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The influence of the positions of the 1,4-cyclohexenylene fragment and its carbon-carbon
double bond in the molecular core, on the mesomorphic behaviour and physical properties
of 1,4-disubstituted cyclohexenylene derivatives is discussed and rationalized in terms of

existing theories.

1. Introduction

Liquid crystalline 1,4-disubstituted cyclohexenylene
derivatives have aroused considerable interest in recent
years owing to their remarkable mesomorphic and
physical properties [1-18]. Clearly, there is a close
relationship between the molecular structure of these com-
pounds and their properties. On the other hand, a clear
description of the driving force of these phenomena is
still lacking, and for this purpose, we would like to report
an investigation of the structure—property relationships
involved in 1,4-disubstituted cyclohexenylene derivatives
in relation to nematic display applications. It is believed
that only this approach can lead to a rational design
of liquid crystals with optimized features. It would be
interesting not only to estimate the effect of the positions
of the 1,4-cyclohexenylene fragment and its double bond,
but also to estimate the effect on mesomorphic and
physical properties of replacing this fragment, having a
double bond with a highly polarizable n-electron system,
by the saturated trans-1,4-cyclohexane molecular fragment.

The range of compounds studied is indicated in table 1,
where different molecular core structures are identified
by a ‘system’ number.

2. Mesomorphic properties
The effect on mesomorphic properties of the presence
and position of the 1,4-cyclohexylene fragment and its
carbon-carbon double bond in the molecular core of
various liquid crystals is shown in tables 2-5.
Weakly polar compounds such as 4-n-pentyl-1-cyclo-
hexene-1-carboxylic acid and trans-4-n-pentyl-2-cyclo-

* Author for correspondence.

Table 1. Liquid crystal compound systems.

System
Structure number Reference
Hi1Cs {B-COOH (1 [L219]
Hy1Cs LA~ O-Caty 2)  [6.20]

HaC {A»-c00 ~)-c00 —_CoHs (3) [19]

H,Cs {A»-C00 >~ -cN (4) [1,21]
H7Cs X A~ O~ -F (5) [14,22]
H7Ca <A~ F (6)  [14,1522]
H7Cs X A—BY—~ H-F (7) [14,15,22]
HoCs FF 8)  [13,16]
HsCa F 9)  [13,16]
HeCs FF (10)  [13,16]

hexene-1-carboxylic acid exhibit very interesting meso-
morphic behaviour (compounds 1-1, 1-2, table 2). One
can expect that the replacement of the trans-1,4-cyclo-
hexylene fragment in compound 1-3 by the 1,4-cyclohex-
l-enylene or trans-1,4-cyclohex-2-enylene fragments
having a double bond with a highly polarizable n-system,
to produce compounds 1-1 and 1-2 with an increase in
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Table 2. Mesomorphic properties of system (1) liquid crystals.

Compound No. Structure Phase behaviour/°C Reference
1-1 Hi11C5 { - COOH Cr73N 1191 [1,2]
1-2 H11Cs {_)-COOH Crl4N711 [1,2]
1-3 H11C5 {_)-COOH Cr54 N 1051 [19]
1-4 H11Cs < ) 0C,Hs Cr 79 N (76) 1 [3]
1-5 H11Cs ¢ )~ H-0C,Hs Cr24 N (0)1 [4]
1-6 H11Cs £ )—¢_)-0C,Hs Cr 51 N (49) 1 [23]
1-7 H7Ca { Y~ )-0C4Hs CrSTN741 [4]
1-8 H7Cs { )~ )-0C,Hs Cr36 N (32) 1 [24]
1-9 H11Cs {-CH = CH —_)-0CH;s Cr 81 Sm 102 N 125 1 [4]
1-10 H11Cs {_)-CH = CH—_-0C,Hs Cr 64 N 109 1 [25]
1-11 H,Cs { H-cos ~_)-0C,H, Cr22 N 595 1 [5]
1-12 H7Cs < )-cos ~_-0CH, Cr49 N 53 1 [26]
1-13 H,C3 {_-C00 ~«_H-0C,Hg Cr441 [1]
1-14 H7Cs {)-€00 < -0CHq Cr21 N 461 [1]
1-15 H,Cs < -Cc00 ~_)-0C,H, Cr81 [11
1-16 HzCs < )-coo ~_-0CH, Cr4l.5N 7251 [27]

their nematic—isotropic liquid phase transition temper-
atures (7n.1) due to the overall polarizability being
increased. However, only compound 1-1 shows higher
values of 7w and the crystal-nematic phase transition
temperature (7c.N) and a lower value of the nematic
range AT; compound 1-2 exhibits lower values of the
melting and clearing temperatures and a higher value
of AT compared with those of the reference compound
1-3. These findings can be expressed by the following
orders of increase of the clearing temperatures T (in this
case Te1= Tn1) and the nematic ranges AT, depending
on the type of molecular fragment A:

System (1)
Ta— A: Ceh2<Ch<Cehl; AT— A: Cehl <Ch< Ceh2

where Cehl is the 14-cyclohex-1-enylene, Ceh2 is
trans-1,4-cyclohex-2-enylene and Ch is the trans-
1,4-cyclohexylene.

As can be seen from table 2, the introduction of the
1,4-cyclohex-1-enylene fragment in the molecular core
of weakly polar two-ring alkyl-alkoxy derivatives results
in the increase of their Tc~ and Twa values, while
introducing the 1,4-cyclohex-3-enylene fragment in the
same molecular core lowers their melting and clearing
points compared with those of the corresponding trans-
1,4-disubstituted cyclohexylene derivatives (compounds
1-4-1-6, 1-7 and 1-8).

The introduction of the CH=CH linking group in the
molecular core of two-ring 1,4-disubstituted cyclohex-
l-enylene and corresponding trans-1,4-disubstituted
cyclohexylene derivatives does not change the orders
of increase in the melting and clearing temperatures
observed for compounds with the same molecular
structure but without the above-mentioned linking
group: 1,4-disubstituted cyclohex-1-enylene derivatives
show higher clearing and melting temperatures than
the corresponding trans-1,4-disubstituted cyclohexane
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Table 3. Mesomorphic properties of system (2) liquid crystals.

Compound No. Structure Phase behaviour/°C Reference
2-1 H11Cs { O~ - CHy Cr—11Sm 12N 271 [6]
2-2 H11Cs € )~ )-CqHy Cr-10Sm 19N 221 [6]
2-3 H11Cs { )~ )-CaHy Cr31Sm971 [20]
2-4 H11Cs € Y~ >~ H-CH, Cr53Sm 114 N 1321 [4]
2-5 Hy1Cs { )~ >~ -CH, Cr98Sm 123 N 178 I [28]
2-6 H11Cs < I~ D D-CsHy4 Cr 101.5 SmB 180 SmA 194 I [7]
2-7 Hy1Cs £ )~ )~ >-CsHiy Cr 13 SmB 164 N 166 T [71
2-8 Hi1Cs { 3~ ) »CgHyy Cr91 Sm 144 N 167 1 [4]
2-9 H11Cs { )~ )~ )CsHyy Cr 50 Sm 196 [29]
2-10 H11Cs € )~ )~ -cqH, Cr82N 1136 1 [4]
2-11 H11Cs { )~ ¢ -CqH, Cr 48.6 Sm 181 I [8]
2-12 HsC { )co0—H-Ccoo —_)CoHs Cr96 N 169 1 [1]
2-13 HaC {_)-C00 ~_>-C00 —_)C,Hs Cr53N 1621 [1]
2-14 HaC < »-C00 ¢ -C00 —~-CpHs Cr58 N 1651 [1]
2-15 HasC {000 <-c00 —>-CzHs Cr85N 193 1 [9]
2-16 H11Cs {_)—~_)-c00 ~¢_-0CH,4 Cr 425 N 1545 1 [10]
2-17 H11Cs {_y—~_)-c00 ~¢_)-0CH, Cr-30N 1031 [10]
2-18 H11Cs { )~ )-c00 —{_)>-0CH, Cr60 N 2181 [10]

derivatives (compounds 1-4 and 1-6, 1-9 and 1-10).
While introducing the COQ linking group in the liquid
crystalline molecular cores changes the order of increase
in clearing temperatures, it leads to the disappearance
of the mesophase and keeps the same order of increase
in melting temperatures for the 1,4-disubstituted cyclo-
hex-1-enylene derivatives (compounds 1-7 and 1-8, 1-13
and 1-16). Introduction of the COS linking group changes
the order of increase in melting temperatures and keeps
the same order of increase in clearing temperatures
(compounds 1-7 and 1-8, 1-11 and 1-12).

It is clear from the data collated in table 2 that the
replacement of the trans-1,4-cyclohexylene fragment by the

trans-1,4-cyclohex-2-enylene and 1,4-cyclohex-3-enylene
fragments to produce compounds 1-14 and 1-15 results
in decreasing their melting and clearing points and the
disappearance of the mesophase, respectively.

Compared with the smectic trans-1,4-disubstituted
cyclohexylene derivative 2-3 presented in table 3,
1,4-disubstituted cyclohex-1-enylene derivative 2-1 and
1,4-disubstituted cyclohex-3-enylene derivative 2-2, having
increased molecular polarizability, exhibit significantly
lower crystal-smectic phase transition temperatures;
they also show smectic and nematic phases with greatly
reduced thermal stabilities. The orders of increasing Tei
and AT are as follows:
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Table 4. Mesomorphic properties of system (3) liquid crystals.

Compound No. Structure Phase behaviour/°C Reference
3-1 H1C7 { O—O-CN Cr47.5N 611 [11]
3-2 H1sC7 4 )—~)-cN Cr35N(5)1 [12]
33 H1sC7 { )~ )-CN Cr30NS9T [30]
3-4 H;C3 { >-coo < -cN Cr711 [1]
35 H7Cs{_)-Co0—_)-CN Cr17N(9)1 [1]
3-6 H,Cs¢_)-coo ~{-cN Cr<201 [1]
3-7 H7Cs{_)-Cc00 ~¢_)-CN Cr2N701 [31]
3-8 H7Ca{ I~ -CN Cr110N2321 [11]
3-9 H7Ca{ )~ )~ -CN Cri133N2301 [32]
3-10 H7Ca { )~ ¢ >-cN Crll4N 1721 [12]
3-11 H7Cs {3~ O—-cN Cr 123N 160 I [33]
3-12 H7Ca{ I~ )—-CN Cr68 N 1831 [13]
3-13 H7Cs{ )~ )~ -CN Cr62 N 1671 [13]
3-14 HCs { )~ ¢ >-cN Cr72N2421 [22]
3-15 HCs{_)-co0 ~ 3 _-cN Cr 109 N 224 1 [1]
3-16 H7C3{_)-c00 <)~ -cN Cr 39N 2031 [1]
3-17 H7Cs4_)-coo )~ H-cN Cr63N 1721 [1]
3-18 H7C3{_)-c00 >~ H-cN Cr 943 N 2486 1 [21]

System (2)
Ta—> A: Ceh3<Cehl<Ch; AT— A: Ch<Ceh3< Cehl

where Ceh3 is the 1,4-cyclohex-3-enylene.

The thermal data presented in table 3 reveal that
weakly polar three-ring 1,4-disubstituted cyclohex-
3-enylene derivatives exhibit lower clearing points, and
decreased thermal stability of the smectic phase or
its disappearance; the corresponding 1,4-disubstituted
cyclohex-1-enylene derivatives show higher melting and
clearing points and disappearance of the nematic phase
compared with those of the corresponding trans-
1,4-disubstituted cyclohexylene derivatives (compounds
2-4 and 2-5, 2-6 and 2-7, 2-10 and 2-11). It should be

pointed out that the highly smectic character of the
mesophases recorded for compound 2-6 makes it difficult
to use as the component of liquid crystalline materials
for nematic display applications. The melting points of
the 1,4-disubstituted cyclohex-3-enylene derivatives show
both increasing (compounds 2-10 and 2-11) and decreasing
(compounds 2-4 and 2-5) values in comparison with
those of the corresponding trans-1,4-disubstituted cyclo-
hexylene derivatives. Interestingly, the replacement of
two trans-1,4-cyclohexylene fragments by the 1,4-cyclohex-
lI-enylene fragment and 1,4-cyclohex-3-enylene fragment
in compound 2-9 to produce compound 2-8 results in
decreasing its clearing point, increasing its melting point
and inducing the nematic phase.
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Table 5. Mesomorphic properties of system (4) liquid crystals.

Compound No. Structure Phase behaviour/°C Reference
4-1 H11Cs O~ 8r Cr 165 N 235 1 [4]
42 H11Cs{ O H-Br Cr 1534 N 19271 [34]
4-3 Hy1Cs L )~ )-F Cr 68 N 107 1 [4]
4-4 Hy1Cs{ >~ D-F Cr 100 N 153 1 [35]
4-5 HCa{ Y~ ) -F Cr 56 N 971 [14]
4-6 H G > > >-F Cr76 N 951 [14]
4-7 H7Cs X O~ -F Cr 59.7 N 150 1 [15]
4-8 H:Ca{ )~ >~ >-F Cr45N911 [14]
4-9 H7Ca{ )~ ) )-F Cr9oN 158 1 [22]
4-10 HeCa{ D~ FF Sm 148 N 241 1 [13]
411 HCa{ )~ O~ FF Cr 60 Sm 160 N 244 [ [13]
4-12 HsC{ )~ FF Sm 158 N 235 1 [13]
4-13 HsCa{ )~ 0~ FF Cr 87.1 Sm 174 N 245 T [16]
4-14 HoCs X )~ ) FF Cr 64 Sm 170 N 238 1 [13]
415 HSC4O—O—O—Q;F Cr 722 Sm 217 N 299 T [16]

As can be seen from table 3, weakly polar three-
ring 1,4-disubstituted cylohexenyl derivatives with two
incorporated COQO linking groups exhibit only nematic
phases; phase transition temperatures depend on the
position of a double bond in their 1,4-cyclohexenylene
fragment. Trans-1,4-disubstituted cyclohex-2-enylene and
1,4-disubstituted cyclohex-3-enylene derivatives exhibit
lower melting points (compounds 2-13 and 2-14) and
1,4-disubstituted cyclohex-1-enylene derivative (com-
pound 2-12) shows a higher melting point; all three
1,4-disubstituted cyclohexenylene derivatives show lower
values of the clearing points compared with those of the
reference compound 2-15. These can be expressed by
the following orders of increasing T and AT:

System (3)
T —> A: Ceh2 < Ceh3 < Cehl < Ch;
AT — A: Cehl <Ceh3 < Ch< Ceh2.

From table 3, it follows that by increasing the number
of the trans-1,4-cyclohex-2-enylene fragments intro-
duced into the molecular core of liquid crystals and,
consequently increasing their molecular polariability,
their clearing and melting points are decreased further
(compounds 2-16-2-18).

As in the case of weakly polar 1,4-disubstituted cyclo-
hexenylene derivatives, strong polar two-ring cyano
derivatives exhibit similar mesomorphic behaviour. The
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introduction of the 1,4-cyclohex-1-enylene fragment in
their molecular cores increases the melting and clearing
temperatures, and the introduction of the 1,4-cyclohex-
3-enylene fragment lowers the clearing and increases the
melting temperatures compared with those of the corres-
ponding trans-1,4-disubstituted cyclohexylene derivative
(compounds 3-1 and 3-3, 3-2 and 3-3, respectively;
table 4).

The introduction of the COOQO linking group into
the molecular cores of two-ring cyano derivatives
incorporating 1,4-cyclohexenylene fragments, with different
positions of their double bond, changes the order of
increasing 7ua observed for two-ring 1.4-disubstituted
cyclohex-1-enylene and the corresponding trans-1,4-
disubstituted cyclohexylene cyano derivatives without
the COO linking group. This results in a significant
reduction of the melting and clearing points for the
trans - 1,4-disubstituted cyclohex -2-enylene derivative
(compound 3-5) and the disappearance of the mesophase
for the 1,4-cyclohex-1-enylene and 1,4-cyclohex-3-enylene
derivatives (compounds 3-4 and 3-6, see also [1,11])
in comparison with those of the reference compound
3-7, table 4.

The data on phase transition temperatures presented
in table 4 show that the effect on the mesomorphic
behaviour of three-ring cyano derivatives strongly depends
on their molecular structure. So far, the introduction
of the 1,4-cyclohex-1-enylene or 1,4-cyclohex-3-enylene
fragments in the molecular core of three-ring cyano
derivatives incorporating two 1,4-phenylene fragments
decreases their melting point and increases clearing
temperature compared with those of the corresponding
trans-1,4-disubstituted cyclohexylene derivatives (com-
pounds 3-8 and 3-9, 3-10 and 3-11). The introduction
of the above-mentioned fragments in the molecular core
of three-ring cyano derivatives having two saturated
trans-1,4-cyclohexylene fragments decreases both their
melting and clearing temperatures compared with those
of the reference liquid crystal (compounds 3-12-3-14).

As in the case of two-ring cyano derivatives, the intro-
duction of the COO linking group in the molecular cores
of three-ring cyano derivatives changes the order of
increase in clearing and melting temperatures observed
for the 1,4-disubstituted cyclohex-1-enylene and corres-
ponding trans-1,4-disubstituted derivatives without the
COQO linking group. This also results in decreasing the
nematic—isotropic liquid phase transition temperature
and increasing the crystal-nematic phase transition
temperature of the 1,4-disubstituted cyclohex-1-enylene
derivative compared with those of the reference liquid
crystal (compounds 3-8 and 3-9, 3-15 and 3-18). The
replacement of the trans-1,4-cyclohexylene fragment
by the trans-14-cyclohex-2-enylene and 1,4-cyclohex-
3-enylene fragments in compound 3-18 to produce com-

pounds 3-16 and 3-17 lowers their melting and clearing
points. These are consistent with the order of increasing
the clearing temperatures and the nematic ranges for the
system (4):

System (4)
T —> A: Ceh3 < Ceh2 < Cehl < Ch;
AT — A: Ceh3<Cehl < Ceh2< Ch.

These results reveal that the introduction of the
1,4-cyclohex-3-enylene fragment into the molecular core
of system (4) compounds produces liquid crystals with
the narrowest nematic phase and having the lowest
thermal stability. However, introducing the 1,4-cyclohex-
I-enylene and 1,4-cyclohex-2-enylene fragments gives
liquid crystals with increased clearing temperatures or a
broader nematic phase, respectively.

As can be seen from table 5, replacement of the
trans-1,4-cyclohexylene fragment by the 1,4-cyclohex-
l-enylene fragment in 4-bromo-4'-(trans-4-n-pentyl-
cyclohexyl )biphenyl results in the increase of both its
crystal-nematic and nematic—isotropic liquid transition
temperatures, as compared with those of the correspond-
ing reference liquid crystal (compounds 4-1 and 4-2).
The high melting point (165°C) observed for com-
pound 4-1 makes it difficult to use as a component of
liquid crystalline materials for nematic display appli-
cations. However, the replacement of the trans-1,4-cyclo-
hexylene fragment by the 1,4-cyclohex-3-enylene frag-
ment in 4-fluoro-4'-(trans-4-n-pentylcyclohexyl ) biphenyl
and 1-[trans-4~(trans-4-n-propylcyclohexyl )cyclohexyl |-
4-fluorobenzene, or by the 1,4-cyclohex-1-enylene frag-
ment in the latter compound, leads to the decrease in
melting and clearing temperatures, as compared with
those of the corresponding trans-1,4-disubstituted cyclo-
hexylene derivatives (compounds 4-3 and 4-4, 4-5-4-9),
see also [ 17, 18]. These can be expressed by the following
orders of increasing Tc and AT:

System (5)

Ta— A: Ceh3<Cehl <Ch; AT— A: Ceh3<Cehl < Ch

System (6)
Ta— A: Ceh3<Cehl<Ch; AT— A: Ceh3<Ch< Cehl.

These indicate that the introduction of the 1,4-cyclohex-
3-enylene fragment into the molecular core of systems
(5) and (6) compounds produces liquid crystals with
the narrowest nematic phase and having the lowest
thermal stability. The order of increase in the clearing
temperatures is the same for any of two positions on
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introduction of the 1,4-cyclohex-1-enylene and 1,4-cyclohex-
3-enylene fragments into the molecular core of the liquid
crystals belonging to these systems.

Interestingly, on moving the position of the 1,4-cyclohex-
3-enylene fragment from the alkyl group to a position
close to the 1,4-phenylene fragment there is a decrease
in both melting and clearing points (compounds 4-6
and 4-8). The same movement of the position of the
1,4-cyclohex-1-enylene fragment increase the melting and
clearing points (compounds 4-5 and 4-7).

The influence of the introduction of the 1,4-cyclo-
hexenylene fragment into three-ring fluoro derivatives
can be expressed by the following orders of increase in
clearing temperatures and nematic ranges:

System (7)
Ta— A-B: Ch-Ceh3 < Ceh3-Ch < Ceh1-Ch
< Ch-Chl < Ch-Ch;
AT— A-B: Ceh3-Ch < Ceh1-Ch << Ch-Ceh3
< Ch-Ch< Ch-Chl.

These results reveal that the introduction of the
1,4-cyclohex-1-enylene fragment as the central ring B in
the molecular core of system (7) is the most favourable
for achieving the broadest nematic phase with moderate
thermostability.

Comparison of the thermal data for the four-ring
difluoro derivatives presented in table 5 shows that the
smectic—nematic and nematic—isotropic liquid transition
temperatures are lower for 1,4-disubstituted cyclo-
hexenylene derivatives than for the corresponding zrans-
1,4-cyclohexylene derivative (compounds 4-10—4-15).
Hence, for the liquid crystals investigated, the orders of
increasing Te1 and AT are as follows:

System (8)
Ta— A: Ceh3<Cehl < Ch; AT — A: Ceh3< Ch< Cehl

System (9)
Ta— A: Ceh3<Cehl <Ch; AT— A: Ceh3<Chl < Ch.

These results indicate that the introduction of the
1,4-cyclohex-3-enylene fragment into the molecular core
of systems (8) and (9) compounds produces liquid
crystals with the narrowest nematic phase and having
the lowest thermal stability. The order of increase
in clearing temperatures is the same for any of two
positions on introduction of the 1,4-cyclohex-1-enylene
and 1,4-cyclohex-3-enylene fragments into the molecular
core of the liquid crystals belonging to these systems.

The compounds of systems (8) and (9) as well as of
(5) and (6) show the same order of increase in clearing

points despite the increasing alkyl chain length, the
introduction of the additional trans-1,4-cyclohexylene
fragment into the molecular core and the lateral fluoro
substitution of the 1,4-phenylene fragment in systems
(8) and (9), as compared with those of systems (5)
and (6).

As can be seen from table 5, movement of the position
of the 1,4-cyclohex-1-enylene fragment from the alkyl
group to a position close to the 1,4-phenylene fragment
increases both the smectic-nematic and nematic—isotropic
liquid phase transition temperatures (compounds 4-10,
4-11, 4-13). The same movement of position of the
1,4-cyclohex -3-enylene fragment also increases these
phase transition temperatures (compounds 4-12, 4-14);
this is the opposite situation to the results seen above
for three-ring 1,4-disubstituted cyclohex-3-enylene fluoro
derivatives. The introduction of the 1,4-cyclohexenylene
fragment into the molecular core of four-ring difluoro
derivatives leads to the following orders of increase in
clearing temperatures and the nematic ranges:

System (10)

Ta— A-B-K: Ch-Ceh3-Ch<Ch-Ch-Ceh3<Ceh1-Ch-Ch
< Ch-Ceh1-Ch<<Ch-Ch-Ceh1 << Ch-Ch-Ch;

AT— A-B-K: Ch-Ch-Ceh3<<Ch-Ch-Ceh1<<Ch-Ceh3-Ch
< Ch-Ch-Ch<<Ch-Ceh1-Ch<Ceh1-Ch-Ch.

These results reveal that the introduction of the
1,4-cyclohex-3-enylene fragment into the molecular core
of system (10) compounds gives liquid crystals with
lowest clearing temperatures; the similar introduction of
the 1,4-cyclohex-1-enylene fragment, particularly as the
ring K, increases the nematic—isotropic phase transition
temperatures. In the case of the nematic range, intro-
duction of the 1,4-cyclohex-3-enylene fragment into system
(10) compounds as the ring K results in the narrowest
nematic range, while introduction of the 1,4-cyclohex-
I-enylene fragment as the ring A gives the broadest
nematic range.

The results presented together with ref. [12] show
that the mesomorphic behaviour of 1,4-disubstituted
cyclohexenylene derivatives is difficult to predict using
a rationalization in terms of only anisotropy of polariz-
ability and based on the Maier-Saupe theory [36]. It
has been suggested that the packing of the molecules
predominantly influences the thermodynamical stability
of the nematic phase [12]. Other molecular aspects,
such as association [ 37, 38] or dipole—dipole attraction
in polar liquid crystals, which can influence the packing
of the molecules will also affect the stability of the
nematic phase [12].
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3. Static dielectric, optical, elastic and electro-optical
properties

The relationship between the dielectric anisotropy
Ae= g — ¢, (wWhere ¢ and ¢, are, respectively, dielectric
constants that are parallel and perpendicular to the
nematic director n) and molecular structure of liquid
crystals is described by the theory of Maier and Meier
[39]:

Ae= NhF/so[Aa— Fu*1kT (1 = 3cos” B)]S

(1)

where h = 3e*/2s* + 1), g* = (£H+ 2¢))3;Aa= (a)— aJ_),
is the polarizability anisotropy; F is the cavity reaction
field; u is the dipole moment; g is the angle between
the molecular long axis and the dipole moment; N is
the number of molecules per unit volume; S is the order
parameter.

It has been shown that 1,4-disubstituted cyclohexeny-
lene derivatives having higher values of polarizability
exhibit higher values of dielectric anisotropy compared
with those of the corresponding trans-1,4-disubstituted
cyclohexylene derivatives; this is in agreement with
equation (1), see compounds 5-1 and 5-2, 5-3-5-6,
table 6.

The phenomenological relation between refractive

index and electric polarization is defined as [43, 44]:
n** — 1y(m**+2)= N a*/3¢

(2)

where the mean polarizability o* = (ot 2a,)3; the mean
refractive index n*>= (ng + 2n(2))/3; no is the ordinary

V. S. Bezborodov and V. F. Petrov

and n. is the extraordinary refractive index. From
equation (2) and the previous discussion, it follows that
the 1,4-disubstituted cyclohexenylene derivatives which
have large induced polarizability of their n-electron system
exhibit an optical anisotropy An = n.— no that is larger
than that of the corresponding trans-1,4-disubstituted
cyclohexylene derivatives (compounds 5-1 and 5-2).

The elastic constant ratio K 33/K 11 of liquid crystalline
materials is a parameter of great importance for super
twisted nematic-liquid crystal displays (STN-LCDs),
defining their electro-optical performance [45]. It has
been found that the position of a double bond in the
1,4-cyclohexenylene fragment and its position in the
molecular core of nematic liquid crystals have a strong
effect on their elastic constants (compounds 5-3, 5-5, 5-6,
table 6). Compound 5-3, having an alkyl chain attached
to the 1,4-cyclohex-1-enylene fragment, shows a lower
value of the elastic constant X 11 and a higher value of the
elastic constant ratio K33/K11 compared with those of
compound 5-5 (having the 1,4-cyclohex-3-enylene frag-
ment attached to the 3'4’-difluorophenylene fragment)
and the reference liquid crystal 5-6 (only K33/K11).

It has been demonstrated that the threshold voltage
of the twist-effect can be expressed as follows [46]:

Vin & TC[K/&)AS]I/Z (3)

where « is the elastic expression, k= [K 11+ (K 33— 2K 22 )/4].
As can be seen from table 6 compounds 5-3 and 5-5,
having approximately equal values of the dielectric

Table 6. Dielectric, optical, elastic and electro-optical properties of system (5) liquid crystals.

Compound No. Structure Tn1/°C Ag An K x107"%/N i_jj vtV Ref.
5.1 HCa { )~ —-0CHF, 1677 36°  0.154° [40]
5-2 H7Cs { )~ ¢ OCHF, 1736 32° 0114 [40]
5.3 H:Ca F 59 56° 0078 6.1¢ 31 162 [14,41]
5-4 H:Cs F 53 500 0.073¢ [14,41]
5.5 H7Ca X )~ FF 55 565 0075 79¢ 18 176 [14,41]
5.6 H7Ca O—O-QF 1238 32 195 18" [42]

r=T/Tna=085; T/K, Tna/K.

® Extrapolated values from the 10% wt solution in ZLI-1132 at 20°C.

Z Tmeas = TN1— 34°C.
. Tmeas = TN-1— 28°C.
c Tmeas = TN-1— 30°C.

Tmeas = TN-1— 35°C-
¢ Tmeas = TN1— 58°C.
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Table 7. Viscosity and electro-optical parameters of the liquid
crystalline mixtures [1]*: cell gap d = 10 pm, Teas = 20°C.

Compound 2-12 2-13 2-14 2-15

Tna/°C 67.8 66.3 67.1 739
Threshold voltage/V 1.34 1.36 1.30 1.49
Saturation voltage/V 1.86 1.85 1.82 1.96

Switch-on time/ms 80 70 75 55
Switch-off time/ms 150 150 150 140
Viscosity/mm” s ™' 49 42 48 38.5

* The mixtures are composed of 75wt % of 4-n-pentyl-4'-
cyanobiphenyl and 25wt % of one of the compounds 2-12,
2-13, 2-14, 2-15, respectively.

anisotropy, differ in the value of elastic constant K11
which, according to equation (3), has a proportional
influence on the threshold voltage of the twist-effect.
That is, the increased value of K11 corresponds to the
increased value of Vi for compound 5-5.

Table 7 presents the viscosity and electro-optical para-
meters of liquid crystalline mixtures composed of 4-n-
pentyl-4’-cyanobiphenyl and one of the 1,4-disubstituted
cyclohexenylene and trans-1,4-disubstituted cyclohexylene
derivatives. It can be seen that liquid crystalline mixtures
containing 1,4-disubstituted cyclohexenylene derivatives
exhibit higher values of the kinematic viscosity and
lower values of the threshold and saturation voltages
of the twist-effect compared with those of the mixture
containing the corresponding trans-1,4-cyclohexylene
derivative. These results can be used for the development
of liquid crystalline materials for nematic display
applications with decreased power consumption.

4. Conclusion

Systematic studies on the effects of structure—property
relationships in liquid crystalline 1,4-disubstituted
cyclohexenylene derivatives have been performed, with
attempts to correlate the molecular level parameters
with the observed mesomorphic and physical properties.
The information here presented may lead to a better
understanding of the nature of liquid crystals and their
use for nematic display applications.
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