
This article was downloaded by: [University of California, San Diego]
On: 07 August 2012, At: 12:12
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl20

What the Theory Says about the
Six Layer Periodic Structures in
Antiferroelectric Liquid Crystals?
Teng Yong Tan a , Lye Hock Ong a & Mojca Čepič b c
a School of Physics, Universiti Sains Malaysia, Penang, Malaysia
b Faculty of Education, University of Ljubljana, Slovenia
c Jozef Stefan Institute, Ljubljana, Slovenia

Version of record first published: 14 Jun 2011

To cite this article: Teng Yong Tan, Lye Hock Ong & Mojca Čepič (2011): What the Theory Says about
the Six Layer Periodic Structures in Antiferroelectric Liquid Crystals?, Molecular Crystals and Liquid
Crystals, 540:1, 69-74

To link to this article:  http://dx.doi.org/10.1080/15421406.2011.568333

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421406.2011.568333
http://www.tandfonline.com/page/terms-and-conditions


What the Theory Says about the Six Layer
Periodic Structures in Antiferroelectric

Liquid Crystals?

TENG YONG TAN,1 LYE HOCK ONG,1

AND MOJCA ČEPIČ2,3

1School of Physics, Universiti Sains Malaysia, Penang, Malaysia
2Faculty of Education, University of Ljubljana, Slovenia
3Jozef Stefan Institute, Ljubljana, Slovenia

We discuss the prerequisites for the formation of the structure with a period of six
layers in antiferroelectric liquid crystals. We find that such a structure can appear in
the region where the incommensurate helical pitch in the SmC�

a phase approaches six
layers, if biquadratic coupling favoring uniplanar tilts in neighboring layers is
already significant and if electrostatic dipolar interactions favor parallel ordering
of dipoles in neighboring layers.

Keywords Antiferroelectric liquid crystal; lock-in; multilayer structure

1. Introduction

Antiferroelectric liquid crystals are materials, which posses a number of phases with
various structures [1]. Some of them have complex periodic structures incommensur-
ate to the layer thickness or commensurate structures where the period is being locked
to two (SmC�

A), three (SmC�
FI1) or four layers (SmC�

FI2) [2]. Structures with longer per-
iodicities have been searched for a long time, and very recent polarized x-ray measure-
ments have detected the existence of the structure having the six layer periodicity. The
phase exists within the temperature window of the SmC�

a phase and develops by a first
order transition to the four layer structure of the SmC�

FI2 phase [3].
In this paper we analyse the conditions for lock-ins to multiple number of layers

with special emphasis to the six layer periodicity. The analysis is done within the
framework of the discrete phenomenological model [4]. We find conditions for the
formation of structures having periods of six layers and we analyse also their poss-
ible structures. For the six layer structure surprisingly besides the helical structure,
two additional structures locked to six layers exist. The non-helical six layer structure
is described by one of the solutions in which the sequence of differences between
neighbouring layers is a, a, b and from the symmetry point of view presents the same
class of solutions as the three layer structure of the SmC�

FI1 phase.
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2. Theory

Antiferroelectric liquid crystalline systems are best described by the discrete phenom-
enological model which takes into account interlayer interactions explicitly and
allows for large changes in tilt directions in neighboring layers. The free energy in
its discrete form is
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where first three terms describe intralayer interactions expressed in tilt, the Cp term
describes the fact that tilt induces polarization and vice versa and electrostatic intra-
layer term with e positive appears because polarization Pj is an improper order para-
meter. Next two terms give interlayer couplings expressed in tilts (a1) and in
polarizations (e1). Both coefficients can be either positive, favoring antiparallel align-
ment of tilts or polarizations in neighboring layers, respectively, as negative favoring
parallel orientations. Chiral interlayer interactions, Lifshitz term in its discrete form,
are given by coefficient f1 and l gives flexoelectric coupling where variation of tilt
induces polarization. The final term with the coefficient bQ is a biquadratic coupling
which is negative for the systems where the lock-in to well defined number of layers
exists. Elimination of polarization leads to much simpler form of the free energy

G ¼ 1
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where indirect interactions expressed in tilts extend to more distant layers. Achiral
effective interactions ~aak and competition between them define the basic multilayer
structure, the effective chiral interactions ~ffk give the sense of the helical modulation
that is imposed on the basic structure.

3. Structures

Various interlayer interactions favor different structures. Usually they compete and
when one of the interactions is much stronger than the others, the structure which
reflects the most important interaction is formed. For example, the synclinic ferro-
electric structure is formed, when coefficient ~aa1 is negative and very large by its
magnitude with respect to the magnitudes of other coefficients.
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The closer look to Table 1 shows the following: for negative achiral coefficients,
considered isolated, the most favorable structure is the structure having the basic
period extending over the number of layers equal to the length of the interaction.
So, the single layer period is favored by negative ~aa1, the double layer period for nega-
tive ~aa2 and the three layer period for negative ~aa3. We have to bear in mind the orien-
tations of non-interacting layers is arbitrary. For example, for negative ~aa2 all
structures given in Figure 1 are equivalent, providing other interlayer interactions

Table 1. Tilt orientations, which are favored by specific coefficients. Ellipses
represent the projection of ‘‘average’’ molecule onto the layer marked by number
1,2 etc. Dark grey ellipses mark interacting layers with respect to the considered
coefficient; the light grey ellipses mark non-interacting layers

<0 >0

~aa1

~aa2

~aa3

~ff 1

~ff 2

bQ
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are absent. However, for positive achiral coefficients, the basic favorable repeating
unit is double of the interaction range. For positive ~aa1 the favorable structure is
the anticlinic antiferroelectric structure of the SmC�

A phase. For positive ~aa2 the favor-
able structure is the four layer structure and is in reality quite stable in the form of
the SmC�

FI2 phase. Therefore, the positive sign of achiral coefficient ~aa3 would give
rise for the stabilization of the structure having the six layer periodicity. Equation
(2) shows that such situation is possible only in systems where e1 is negative. The
favorable parallel orientation of polarization in neighboring layers is counterintui-
tive, but it was shown several years ago, that for systems where the length to width
rations of molecules is not large, such behaviour might take place. Let us also check
the possibility for the stable six layer structure by comparison of the free energy for a
helical structure of the SmC�

a phase, for the four layer SmC�
FI2 phase and for the six

layer SmC�
6d phase. In the continuation we shall consider chiral terms as negligible

which is legitimate for systems where l�Cp.
The SmC�

a phase is described by the fixed phase difference a between neighbor-
ing layers. The SmC�

FI2 phase is described by alternating phase differences a and b,
where aþ b¼ p. The six layer SmC�

6d phase is described by the sequence of phase dif-
ferences a, a, b and 2aþ b¼ p. The conditions for the sum are imposed by positive
achiral a2 and a3 coefficients. Figure 2 shows the free energy in dependence of the
angle a for three types of the free energy (3, a–c).

GSmC�
a
¼ 1

2
a1 h

2 cos aþ 1

2
a2 h

2 cos 2að Þ þ 1

2
a3 h

2 cos 3að Þ þ 1

4
bQ h4 cos2 a; ð3aÞ

GSmC�
FI2� ¼

1

4
a1 h

2 ðcos aþ cos bÞ þ 1

4
a2 h

2 cosðaþ bÞþ
1

4
a3 h

2 ðcosð2aþ bÞ þ cosðaþ 2bÞÞ þ 1

8
bQ h4ðcos2 aþ cos2 bÞ;

ð3bÞ

GSmC�
6d
¼ 1

6
a1 h

2 ð2 cos aþ cos bÞ þ 1

6
a2 h

2 ðcosð2aÞ þ 2 cosðaþ bÞþ

1

6
a3 h

2 cosð2aþ bÞ þ 1

12
bQ h4ð2 cos2 aþ cos2 bÞ:

ð3cÞ

Figure 1. Parallely oriented next nearest layers are possible in number of configurations (a)
parallel tilts in neighboring layers, (b) antiparallel tilts in neighboring layer and (c) general
angle between tilts in neighboring layers flipping back and forth.
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Equations (3b) and (3c) can be significantly simplified by using relations aþ b¼ p
for (3b) and 2aþ b¼ p for (3c).

GSmC�
FI2

¼ � 1

4
a2 h

2 þ 1

4
bQ h4 cos2 a ð4aÞ

GSmC�
6d
¼ 1

6
a1 � a2ð Þ h2 2 cos a� cos 2að Þð Þ � 1

6
a3 h

2 þ 1

12
bQ h4 2 cos2 aþ cos2 2að Þ

� �
ð4bÞ

Figure 2 shows the free energy for three structures which develop one to another. It
is clearly seen that the structure of the six layer exhibit the global minimum. One can
see also another minimum, which presents the metastable structure having the six
layer period but optically almost uniaxial properties.

4. Conclusions

The structure locked to six layers in antiferroelectric was recently found after a long
detailed search in various materials [3]. Here we present the theoretical analysis of
the discrete phenomenological model for model coefficients which allow for such
structure. We found that three conditions have to be fulfilled: the interactions
between neighboring have to be weak in comparison with interactions to next nearest
neighboring layers and have to favor parallel tilt ordering in neighboring layers
~aa1
~aa2
< 0

� �
; the interactions to the third neighboring layers have to favor antiparallel

tilt ordering ~aa3
~aa2
> 0

� �
; and finally, the biquadratic coupling has to favor parallel

and antiparallel ordering in neighboring layers at the same time ðbQ~aa2 < 0Þ. For some
special values the competition between these interactions results in the structure

Figure 2. Free energies for three different structures. It is clearly seen that the structure locked
to 6 layers has a global minimum showed by an arrow and the corresponding structure.
Coefficients used were: a0

a2
¼ �7:8; a1

a2
¼ �0:2; a3

a2
¼ 0:1; f1

a2
¼ �0:11;

bQ
a2
¼ �17.
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locked six layers similar to the one proposed by the results of experimental
observations.
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