
This article was downloaded by: [University of California, San Diego]
On: 21 August 2012, At: 11:50
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 by Thin Nematic Liquid Crystal Films
S. Stallinga a , M. M. Wittebrood b , D. H. Luijendijk b & Th. Rasing b
a Philips Research, Prof. Holstlaan 4, 5656, AA, Eindhoven, Netherlands
b University of Nijmegen, Toernooiveld, 6525, ED, Nijmegen, Netherlands

Version of record first published: 04 Oct 2006

To cite this article: S. Stallinga, M. M. Wittebrood, D. H. Luijendijk & Th. Rasing (1997): Light Scattering by Thin Nematic
Liquid Crystal Films, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid
Crystals, 304:1, 231-234

To link to this article:  http://dx.doi.org/10.1080/10587259708046965

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/10.1080/10587259708046965
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Lig. Crvsf., 1997, Vol. 304, pp. 231-234 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science Publishers 
Printed in hdkd 

LIGHT SCATTERING BY THIN NEMATIC LIQUID CRYSTAL FILMS 

S. STALLINGA 
Philips Research, Prof. Holstlaan 4, 5656 AA Eindhoven, Netherlands 

M.M. WITTEBROOD, D.H. LUIJENDIJK AND TH. RASING, 
University of Nijmegen, Toernooiveld, 6525 ED Nijmegen, Netherlands 

Abstract The scattering of light by thin nematic liquid crystal films is studied. 
The distribution of fluctuation wavevectors relevant to the scattering is peaked 
around the difference between the wavevectors of the scattered and the incident 
light ray. The width is inversely proportional to the film thickness. Furthermore, 
only a discrete set of fluctuation wavevectors is allowed due to restrictions imposed 
by the boundary conditions. In the case of weak anchoring the relaxation time is a 
linear function of the thickness for sufficiently small film thicknesses. Similar results 
may be expected for other confined nematic systems, e.g. for nematics confined to 
porous media. 

INTRODUCTION 

Light scattering techniques are very important for the research of liquid crystals in thin 
and in porous media5-'*. Finite size effects may be quite important for the 

description of light scattering by nematic liquid crystals in a confined geometry. In order 
to account for these finite size effects we propose some modifications of the theory of light 
scattering for bulk nemat ic~ '~ . '~ .  In this paper we present a discussion of our results which 
is predominantly qualitative. A more detailed treatment has been published elsewhere 
recently". 

SCATTERING CONDITION 

The strong scattering of light by nematic liquid crystals is due to the thermal fluctuations 
of the dielectric susceptibility tensor. Consider the scattering of incoming light with 
wavevector h to scattered light with wavevector 4 by a fluctuation with wavevector 9. 
We approximate the shape of the liquid crystal film of thickness d by that of a rectangular 
box with length, width and height m, m, and d, respectively, where V is the 
volume of the liquid crystal. In the Born approximation, the amplitude of the scattered 
wave is then proportional to the integral 

with g E 9 + hi - /cf. This integral differs significantly from zero for values of & close 
to zero. The width is proportional to for k, and ky and to l / d  for k,. If V is 
sufficiently large it follows that only those fluctuations contribute to the scattering that 
satisfy 
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Clearly, the scattering condition 9 = lc, - is modified for thin liquid crystal films. 

OFUENTATIONAL FLUCTUATIONS 

The fluctuations of the dielectric susceptibility tensor are dominated by the orientational 
fluctuations of the liquid crystal. In de Gennes' theory orientational fluctuations are 
represented by small perturbations of the equilibrium director field.'39i4 According to the 
hydrodynamic equation for the director field these small perturbations can be expressed 
as 

6 2  = A e ' C  €?IT, (3) 

with -4 the (small) amplitude, - q the wavevector, and T the relaxation time. The last two 
quantities are related by 

T = T / K  q 2 ,  (4) 

where K is an effective elastic constant and y an effective viscosity. For infinitely large 
liquid crystals q can take any value, for confined liquid crystals q is restriced to a set 
of discrete values. This set is determined by the boundary conditions for the director 
field. This means that orientational fluctuations in confined liquid crystals are standing 
waves rather than traveling waves. The discrete modes have wavevectors depending on 
the size and shape of the confined liquid crystal. Consequently, also the relaxation times 
of the different modes depend on size and shape. For thin films only the component qs is 
quantized. In the case of strong anchoring4 (the director is fixed to a preferred orientation 
at the boundaries) the allowed values of qz are multiples of n / d .  The relaxation time of 
the mode with lowest qr is then given by 

This fluctuation mode can be probed in a scattering experiment with k;, = k f Z .  When d 
is sufficiently small the relaxation time is quadratic in d. A different dependence on film 
thickness is found when weak anchoring is assumed (the director is allowed to deviate 
from the preferred orientation at the boundaries). This dependence can be estimated as 
follows. Small perturbations of the equilibrium orientation lead to  an increase in elastic 
free energy of the order K q;d/2  and to an increase in surface energy of the order of the 
anchoring constant C. Assuming that these two contributions are balanced leads to 

which results in a relaxation time given by 

C 
d 

77-1 = I< (q; + q;) + 2-. 

For sufficiently small d the relaxation time is linear in d ,  in contrast to the case of strong 
anchoring. Experiment16 indicates a linear dependence for small d, which supports the 
weak anchoring assumption. Weak anchoring effects are important in the regime of thick- 
nesses smaller than the so-called extrapolation length K/C. For that reason a cross-over 
from the C/d term to a K / d Z  term for higher values of d may be expected. Probably the 
effective relaxation time of nematics confined to  random porous media depends on the 
average pore size in a similar way.'J1J2 
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Qualitatively, orientational fluctuations in nematics that are deformed in equilib- 
rium behave similar to nematics that are not deformed in equilibrium. Quantitatively, 
however, there are some differences. We compared a nematic film with two planarly 
anchoring substrates and a nematic film with one planarly anchoring substrate and one 
homeotropically anchorig substrate. Our model15 is based on the one-constant approxim- 
ation for the elastic free energy and the Rapini-Papoular approximation for the anchoring 
free energy. It appears that fluctuations in the plane of the equilibrium director field (tilt) 
and fluctuations perpendicular to this plane (twist) are described by the same equations 
for the planarly aligned film, whereas they are described by quite different equations for 
the hybridly aligned film. The competition between the elastic energy and the anchoring 
energy in hybridly aligned films leads to another difference. A director profile that has 
the preferred orientation at the boundaries gives rise to an elastic free energy contribution 
of the order K/d,  whereas a uniformly planar director profile gives rise to an anchoring 
free energy contribution of the order C2 (the anchoring constant of the homeotropically 
anchoring substrate). When d is sufficiently small a uniformly planar director field is 
favoured (assuming, of course, that C2 is maller than the anchoring constant C1 of the 
planarly anchoring substrate). In fact, at d = d, = K/C2 - K/C1 a second order trans- 
ition to the uniformly planar director field takes place". This non-analytical behaviour 
introduces a kink at d = d ,  in the relaxation times of the different fluctuation modes. Fig- 
ure 1 shows the relaxation times of the fluctuation mode with smallest qz for the planarly 
aligned film and the hybridly aligned film as a function of the film thickness according to 
the theory of Stallinga and co-workers 15. 
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FIGURE 1 The relaxation time of the tilt and the twist mode with smallest qr 
of the planarly aligned film (left figure) and the hybridly aligned film (right figure) 
as a function of thickness according to the model of Stallinga and co-~orkers '~  ( K  
= 3 pN, y = 0.015 Pasec, C1 = 15 ,uJ/m* and Cz = 5 pJ/m2). 

CONCLUSION 
The scattering of light by thin nematic liquid crystal films differs from the scattering of 
light by bulk liquid crystals in two important respects. First, the scattering condition, i.e. 
the relation between the wavevectors of the incoming light, the scattering fluctuation and 
the scattered light is changed to (2).  Second, only a discrete set of fluctuation wavevectors 
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is allowed due to restrictions imposed by the boundary conditions. As a result, the relax- 
ation times of these discrete fluctuation modes depend on the film thickness. Under the 
assumption of weak anchoring, the relaxation time varies linearly with film thickness for 
sufficiently small thicknesses. 
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