
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 13:09
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

Finite-Size Effects in Fluctuations and
Light Scattering in Liquid Crystals (LC)
Arcadi N. Shalaginov a
a Marine Technical University of St. Petersburg, Department of
Physics, 101 Leninski pr., St. Petersburg, 198262, Russia.
Version of record first published: 24 Sep 2006.

To cite this article: Arcadi N. Shalaginov (1994): Finite-Size Effects in Fluctuations and Light
Scattering in Liquid Crystals (LC), Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 251:1, 1-5

To link to this article:  http://dx.doi.org/10.1080/10587259408027187

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/10.1080/10587259408027187
http://www.tandfonline.com/page/terms-and-conditions


Mol.  Cryst. Liq. Cryst. 1994, Vol. 251, pp. 1-5 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1994 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

FINITE-SIZE EFFECTS IN FLUCTUATIONS AND LIGHT 
SCATTERING IN LIQUID CRYSTALS (LC) 

ARCADI N. SHALAGINOV 
Marine Technical University of St.Petersburg, 
Department of Physics, 101 Leninski pr., 
St.Petersburg, 198262, Russia. 

Abstract. The angular distribution of the intensity 
of the light scattered by director fluctuations in thin 
LC layers is theoretically considered. The analysis is 
carried out for a freely suspended smectic-A film and a 
homeotropically aligned nematic LC cell. It is shown 
that surface tension, anchoring strength and the 
splay-bend surface elastic constant (in the case of 
nematic LC) affect the angular distribution of the 
scattered light intensity. The correlation function of 
the fluctuations is written down in a closed explicit 
form rather than infinite series of natural modes. 

It is known that light scattering in LC is much 
stronger than in liquids due to local optical anisotropy and 
well-developed fluctuations of the director. An advanced 
theory' of such a process allows one to investigate LC by 
means of light-scattering experiments. LC layers, that are 
of interest from the practical a s  well as fundamental point 
of view, could be investigated by the same method if two 
difficulties were overcome. First, there is either an 
interaction between the confining surfaces and the director 
or the surface tension , that gives rise to a surface 
contribution to the free energy. Saddle-splay ( K z r )  and 
splay-bend ( K I 3 )  elastic constants of nematic LC also lead 
to surface  contribution^"^. These affect the director 
fluctuations in the layers. Second, incident and scattered 
light multiple reflects at the interfaces between optically 
anisotropic and isotropic media. It is the aim of the paper 
to fill the gaps in the theory for both the homeotropically 
aligned cell and the thin smectic-A film. 
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2 A.N. SHALAGINOV 

Let us consider a homeotropically aligned nematic layer 
confined between two planes situated at z=?L/2 in a 
Cartesian coordinate system. The free energy is given by 

2 +Kz2(ii*curli) 2 tK33(iixcurln) + 2  - 

Kz4div( &curlhidivi)+K13div( idivi) 1 t 

where il and g1 are the in-plane components of and 5 .  The 
last term, proposed by Rapini-Papoular', accounts for the 
surface anchoring. We assume the equilibrium director 6" to 
be normal to the surfaces. We shall consider only small 
fluctuations of the director 6i(;)=i(;)-6". Since 6 is a 
unit vector, only two components, namely 8nx and 6ny, are 
independent. The correlation function G (rl-rl,z,z')= 
<tina(;)& n(;/)> in ( z , z , z / )  - representation, where 2 is an 
in-plane wave vector, can be expressed in the explicit 

Without any restriction we can assume 2 to be 
normal to the y-axis and get5 

4 4  

aB 

B 

G ( K , Z , Z ' ) =  kBT [ ( at-w2)cosh( ai (ztz' ) )+ 
i i  

2ai K3 3 '1 

[(af+w2)cosh(aiL) +2aiwsinh(aiL) cosh(ai(z-z') ) -  I 
where 
Ai=(ai+w 2 2  )sinh(aiL)+2waicosh(aiL), 

"'W0/ ( K33-Ki3 1 I al= ( Kl /K33 1 WK ( 3 )  

i = 1  and 1=2 correspond to 6nx and 6ny, respectively. 

consider the director-associated fluctuations 8~ 

dielectric tensor 

To analyze light-scattering process one should 
( g )  of the as 
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EFFECTS IN FLUCTUATIONS AND LIGHT SCATTERING 3 

where E cII and cl being the permittivities along and 
transverse to i. The intensity and polarization properties 
of the scattered light can be expressed in terms of the 
function <Ear (s) E* ( r )  > , which in the Born approximation is 
given by 

B 

+ * +  
w: ]-,.,'d3r''T ( g , $ ' ) T  * (r,r") + +  m <Ea(r)EB (r)>=- ar C 

Here go and are the amplitude and wave vector of the 
incident light, T (g,;')  is the Green's function for an 
optically anisotropic medium with an account for the 
boundaries. The detailed analysis of the multi-reflection 
and the optical anisotropy effects in the case of a 
homeotropically aligned liquid crystal cell is presented 
elsewhere. The integration in ( 5 )  can be carried out 
analytically. The curves in Figure 1 show the angular 
dependence of the intensity of extraordinary scattered waves 
as a fanction of the angle between the normal of the 
homeotropically aligned cell and the scattering direction. 

as 

40.0 45.0 50.0 g AVGLE (DEG) 

FIGURE 1 The light scattering intensity for the case of 
homeotropically aligned nematic cell. 

In order to distinguish the influence of the surface 
parameters Wo and KI3 the interface optical effects were 
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4 A.N. SHALAGINOV 

omitted. The calculation was carried out for an oblique 
incidet extraordinary wave (the tilt angle is equal to n/4), 

L=10 cm. 
A smectic-A freely suspended film with thickness L can 

be treated by a similar manner . The parameter, which 
describes a deformation of a smectic liquid crystal is the 
layer displacement u(;) along the z axis. We assume the the 
director fluctuation Sic ; )  is equal to -Vlu(g) , where V1 is 
the gradient in the x, y variables. The expression for the 
free energy F a sum of the bulk and the surface terms 

W0=5. O~lO-~dyn/crn, K11/K33=0. 7 , KS3=10 -6 dyn, k= 105cm-l , 
-3 

7 

Here B is the smectic elastic constant associated with the 
layer compressions, K is the elastic constant associated 
with the layer undulations and A1 is the Laplacian in the x, 
y variables. The correlation function G( ; , z , z  )=  

<u(~,z)u(-;,z')> is given by expressions7(2), (3), where one 
must set ffl=ff2=g=mBK , W = ~ K  /B, and B instead of K33. The 
relation between S E  

2 2 

and Srf is the same as for nematic LC. a6 

SCATTERING ANGLE (DEG) 
FIGURE 2 The intensity of the scattered light vs the 
scattering angle for the case of the normal incidence on 

5 -1 the freelly suspended film; E , ,  = 3 . 3 ,  ~~'3.0, ko=10 cm , 
L=10-4cm, B=2.5~10 7 dyn/cm 2 , K=10-6dyn. 
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EFFECTS IN FLUCTUATIONS AND LIGHT SCATTERING 5 

The curves in Figure 2 show the angular dependence 
taking into account all the optical interface effects, 
namely optical anisotropy and multiple-reflection effects 
for the incident and scattered beams. In order to show the 
dependence on surface tension r three values have been 
chosen. One can see that there are peaks in the variation 
and the magnitudes of the peaks depend strongly on the 
surface tension. The origin of this peaks is connected with 
the thermodynamical properties of smectic liquid crystals. 
Indeed, smectic layers are practically incompressible, hence 
the random displacements of different layers are 
well-correlated in the direction normal to the layers. This 
leads to the undulation behavour of the angular dependence. 

The main result of this calculation is that the 
surface parameters of liquid crystals affect the angular 
destribution, so can be investigated by means of 
light-scattering experiment. 

This work was supported, in part, by a Soros 
Foundation Grant awarded by the American Physical Society. 
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