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Ten members of the homologous series «,w-bis(2,4-dimethylanilinebenzylidine-
4’-oxy)alkanes and four members of the u-(4-cyanobiphenyl-4’-oxy)-w-(2,4-
dimethylanilinebenzylidine-4’-oxy)alkanes have been synthesized. Their tran-
sitional properties are compared to those of the analogous compounds not
possessing the 2-methyl substituent. Lateral substitution results in a large
decrease in the nematic-isotropic transition temperatures. In contrast, the reduc-
tion in the entropy change associated with the nematic—isotropic transition is
only slight.

1. Introduction

Dimeric liquid crystals are currently of great interest even though both their
original discovery over sixty years ago by Vorlidnder [1] and their subsequent redis-
covery some fifty years later by Rault et al. [2] were apparently overlooked. At the
root of this recent interest in dimers is their role as model compounds for semi-flexible
liquid-crystalline polymers as well as their quite different properties to conventional
low molar mass mesogens having a semi-rigid core. This has prompted the synthesis
of a great number of dimers. The majority of these investigations, however, have
focused upon varying either the length of the flexible alkyl spacer (see, for example, [3])
or the nature of the terminal substituents (see, for example, [4]). In contrast, the
effect of lateral substitution on the properties of dimers has been largely ignored.
This is somewhat surprising because lateral substitution in main-chain polymers
has been extensively investigated as a means of reducing high transition temperatures
(see, for example, [5]). As part of an established programme to investigate the
properties of dimeric liquid crystals and their relationship to molecular structure a
homologous series of symmetric dimers possessing laterally substituted semi-rigid
groups has been synthesised, namely the a,w-bis(2,4-dimethylanilinebenzylidine-4'-

oxy)alkanes,
CH; HC
H;C—@»N: cn—@-omu,),.o —@cu=n©—cn,

the mnemonic used for this series is 1(Me).OnO.(Me)l where n denotes the
number of carbon atoms in the alkyl spacer. This series was chosen because the
corresponding unsubstituted dimers, the o,w-bis(4-methylanilinebenzylidine-4'-
oxy)alkanes (1.0nO. 1 series) have been synthesized and certain of their properties
determined [6, 7]. In addition, the monomeric analogues the N-(4-n-alkyloxy-
benzylidine)-4'-n- alkylanilines (the #O . m series) [8] and the corresponding 2'-methyl
substituted analogues [9] have been synthesized.
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In order to investigate the effect of a single lateral substituent several asymmetric
dimers have been synthesized, namely the «-(4-cyanobiphenyl-4'-oxy)-w-(2,4-
dimethylanilinebenzylidine-4’-oxy)alkanes,

W
NcO(cuz),,o —@-cu =N<©—CH3

the mnemonic used for this series is CB. OnQO . (Me)1 where # denotes the number of
carbon atoms in the alkyl spacer. This series was chosen because the corresponding
unsubstituted dimers, the CB.OnO. 1 series, are known [7, 10] and also, the anal-
ogous monomeric materials have been thoroughly investigated.

2. Experimental

The 1(Me).OnO.(Me)l series was prepared by the condensation of 2.4-
dimethylaniline with an a,w-bis(4-formylphenyl-4’-oxy)alkane; the final products
having an odd-membered spacer were recrystallised twice from absolute ethanol while
the even members were recrystallised twice from toluene. The CB.OnO.(Me)l
compounds were prepared and purified in an analogous manner; the synthesis of the
a-(4-cyanobiphenyl-4’-oxy)-w-(4-formylphenyl-4’-oxy)alkanes will be described
elsewhere.

3. Characterization
The structures of all the final products were verified using I.R. and 'H N.M.R.
spectroscopy. Their thermal properties were investigated using a Perkin-Elmer
DSC-2C differential scanning calorimeter as well as a Nikon polarizing microscope
equipped with a Linkam hot stage. This was also employed to examine the optical
textures of the liquid-crystalline phases.

4. Results and discussion
The transitional properties of the 1(Me).OnO . (Me)l series are given in table 1;
the compounds are monotropic nematogens with the exceptions of those having
spacer lengths of 6, 8, 9 and 10 which are enantiotropic and 1{Me) . 030. (Me)l for
which no mesophase is observed. The nematic phases were assigned from their
schlieren optical texture. The dependence of the transition temperatures upon the

Table 1. The transition temperatures and entropies of transition for the 1(Me). OnQO . (Me)1
homologous series; () indicates a monotropic transition.

Tq/°C

n T Ten/°C Ty /°C AS/R ASw/R
3 135 — 237 —
4 189 (164) 14-2 1-14
5 96 n 150 0-25
6 135 146 13-1 1-49
7 104 (74) 10-5 0-30
8 118 125 15-8 1-72
9 181 84 12-1 0-58
10 1109 115 17-4 2-:00
11 100 (90) 213 066

12 11 (105) 18-4 2-17
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Figure 1. The dependence of the transition temperatures on the length of the flexible spacer,
n, for the 1(Me) . OnO . (Me)1 series; the melting point is denoted by O and @ indicates
the nematic—isotropic transition. Also shown are the transition temperatures of the
1.0#0. 1 series for which O represents the melting point and B the nematic-isotropic
transition.

length of the flexible spacer is shown in figure 1; both the melting temperatures and
the nematic-isotropic transition temperatures show pronounced odd-even effects with
the compounds possessing an even length spacer having the higher values; these
alternations attenuate with increasing n. This behviour is very typical of that observed
for dimeric liquid crystals [3]. Also shown in figure 1 are the transition temperatures
for the 1.0n0. 1 series; lateral substitution has reduced both the melting points and
the Ty;s. In all but two examples the reduction of the melting point is smaller than
that of the Ty;. It is interesting to note that the reduction in Ty; is larger for
odd-membered compounds than for even-membered compounds and this results in
an increased odd-even effect; this is more pronounced for short spacer lengths. The
average reduction in Ty on the addition of two lateral methyl groups is approximately
59°C whereas in the corresponding monomers the addition of a single methyl group
reduces Ty, by 57°C [9].

Figure 2 shows the dependence of the entropy associated with the nematic—
isotropic transition on the length of the flexible spacer for both the 1.0rO.1
and 1(Me) . OnO . (Me)l series. The entropies of both series show a very pronounced
odd-even effect on increasing n with the even membered compounds having the
higher values. This alternation attenuates in a relative sense as » increases. Also
both sets of data show an underlying increase in the value of ASy,/R on increasing
the spacer length. It should be noted that the entropy change measured for
a 1(Me).0n0O. (Me)l compound is invariably less than that of the corresponding
1.0n0.1 member. However, this is a smaller effect than that observed in the
nematic-isotropic transition temperatures. The reduction in ASy /R on lateral
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Figure 2. The dependence of the entropy change associated with the nematic-isotropic
transition on the number of methylene groups, n, in the flexible spacers of the
1(Me).O0nO. (Me)l series denoted by @ and the 1,0n0. 1 series indicated by O.

substitution is a surprising result if compared to monomeric liquid crystals for which
it is often found that a lateral substituent increases ASy;/R [11]. Lateral substitution
in polymeric liquid crystals also results in a decrease in Ty; but an increase in ASy,/R
[5]. The observed decrease in ASy;/R on laterally substituting the 1.0rO . 1 series is
difficult to interpret unambiguously although presumably reflects in part, the increase
in biaxiality of the mesogenic groups which results in the flexible spacer being less
strongly anchored at its ends and thus, the conformational entropy decreases. Alter-
natively, this may simply reflect a decrease in the interaction strength parameter of the
core resulting from a reduction in the degree of conjugation.

The transitional properties of four members of the CB.OnO.(Me)l series are
given in table 2; the compounds are all nematic although the third member is
monotropic. It should be noted that the unsubstituted analogues exhibit smectic
behaviour and the reduction in Ty for the even membered compounds is over 60°C.
This is readily explained by remembering that the smectic phases of CB.OnO.m
compounds having even values of n and values of m < n are thought to have an
intercalated structure arising from the mixed core interaction [10]. Lateral substi-
tution of the Schiff’s base group reduces this interaction because the lateral spacing
is increased resulting in the observed decrease in smectic phase stability.

The dependence of the transition temperatures on the length of the spacer is shown
in figure 3; the melting points exhibit no regular dependence on » unlike the symmetric
dimers whereas the nematic-isotropic transition temperatures show a very pronounced

Table 2. The transition temperatures and entropies of transition for the CB.OrO. (Me)l
homologous series; () indicates a monotropic transition.

T Toy/°C
n Ten /°C Ty /°C AS._JR ASw/R
3 $139 (N 114 0-11
4 132 204 12:1 1-58
5 125 133 8-99 038
6 133 177 10-1 1-62
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Figure 3. The dependence of the transition temperatures on the length of the flexible spacer,
n, for the CB . OnO . (Me)1 series; the melting point is denoted by © and @ indicates the
nematic-isotropic transition.
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Figure 4. The dependence of the entropy change associated with the nematic-isotropic
transition on the length of the flexible spacer, n, for the CB.OnO.(Me)l series. Also
shown are the entropy changes for the CB.OnO. 1 series denoted by O.

odd-even effect on increasing #. The melting points of the CB.OrO.(Me)l com-
pounds are lower than those of the corresponding CB.OnO.1 series with the
exception of CB.050.(Me)l whose melting point is actually slightly higher than
that of the unsubstituted analogue. The nematic-isotropic transition temperatures of
all four substituted compounds are significantly lower than those of the unsubstituted
analogues. Figure 4 shows the dependence of the entropy change associated with the
nematic-isotropic transition on # for both the CB.OrO.(Me)l and CB.OrO. 1
series. Lateral substitution has again reduced ASy;/R and again, this may reflect either
the increased biaxility of the semi-rigid group or the reduction in conjugation.

5. Conclusions
The effect of laterally substituting the mesogenic units in dimeric liquid crystals is
to reduce both the nematic-isotropic transition temperatures and, to a much lesser
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extent, the entropies associated with the nematic-isotropic transition. It is difficult to
interpret these observations unambiguously and model calculations are required
which include the flexible nature of the molecules.

1 wish to thank the Royal Commission for the Exhibition of 1851 for the award
of a postdoctoral fellowship.
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