHENKO,
A. V., 1989, US Patent 4853150.

BezBORrRODOV, V. S., DABROWSKI, R., TROKHIMETS, D.,
Dz1ADUSZEK, J., SAsNovVSKI, G., and LAPANIK, V., 1996,
PCT WO 96/6061.

BezBORrRODOV, V. S., DABROWSKI, R., TROKHIMETS, D.,
Dz1ADUSZEK, J., SAsNovVSKI, G., and LAPANIK, V., 1996,
PCT WO 96/6073.

BezBORODOV, V. S., KONDRATENKOV, V. M., LAPANIK,
V. 1., and TROKHIMETS, D. A., 1991, Ligq. Cryst., 10, 799.
PAVLUCHENKO, A. 1., PURVANYATSKAS, G. V., SMIRNOVA,
N. I., GREBYONKIN, M. F., PETROV, V. F., BARNIK,
M. 1., Titov, V. V., IvascHENKO, A. V., KOROTKOVA,
N. I., KovsHEv, E. 1., RABINOVICH, A. Z., BUMAGIN,
N. A., ANDRJUKHOVA, N. P., BELETSKAYA, 1. P., and
MALTSEV, S. D., 1988, PCT WO 88/7992.
PavLucHENKO, A. 1., Smirnova, N. I., PeETrROV, V.
F., FiaLkov, Y. A., SHELYAZHENKO, S. V., and
YacuproLsky, L. M., 1991, Mol. Cryst. lig. Cryst.,
209, 225.

PavLucHENKO, A. 1., SMIRNOVA, N. 1., and KovVSHEV,
E. 1., 1985, Khim. Geterotsikl. Soedin., 1392.
BEZBORODEV, V. S., LAPANIK, V. 1., ADOMENAS, P. V.,
and SIRUTKAITIS, R., 1992, Lig. Cryst., 11, 373.
BezBoropov, V. S., and LapanNik, V. I., 1991, Ligq.
Cryst., 10, 803.

BezBoropov, V. S., 1989, Zh. Org. Khim., 25, 2168.
BezBoropov, V. S., and LapanNik, V. L., 1992, Ligq.
Cryst., 11, 385.

BezBORrODOV, V. S., DABROWSKI, R., DZIADUSZEK, J.,
CzupryNskI, K., and Raszewskl, Z., 1996, Lig. Cryst.,
20, 1.

PAvLUCHENKO, A. I., SMIRNOVA, N. 1., PETROV, V. F.,
FiaLkov, Y. A., SHELYAZHENKO, S. V., SCHADT, M.,
and BUCHECKER, R., 1995, Mol. Cryst. lig. Cryst., 265,
41.

BEzBORODOV, V. S., DaBrROWSKI, R., and
Dziapuszek, J., 1995, Proc. SPIE, 2372, 242.
DaBrowsklI, R., BEzBoroDOV, V. S., LapPaNIK, V. 1.,
Dziapuszek, J., and CzupryNskI, K., 1995, Lig. Cryst.,
18, 213.

DE Jeu, W. H., 1992, Phase Transitions in Liquid
Crystals, edited by S. Martellucci and A. N. Chester
(Plenum Press), Chaps 1-3.

SHARMA, S. R., 1993, Mol. Phys., 78, 733.

TARAZONA, P., 1993, Phil. Trans. R. Soc. Lond. A,
344, 307.

VANAKARAS, A. G., and ProTtiNos, D. J., 1995, Mol.
Phys., 85, 1089.

Demus, D., Gorto, Y., SaAwaDA, S., NAKAyaMA, E.,
Sarto, H., and TArao, R., 1995, Mol. Cryst. lig. Cryst.,
260, 1.

GoTto, Y., Ocawa, T., SAWADA, S., and SUGIMORIL S.,
1991, Mol. Cryst. lig. Cryst., 209, 1.

OsmAN, M. A., and HuyNHA-BA, T., 1981, Mol. Cryst.
lig. Cryst., 63, 129.

Gorto, Y., Ocawa, T., and Sucimori, S., 1987, US
Patent 4695309.

Sasakl, M., TakeucHl, T., Sato, H., and Takatsu, H.,
1984, Mol. Cryst. lig. Cryst., 109, 169.

Fearon, J. E., Gray, G. W., IriLL, A. D., and
TovNE, K. J., 1985, Mol. Cryst. lig. Cryst., 124, 89.



20: 13 25 January 2011

Downl oaded At:

786
[40]
[41]
[42]
[43]

[44]
[45]

[46]
[47]
[48]
[49]
[50]

[51]

[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]
[62]

[63]

[64]
[65]
[66]
[67]

[68]

[69]

[70]

V. S. Bezborodov and V. F. Petrov

BALKWILL, P., Bisgor, D., PEARSON, A., and SAGE, 1.,
1985, Mol. Cryst. lig. Cryst., 123, 1.

GRray, G. W., Lacey, D., StantonN, J. E.,
TovNE, K. J., 1986, Lig. Cryst., 1, 407.
ScuuBert, H., Lorenz, H.-J., HorrFmaNN, R., and
FRANKE, F., 1966, Z. Chem., 6, 337.

Gray, G. W, Hirp, M., and ToyNE, K. J., 1991, Mol.
Cryst. lig. Cryst., 195, 221.

OsMmAN, M. A., 1985, Mol. Cryst. lig. Cryst., 128, 45.
Gray, G. W., Lacey, D., and Hmrp, M., 1989, PCT
WO 89/3821.

CHAN, L. K. M., Gray, G. W., and LAcEgy, D., 1985,
Mol. Cryst. lig. Cryst., 123, 185.

EIDENSCHINK, R., and RoMER, M., 1983, 13 Freiburger
Arbeitstagung Flussigkristalle, Vortrag 4.

Sucimorl, S., Konma, T., and Tsui, M., 1982, Eur.
Pat. Appl., EP 62470.

SUGIMORI, S., 1994, in Proceedings of the 20th Japanese
Liquid Crystal Conference, p. 180.

Gray, G. W., HIrD, M., LACEY, D., and ToyNE, K. J.,
1989, Mol. Cryst. lig. Cryst., 172, 165.

SuGiMoRrl, S., and GoTo, Y., 1985, in Proceedings of the
11th Japanese Liquid Crystal Conference, Kanazawa,
2S07.

DaBROWSKI, R., DZI1ADUSZEK, J., Szczucinskl, T., and
RASZEWSKI, Z., 1984, Mol. Cryst. lig. Cryst., 107, 411.
OsMmAN, M. A., and HyuNHA-BA, T., 1982, Mol. Cryst.
lig. Cryst., 82, 331.

KEeLLy, S. M., and ScuaD, H., 1984, Helv. Chim. Acta,
67, 1580.

ScHAFER, W., and DEUTSCHER, H.-J., 1982, Z. Chem.,
22, 447.

WEeIssrLog, W., and Demus, D., 1984, Cryst. Res.
Technol., 19, 55.

DeutscHER, H.-J., KorBER, M., ALTMANN, H., and
ScuuBerT, H., 1979, J. Prakt. Chem., 321, 969.

Demus, D., WEIssrLoG, W., and Kressg, H., 1985, US
Patent 4519936.

LEADBETTER, A. J., RICHARDSON, R. M.,
CoLLING, C. N, 1975, J. Phys. (Paris), 36, C1-37.
OsTROVSKY, B. 1., PAvLucHENKO, A. 1., PETROV, V. F.,
and SAibAcHMETOV, M. A ., 1989, Lig. Cryst., 5, 513.
GREBYONKIN, M. F., PETROV, V. F., and OSTROVSKY,
B. 1., 1990, Liq. Cryst., 7, 367.

PetrOV, V. F., IvaANOV, S. A., GREBYONKIN, M. F., and
PAVLUCHENKO, A. 1., 1990, Rus. J. phys. Chem., 64, 421.
PeTrOV. V. F., GREBYONKIN, M. F., PAVLUCHENKO,
A. 1., and SmirNOvVA, N. 1., 1991, Rus. J. phys. Chem.,
65, 447.

PeTROV, V. F., 1990, PhD Thesis, Organic Intermediates
& Dyes Institute, Moscow.

Burrow, M. P., GraYy, G. W., LACEY, D., and ToYNE,
K. J., 1988, Lig. Cryst., 3, 1643.

HirDp, M., ToynE, K. J., GrAaY, G. W., MCcCDONNELL,
D. G., and Sacg, I. C., 1995, Lig. Cryst., 18, 1.

KEeLLy, S. M., and ScHAD, Hp., 1984, Helv. Chim. Acta,
67, 1580.

Cuan, L. K. M., Gray, G. W., Lacey, D.,
SRITHARATANA, T., and ToyNE, K. J., 1987, Mol. Cryst.
lig. Cryst., 150B, 335.

EipeNscHINK, R., ErbpmMANN, D., Krause, J., and
PouL, L., 1977, Angew. Chem., 89, 103.

SuciMmori, S., Kosmma, T., Goro, Y., Isovama, T., and
NIGORIKAWA, K., 1984, Eur. Pat. Appl., EP 119756.

and

and

[71]
[72]
[73]
[74]
[75]
[76]
[77]
[78]

[79]
[80]

[81]

[82]

[83]
[84]

[85]
[86]
[87]
[88]

[89]
[90]

[91]
[92]
[93]
[94]
[95]
[96]
[97]
[98]

[99]
[100]

[101]
[102]
[103]

[104]

KEeLry, S. M., 1983, J. chem. Soc., chem. Commun., 366.
DEUTSCHER, H.-J., KuscHEL, F., KonNigG, S., KRESSE, H.,
Preirer, D., WIEGELEBEN, A., and Wurr, J., 1977,
Z. Chem., 17, 64.

DeutscHER, H.-J., Laaser, B., DorLLiNnGg, W., and
ScHUBERT, H., 1978, J. prakt. Chem., 320, 191.

Gray, G. W., Hoga, C., and Lacey, D., 1981, Mol.
Cryst. lig. Cryst., 67, 1.

CARR, N., GrAY, G. W., KELLY, S. M., 1981, Mol. Cryst.
lig. Cryst., 66, 267.

GRrAY, G. W, and KELLY, S. M., 1981, Mol. Cryst. lig.
Cryst., 75, 109.

GRrAY, G. W, and KELLY, S. M., 1981, Mol. Cryst. lig.
Cryst., 75, 95.

KaramysHeva, L. A., Kovsaev, E. 1.,
BARrRNIK, M. 1., 1976, Mol. Cryst. lig. Cryst., 37, 29.
KEeLLy, S. M., 1984, Helv. Chim. Acta, 67, 1572.
Gray, G. W., Hirp, M., and ToyNg, K. J., 1991, Mol.
Cryst. lig. Cryst., 204, 43.

CoaTtes, D., SAGE, 1., GREENFIELD, S., GrAY, G. W.,
Lacgy, D., ToynNg, K. J., CHaN, L. K., and Hirp, M.,
1994, US Patent 5312563.

Gray, G. W, Harrison, K. J., and Nasn, J. A., 1975,
Pramana, Suppl., 1, 381.

EIDENSCHINK, R., 1983, Mol. Cryst. lig. Cryst., 94, 119.
REIFFENRATH, V., HitTICcH, R., and PracH, H., 1993,
US Patent 5213710.

REIFFENRATH, V., HitTICcH, R., and PracH, H., 1992,
Ger. Pat. Appl.,, DE 4111765.

ScHLOSSER, H., and JuNG-BAUER, D., 1995, PCT WO
95/09828.

ScHLOSSER, H., and JuNG-BAUER, D., 1995, PCT WO
95/10496.

SuciMori, S., and Koima, T., 1983, Ger. Pat. Appl,
DE 3317921.

BREMER, M., 1995, Adv. Mater., 7, 803.

PracH, H., BARTMANN, E., POETSCH, E., NAEMURA, S.,
and RIEGER, B., 1992, SID 92 Digest, p. 13.

PaurutH, D., KUurRMEIER, H.-A., and PrLacH, H., 1993,
Ger. Pat. Appl.,, DE 4219819.

SuciMoril, S., Koima, T., and Tsui, M., 1982, Ger.
Pat. Appl.,, DE 3139130.

REIFFENRATH,, V., PauLuTtH, D., and PrLacH, H., 1994,
Ger. Pat. Appl.,, DE 4411806.

GREENFIELD, S., CoATES, D., GOULDING, M.,
CLEMITSON, R, 1995, Lig. Cryst., 18, 665.

Gray, G. W., and McDonNeELL, D. G., 1979, Mol.
Cryst. lig. Cryst., 53, 147.

CHANDRASEKHAR, S., 1977, Liquid Crystals (Cambridge
University Press), p. 515.

Takatus, H., TakeucHI, K., and Sato, H., 1984, Mol.
Cryst. lig. Cryst., 112, 165.

SuciMori, S., and Koima, T., 1983, Ger. Pat. Appl,
DE 3317921.

SuciMorsi, S., 1981, UK Pat. Appl.,, GB 2070593.
REIFFENRATH, V., FINKENZELLER, U., POETSCH, E.,
RIEGER, B., and Coartss, D., 1990, Proc. SPIE, 1257, 84.
FINKENZELLER, U., KURMEIER, H.-A ., and PoeTrscH, E.,
1989, 18 Freiburger Arbeitstagung Flussigkristalle,
p-17.

Goro, Y., 1989, Eur. Pat. Appl., EP 316715.

KEeLLy, S. M., and ScHAD, H., 1985, Helv. Chim. Acta,
68, 1444.

Gorto, Y., Sucimori, S., and Ocawa, T., 1986, Eur.
Pat. Appl., EP 205998.

and

and



20: 13 25 January 2011

Downl oaded At:

[105]
[106]

[107]
[108]

[109]
[110]

[111]

[112]
[113]

[114]

[115]
[116]
[117]
[118]
[119]

[120]

[121]

[122]

[123]
[124]
[125]
[126]
[127]
[128]

[129]

[130]
[131]

[132]
[133]

[134]

[135]

Lateral substitution in nematic systems

REIFFENRATH, V., KRAUSE, J., and GEELHAAR, T., 1988,
Ger. Pat. Appl.,, DE 3839213.

GOULDING, M. J., GREENFIELD, S., CoaTes, D., and
CLEMITSON, R., 1993, Lig. Cryst., 14, 1397.
GavriLovic, D. M., US Patent 3951846.

Y AMADA, S., IKukAawa, S., and NAKAyaAMA, J., 1993,
Eur. Pat. Appl., EP 535635.

YAMADA, S., 1991, Eur. Pat. Appl., EP 442266.
TAkATSU, H., Sasaki, M., TANAKA, Y., and Sarto, H.,
1988, US Patent 4726910.

BarTMANN, E., FINKENZELLER, U., PogrscH, E.,
REIFFENRATH, V., and Taruwmi, K., 1993, 22 Freiburger
Flussigkristalle Arbeitstagung, Vortrag 8.

Goto, Y., and Ocawa, T., 1988, Eur. Pat. Appl,
EP 295602.

BUCHECKER, R., MARK, G., and ScuapTt, M., 1995,
Mol. Cryst. lig. Cryst., 260, 93.

Umetsu, Y., Taxkatus, H., TAKeHARA, S., and
Oosawa, M., 1994, Jpn. Kokai Tokkyo Koho, JP 06
172,233.

GREENFIELD, S., Coates, D., BrowN, E.,
HirticH, R., 1993, Lig. Cryst., 13, 301.

Goto, Y., Kitano, K., and Ocawa, T., 1989, Ligq.
Cryst., 5, 225.

Oo0sAwA, M., TAKEHARA, S., and Takatus, H., 1994,
Jpn. Kokai T okkyo Koho, JP 06 316,540.
Tanaka, Y., Takatus, H., TakeucHi, K.,
TAMURA, Y., 1988, Eur. Pat. Appl., EP 291949.
Coates, D., SaGe, I. C., GREENFIELD, S., SMITH, G.,
and BAXTER, D., 1990, PCT WO 90/15113.

BarTMANN, E., DorscH, D., FINKENZELLER, U.,
KURMEIER, H.-A ., and PogtscH, E., 1990, 19 Freiburger
Arbeitstagung Flussigkristalle, p. 8.

Gray, G. W, 1991, in Proceedings of the Sth Liquid
Crystal Seminar, organized by Merck Japan Limited,
17-19 July, Tokyo/Osaka, p. 6.

REIFFENRATH, V., PLACH, H., PAUuLUTH, D., HitTICH, R .,

and

and

PoerscH, E., GeeLHaaRrR, T., WEeBer, G., and
BARTMANN, E., 1993, PCT WO 93/3113.
GOULDING, M., GREENFIELD, S., CoaTes, D., and

CLEMITSON, R., 1994, US Patent 5328644.

TorGova, S. 1., ABoLIN, A. G., KARAMYSHEVA, L. A,
and IvASCHENKO, A. V., 1988, Zh. Org. Khim., 24, 192.
Mivazawa, K., Goro, Y., Martsul, S., Fusita, A., and
Towmi, Y., 1995, Eur. Pat. Appl., EP 640578.

PracH, H., REIFFENRATH, V., and WEBER, G., 1992,
Proc. SPIE, 1815, 256.

Sucimorl, S., Kormma, T., and Tsumn, M., 1983, US
Patent 4405488.

Takatsu, H., TakeucHl, K., and Saro, H., 1983, Mol.
Cryst. lig. Cryst., 100, 345.

BaLkwirLL, P. H., Bismop, D. 1., PEarRsoN, A. D.,
SAGE, I. C., Gray, G. W., LACEY, D., ToyNE, K. J., and
McDonNNELL, D. G., 1984, Eur. Pat. Appl., EP 117631.
CoaTtes, D., and GouLbiNG, M., 1994, UK Pat. Appl.,
GB 2277086.

GOULDING, M., GREENFIELD, S., PARrI, O.,
CoATES, D., 1995, Mol. Cryst. lig. Cryst., 265, 27.
Coates, D., 1995, J. mater. Chem., 5, 2063.
CoaTes, D., GREENFIELD, S., and GOULDING, M., 1993,
US Patent 5194178.

GuNiiMA, T., and RyuTtaro, T., 1983, Eur. Pat. Appl.,
EP 102047.

Goto, Y., and Ocawa, T., 1988, Eur. Pat. Appl,
EP 280902.

and

[136]

[137]

[138]
[139]

[140]
[141]

[142]
[143]

[144]
[145]
[146]
[147]
[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]
[159]
[160]
[161]
[162]

[163]

787

PAvLUCHENKO, A. I., SMIRNOvA, N. 1., MIKHAILOVA,
T. A., KovsHev, E. 1., and Titov, V. V., 1986, Zh. Org.
Khim., 22, 1061.

GRrAY, G. W., and MosLEy, A., 1980, UK Pat. Appl.,
GB 2041915.

GRray, G. W., 1975, J. Phys. (Paris). Suppl., 36, C1 337.
OBIKAWA, T., IKUKAWA, S., and NAkAvaMmA, J., 1990,
Eur. Pat. Appl., EP 400861.

OBIKAWA, T., IKUKAWA, S., and NAKAYAMA, J., 1991,
PCT WO 91/5780.

BoLLER, A., CEREGHETTI, M., and ScHERRER, 1977,
Z. Naturf., 33b, 433.

Y AMADA, S., 1989, Eur. Pat. Appl., EP 317175.
Inukal, T., Sato, H., Sucimori, S., and IsmiBg, T.,
1975, Ger. Pat. Appl., DE 2545121.

SAsAKI, M., TakaTUS, H., and Sato, H., 1983, Ger. Pat.
Appl., DE 3339216.

Toyne, K. J., Hirp, M., GREENFIELD, S., and
PoEetscH, E., 1990, Eur. Pat. Appl., EP 354434,
DeutscHER, H.-J., SeiperL, C., KorBER, M., and
ScHUBERT, H., 1979, J. prakt. Chem., 321, 47.
KArRaMYSHEVA, L. A., Torcova, S. 1., and

Kovsuev, E. 1., 1979, Zh. Org. Khim., 15, 1013.
OBIKAWA, T., YAMADA, S., and IKUKAWA, S., 1990, Eur.
Pat. Appl., EP 391591.

Saito, H., Nakacawa, E., ~ MarsusHita, T.,
TakEesHITA, F., KUBO, Y., MATsuI, S., Mivyazawa, K.,
and Goro, Y., 1996, IEICE Trans. Electron., E79-C,
1027.

Hirp, M., ToyYNE, K. J., SLANEY, A. J., GooDBY, J. W.,
and GRray, G. W, 1993, J. chem. Soc. Perkin T rans. 2,
2337.

NiGorikaAwA, K., and IcHiHASHI, M., 1993, Jpn. Kokai
Tokkyo Koho, Jp 05 58, 926.

BezBORrRODOV, V. S., DABROWSKI, R., SAsNowskl, G. M.,
and Dziapuszek, J., 1996, 16th International Liquid
Crystal Conference, 24-28 June, Kent State University,
Kent, Ohio, USA, Presentation D3P.44.

SAsNOwWSKI, G. M., BEzBOrRODOV, V. S., DABROWSKI, R .,
and Dziapuszek, J., 1996, 16th International Liquid
Crystal Conference, 24-28 June, Kent State University,
Kent, Ohio, USA, Presentation D3P.59.

BezBoroDOV, V. S., SosNnovskn, G., DABROWSKI, R.,
Dziapuszek, J., SCHIRMER, J., and Konns, P., 1996,
Lig. Cryst., 21, 237.

BezBOrODOV, V. S., DABROWSKI, R., DZIADUSZEK, J.,
and PeTROV, V. F., Liq. Cryst. (to be published).
BezBOrODOV, V. S., DABROWSKI, R., DZIADUSZEK, J.,
SosNovski, G., and Petrov, V. F., 1997, Liq. Cryst.
(submitted ).

ScHADT, M., BUCHECKER, R., LEgeeNHOUTS, F.,
BOLLER, A., VILLIGER, A., and PeTrRZIKA, M., 1986,
Mol. Cryst. lig. Cryst., 139, 1.

Hunnua-Ba, T., and Osman, M. A., 1989, US Patent
4808333.

BeEzBorODOV, V. S., PETROVICH, A. E., GRINKEVICH,
0. A., and MARTISHONOK, V. V., 1985, Zh. Org. Khim.,
21, 440.

BezBoropov, V. S., 1987, Zh. Org. Khim., 23, 377.
REIFFENRATH, V., and BREMER, M ., 1994, Angew. Chem.,
106, 1435.

Yosuipa, N., Kitano, K., and Ocawa, T., 1989, US
Patent 4874546.

BUCHECKER, R., FUNFSCHILLING, J., and ScHADT, M.,
1992, Mol. Cryst. lig. Cryst., 213, 259.



20: 13 25 January 2011

Downl oaded At:

788

[164]
[165]

[166]
[167]
[168]
[169]
[170]

[171]

Lateral substitution in nematic systems

MAIER, W., and MEIER, G., 1961, Z. Naturf. (a), 16, 262.
NisHI, T., MATSUBARA, A., OKADA, H., ONNAGAWA, H.,
Sucimori, S., and M1vasHITA, K., 1995, Japan. J. appl.
Phys., 34, 236.

pE JEu, W. H., 1983, Phil. Trans. R. Soc. 4, 309, 217.
Torivama, K., and DuNnMUR, D. A., 1985, Mol. Phys.,
56, 479.

DunMUR, D. A., and PALFFY-M UHORAY, P., 1992, Mol.
Phys., 76, 1015.

ScHAD, Hp., and OsmMaN, M. A, 1981, J. chem. Phys.,
75, 880.

GRrAY, G. W, 1986, Wissenschaftl. Beitrage-Univ., Helle,
52, 22.

McDonNNELL, D. G., Raynes, E. P., and SmitH, R. A.,
1989, Liq. Cryst., 6, 515.

[172]
[173]

[174]

[175]
[176]

[177]
[178]

[179]

pE Jeu, W. H., 1980, Physical Properties of Liquid
Crystalline Materials (Gordon and Breach).

DE JEU, W. H., GERRITSMA, C. J., VAN ZANTEN, P., and
GooseNs, W. A., 1972, Phys. Lett. A, 39, 355.

KHoo, I.-C., and Wu, S.-T., 1993, Optics and Nonlinear
Optics of Liquid Crystals (World Scientific Publishing),
Chap. 1-7.

JakEMAN, E., and RAYNEs, E. P., 1972, Phys. Lett. A,
39, 69.

Taruwmr, K., FINKENZELLER, U., and SCHULER, B., 1992,
Jpn. J. appl. Phys., 31, 2829.

Guy, S. C., 1993, Displays, 13, 32.

ScHEUBLE, B., and BAur, G., 1983, in Proc. Japan
Display 83, p. 224.

ScHADT, M., 1992, Displays, 13, 11.



