
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 10:23
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

Light Scattering Intensity Correlation
Function in Disordered Nematic
Systems
Alenka Mertelj a & Martin Čopič b
a ‘Jožef Stefan’ Institute, Jamova 39, 61000, Ljubljana, Slovenia
b Faculty of Mathematics and Physics, University of Ljubljana,
61000, Ljubljana, Slovenia
Version of record first published: 24 Sep 2006.

To cite this article: Alenka Mertelj & Martin Čopič (1996): Light Scattering Intensity Correlation
Function in Disordered Nematic Systems, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 282:1, 35-41

To link to this article:  http://dx.doi.org/10.1080/10587259608037566

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/10.1080/10587259608037566
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst., 1996, Vol. 282, pp. 3 5 4 1  
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1996 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science 
Publishers SA 

Printed in Malaysia 

LIGHT SCATTERING INTENSITY CORRELATION FUNCTION IN 
DISORDERED NEMATIC SYSTEMS 

ALENKA MERTELJ and MARTIN cOPIc* 
'Joief Stefan' Institute, Jamova 39,*and Faculty of Mathematics and Physics, 
University of Ljubljana, 6 1000 Ljubljana, Slovenia 

Abstract In dynamic light scattering in nematic liquid crystal in silica aerogel 
matrix, the light intensity correlation function in the single scattering regime is an 
average over the orientations of the nematic director n with respect to the 
laboratory frame. We have calculated the expected correlation function and its 
dependence on the scattering angle and incident and scattered polarizations. Due 
to the substantial dependence of the orientational diffisivities on the relative 
orientation of n and the scattering vector, the correlation function is non- 
exponential. In the calculation, the effect of the refractive index anisotropy on the 
scattering vector is also taken into account. 

- INTRODUCTION 

Recently several dynamic light scattering experiments in a nematic liquid crystal in silica 
aerogel were carried outl-2. The light intensity correlation function obtained in these 
expiximents is non-exponential. This indicates a process with a broad distribution of 
relaxation times. There are several reasons for that. The nematic liquid crystal in the 
aerogel can be considered as a polydomain system with a domain size distribution given 
by the pore size distribution of the aerogel matrix. The decay time of the orientation 
fluctuation depends on the size of the domain, so each domain size contributes a single 
exponential relaxation with different relaxation time to the correlation function and that 
makes the correlation function non-exponential2. The orientation of each domain is 
arbitrary, thus the light intensity correlation function is also an average over orientations 
of the nematic director n with respect to the laboratory frame which also causes the 
correlation hnction to be non-exponential. There are other possible processes which 
also contribute to the long time behavior of the correlation function. The system is 
nonergodic2.3, the mode structure is changed because of the restricted geometry4 and 
multiple scattering can not be neglected in this system5.2. 

To analyze the effect of arbitrary orientation of the director we have calculated the 
expected correlation function for a disordered bulk nematic. We will show that the 
calculated correlation function is non-exponential due to the substantial dependence of 
the relaxation times on the relative orientation of n and the scattering vector. The results 
of our calculation are in agreement with measured correlation function of disordered 
bulk nematic. 
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36 A. MERTELJ AND M. COPIt 

OIUENTATIONAL FLUCTUATIONS AND LIGHT SCATTERING 

The director fluctuations give rise to fluctuations of the optical dielectric tensor which 
cause strong scattering of light. For a given scattering vector q, the scattered-light 
amplitude depends on two independent Fourier components n,(q) and n,(q) of the 
director fluctuation 6n6, which in k-space correspond to the components along the axes 
of the coordinate system defined as 

In this coordinate system the scattering vector lies in e,-e., plane and can be written as 
q = (q,, 0, qJ = (a, 0, q,,). The first component of the director fluctuation n,(q) 
describes splay-bend and the second n2(q) twist-bend mode with the relaxation times 
that depend on the scattering vector 

where 

P=L2  9 

and Kp(q) = K@: + K 3 9 i  

(3 1 
Constants pi are Leslie Viscosity coefficients, vfl , q, and ?#Ic Miesowicz viscosities and 
K, Frank elastic constants. 

The heterodyne light-intensity autocorrelation hnction in the nematic liquid 
crystal is proportional to the sum of the time autocorrelation hnction of the Fourier 
components of the director orientation fluctuation' 
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LIGHT SCATTERING INTENSITY CORRELATION FUNCTION 31 

Geometrical factor S, depends on the polarizations of incident (i) and scattered light (9 

where el, e2 and e3 are coordinate axes of the nematic defined in (1). The constant A 
depends on the temperature and the experimental setup but is independent of director 
orientation and the scattering vector q .  

To obtain the correlation function of a polydomain system we first calculate the 
correlation function of a single domain at an arbitrary orientation of the director and 
then1 average it over all orientations of the nematic director. We assume that multiple 
scattering can be neglected in our system, that means the incident light beam has the 
same direction and polarization when entering any of domains. This approximation is 
valid when domains are small enough that the polarization of light does not change 
significantly when passing the domain, i.e.. the size of domains must be much smaller 
than h/An, where h is the wavelength of light and An the difference between the 
extraordinary and ordinary index of refraction. 

In order to calculate the correlation function in a single nematic domain at a given 
Scattering angle and arbitrary incident and scattering polarizations one should take into 
account both ordinary and extraordinary waves. In general there are four contributions 
to the scattered light corresponding to four different scattering vectors, kf,-k,,, kfe-k,,, 
kfo-kie and kfe-kic. Indices i. f, o and e denote incident, scattered, ordinary and 
extraordinary respectively. In a nematic there are only three contributions since there is 
no ordinary-ordinary scattering on the orientational fluctuations. kn; , 

/ 

X 

a) b) 

FIGURE 1 The scattering geometry. a) The scattering plane with wave vectors 
and polarizations of the incident and the scattered light. b) Orientation of the 
director is described with angles 4 and 9. 
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38 A. MERTELI AND M. tOPIe  

FIGURE 2 Dependencies of the relaxation times and weight factors StIK,  on 
the orientation of the director. a) and b) The relaxation time (in ms) of the second 
mode versus angles 4 and 9 for the o-e and e-e scattering vector respectively. 
The dependence of the relaxation time of the first mode is similar. c), d), e) and 9 
The weight factors (in m2/N) of both modes and the o-e and e-e scattering 
vectors. The scattering angle and temperature are 290 and 35. 1°C respectively. 

The scattering geometry used in our calculations is shown in Fig. 1. The scattering 
plane is xz-plane of the laboratory frame with x axis parallel to the wave vector of the 
incident light 4. The angle a is inner scattering angle, angles 9 and q~ describe the 
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LIGHT SCATTERING INTENSITY CORRELATION FUNCTION 39 

orientation of the director with respect to the laboratory frame, i.e. 
n = (cos( p)sin ( 9). sin (9)sin ( 9), cos( 9)). We choose a geometry with orthogonal 
incident and scattered polarizations, i.e. i =(O, 1, 0) and f = (-sina, 0, cosa), as it is 
common in the dynamic light scattering experiments in nematic systems. 

As said before there are three different scattering vectors q corresponding to 
ordinary-extraordinary, extraordinary-ordinary and extraordinary-extraordinary 
combinations of the incident and scattered wave vectors which contribute to the 
correlation function at a given scattering angle, a given orientation of the director and 
the polarizations i and f. In calculation of the weight factors for a given q only adequate, 
i.e. ordinary or extraordinary, part of polarizations must be considered. 

The correlation function of a polydomain system consisting of domains that are 
larger than the wavelength of the light is an average of a single domain correlation 
function over the orientations of the director. In our case that corresponds to the 
average over the angles 9 and p, 

The ratio q11/q1 and projections of polarizations i and f on the axis e, and e, change 
with changing the angles 9 and 9, so both the weight factors S t / K ,  and relaxation 
times depend on these angles. As can be seen from Fig. 2, in all possible choices of 
polarizations, different values of the relaxation time are sampled. Still, the largest 
contributions come from ordinary-extraordinary scattering, where well pronounced 
peaks for the two modes occur in the 9 - cp plane. As one changes the scattering angle a 
the positions of the peaks move so that with a good signal, it should be possible to 
determine at least some elastic constants and viscosities even in polydomain, disordered 
samples. 

Numerical integration in the equation (6) was camed out for values of elastic 
constants and viscosities in bulk 5CB8. The obtained normalized correlation function 
can be reasonably well fitted with stretched exponential hnction exp[-(t/~,n)S] with 
value of s = 0.8 (Fig. 3a). The stretching exponent s does not depend on the temperature 
or scattering angle, but slightly depends on the choice of the fitting interval, anyway 
these changes are within few percents. In order to see whether our calculated function 
describes the realistic case well, we have measured the correlation function in disordered 
bulk nematic 5CB at room temperature. The experiment was camed out in the 
homodyne regime. In this case the second order correlation function g(z) = 1g")IZ + 1 is 
measured. The shape of this experimentally obtained correlation function is in agreement 
with the calculated one (Fig. 3b). 
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40 A. MERTEU AND M. COPIC 

- calculated 
---- exponential 
.............. stretched exponential 

0.6 

Time (ms) 

FIGURE 3a The calculated normalized correlation hnction (-) and its 
exponential (--) and stretched exponential (-) fits. The scattering angle and 
temperature are 570 and 3 5 .  I *C respectively. 

experimental 
calculated 
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0.001 0.01 0.1 1 10 100 
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FIGURE 3b The measured (0 )  and calculated (-) normalized second order 
correlation hnctions g(?)(t). The measurements were perfomed in a homodyne 
regime at room temperature and scattering angle 230. 

By taking an average value for the scattering vector q=4niisin(d2)lh a quadratic 
dependence on q of the effective inverse relaxation time is obtained. The 
corresponding effective diffisivity is almost temperature independent within 3K below 
the isotropic-nematic phase transition temperature. Its values lie between the values of 
bend difisivity and splay, twist diffisivities (Fig. 4). 
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1 -  

41 

A A A A 
0 0 0 6 

0 0 0 
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FIGURE 4 Temperature dependencies of calculated effective difisivity and 
difisivities of pure modes*. 

- CONCLUSIONS 

Averaging over the orientations of the nematic director with respect to the laboratory 
fiame results in a non-exponential light intensity correlation function. The 
non-exponentiallity is weak and can be described with a stretched exponential function 
with a value of the exponent s close to 0.8. From angular dependence of the correlation 
function effective difisivity can be obtained with the same temperature behavior as that 
of the pure splay, twist and bend modes and with its values intermediate between pure 
splay and pure bend modes. The results of our calculation show that at least some of the 
elastic constants or viscosities in polydomain, disordered systems could be determined in 
the dynamic light scattering experiment. 
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