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Dielectric studies of nematic-smectic A-reentrant nematic transition in
the 8OCB/60CB mixtures

by J. JADZYN and G. CZECHOWSKI

Institute of Molecular Physics, Polish Academy of Sciences,
Smoluchowskiego 17/19, 60-179 Poznan, Poland

(Received 13 April 1988, accepted 29 July 1988)

The results of measurement of the anisotropies of the electric permittivity and
conductivity for pure 8OCB and 60CB together with their mixtures are presented.
It was found that (i) the dielectric properties of mesophases composed of molecules
with a strong tendency to antiparallel association in the nematic phase (830CB) and
molecules which do not exhibit such a tendency (60CB) undergo a drastic change
in mixtures with a relatively low concentration of 60CB, (ii) the effect of smectic
density modulation in the N-S,-Ng sequence is very subtle, and (iii) for concentra-
tions higher than a critical value the nematic phase exhibits a smectic-like ordering
which vanishes with increasing concentration of 60CB.

1. Introduction

The phase transition between a one dimensional solid-like smectic A and the three
dimensional liquid-like nematic is one of the most important transitions in the physics
of liquid crystals. The interest in this transition is enhanced by a variety of smectic A
phases for which the parameters describing a structure of layers can be correlated with
the molecular structure and the molecular interactions. A relatively small modifica-
tion of the molecular properties may lead to a considerable change in the stability of
the mesophase, and in some cases it may even cause a reversal of the natural phase
sequence, for example the nematic phase can appear at a temperature lower than that
of the stable smectic phase. Numerous experimental and theoretical papers were
devoted to studies of this reentrant nematic phase, which was discovered by Cladis in
1975 [1]. This phase has been observed in mixtures [1, 2] as well as in single compounds
at high 3] and atmospheric [4] pressure. At present many compounds and mixtures
are known in which a reentrant nematic phase is observed [5, 6].

The mixture of 4-n-octyloxy-4’-cyanobiphenyl (80CB) and 4-n-hexyloxy-4'-
cyanobiphenyl (6OCB) is a classic system in which the stable nematic reentrant phase
is observed. Much precise and reliable data concerning this system have been reported
in literature. Here, we present the results of electric permittivity and conductivity
measurements carried out for pure 80OCB and 60CB and seven of their mixtures: four
from the concentration range in which the smectic phase exists, and three from that
in which there is only the nematic phase.

2. Experimental
80CB and 60CB were synthesized by R. Dabrowski and his coworkers. The
transition temperatures of the pure compounds and their mixtures were in agreement
with the literature values [7, 8]. The equipment and measuring method are described
in a previous paper [9].
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3. Results and discussion
(a) Pure 8OCB and 60CB

Figure | shows the results of electric permittivity and conductivity measurements
for the pure mesogens.

In the isotropic phase both compounds exhibit quite similar properties. Their
permittivity decreases slightly while approaching the isotropic-nematic transition,
which indicates that the extent of their antiparaliel association increases. Such behav-
iour is typical for nematogens with a terminal cyanide group. The difference in the
value of permittivity in the isotropic phase of 8OCB and 60CB reflects the difference
in their molar volume (about 10 per cent). The activation energy for ionic movement
determined from the electrical conductivity measurements in the isotropic phase is the
same for both compounds and amounts to 0-28 + 0-0leV.

In the nematic phase the essential differences in dielectric properties of both
compounds are observed. In 80CB a strong antiparallel molecular association
causing a considerable decrease in & appears. This process lasts until the transition to
the smectic A phase at about 67°C. The behaviour of 60CB is quite different. The
constant value of £ over the whole nematic range indicates that the extent of self-
association achieved in the isotropic phase remains constant (excluding a jump at the
nematic—isotropic transition). As a consequence of the strong reduction in the value
of g for 80CB, 60CB reveals a considerably larger dielectric anisotropy Ae =
g — &,. These results agree with those obtained by Buka and Bata [10].

The electrical conductivity measurements also revealed quite different behaviour
for these compounds. In nematic 8OCB we obtain significantly higher values of the
conductivity activation energy (E,, = 0-83¢V, E,, = 0-80€V) in relation to those
for 60CB (E,, = 0-46¢V, E,, = 0-49¢V). In the vicinity of the nematic-smectic A
transition a considerable decrease in the value of g, for 8OCB changes the sign of the
anisotropy. This effect is always accompanied with the formation of smectic layers
which create an energy barrier for ions moving along the direction perpendicular to
the layers (parallel to the director) [11-13].

(b) Mixtures of 8SOCB and 60CB
Figure 2 shows the phase diagram for the 80OCB/60CB mixtures, obtained by
Kortan and coworkers [8]. The transition temperatures obtained from our dielectric
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Figure 2. Phase diagram for the 80OCB/60CB mixture [8]. The vertical lines denote the
concentrations at which the dielectric measurements were made.
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measurements, which were carried out for concentrations denoted by the vertical lines

in figure 2, agree very well with this diagram.

Figure 3 shows the results of the permittivity and conductivity measurements

obtained for the mixtures of 80CB and 60CB in which the smectic A phase exists.
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In three mixtures of concentration y = 0-383, 0-397 and 0-422 the reentrant nematic
phase (Ng) was observed. These results lead to the following conclusions.

Increasing the concentration of 60CB causes an increase in ¢, (in both nematic and
smectic phases), which for the more or less constant value of ¢, leads to an increase
in the mean value of the electrical permittivity & and dielectric anisotropy Ae. Since
the mixtures studied are composed of molecules in which the direction of the dipole
moment (the cyano group) is the same as the direction of the molecular long axes an
increase in g means that in successive mixtures, shown in figure 3, the amount of
dimers with antiparallel correlation, i.e. with a compensated dipole moment, is
reduced. Especially drastic changes in the dielectric properties (and the electrical
conductivity) are observed in mixtures with a relatively low concentration of 60CB.
Similar results were obtained by Buka and Bata [10], who interpreted the results of
their electrical permittivity measurements in terms of a correlation factor.

Thus, the dielectric studies show that the reentrant nematic phase appears in the
80CB/60CB mixtures when the concentration of antiparallel dimers in the smectic A
phase is greatly reduced in relation to pure 80OCB. This fact seems to be in contrast
with the model of reentrant phase formation, according to which an increase in
concentration of the antiparallel dimers in the already densely packed smectic A,
layers would lead to the S,—Ny transition [14-16]. This difference has been discussed
and convincingly illustrated by Chandrasekhar [17]. The discovery of the S,-Ng
phase transition made by Peltz and coworkers [18] in binary mixture of two terminal
non-polar compounds, in which the smectic layers are monomolecular (A,) means
that the antiparallel correlations are not the only mechanism creating the reentrant
nematic phase.

Another important conclusion can be drawn from the results of electrical conduc-
tivity measurements. A typical nematic-smectic A transition is always accompanied
by a considerable decrease in the conductivity measured along the direction in which
the long molecular axes are oriented (o), i.€. perpendicular to the smectic layers. Since
the perpendicular component of the conductivity (¢, ) is usually insensitive to the
nematic-smectic A transition, a decrease in o leads to a change in the conductivity
anisotropy in the smectic phase. This effect is also observed in pure 80CB (cf.
figure 1).

In the 8OCB/60CB mixtures it looks quite different. So significant a decrease in
o, to cause a detectable change in the conductivity anisotropy at the nematic-smectic A
transition is observed only for the lowest concentration of 60CB (y = 0-176)
studied. For higher concentrations of 60CB at both the nematic-smectic A and
smectic A-reentrant nematic transitions only subtle changes in conductivity are
observed. However, these changes are quite distinctly visible in the temperature
dependence of the o, /g, ratio; approximately in the middle of the temperature range
in which the smectic phase exists (at about 38°C) g, /o, achieves its minimum value.
Similar behaviour of the conductivity has been observed for other systems with a
reentrant nematic phase [19-21].

Thus, the electrical conductivity measurements, especially o, show that the effect
of density modulation in the smectic phase of the 80OCB/60CB mixture is very subtle.
This conclusion is in agreement with the results of N.M.R. measurements which
showed that the N-S,—Ny transitions in the 8OCB/60CB mixture [22] are accom-
panied by a subtle change in the orientational order parameters. Analogous results
have been obtained for 4-(4”-n-octyloxybenzoyloxy)benzilidene-4'-cyanoaniline
(OBBC), which as a pure compound exhibits a reentrant nematic phase [23].
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The drastic change in the permittivity and conductivity observed already for low
concentration of 60CB corresponds to the results of calorimetric studies carried out
by Lushington et al. [24].

Figure 4 shows the results obtained for mixtures in which the concentration of
60CB is higher than the critical value (y, = 0-427), i.e. for mixtures with a nematic
phase only. It is clearly visible that the dielectric properties (especially the conductiv-
ity) of this phase are essentially different from those of a typical nematic phase, e.g.
in pure 60CB. Analogous to other mixtures, in which the reentrant nematic phase
exists [25], in nematics composed of the SOCB/60CB we also observe the smectic-like
ordering which is gradually reduced on going away from the critical concentration.
This effect manifests itself distinctly in the temperature dependence of o,/0,, the
minimum of which is located at a temperature similar to that observed in the smectic
phase, i.e. about 38°C (cf. figure 3). Our dielectric studies agree with the observation
made by Kortan ez al. [8] who found on the basis of X-ray scattering studies the
smectic-like fluctuations for concentrations of 60CB greater than y,.

The authors are greatly indebted to Professor R. Dabrowski for the high purity
samples of 60CB and 80CB. This work was supported by the Polish Academy of
Sciences within the framework of Project CPBP 01.12.
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