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Influence of pressure on the isotropic to smectic-E phase transition
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Abstract

A phenomenological approach to the description of the pressure effect on the isotropic to smectic-E phase transition is proposed. The

influence of pressure on the isotropic to smectic-E transition is discussed by varying the coupling between order parameters and pressure.

The pressure dependence of the non-linear dielectric effect in the isotropic phase above the isotropic to smectic-E transition is calculated.

The theoretical predictions are found to be in good agreement with experimental results.

r 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years the transitions from the isotropic to
smectic phases have attracted much attention. The
isotropic to smectic-E (I-SmE) phase transition is one such
phase transition which has current interest. The SmE phase
is a soft crystal characterized by a two-dimensional
hexagonal lattice and strong herringbone packing [1,2].
Because of the herringbone arrangement the free rotation
around the molecular director is frozen. The first order
behavior of the I-SmE transition was probably the first
quantitative test in non-linear dielectric effect (NDE)
studies on 4-n-40-isothiocyanatobiphenyl (nBT from
n ¼ 2–10) by Rzoska and coworkers [3,4]. The clear
evidence for the pretransitional anomaly was obtained in
the isotropic phase above the I-SmE transition. The simple
mean-field type behavior of NDE takes place only in the
static case i.e. if the relaxation time of premesomorphic
fluctuations tb1=f , where f is the measuring frequency of
NDE—whose reciprocal defines the time scale of measure-
ments. This relaxation time is related to the relaxation time
of pretransitional fluctuations—not to the single molecule
relaxation time, detected for instance in ‘‘linear’’ dielectric
spectroscopy [5]. The observed pretransitional behavior of

the NDE in the isotropic phase of the I-SmE transition give
the critical exponents g ¼ 1 and a ¼ 0:5. It was further
found that pressure initially reduces the discontinuity of
the I-SmE transition similar to the isotropic to smectic-A
(I-SmA) transition, but contrary to the isotropic to nematic
(I-N) transition. The I-SmE transition temperature in-
creases with rising pressure.
On the theoretical side there is only one attempt [6] to

study the I-SmE phase transition. In this recent work one
of the present author developed a Landau model to
describe the I-SmE transition. In this work all the key
features of the I-SmE transition was discussed. The present
paper now focuses on the pressure effect on the I-SmE
transition. We further analyze the effect of the pressure on
the NDE in the isotropic phase above the I-SmE transition.

2. Theory

The starting point of our approach is to write down the
Landau free energy near the I-SmE transition. The
existence of the pretransitional anomaly [3,4] for the
permittivity in the isotropic phase above the I-SmE
transition proves the existence of the nematic order
parameter S in the SmE phase. Thus a direct transition
from the isotropic to SmE phase requires that nematic,
SmA, bond-orientation and herring-bone orders are
established at the transition. All these order parameters
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jump simultaneously at the I-SmE transition. The orienta-
tional order parameter originally proposed by Ref. [7]
is a symmetric, traceless tensor described Qij ¼ ðS=2Þ
ð3ninj � dijÞ. The quantity S defines the strength of the
nematic ordering. The layering in the SmE phase is
described by the order parameter cðrÞ ¼ c0 expð�iCÞ is a
complex scalar quantity whose modulus c0 is defined as the
amplitude of a one dimensional density wave characterized
by the phase C. The local order parameter associated with
bond-orientational order (BOO) in the SmE phase is
defined by Ref. [8] w6 ¼ w expði6yÞ. The bond angle y is the
orientation relative to any fixed laboratory axis of a bond
between two nearest neighbor molecules. The herring-bone
order parameter is described by Ref. [9] F ¼ f expði2oÞ,
where o is the angle between the local herring-bone axis
and a reference direction. The Ginzburg–Landau free
energy should be invariant under the transformation y!
yþmð2p=6Þ and o! oþ np, where m and n are integers.
Considering the above described order parameters, the
total Gibbs free energy near the I-SmE transition can be
written as [6]
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where g0 is the free energy of the isotropic phase. The
coefficients a, b, c, a1, b, p1, q1, p2, q2, d1, d2, e, g1, g2, Z1, Z2,
and w are material parameters. All parameters are assumed
to be a function of pressure. The coupling constant d is
negative for the smectic phases. The negative values of Z1
and Z2 favors the SmE phase over the other phases. The
gradient terms associated with the coefficients d1 and d2

guarantee a finite wave vector q0 for the smectic density
wave. The gradient term �e involving Qij governs the
relative direction of the layering with respect to the
director. A negative value of e favor the stability of the
smectic phases. There is no direct linear coupling terms
�jcj2Qij , �jw6j

2Qij and �jFj2Qij in the free energy (2.1),
since such a term would preclude the existence of the
isotropic phase [10]. The material parameters a, a1, p1 and
p2 can be assumed as a ¼ a0½T � T�1ðPÞ�, a1 ¼ a10½T�
T�2ðPÞ�, p1 ¼ p10½T � T�3ðPÞ� and p2 ¼ p20½T � T�4ðPÞ�. T�1,
T�2, T�3 and T�4 are the super cooling temperatures. a0, a10,
p01 and p20 are constants. The above free energy describes
the first order I-SmE phase transition.

In accordance with the experimental phase diagram
(shown in Fig. 1), T�1ðPÞ, T�2ðPÞ, T�3ðPÞ and T�4ðPÞ can be
expanded as

T�1ðPÞ ¼ T0
1 þ u1Pþ v1P

2, (2.2)

T�2ðPÞ ¼ T0
2 þ u2Pþ v2P2, (2.3)

T�3ðPÞ ¼ T0
3 þ u3Pþ v3P2, (2.4)

T�4ðPÞ ¼ T0
4 þ u4Pþ v4P2, (2.5)

where u1, u2, u3, u4, v1, v2, v3 and v4 are constants.
For the determination of the thermodynamic quantities

near the I-SmE transition we consider a spatially uniform
system in which the order parameter values are spatially
invariant. Then the substitution of Qij , c, w6 and F into
Eq. (2.1) gives
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It is clear that SEa0, c0a0, wa0 and fa0 are the
equilibrium conditions realized in the SmE phase. In order
to ensure the condition of the SmE phase to be stable, it is
required that

q2g

qx2

q2g
qy2
�
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40, (2.7)

where x; y 2 fS;c0; w;fg. Now the elimination of the
equilibrium values of c0, w and f from Eq. (2.6), leads to
the Gibbs free energy as a function of S alone can be
written as [6]

gðP;TÞ ¼ g�0 þ
1
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4
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Fig. 1. The pressure dependence of the I-SmE transition temperature

(open circles) and the temperature of the hypothetical continuous phase

transition (stars) of 5BT. The solid line is the best fit of Eq. (2.10).
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