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Anticlinic Surfaces in Freely Suspended Smectic 
Films Stabilized by Electrostatic Interactions 

BARBARA ROVSEKab, MOJCA EEPIeaC and BOSTJAN ;EKsad 

aJ. Stefan Institute, Jamova 39, bFaculty of Mathematics and Physics, Jadranska 
19, ‘Faculty of Education, Kardeljeva plo&d 16 and dInstitute of Biophysics, 

Medical Faculty, LipiGva 2; all I000 Ljubljana, Slovenia 

Electrostatic dipolar interactions between transversal polarizations of the finite and parallel 
surface smectic layers are shown to stabilize the anticlinic smectic-C surfaces in freely sus- 
pended smectic films formed from (anti)ferroelectric liquid crystals. 

Keywords: antiferroelectric liquid crystals; freely suspended films; dipolar electrostatic 
interactions 

INTRODUCTION 

Freely suspended films of smectic liquid crystals are very suitable for 
observations and measurements. They provide a fine example for 
physical systems, where the influences of the broken discrete transla- 
tional symmetry, free surfaces and limited number of smectic layers in 
film can be studied and the information about the mechanisms, gov- 
erning the behavior of smectics, can be obtained. Just an agreement 
of the results of the ellipsometric [l] and resonant X-ray scattering 
[2] experiments, done on freely suspended films, with the predictions 
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of the discrete phenomenological model for antiferroelectric liquid 
crystals [3], confirmed at  last the suggested structure for the SmC, 
phase. 

In this contribution we shall concentrate on the anticlinic smec- 
t i c 4  surfaces in freely suspended SmA films. Molecules in the up- 
per and the bottom surface layers are tilted in opposite directions 
(anticlinic), while in the interior layers of the film the structure cor- 
responds to the SmA phase, see Figure 1. If the molecules in the 
upper and the bottom surface layers are tilted in the same direction, 
the structure is called the synclinic smectic-C surfaces. Where the 
molecules are tilted also the induced transversal polarization exists, 
with the magnitude proportional to the magnitude of the tilt, paral- 
lel to the layers and perpendicular to the tilt vector. The upper and 
the bottom ferroelectric polarizations are antiparallel in the anticlinic 
smectic-C surfaces, and parallel in synclinic smectic-C surfaces. Un- 

air 

film 

Figure 1: A schematic representation of the anticlinic (a) and syn- 
clinic (b) smectic-C surfaces. The magnitudes of the tilt and polar- 
ization are large in the surface layers and small in the rest of the film. 
For the anticlinic smectic-C surfaces the polarizations of the upper 
and the bottom surface layers are antiparallel and for the synclinic 
smectic-C surfaces parallel. 
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expectedly the anticlinic smectic-C surfaces were found as a ground 
state in freely suspended films of some smectic liquid crystals with 
(and without) anticlinic bulk phases [4]. 

As we will show elsewhere [5], ferroelectric liquid crystals, which 
have only synclinic bulk phases, may in freely suspended films form 
also partially anticlinic structures. This phenomenon is due to the 
presence of opposite and frustrating interactions between the near- 
est and next-nearest layers, as viewed within the discrete model, 
but the frustration not being strong enough to cause the appearance 
of anticlinic structure in bulk. With a proper choice of the model 
parameters together with a consideration of vigorously enhanced or- 
der in surface layers, which strengthen also the frustration effect in 
few surface layers, we are able to find either synclinic or anticlinic 
smectic-C surfaces as the ground state structures in films. However 
the difference in the energies of both, as calculated within the sim- 
ple model, may sometimes not be large enough to  account for the 
measured critical electrical fields, that induce the transition between 
them. 

Therefore in this contribution we consider additionally the elec- 
trostatic coupling between the transversal ferroelectric polarizations 
of the two surface layers. We emphasize that the same kind of in- 
teraction between the other layers can be neglected, since the tilt 
and consequently the magnitude of the ferroelectric polarization is 
substantial only in the surface layers. It was shown that the two 
infinite, non-correlated, uniformly polarized liquid srnectic planes do 
not interact electrostatically [6]. Although the size of the real freely 
suspended film samples, or domains separated by domain walls, is 
indeed macroscopic, but is not infinite. We shall calculate the elec- 
trostatic dipolar interaction energy of the two finite parallel surface 
layers, each uniformly polarized. We will show that the dipolar inter- 
action energy decreases with the size of the layers, but rather slowly, 
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and should therefore not be neglected. The electrostatically pre- 
ferred relative orientation of the tilt in upper and the bottom layers 
is shown to be anticlinic. 

DIPOLAR INTERACTIONS BETWEEN FINITE LAYERS 

We shall calculate the energy of the dipolar electrostatic interaction 
between the upper and the bottom surface layers in freely suspended 
film. There are n + 1 parallel smectic layers in the film, the thickness 
of individual layer is do. Film is square in shape and of dimension 
L x L. Each surface layer is assumed to be uniformly polarized, with 
the polarization parallel to the smectic plane and perpendicular to 
the tilt. 

Electrostatic interaction between two dipoles p 1  and pn+: from 

the upper ( n + l . )  sut$ace layer 

Figure 2: Geometry. Smectic planes are perpendicular to the z axis. 
Tilt vectors and lie within the smectic plane, a, is the angle 
between them. Ferroelectric dipoles p ,  and pn+: also lie within the 
smectic plane and are perpendicular to the tilt vectors. 
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the first and the (n  + 1)-th layers is 

where E is a static dielectric constant of the liquid crystal, ndo is 
a distance between the layers, r = (pcos'p,psincp,nd~) is a vector 
between the points, where the two dipoles are situated (see Figure 
2) and a, denotes the relative orientation of the dipoles. 

Energetically favorable relative orientation of two dipoles from 
separate layers depends on p [7], 

p<ndo& 01, = a ,  

p > n d o f i  + a,=O. 

Two dipoles close to one above the other prefer to be antiparallel 
and those farther want to be parallel. 

Dipolar interaction between two uniformly polarized parallel 
surface layers is, from Eq.(l), 

Infinite (Sl, Sn+l + 00) non-correlated uniformly polarized layers do 
not interact electrostatically [6] .  Positional correlations of molecules 
from neighboring layers imply non-zero dipolar interactions extend- 
ing up to the next-nearest neighboring layers [7]. 

For finite and non-correlated square layers, uniformly polarized, 
one above another and S1 = Sn+lr we have calculated numerically 
the difference between the dipolar interaction energy for parallel ori- 
entation of the upper and the bottom surface polarizations (an = 0) 
and dipolar interaction energy for antiparallel orientation (a, = T ) ,  
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Figure 3: Results of numerical calculations. Difference in dipolar 
interaction energies AV,,,,, per unit volume of parallel (a, = 0) 
and antiparallel (a, = T )  orientations of polarizations P1 and P,+1 
of the bottom and the upper surface layers. The results are burdened 
with numerical error, that is less then 1% for L < l p m  and 10% for 
L > 3pm. 

for n = 9 (film with ten smectic layers), in dependence of the size 
S1 = S,,, = L x L of the square layer. We have not considered the 
screening effects. The results of numerical calculations are presented 
in Figure 3. For the material parameters that we have used in our 
calculations we have chosen the typical values; smectic layer thickness 
do = 3 nm, polarization of the surface layers P = 40 nC/cm2 and 
static dielectric constant E = 4 (81. Only the upper and the bottom 
surface layers posses transversal polarizations, all the rest are not 
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polarized. 
Fkom the Figure 3 we can observe, that the dipolar interactions 

between two surface layers favor antiparallel orientation of the sur- 
face polarizations, thus anticlinic smectic-C surfaces, since 
is everywhere positive (see Eq. (4)). The energy difference AV1,n+, 
does decrease with increasing size of the sample, yet rather slowly 
and has macroscopic values also for large samples. An estimation 
for the size, that would correspond to the real sample or domain, is 
100 pm [4]. This is one order of magnitude larger than the largest 
dimension that we have taken and can not be handled numerically 
in reasonable time. However, from the bottom figure we may guess, 
that the size dependence of the AVl,n+l is somewhere near 

for large L. Although this may not be the precise dependence, 
AV,,n+, obviously decreases even slower that 1/L. For a hundred 
microns large domain the interaction energy should be near 1 J/m3. 

For a comparison let us calculate the energy density of the 
polarized surface layer in an external electric field, parallel to the 
layers. For the polarization of the layer we take the same value as 
before (40 nC/cm2) and for the electric field the approximate value of 
the critical field, that drives the transition between the anticlinic and 
the synclinic smectic-C surfaces [4] (5kV/m). The estimated energy 
density is 2 J/m3. We see, that the calculated energy difference 
AV,,,,, is comparable to the energy of the polarized layer in external 
electric field. 

CONCLUSIONS 

Dipolar electrostatic interactions between two uniformly polarized, 
finite surface layers prefer antiparallel polarizations of the surface 
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layers and anticlinic smectic-C surfaces. The upper limit of the en- 
ergy difference between synclinic and anticlinic orientation, due to 
dipolar interactions, is macroscopic. 

Contribution of electrostatic dipolar interactions between the 
surface layers to the free energy should probably not be neglected, a t  
least at temperatures, where the tilt and consequently polarization 
are substantial only at  surfaces. 

The results obtained also lead us to think, that interactions 
between separate layers in general may be dependent on the size of 
the layers more than we thought. And they are maybe important 
and extend not only between the nearest and the next-nearest layers, 
but also between more distant layers. 

References 
[I]  Ch. Bahr, D. Fliegner, C.J. Booth and J.W. Goodby, Phys. Rev. E 51, R3823 (1995); D. 

Schlauf, Ch. Bahr and H.T. Nguyen, Phys. Rev. E 60, 6816 (1999); P.M. Johnson, S. 
Pankratz, P. Mach, H.T. Nguyen and C.C. Huang, Phys. Rev. Lett. 83,4073 (1999). 

[ 2 ]  P. Mach, R. Pindak, A.-M. Levelut, P. Barois, H.T. Nguyen, C. C. Huang and L. Furen- 
lid,_Phys. Rev. Left. 81, 1015 (1998). 

131 M. Cepie and B. Zek;, Mol. Cryst. Liq. Cryst. 263,61 (1995); B. RovHek, M. Eepic and 
B. ZekH, Phys. Rev. E 54, R3113 (1996). 

141 D.R. Link, G. Natale, N.A. Clark, J.E. Maclennan, M. Walsh, S.S. Keast and M.E. 
Neubert, Phys. _Rev. Lett. 82,2508 (1999). 

151 B. RovHek, M. Cepic and B. ZekH, to be published. 
161 R. E$uinsma and J. Prost, J. Phys. II  France 4, 1209 (1994). 
171 M. Cepic and B. ZekH, Mol. Crysf.  Liq. Cryst. 301,221 (1997). 
181 I. Mugevic, R. Blinc and B. ZekH, The physics offerroelectric and antiferroelectric liq- 

uid crystals, World Scientific, Singapore 2000. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

11
 1

5 
A

ug
us

t 2
01

2 




