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The phase diagram of the binary system 4-n-pentyl-4’-n-pentyloxytolane and 4-(4'-n-
pentylbicyclof2.2.2]octyl) benzonitrile exhibiting induced smectic mesophases was deter-
mined. The unusual character of this system is emphasized by: a) the formation of two types
of smectic— A and E, b) the thermal stability maximum of the smectic mesophases corre-
sponds not to an equimolar composition, but to the formation of molecular associates between
the polar and the low-polarity component in the ratio 1:2 and 1:4, respectively.

It is known that mixtures of nematic liquid crystal materials with a large
difference in polarity in many cases produce an induced smectic meso-
phase,'” generally of type A,** and sometimes of type B or E.° In all
investigated cases, the thermal stability maximum of the induced smectic
mesophase corresponded to an approximately equimolar compositipn of
polar and low-polarity components.

We have examined mixtures containing the recently synthesized® 4-
(4'-n-pentylbicyclo[2.2.2]octyl) benzonitrile and shown that this com-
pound exhibits an induced smectic mesophase of type A with many low-
polarity compounds (see Table I). For example, the equimolar mixture of
4-(4'-n-pentylbicyclo[2.2.2]octyl) benzonitrile and 4-n-hexyloxyphenyl

* 4-n-butylbenzoate exhibits a transition from the smectic A mesophase to

the nematic mesophase at 25°C and a transition between the nematic and
isotropic states at 67°C.

However, a more detailed study of the bicyclo-octylbenzonitrile-tolane
system has indicated that the thermal stability maximum of the smectic A
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TABLE I

Formation of induced S, phases in equimolar binary mixtures of
4-(4'-n-pentylbicyclo[2.2.2]octyl) benzonitrile and low-polarity components

i Transition temperatures (°C
Low-polarity component, 50 mol % ransition tempe °C)

Sa N I

1. cH~0O)-c00<0O)-0CH:, 25 67
2. cH~<O)N=N~<O)-0CHs 44 48
3. c<Orccnm=cu<O)y-ocH, 26 55
4. ci,~O)r-c=c~<O)-ocH, 50 84

mesophase corresponds not to an equimolar composition, but to 33 mol%
of the polar component (see Figure 1). Furthermore, at lower temperatures,
another type of smectic appeared with a thermal stability maximum at
20 mol% of the polar component. From the textures observed, this smectic
is of type E (striped focal-conic texture).’

So in the investigated system the formation of associates between polar
and low-polarity components in the ratio 1:2 leads to the induction of the
S, mesophase and in the ratio 1:4 of the Sg mesophase.

The measured value of the enthalpy for the tramsition Sg—S, at the
composition 30 mol% of the polar component is 1.21 cal/g, and for the
transition from S, to nematic phase —0.95 cal/g. At the point of disap-
pearance of the S, phase (20 mol% of the polar component), the value of
the enthalpy for the transition smectic to nematic is 2.92 cal/g.

It is characteristic that this system exhibits two eutectics with m.p. 22°C
and 29.5°C. The temperature curve for the transition from the nematic to
the isotropic state reflects the temperature-concentration boundaries of the
smectic region: this line exhibits a slight concavity at concentrations
50-100 mol% of the polar component and a slight convexity — from
0-50 mol%. So the formation of associates also increases the thermal
stability of the nematic phase. We have examined two other systems con-
taining tolanes and have again established the formation of S, and Sg phases
(Table II).

For example, a mixture of 40 mol% 4-(4'-n-octylbicyclo[2.2.2]Joctyl)
benzonitrile 30 moi% 4-n-hexyloxyphenyl 4-n-butylbenzoate and
30 mol% 4-n-heptyl-4'-n-butyloxytolane is characterized by the transition
temperatures: S;— S, at 58°C, S, —1I at 63°C. The same systems without
the added tolane form only induced S, mesophases.

We hope that the observed influence of the composition of the molecular
associates on the type of induced smectic mesophase may be useful for an
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FIGURE 1 The phase diagram of the system 4-n-pentyl-4'-n-pentyloxytolane (A) and
4-(4'-n-pentylbicyclo[2.2.2]octyl benzonitrile) (B).

TABLE 11

Formation of S, and S;. phases in liquid crystal mixtures

Mol Transition temperatures (°C)
% Se Sa N I

cH~~<O)-cN 40 8 — 6
ch~Or-coo<O)rocH, 30
cH~Orc=c<0O)r-ocH, 30
cH~O)~O)-on 40 ¥ 532 S8
cH~Orcoo<O)-ocH, 10
cH,~Or-c=c<0O)y-ocH, 0

Mixture
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understanding of the nature of this phenomenon which certainly needs
further investigation.
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