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Dielectric relaxation in coexisting nematic and
smectic B phases

by D. A. DUNMURY*, S. P. FARNAN and C. I. MURRAY

Department of Chemistry and Centre for Molecular Materials,
University of Sheffield, Sheffield S3 7HF, England

(Received 6 January 1995; in final form 12 July 1995; accepted 31 July 1995)

Mixtures of a polar solute 4-n-pentyl-4’-cyanobiphenyl in a non-polar nematic solvent exhibit
two separated low frequency dielectric relaxations for concentrations of the solute between
2 mol% and 20 mol% over a limited temperature range. This behaviour is attributed to coexisting
nematic and smectic B phases, in which the polar solute probe has different relaxation
frequencies. The observed dielectric spectra can be accurately fitted to two Debye-like
relaxations, and the strengths of the absorptions are proportional to the amounts of the coexisting
phases. A microscopic determination of the phase diagram confirms the assignment of the
coexisting phases, and it is concluded that there is a preference of the dipolar probe molecule
for the smectic B phase, which is induced as a result of solute—solvent interactions.

1. Introduction

The physical properties of liquid crystals reflect their
phase structures and symmetries. Different aspects of their
structures can be probed by examining different proper-
ties, and dielectric properties can be used to investigate
dipole organization, dipole-dipole interactions and
molecular dynamics in liquid crystalline phases [1,2].
In earlier studies of dipolar response and dipole—dipole
interactions in liquid crystals, we have reported measure-
ments of the static permittivity of solutions of polar
mesogenic solutes in liquid crystalline solvents of low
dielectric permittivity [3,4]. Such solvents minimize the
dielectric screening between dipoles, and so maximize the
effect of electrostatic interactions. Variable frequency
dielectric measurements reveal a number of dielectric
relaxation processes [1, 2], which contribute differently to
the different components of the permittivity tensor. For
dipolar liquid crystals of positive dielectric anisotropy, a
low frequency relaxation usually in the kHz/MHz region
is observed for the permittivity component parallel to the
director, which can be attributed to a reorientation of
longitudinal molecular dipoles about a molecular short
axis: so-called end-over-end rotation.

This paper is concerned with dielectric relaxation in a
liquid crystal mixture. Previous workers have measured
the dielectric relaxation in nematic mixtures {5], and in
binary mixtures exhibiting nematic, smectic A and smectic
B phases [6]. In the former case two separated low

* Author for correspondence.

frequency relaxations corresponding to the solute and
solvent were detected in the nematic phase of some
mixtures. The end-over-end relaxations measured in
nematic, smectic A and smectic C phases have similar
frequencies, but in the more ordered smectic phases, the
relaxation is observed to be of lower frequency with a
higher activation energy [7,8], consistent with the in-
creased molecular organization. Counter-intuitively, the
activation energy for the nematic phase is often higher than
that for disordered smectic phases A and C [2], but this is
not always the case [6]. A consistent interpretation of the
low frequency dielectric relaxation in liquid crystal phases
has yet to be developed. Most models for dielectric
relaxation in nematics [9] or smectics [10] are based on
single particle rotational diffusion in an anisotropic
pseudo-potential, but mixtures of similar mesogens show
a single relaxation, suggesting that itis a collective process
involving a number of interacting molecules.

Although a full understanding of dielectric relaxation in
liquid crystals may be lacking, the technique provides
valuable information on the structure and dynamics of
mesophases, and in particular on the various time-scales
for different relaxation processes which directly determine
the limiting response times for liquid crystal electro-optic
applications. In this paper we report the application of
dielectric relaxation as a technique to monitor phase
behaviour in liquid crystalline mixtures. The use of
probe molecules to study liquid crystal phases is well
known in NMR, EPR, visible spectroscopy and
fluorescence [11]. This paper describes the use of a dipolar

0267-8292/95 $10-00 © 1995 Taylor & Francis Ltd.
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probe to examine the phase behaviour of a liquid crystal
mixture in which the probe itself induces additional
molecular organization.

2. Experimental

The system studied in this work was a mixture of the
dipolar probe mesogen 4-n-pentyl-4’'-cyanobiphenyl
(CBS5) with a nematic host mixture formulated by Merck
UK Ltd. (17256, mixture N) to have a low dielectric
constant (¢=2-8) and a low dielectric anisotropy
(As = — 0-13 at 30°C). The composition of the mixture N
has not been disclosed, but it consists of a number of
alkylphenyl alkylcyclohexanoates with bis-(alkylcyclo-
hexyl)biphenyl additives to give a higher transition
temperature; its liquid crystalline transition temperatures
in the undoped state are crystal/nematic Tcn < 0°C and
nematic/isotropic T = 70°C. At moderate concentrations
of dopant greater than 15 per cent CB35, a solute-induced
smectic A phase formed. The phase diagram for the region
of interest to this work, which is below 20 mol% CBS5, is
shown in figure 1. This phase diagram was determined
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Figure 1. Phase diagram of 4-n-pentyl-4’-cyanobiphenyl
(CB5) in Merck Ltd. mixture N, showing the two phase
coexistence regions.
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Figure 2. Butterfly dendrites of smectic B phase in coexistence
with a nematic phase: 10 mol% CBS5 in N at 24°C.

from microscopic observations, and the formation of the
smectic B phase from the nematic phase was accompanied
by the appearance of characteristic butterfly dendrites
[12], see figure 2. The phase behaviour for mixtures with
less than 2% mol fraction of CBS5 was difficuit to establish
experimentally, except that the crystal/nematic transition
of mixture N (0 per cent CBS5) super-cooled to less than
— 20°C and a smectic B phase was not exhibited; phase
boundary lines in this region are drawn on this basis.

Dielectric relaxation measurements were made on
50 pm liquid crystal films sandwiched between gold-
plated glass electrodes, having an overlapping area of
1 cm?; edge-effects were avoided by using a guard-ring
pattern of electrodes. A homeotropic (perpendicular)
alignment was achieved and maintained by applying ad.c.
bias of 10V in the nematic phase. Capacitance and
dissipation were measured using a Hewlett-Packard
Impedance Analyser (HP 4192A) controlled by a PC, and
the dielectric cell was thermostatted to =*0-1° by
circulating fluid from a Haake controller.

3. Results and discussion

Measurements of the dielectric absorption (£") are given
in figures 3 (a)—(c) for three concentrations of CBS5 in
mixture N. Two relaxations were observed, which are
identified as being due to coexisting nematic and smectic
B phases. The dipolar probe mesogen is distributed
between the two phases, which are both present over
temperature ranges of up to 20°. The lower frequency
relaxation is ascribed to the end-over-end rotation of the
probe molecule in the smectic B phase, while the higher
frequency relaxation is due to the same process in the
coexisting nematic phase. As the temperature is changed
the relative amounts of the two phases present change, and
this is reflected by the change in amplitude of the dielectric
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absorptions. The absorption curves can be accurately fitted
by the expression:

kot
1 + 013

k1a)T1
1+ wzrf

e'(w) = (1
where k; = £10 — &1 and ky = £39 — &2 are the magnitudes
of the real part of the permittivity which is being relaxed
at each of the absorption processes. The subscript 1 refers
to the low frequency relaxation (smectic B) and 2 refers
to the higher frequency relaxation (nematic). Neglecting
any specific influences of the different phases, nematic
or smectic B, on the real part of the permittivity, the

coefficients &k, and k, can be expressed in terms of
the relaxing end-over-end dipole component y; as
follows [11:
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where L and F are macroscopic cavity and reaction field
factors, respectively, assumed to be the same for both
phases, and N; and N; are the respective number densities
for the solute CBS5 in the coexisting smectic B and nematic
phases. The results shown in figure 3 have been fitted to
equation (1); the fitted lines in the figure pass through all
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Figure 3. Dielectric absorption as a function of frequency for mixtures of CB5 in N at
various temperatures. (a) 4 mol%; (b) 6 mol%; (c) 8 mol%.

Table. Activation energies for dipole relaxation of CBS5 in
coexisting nematic and smectic B phases.

Concentration Es1(nematic)/ Ex-(smectic BY
of CB5S mol% kimol ! kImol ~!
4.0 47-1 416
6-0 559 52.3
8-0 552 54-1

the data points, and we obtain values for the coefficients
ki and k». These are plotted as functions of concentrations
of CBS5 for various temperatures in figures 4 (a) and (b).
The apparent non-linear variation of k, and k; with
concentration suggests that the order parameter of the
solute is dependent on the concentration in coexisting
phases.

Activation energies for coexisting phases were obtained
from the temperature dependence of the relaxation times
7 and 1, corresponding to the nematic and smectic B
phases, and these are listed in the table. The activation
energies for end-over-end rotation are a little lower in the
smectic B phase than in the nematic phase, and while this
is counter-intuitive, it is in line with other reported
measurements [2, 13] on other smectic phases.

4. Conclusions
A surprising result of this work is the formation of an
induced smectic B phase in the mixture N for small dopant

concentrations of the dipolar probe CB5. The induction of
ordered phases by dipolar solutes from disordered liquid
crystal phases is well known in a number of contexts.
Mixtures of calamitic polar and non-polar nematogens
frequently form induced smectic A phases [14, 15), while
the addition of strongly polar solutes such as bromoben-
zene and O-dibromoxylene [16] or trinitrofluorenone
[17] to discotic nematic phases results in the formation of
ordered columnar phases. For these systems, the maxi-
mum stability of the induced phase occurs for approxi-
mately equimolar mixtures of solute and solvent. For the
systemn studied here, the smectic B phase forms at
concentrations of CBS5 less than 20 mol%.

The detection of an additional coexisting smectic B
phase in the systemn was initially achieved by observation
of a second dielectric relaxation in the mixtures. Analysis
of the results for the dielectric absorption indicate that the
dipolar probe has a greater affinity for the smectic B phase,
in which it appears to be more ordered. Since it is CB5
which causes the formation of the smectic B phase, it is
perhaps reasonable that the free energy of the system is
lowered by the increased concentration of the probe in the
smectic B phase.

The observation of a low frequency relaxation in
smectic B phases has been observed by a number of
authors [7, 8], but a recent paper [18] suggests that in a
chiral smectic B phase the end-over-end rotation is
frozen. Our results certainly support the observations that
reorientation about the molecular short axis can occur
in non-chiral smectic B phases. The two relaxations
observed by us in mixtures are separated by two decades
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Figure 4. Coefficients of the (a) low (k;) and (b) high (k»)
frequency relaxations in coexisting nematic and smectic B
phases.

of angular frequency, and microscopic evidence supports
the assignment of the relaxations to nematic and smectic
B phases.

In this work we have demonstrated the use of dielectric
relaxation studies to investigate the phase behaviour of
mixtures. The interpretation of the results for the system
studied is complicated by the multicomponent nature of
the solvent, and the discovery of similar behaviour in a
simple two component system would enable a more
detailed analysis to be carried out.
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