
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 19:28
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 Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Surface Transitions in
Free Standing Films of
Antiferroelectric Liquid
Crystals Within the Discrete
Phenomenological Model
Barbara Rovšek a , Mojca Čepič a b & Boštjan

Žekš a c
a J. Stefan Institute, Jamova 39, 1111,
Ljubljana, Slovenia
b Faculty of Education, Kardeljeva ploščad 16,
1000, Ljubljana, Slovenia
c Institute of Biophysics, Medical Faculty,
Lipičeva 2, 1105, Ljubljana, Slovenia

Version of record first published: 24 Sep 2006

To cite this article: Barbara Rovšek, Mojca Čepič & Boštjan Žekš (1999): Surface
Transitions in Free Standing Films of Antiferroelectric Liquid Crystals Within the
Discrete Phenomenological Model, Molecular Crystals and Liquid Crystals Science
and Technology. Section A. Molecular Crystals and Liquid Crystals, 329:1, 365-373

To link to this article:  http://dx.doi.org/10.1080/10587259908025958

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908025958


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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
9:

28
 1

7 
A

ug
us

t 2
01

2 

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


Mol. Crysf. Liq. Cryst.. 1999, Val. 329, pp. 365-373 
Reprints available directly from the publisher 
Photocopying permitted by license only 

D 1999 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Surface Transitions in Free Standing Films of 
Antiferroelectric Liquid Crystals Within the 

Discrete Phenomenological Model 

BARBARA ROVgEKa, MOJCA eEPIeab and BOSTJAN iEKSaC 

aJ. Stefan Institute, Jamova 39, 1111 Ljubljana, Slovenia, bFaculty of Education, 
Kardeljeva plo&d 16, 1000 Ljubljana, Slovenia and ‘Institute of Biophysics, 

Medical Faculty, Lipi&va 2, 1105 Ljubljana, Slovenia 

Within the discrete phenomenological model of antiferroelectric liquid crystals we study 
phase transitions in free standing films. Commonly observed rise as well as recently reported 
;owering of the temperature of the transition from the SmA to the tilted phase, compared to 
the bulk transition temperature, can be explained in view of the excess surface order in the 
first case or missing inter-layer interactions at the surfaces in the second case. We also expose 
the possibility of forming non-planar SmC, phase in a narrow temperature region near the 
hulk SmA t) SmC transition temperature, although the particular compound exhibits only 
SmA and SmC (or SmC*, if chiral) phases in the bulk sample. 

Keywords: antiferroelectric liquid crystals; free standing films; discrete model of antiferroe- 
lectric liquid crystals 

INTRODUCTION 

In frec standing films of antiferroelectric liquid crystals phase transitions 
between different smectic phases follow different courses than in the bulk. 
They are strongly influenced by the finite number of the smectic layers 
present in the film as well as by higher smectic order a t  the free surfaces. 
It has been pointed out many timrs that the later leads to the separate 
surface transition, which occurs a t  some definite temperature above the 
bulk transition temperature and where only the few surface layers undergo 
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the transition t o  the low temperature phase, while the interior of the film 
remains in the high temperature phase [l]. We explain the surface tran- 
sition in view of the discrete phenomenological model of antiferroelectric 
liquid crystals [2,3]. We also show how the missing inter-layer interactions 
a t  the surfaces influence the phase transition temperature and the struc- 
tures of the tilted phases in free standing films. Opposite t o  the effects of 
the higher smectic order a t  the surfaces, missing neighboring layers a t  the 
surfaces may lead t o  a decrease of the transition temperature (reported in 
[4]) and smaller magnitude of the tilt in the surface layers, compared to 
the interior of the film. I t  may and it was notified to  occur in some real 
samples that  both effects almost exactly cancel each other (51, leaving the 
transition temperature equal to  the bulk transition temperature. All the 
three possibilities of changing the transition temperature, decreasing, in- 
creasing or staying the same, may be explained within the discrete model. 
The missing inter-layer interactions at the surfaces are basically built into 
the model, while the excess of the surface smectic order is considered by 
a choice of the model parameters. 

Particularly we were interested to find an interpretation of experi- 
mental results, obtained by the ellipsometry measurements [6]. A com- 
pound MHPOOCBC, that  measurements refer to, is reported to  exhibit 
the straightforward bulk phase sequence isotropic ''2 SrnA *z SmC. 
Yet the measurements donc on the free standing films are leading up to  the 
conclusion, that  the phase transition between SmA and SmC phase in the 
film goes indirectly through an intermediate, possibly non-planar phase. 
However, we managed to  chose the model parameters that qualitatively 
satisfy the known facts about the phase transitions and the structures 
formed by the definite liquid crystal compound, as in the bulk, as in the 
free standing films. 

Discrete model 
For a N-layers film of achiral liquid crystal compound, which may appear 
in SmA, SmC, SmCA and SmC, phases, an expansion of the free energy 
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in the discrete order parameter - tilt vector ti - is [3] 

[979]/367 

G =  

+ 
+ 

The sum (1) is formally correct if <-1 = to = = ( N + ~  = 0. The only 
tcrnperature dependent parameter is a0 = a(T - To), a is positive and To 
would be a temperature of transition to  a tilted phaso if therc wasn't any 
interaction between the neighboring layers. Paramctcr bo is positive as is 
usual when transitions are of the second order. 

In order to phenomenologically describe the effects of the excess of the 
smectic order in the surface layers, compared to the rest of the film, we 
take different parameters 7i0 and & for the surface layers. To obtain surface 
transition, i.e. transition in the surface layers, a t  temperature higher than 
in the bulk, the temperature dependent parameter iio for the surface layer 
is less than a0 for the interior layers and the transition temperature To is 
larger than TO. The difference Aao = a0 - Ti0 is temperature independent. 
The parameter ZO was taken smaller than bo. 

Terms with parameters al and a; describe interactions between the 
nearest layers and terms with a2 and ah represents the next-nearest layers 
interactions. In the systems which cxhibit SmC, phase, a2 is positive and 
large enough, compared to  the a l .  

Parameters 
Qualitatively only the ratios of the model parameters matter, therefore we 
take all of them to be dimensionless. In the bulk sample of the compound 
MHPOOCBC the common ferroelectric SmC phase succeeds the SmA 
phase immediately, therefore the parameter a ]  has to  be negative. If 
a2 was also negative, we would not have any frustrating situation, the 
minimum of the free energy would always correspond to  the SmC phase. 
But  for the free standing films, we have experimental evidence of possible 
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existeuce of the non-planar phase in narrow temperature interval around 
the SmA tf SmC bulk transition temperature. That led us to  set the 
parameter az positive, but smaller than al in absolute value, because 
thc non-planar phase may only form in the restricted geometry of the 
free standing film and not in the bulk. The surface transition in the film 
occurs at temperatures much higher than the bulk transition temperature, 
therefore the difference Aao = a0 - 60 must be substantial. 

TRANSITION SmA cs TILTED PHASE 

Minimization of the harmonica1 part of the free energy in fluctuations 
of the order parameter in the SmA phase gives a system of 2N coupled 
homogeneous linear equations, which are, introducing a general vector 
notation 

written as vector equation 

A,  6 t  = 0 ,  (3) 

where 6e is PN-dimensional vector, which describes the z- and y- com- 
ponents of the tilt fluctuations in N layers and A0 is a matrix of coeffi- 
cients, dependent on the model parameters. The first non-trivial solution 
of the eqn.(3) appears a t  the temperature of transition from the SmA 
to the tilted phase. It corresponds to  the temperature, where the first 
order parameter fluctuation becomes unstable. In Fig.1 we have plotted 
SmA t+ tilted phase transition temperature in dependence of the excess 
surface order, i.e. Aao, for nine- and fifteen- layers films. 

If temperature dependent parameter 7Lo in the surface layers is the 
same as in the rest of the film, i t .  Auo = 0, the transition temperature 
TcftLm in the film is lower than the transition temperature Tplk iri  the hulk. 
Namely, the inter-laycr interact,ioris increase the transition temperat.ure, 
T?lk > To. If a part of the interactions are missing, as is the case at the 
surfaces of the free standing film, the transition temperature in the film 
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Figure 1: Temperatures ao, where the first fluctuation becomes unstable, 
for a1 = -1, a2 = 0.9 and different values of Aao. SmA and tilted phases 
are stable above and below the curve, respectively. 

would consequently appear lower than in the bulk. With increasing the 
number of layers the difference between the film and the bulk transition 
temperature diminishes and approaches zero. In the case of larger smectic 
order a t  the surfaces, Aao is larger than zero and the transition temper- 
ature is increased. If the transition temperature in the film is larger than 
in the bulk, it corresponds to the surface transition temperature. For the 
chosen parameters ul and u2 the transition temperature in the film equals 
the bulk transition temperature around Aao x 0.22. 

TILTED LOW TEMPERATURE PLANAR PHASES 

The tilted structure just after the transition is always planar, characterized 
by the in-plane tilt of the director everywhere in the film. Structure of 
the planar phase a t  lower temperatures can be found by solving a set of 
nonlinear eqriat,ions obtained by niiiiiniizat,iori of the complete expression 
for the free energy (1) in the order parameters ti. 

It is distinctive of the restricted geometry of the free standing film, t,hat 
we may get more than one stable structures a t  the same temperature - one 
represents the real minimum of the free energy and others are metastable. 
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Figure 2: Temperature evolution of the planar structure in a nine-layers 
film, for a set of parameters al = -1 ,  a2 = 0.9, a’, = a; = 0, 60 = 100, 
bo = 20, a) Aao = 0.1 and b) Aaa = 0.5. 

By changing the temperature the first order phase transitions between 
t,heni are possible. On Figs.2a&b we show temperature evolution of the 
first symmetrical planar structures, corresponding to the cuts at two values 
of Aao on the Fig.1. In the case where Aao = 0.1, the effect of the larger 
surface order is weaker than the effect of the missing inter-layer interaction, 
therefore the transition temperature is lower than in the bulk and the tilt 
in the surface layers is smaller than in the rest of the film. In the second 
case, where h a o  = 0.5, the situation is opposite and we get a surface 
transition at higher temperature and larger tilt in the surface layers. 

By properly choosing the model parameters we may get into regime, 
where the first symmetrical planar structure, which develops after the 
transition from the SmA phase, is not sinclinic. To our belief (as we shall 
point out later) this is the situation relevant to the experiments [6]. An 
example is shown in Fig.3. At the surface transition temperature (a0 F= 

0.31, see Fig.3a) a continuous transition takes place from the SmX phase to 
the tilted planar, the first symmetrical phase. By lowering the temperature 
the structure develops from the one, where the tilt is considerable only in 
the surface layers, to the one, where the tilt is large through the whole film, 
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but not sinclinic. As can be seen from the Fig.3a, the tilt in the middle 
layers is opposite to  the tilt in the few surface layers. Looking at  the Fig.Se, 
where a difference between the free energy of the first symmetrical and 
the free energy of the sinclinic ferroelectric phase is shown in dependence 
of temperature, we see the first symmetrical structure is stable to  the 
temperature around a. z 0.05, where a first order phase transition to the 
sinclinic ferroelectric phase may occur. Ferroelectric planar phase (see 
Fig.3b) exists as metastable phasc also at higher temperatures, and the 
first symmetrical phase remains metastable at lower temperatures. 

NON-PLANAR PHASE 

The stability of the planar structures against the out-of-plane fluctuations 
was analyzed in the same manner as the stability of the SmA phase. We 
discovered that the transition from the non-sinclinic, first symmetrical 
planar phase to the sinclinic ferroelectric phase may proceed continuously 
through the non-planar, twisted, we call it SmC, phase. By a suitable 
choice of the model parameters we obtain optionally narrow temperature 
interval, where SmC, exists. The existence of the SmC, phase is a distinc- 
tive property of the limited ranging of the liquid crystal film. We stress 
again that  for the same parameters SmC, phase does not appear in bulk. 

As suggested in [2,3], the structure of the SmC, phase turns out char- 
acterized by a rotation of the layer-tilt vector, as we proceed from the 
i-th layer to the next, for a certain angle A4, = 4 t + ~  - 4i, which, in 
general, may have any value between 0 and n. The resulting helicoidal 
modulation of the structure is a consequence of the competing nearest 
and next-nearest layers interactions alone disregarding a weak additional 
modulation due to the eventual chirality of the liquid crystal. In the bulk 
sample A$, is the same everywhere as well as the magnitude of the tilt O,, 
while in the finite size films there are discrepanFies a t  the free surfaces, 
due to  the fact that  the surface layers have the neighboring layers, which 
they interact with, just on one side. As the temperature is varied, the 
structure of the SmC, phase changes continuously. For a seven-layers film 
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magnitudes and phase angles of the tilt in different layers are shown in 
Figs.3c&d in dependence of temperature. In absence of an external field 
thc structure is invariant upon rotation around the normal to the smectic 
layers, therefore the phase angle C#J~ in the middle layer was arbitrarily 
chosen to be zero. SmC, phase is a link between the two planar phases, 
the first symmetrical phase, which is stable a t  higher temperatures, and 
the ferroelectric phase, which is stable a t  lower temperatures. A compar- 
ison of the energies of different structures is shown on the Fig.3e. For 
the SmC, phase a temperature dependence of an average tilt exhibits a 
continuous drop to zero at temperature close below the bulk transition 
temperature. 

CONCLUSIONS 

The results are in qualitative agreement with experiment [6]. We can ex- 
plain unusual and unexpected change of the ellipsometric parameters A+ 
and A _ ,  which become almost equal in a narrow temperature range near 
the bulk transition temperature, with the appearance of the non-planar 
phase. The difference (A- - A+) is a direct measure of the average tilt 
angle in the film [ S ] ,  which is zero in SmA and antiferroelectric phase and 
equals the tilt angle in ferroelectric phase. In the SmC, it may be any- 
thing from zero to the maximum average tilt angle, which corresponds to  
the sinclinic ferroelectric phase. We believe that behavior of the ellipso- 
metric parameters near the bulk transition temperature for a compound 
MHPOOCBC in free standing films may be ascribed to  the existence of 
the intermediate non-planar phase between the SmA and sinclinic SmC 
phase, as we described. 
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