
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 10:24
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

Dynamic Light Scattering Near the
Smectic A—Smectic C Phase Transition
in Thin Planar Cells
Abbas Rastegar a , Igor Muševič a & Martin Čopič a b
a Jožef Stefan Institute, Jamova 39, 61111, Ljubljana, Slovenia
b Department of Physics, University of Ljubljana, Jadranska 19,
61111, Ljubljana, Slovenia
Version of record first published: 24 Sep 2006.

To cite this article: Abbas Rastegar , Igor Muševič & Martin Čopič (1996): Dynamic Light
Scattering Near the Smectic A—Smectic C Phase Transition in Thin Planar Cells, Molecular Crystals
and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
282:1, 27-34

To link to this article:  http://dx.doi.org/10.1080/10587259608037565

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/gmcl19
http://dx.doi.org/10.1080/10587259608037565
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. 13yst. Liq. Cyst., 1996, Vol. 282, pp. 21-34 
Reprints available directly from the publisher 
Photocopying permitted by license only 

Q 1996 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science 
Publishers SA 

Printed in Malaysia 
DYNAMIC LIGHT SCATTERING NEAR THE SMECTIC A - SMECTIC C” 
PHASE TRANSITION IN THIN PLANAR CELLS 

ABBAS RASTEGAR, IGOR MUSEVIC, and MARTIN cOPIc* 
JoZef Stefan Institute, Jamova 39, 6 1 1 1 1 Ljubljana, Slovenia 
* also Department of Physics, University of Ljubljana, Jadranska 19 
6 1 1 1 1 Ljubljana, Slovenia 

Abstract Using the quasielastic light scattering we have studied the order parameter 
dynamics close to the SmA-SmC* phase transition in thin cells of ferroelectric liquid 
crystals, with planar boundary conditions. As a result of confinement, the bulk soft 
mode splits into two modes, whereas from the thickness dependence of the relaxation 
rate of the phase mode we measure the diffusion coefficients. The appearance of the 
chevron structure is manifested in the temperature dependence of the relaxation rate 
of the phase mode. 

INTRODUCTION 

Dynamic effects of the molecular reorientations in confined geometry near the SmA- 
SmC” phase transition have been the subject of considerable recent interest. The 
collective fluctuations of the orientational order in the SmC* phase can be derived in the 
frame: work of the Landau theory of the second order phase transitions4. In the bulk 
SmC’ phase, thermal fluctuations of the director can be decomposed into the fluctuations 
of thc: magnitude and the phase of the tilt angle. The fluctuation of the amplitude of the 
tilt angle is called the amplitude mode and the fluctuation of the phase of the tilt angle is 
called the phase or Goldstone mode. In the bulk SmA phase the collective fluctuations of 
the order parameter are described by a double degenerate soft mode that critically slows 
down at the transition point T,. 

The helical structure of the bulk SmC* phase strongly influences the properties of the 
dispersion relation of the amplitude and phase modes. Here the phase mode has zero 
relaxation rate at a finite wave vector qc= 2x/p in the direction of the helix axis, where p 
is the period of the helical structure. On the other hand, the amplitude mode, which 
represents a local departure of the magnitude of the SmC* order parameter from its 
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equilibrium value, has a finite relaxation rate at all wave vectors, but again has  a minimum 
at q,.4 

It is well known that the helical structure of the equilibrium bulk SmC* phase can be 
unwound in thin samples with planar boundary conditionsl,s. The purpose of the present 
work was to observe by light scattering the effects of the finite size on the orientational 
fluctuations in thin samples with the unwound helix . 

In the laboratory frame, the relaxation rate of the soft mode in the bulk SmA phase for qs 
<< qz is given by4 

1 

' A  Y Y Y 

whereas in the bulk SmC* the relaxation rates of the amplitude and phase modes for 
small qx are4 

-=qT,-T)+%qz-qc)2 1 +rx K+ 2 

' A  Y Y Y 
-= 1 -K"/qz-qc)' +-q: K+ 
'P Y Y 

(3) 

Here CL is a constant measuring the SmC* order parameter susceptibility, K3 is the twist 
orientational elastic constant, K+=(K,+K2)/2. K ,  beings splay and K, bend elastic 
constants, y is the effective rotational viscosity and qy=O. One should note that in the 
laboratory frame, the dispersion relation as a hnction of the scattering vector is shifted by 

qc. 
Let us consider a plane parallel sample with planar boundary conditions with thickness 

L small enough so that the helix is unwound. We assume a simple bookshelf structure 
with the tilt of the molecular director in the z-y plane. We also neglect the polar 
contribution of the surface anchoring energy so that no static splay is present in the 
sample. 

Finite size of the sample in the x- direction has the important consequence that only 
discrete values of the q, component are possible for the director fluctuations. In the limit 
of strong anchoring, when the director at the two surfaces is fixed in the y-z plane at the 
tilt angle Owith respect to the z-axis, the allowed eigenvalues for the q, are given by 
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LIGHT SCATTERING NEAR THE SmA-SmC* PHASE TRANSITION 29 

I 1  n- 
q x n = y  

As fiir as the cell thickness remains finite qM, is non-zero and therefore the soft mode 
splits into two modes with relaxation rates 

The finite size effects then left the degeneracy of the soft mode. However, usually K, and 
K, are very close together therefore it is difficult to measure the splitting of the soft mode. 
The relaxation rate for the amplitude and the phase modes in the SmC* phase are given 

by 

The measured quantity in dynamic light scattering experiments is the scattered field 
autocorrelation function. For a given wave vector if when the dimensions of the 
scattering volume are comparable or smaller than l/lql, the wave vectors are no longer 
strictly conserved in the scattering process and fluctuations at wave vectors different from 
if also contribute. In particular, in our case the x-dimension of the scattering volume is 
small, so that the scattered field correlation function contains contributions from many 
transverse orientational modes: 

The averages \15n\qz)l are given by the equipartition theorem and are proportional to 
the k,Trn(qz) where kB is the Boltzmann constant and C is a constant. 

The main contribution to Eq. 8 comes from the mode with qM, closest to qs. The 
measured autocorrelation functions are nearly single exponential functions. Therefore for 
the experimentally determined relaxation rates, Eq. 7 is approximately valid 
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70 - 

80- 

EXPERMENTAL RESULTS 

1 ' 1 . 1  9 I .  1 V I . 1  

We measured the temperature and the thickness dependences of the autocorrelation 
functions of the intensity of the scattered light with an ALV-5000 digital multi-tau 
autocorrelator, in a Rayleigh scattering set-up. All measurements were performed in the 
heterodyne regime by mixing a part of the laser light with the scattered light. A HeNe (h= 
633nm) NEC laser was used as incident light. We used wedge-type cells with thickness of 
0.4 pm to 4 pm filled with ferroelectric liquid crystals [4-(2'-methyl butyl)phenyl 4'-n- 
octylbiphenyl-4-carboxylate] (CE8) and BDH** mixture SCE9, in our measurements. 

The incoming beam was perpendicular to the sample and the scattered light was 
collected at a scattering angle 8. The rubbing direction of the sample surface was in the 
scattering plane. The incoming polarization was chosen to be ordinary, that is 
perpendicular to the scattering plane, and the scattered polarization was extraordinary, 
i.e. in the scattering plane, as is necessary for the observation of the phase mode6. In this 
scattering geometry, the qz component of the scattering vector goes to zero with the 
scattering angle going to zero, whereas the qx component remains finite. Its value in 
SCE9 at zero scattering angle is qx= 2x106 m-1, and depends on the difference of the 
reflective indices. 

FIGURE 1 The relaxation rate of the phase mode at the transition point versus 
thickness in SCE9. The line is a fit to Eq.7 with qz= 6 . 7 7 ~  loG m-1 and qx= 0 

In order to investigate the relaxation rates of the phase mode given by Eq.7, we plot in 
Fig.1 the measured relaxation rates as a finction of the inverse square of the thickness 
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40 

( 1  I L2 ). Here the data was taken very close to the phase transition. The relaxation rate 
can be fitted to a line as one expects from the Eq.7. The slope of the line gives the 
diffision coefficient K2 /y =2.9x10-9 m2s-l that is in a very good agreement with our 
measurements in bulk sample4 and is of the same order of magnitude as observed in other 
FLC materials7. 

We also measured the relaxation rate of the phase mode as a function of the cell 
thickness in CE8.pig.2). At a critical thickness of about lpm for CE8 the helix is 
unwound and the relaxation rate of the phase mode increases by decreasing thickness as 
one expects from Eq.7. The line shows a fit of the Eq.7 to the measured data. The slope 
of this line gives the diffision coefficient K2 l y  = 3.3 x w 9  m2s-1 for CE8 that is in 
agreement with the previously measured values of diffision coefficients in the bulk". 

S I* 
1 . 1 . 1 - 1 . 1 . 1 . 1 .  

140- 

120- 

iz lW: 
-t: - 80- 

60 - 

FIGURE 2 The thickness dependence of the relaxation rate of the phase mode in 
CIE8. The critical thickness for this material is = 2pm. The line shows a fit to the 
Eq. 7. The data were taken in a geometry qx= 0, qZ#O and gives KZ/y =3.3 x ~ O - ~  . 

The measured temperature dependence of the relaxation rate of the elementary 
excitations close to the SmA-SmC* phase transition in bulk samples is shown in Fig.3. It 
can be seen that in the SmC* phase close to T, the relaxation rate has a peak and departs 
from the Eq.3. It is well known4 that in these materials the helical pitch is temperature 
dependent. It has a maximum value about one degree below T, and then slowly decreases 
by reducing the temperature. Therefore by increasing the pitch the wave vector q, 
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FIGURE 3 Temperature dependence of the elementary excitations close to the 
phase transition in thick samples of the CE8 and SCE9. (CE8: Homeotropic .qx=7x 
106 m-1 , 1qz1=1x106 m-1, SCE9: Planar. q,=0.2x106 m-1 , q,=6.4x1O6 m-I) 
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In the thin cells with homogeneous structure of the director field in the SmC* phase, the 
situation is different (Fig. 4). The relaxation rate of the phase mode gradually increases by 
reducing the temperature.. This increase can not be attributed to the temperature 
dependence of the period of the helix, because the sample is unwound. 
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LIGHT SCATTERING NEAR THE SmA-SmC* PHASE TRANSITION 33 

We explain this rise of the relaxation rate of the phase mode by assuming that the sample 
has chevron structure. From the light scattering point of view, each branch of a 
symmetric chevron structure can be considered as a cell that is rotated by the layer tilt 
angle 6 and its thickness is reduced to one half. In most materials 6 increases with 
decreasing temperature. This changes the incident and the scattering angles and 
consequently q,, which is reflected in the change of the relaxation rate of the phase mode. 

As you can see from Fig. 4, the relaxation rate of the phase mode increases from 80 

KHz. to 12140 KHz in a temperature range of 10 degrees. In a typical ferroelectric liquid 
crystal. the layer tilt angle for this range of temperature, changes about 18 degrees 
(DOBAMBC)*. As we mentioned before, the change of the layer tilt angle ultimately 
leads to the change of the qz and consequently changes the relaxation rate of the phase 
mode. 

0 2 4 6 8 10 12 14 16 18 20 

Layer tilt angle ( 6 )  ( O ) 

FIGURE 5 The calculated relaxation rate of the phase mode versus the layer tilt 
angle. The upper curve shows the recalculated relaxation rate for the upper branch 
of the chevron whereas the lower curve presents the calculated contribution of the 
lower branch The chevron layer is assumed symmetric. (The cell thickness L= 
2.6pm. K2 /y =2.9x m2S-I 3 K3 ly =6.7x10-1° mZS-1 ) 

In Fig.5 we plot the calculated relaxation rate of the phase mode in a chevron unwound 
SmC* phase versus the layer tilt angle. It can be seen that for the upper branch of the 
chevron, the relaxation rate of the phase mode changes from = 80 KHz to 120 KHz 
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34 A. RASTEGAR et al. 

when the layer tilt angle decreases to 20 degrees, whereas the lower chevron branch 
almost remains constant. In experiment we measure an averaged relaxation rate from 
both branches of the chevron structure(Fig.4). We see that in the experiment we probably 
observe the contribution of the upper chevron branch.. 

The temperature dependence of the layer tilt angle is thus reflected in the temperature 
dependence of the phase mode, which allows us to calculate the chevron tilt angle. 

CONCLUSIONS 

We have shown that in thin cells with planar boundary conditions, the transverse 
fluctuation modes are discrete. In the thin unwound SmC* cells the dispersion of the 
phase mode is not gapless and remains finite at the phase transition. 

From the thickness dependence of the relaxation rate of the phase mode we have 
calculated the difision coefficients which are in very good agreement with bulk values. It 
seems that the appearance of the chevron structure in the SmC* phase manifests in the 
temperature dependence of the relaxation rate of the phase mode. It is thus possible to 
estimate the temperature dependence of the layer tilt angle by use of the measured 
temperature dependence of the relaxation rate of the phase mode. 

A.Rastegar thanks ministry of science of Slovenia and International Center for 
Theoretical Physics (ICTP) and ICS for his fellowship. 
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