
This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 20:19
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 and Photon
Correlation Spectroscopy of
Filled and Confined Liquid
Crystals
Fouad Aliev a , Markus Kreuzer b , Nelson Tabiryan c

& Boris Zel'dovich c
a Department of Physics, University of Puerto Rico,
San Juan, PR, 00931, USA
b IAP, Darmstadt University of Technology, 64289,
Darmstadt, Germany
c CREOL, University of Central Florida, Orlando, FL,
32816, USA

Version of record first published: 24 Sep 2006

To cite this article: Fouad Aliev, Markus Kreuzer, Nelson Tabiryan & Boris Zel'dovich
(1998): Light Scattering and Photon Correlation Spectroscopy of Filled and Confined
Liquid Crystals, Molecular Crystals and Liquid Crystals Science and Technology. Section
A. Molecular Crystals and Liquid Crystals, 320:1, 173-191

To link to this article:  http://dx.doi.org/10.1080/10587259808024394

PLEASE SCROLL DOWN FOR ARTICLE

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808024394


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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 2
0:

19
 2

0 
A

ug
us

t 2
01

2 

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


Mol. Crysr. Liq. Crysr., Vol. 320, pp. 173-191 
Reprints available directly from the publisher 
Photocopying permitted by licewe only 

0 1998 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in Malaysia. 

Light Scattering and Photon Correlation Spectroscopy of Filled 
and Confined Liquid Crystals 

FOUAD ALIEV", MARKUS KREUZERb, NELSON TABIRYAN", AND 
BORIS ZEL'DOVICH" 
aDepartment of Physics, University of Puerto Rico, San Juan, PR. 00931, 
USA, bIAP, Darmstadt University of Technology, 64289 Darmstadt, Ger- 
many, "CREOL, University of Central Florida, Orlando, FL 32816, USA 

Wc present the results of photon correlation spectroscopy investigations of 
the influence of the confinement and interfaces on the behavior of ncmatic 
liquid crystals (NLC) filled with aerosil particles as well as dispersed in 
porous matrices of different pore geometry and size. The experiments 
show significant changes in physical properties of LC in such confinements 
and suggest that there is some evidence for glass-like dynamical behavior, 
although bulk LC do not have glassy properties. In NLC with nanoparticle 
network, at  least two well identified decays were observed. We attributc: 
the first decay to the director fluctuations of the bulk NLC. The second, 
glass-like decay, could be related to director dynamics in surface layers at  
aerosil - LC interface. The mode corresponding to motions of individual 
aerosil nanoparticles was not detected. This confirms that, the aerosil 
particlcs form a network in the LC. 

Keywords: liquid cryshls; confinement; dynamical behavior 

INTRODUCTION 

Liquid crystals (LC) dispersed in polymer matrices (PDLC)['l and in inor- 
ganic. porous xnatricesr21 are materials extremely important for Lot11 appli- 
cations and for fundamental physics of confined systems. This stimulates 
intensive research of polymer dispersed and confined LC["-"I. A viiri(!ty of 
ncw properties and phenomena such as a modification of phase transitions, 
orientational order, elastic proFerties, director field, and some aspccts of 
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I74 F. ALlEV ei 01. 

dynamical behaviorl6-"I has been studied both experimentally and theo- 
retically for LC confined in random porous networks and cylindrical porcs. 
Searches for new materials for electrooptic devices and particularly for dis- 
plays has led to the creation of a new material - filled nematics (FN)["-13]l. 
This materials are stable dispersions of inorganic particlcs formcd by the 
aggregation of amorphous silica spheres with diameters in the range of tcn 
nanometers. Agglomeration of the chain-like aggregates forms a three- 
dimensional network dividing the liquid crystal into LC domains building 
a system of randomly orientated capillaries filled with nematic liquid crys- 
tal. 

Although great success in the understanding of the physical properties 
of liquid crystals confined in porous media with different size, shiLl)(! of 
porcs and diffcrcnt structure of porous matrix was achieved, little work 

has been done to characterize the influence of coiifiricrrieiit, 0 1 1  differelit, 
aspects of dynamical behavior of confined LC. 

In this paper we present the results photon correlation spectroscopy 
investigations, complemented with static light scattering experiments, of 
the influcricc of the confinement and interfaces on the behavior of N I X  in  
both physical situations: filled with aerosil particles as well as dispersed 
in porous matrices of different pore geometry and size. Tlicsc! systcms 

ariisotropic (at  least a t  short spatial scales) iknd h 
krials charact,erized by a very developed interface. Investigat,ioris of LC 

in cy1indric:al p(ircs together with studies in random poroiis matrices ant1 
filled LC, makes it possible to separate the role of raridoni stmc:t,nre ilnd 
domain formation from the contributions due to existence of LC - solid 
intcrfacw and pure finite size effect in relaxation of order pitrilrr1ett:r or di- 
rector fluct,ua,t,ions. The experirnents show significant changes in physical 
properties of confined and fillcd NLC (FN), and provide SOIIIO c~vit1cnc.c foI 

glas-like dynamical behavior, although I>ulk liquid crystal docs not  hi^^! 
glassy properties neither in anisotropic nor in isotropic phils(ls. 
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LIGHT SCATTERLNG AND PHOTON CORRELATION 175 

EXPERIMENTAL 

We performed photon correlation measurcmcnts using a X = 0.6328pm 
He-Ne laser and the ALV-5000/Fast Digital Multiple Tau Correlator (real 
time) operating over delay times from 12.5 ns up to lo3 s with the Thorn 
EM1 9130/100B03 photomultiplier and the ALV preamplifier. In addition, 
we used ALV/LSE unit which allows, simultancously with photon correla- 
tion measurements, monitoring of the laser beam intensity and stability of 
its space position as well as monitoring of the intcnsity of scattered light, 
integrated over all frequencies (static light scattering). 

The depolarized component of scattered light was investigated. In the 
isotropic phase of bulk LCs, observation of the depolarized component of 
the scattered light makes it possible to detect the contribution connected 
with order parameter fluctuations only. It also allows to cxcludc thc scat- 
tering from the porous matrix when LC is in pores, or from the network 
structurc in thc case of FN. 

In the dynamic light scattering experiment, one measures the intensity- 
intensity autocorrelation function 

The intensity-intensity autocorrelation function gZ(t) is related to the dy- 
namic structure factor f(q,t) of the sample by 

where Ic is a contrast, factor that determines the signal-to-noise ratio and 
q = 4~nsin(8/2) /X,  (n is the refractive index, 0 - the scattering angle 
and X is the wavelength of laser radiation). We found that the intensity- 
int,ensity autocorrelation functions were q-independent for 5CB in porous 
glasses, and almost q-independent for 5CB in cylindrical pores. All dy- 
namic light scattering data that we discuss below for LC confined in porous 
matrices were obtained at 8=30". 
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176 F. ALlEV et al. 

We used matrices with randomly oriented, interconnected pores (po- 
rous glasses with average pore sizes of 10 nm and 100 nm) and parallel 
cylindrical pores (Anopore membranes with pore diameters of 20 nm and 
200 nm). 

The glass plates with the size of the pores 10 nm have dimensions 
lcm x lcm x 0.2cm. All surfaces of these matrices were optically pol- 
ished. Since the linear size of optical inhomogeneities as determined by 
the pore size is much sniallcr than the wavelength of visible light, this 
sample was optically transparent. In the case of 100 nm pore matrices, 
which are opaque, the thickness of the samples was choosen to be 0.2 mm 
to reduce the contribution from multiple scattering. Anopore mcmbranes 
had thickness of 60 pm 

The FN we have used had concentration of silica particles in NLC E48 
2.8 % of the volume. For investigations of Filled LC, we prepared a laycr 
of material between two glass substrates the surfaces of which were not, 
treated, and no particular orientation was enforced by the bouudrics. The 
thickness of the sample was 60 pm to avoid multiple scattering. 

STATIC LIGHT SCATTERING IN CONFINED 5CB 

From static light scattering experiments we obtained that the temperature 
of the nematic - isotropic phase transition in 100 nm random pores, 20 nm 
and 200 nm cylindrical pores is depressed compared to that, in the biilk 
NLC, the transition is not as sharp as in the bulk LC, it is smeared out and 
occupies finite tempcrature region. The temperature dependcncics of the 
intensity of scattered light (Ise) for 5CB in 20 nm and 200 nm cylindrical 
pores are presented in Fig. 1. 

For 5CB confined in 10 nm random pores we found that there is no 
well defincd phase transition from ordered phase to the phase in which 
long range order is completely absent, or opposite from disordered phase 
to the phase with pcrfcct long range orientational order. And for filled 
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LIGHT SCATTERING AND PHOTON CORRELATION I77 
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FIGURE 1 
for 5CB in cylindrical pores: (1) - 200 A (2) - 2000 A. 

Temperature dependence of the intensity of scattered light 

LC, in static light scattering experiments, we have not observed noticeable 
changes compared to the bulk behavior of E48. The temperature depen- 
dence of Is(: in the isotropic phase of confined LC is differcnt from that in 
the bulk. In pores Is, is almost, independent of temperature (Fig. 1) in 
the temperature range corresponding to the isotropic phase. In the bulk 
isotropic phase this intensity is temperature dependent and exhibits the 
mean-field theory critical exponent expected near a second-order transi- 
tion a t  a temperature T' preempted by a first order phase transition at 
TN,, namely: I,, N 1/(T - T*).  

The difficulty in determination of the phase transition temperature 
in finite systems, the difficulty is that the transition region occupies a 
finite temperature interval and it is unclear what should be regarded as 
the transition temperature. The combination of static and dynamic light 
scattering methods is very useful to determine the phase transition tem- 
perature of LC in pores. In dynamic light scattering experiment, only one 
relaxational process due to fluctuations of the order parameter should be 
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I78 F. ALlEV et al. 

observed in isotropic phase. In the nematic phase, the decay of ga(t) is due 
to director fluctuations. The difference in relaxation times of those two 
processes is of three orders of magnitude, and it is very easy to identify 
the nature of the relaxational process and the corresponding phase state of 

the LC. We determine the nematic-isotropic phase transition temperature 
for LC in pores as a temperature below which there is no visible decay 
due to order parameter fluctuations. These temperatures coincide with 
the temperatures a t  which the rise in the intensity of the scattered light 
(when temperature is decreased) saturates (see curves 1 and 2 in Fig. 1). 
We found thus the following values of the nematic - isotropic phase tran- 
sition temperatures for 5CB in pores: 307.5 K (100 nm random pores), 
307.6 K (200 nm cylindrical pores) and 307.0 K (20 nm cylindrical pores). 

CONFINED LIQUID CRYSTALS 

The spatial confinement has a strong influence on the dynamic properties 
of LC investigated in photon correlation experiments. A slow rclaxational 
process which does not exist in the bulk phase appears in both coiifiued 
and filled LC. The difference bctwecn the dynamic behavior of bulk miil- 
tidornain NLC 5CB and E48, and 5CB confined in random as well as in 
cylindrical pores can be seen by comparison of autocorrclation functions 
presented in Fig. 2. and Fig. 3. The Dynamic light scattering in bulk NLC 
is very well iinderstood[lO], and the main contribution to the intensity of 
scattered light is due to the director fluctuations. In a uniformly oriented 
nematic sample, there are two modes determined by these fluctuations. 
The first mode is determined by a single combination of splay and bend 
distortions and the second mode by a combination of twist and bend dis- 
tortions, and each of these modes is described by single exponential decay 
function. If for simplicity we assume that all six Leslie coefficients have 
the same order of magnitude N 17 (9 is an average viscosity), and tho thrw 
elastic constants (bend, splay and twist) are equal (K) then the relaxation 
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FIGURE 2 Intensity/intensity autocorrelation functions for 5CB: (1) 
- bulk 5CB, T=306.2 K and (2) - hulk E48, T=359.5 K Open circles 
correspond to the experimental data,  solid lines are the result of fitting. 

t h e  of director fluctuat,ions is 

T = r i / K i L  (3) 

and has tho same order of magnitude - 
corresponding decay function is an exponential decay function: 

s for the both modes. The 

f ( q ,  1 . )  = 0,. exp(-t/7). (4) 

'l'lie autocorrelation functions obtained for both 5CB and E48 in multido- 
main biilk Ii(:rrliLtic phasc are perfectly described by the decay function ( 4 )  
as i t  is shown in Fig. 2 .  The relaxation time 7 = 1.4 + lO-'s which cor- 
rcspontis to h l k  5CB - thc curve 1 (Fig. 2 )  arid 7- = 2.4 . 1W5s - bulk 
E.18, the c:urve 2, are in agreement with t,hc t,heoryl"1. It is clear from 
Fig. 3 thiit, tho rclaxatiori processes in 5CB confincd in the rrintriccs with 
random and cylindrical porcs arc csscnt,ially ~loncxpo~l(!~lt,ii~l, ils it, is i ~ i -  

ally observcd i n  glasses and glass-like systems['5]. The long time tail of 
t,he relaxat,ion proccss for 5CB in pores can not bc dcscribcd by usirig t,licJ 
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180 F. ALlEV rt al. 
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FIGURE 3 Intensity/intensity autocorrelation functions for 5CB: (1) - 
in 10 nm random pores, T=295.8 K; (2) - in 20 nm cylindrical porcs, 
T=306.9 K, (3) - in 200 rim cylindrical pores a t  T = 307.3 K. Thc inset, 
shows the result of fitting for 5CB in 200 nm pores. Open symbols are 
the experimental data,  solid lines - fitting. 

standard form of thc dynamical scaling variahlc ( t / r )  and the decay func- 
tion cannot be reduced to a superposition of finite number of exporicntial 
terms. 

For so slow dynamics and such a wide spectrum, it is reasonablc to 
use the ideas16- 16i '7]  of activated dynamical scaling with the scaling vari- 

able x = lrtt/lnr. We are not able to find the correlation function (01 

a superposition of corrclation functions) which would satisfactmily and 
quantitatively describe the whole experimental data from t = Iris up 
to t = lo6 ms. However wc found that in the time interval ms- lo3 nis 

(6 decadcs on the time scale) the decay function 

where 2 = In(t/-ro)/ln(rz/.ro) and TO = 10-Rs provides suitable fitting 
for 5CU in narrow (10 nm and 20 nm) pores. In the second term of 
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LIGHT SCATTERING AND PHOTON CORRELATION 181 

Eq. (5), z = 3 corresponds to the activated scaling theory for random-field 
systems with conserved order parameter[l6I (which is not our case since LC 
are the systems with non conservcd order parameter). In the theory[17] 
for d-dimensional short-range Ising spin-glasses, z is deterrniricd by the 
dimensionality of thc system: z = d / ( d  - l),  and the correlation function 
corresponding to the second term in Eq. (5) describes slow relaxation of 
large isolated clusters above the spin-glass transition. 

For 5CB in 10 nm random pores the second term in relationship (5) 
dominates, whereas for 20 nm pores the contribution from the first term is 
much more visible. The fitting parameters corresponding to curves (1) axid 
(2) in Fig. 2 are: (1) - z=2.3, 72=0.04 ms (exponential decay is neglected); 
(2) - TI = 0.07ms, z = 3.6, 72 = 3s.  

-10 ' I I I I I I 

0.018 0.020 0.022 0.024 0.026 0.028 0.030 0.032 
l/(T=T,) [K-) 

FIGURE 4 
for 5CB in 10 nm random pores. 

The relaxation time as a function of the inverse temperature 

The relaxation time of the slow process for 5CB in 10 nm pores 
st,rongly increases, as shown in Fig. 4, when the temperature decreases 
from 300 K up to 270 K varying from 1.7 x s to 14 s in this tempera- 
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I82 F. ALlEV et al 

ture range. The data analysis shows that the temperature dependence of 
the relaxation times for 5CB in 100 nm random pores, in the temperature 
interval (270-300) K, follows the Vogel-Fulcher law[15] 

with parameters: 1-0 = 1.4 - lO-’ls, B = 847K and To = 246K. 
The dynamical behavior of 5CB confined in large pores (100 rim and 

200 nm) was closcr to the bulk behavior, and bulk-like relaxation of di- 
rector fluctuations is observed. But in pores this relaxation is a stretched 
exponential which is typical for glass forming systems. The first term in 
the Eq. (5) adequatcly describes the experimental data up to t < 0.1 s. 

The data presented in the inset of Fig. 3 have parameters r = 0.1 ms 
and P = 0.8. Dctailed data analysis shows that in 10 nm porcs, at temper- 
atures above N_ 300K the relaxation process separates into two processes, 
and this separation become more clear with further temperaturc xisc. In 
100 A pores slow relaxational processes exist even at temperatures cor- 
responding to the bulk isotropic phase, but the first (fast) process domi- 
nates. We attribute the first (fast) decay in 100 A porcs which is clcarly 
seen at  T > 301K to the fluctuations of the order parameter. This decay 
dominates at  high temperatures. The amplitude of the slow decay, which 
dominates at low temperatures decreases with increasing temperature and 
is almost independent on temperature, at temperatures corresponding to 
the bulk isotropic phase. 

In 100 nm pores, we observed two decays only at  temperatures below 
nematic-isotropic phase transition tcmperature in pores. A typical auto- 
corrclatiori function for 5CB confined in 100 nm and its comparison with 
data for filled LC are presented in the next section. 

We would like to note that though the first decay weekly depends 
of temperature, the decay immediately vanishes when the LC is in its 
isotropic phase. The slow decay also vanishes at  temperatures correspond- 
ing to isotropic phasc in 100 nm random pores, 20 nm and 200 nm cylin- 
drical pores, and a very fast, decay, typical for the order parameter iIi  thc 
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LIGHT SCATTERING AND PHOTON CORRELATION 183 

bulk isotropic phase appears, with relaxation time T N lop's. Thus the 
slow decay in both pores is connected with the existence of nematic (or 
nematic like in 10 nm pores) ordering. Since in 10 nm pores nematic or- 
dering exists even a t  sufficiently high temperatures, the slow decay also 
exists a t  temperatures corresponding to the bulk isotropic phaqe. 

One of the possible explanations (together with the model suggested 
id6*'] and the model based on slow motions of domains[8] of the origin 
of the slow decay may be a formation of interfacial layers on the porc 
wall. The thickness (that means also the volume fraction) of thcsc layers 
should bc temperature dependent and archives its minimum rnagnitudc in 
isotropic phase. The minimum thickness may bc equal to the thickness of 
monolaycr. In 100 nm pores the volume fraction of first layer formed 011 

the pore wall is very small and therefore is not dctectcd in the dynamic 
light, scattering cxpcrimcnt in the temperature range corresponding to the 
isotropic phase. 

FILLED NEMATICS 

Filled Nematics are suspensions of highly dispersed silica in the nematic 
phase of liquid crystal. The pyrogenic silica ~ that is obtained by hy- 
drolysis of silicon tetrachloride in an oxygen-hydrogen flame ~~ can form 
densely packed stable suspensions in which the silica occupies only 2 to 
3 percent of the volume. Thc sphcrical primary particlcs of amorphous 
silicon dioxide obtainable with average diameters between 7 arid 16 IIIII 

(-4erosil from Degussa['*1) form aggregates of irregularly 1)ranc:hed strings 
via. = Si - 0 - Si = moieties. The = SiOH groups on the surface of thcsr 
aggregates form hydrogen bonds between diffcrcnt particlcs lcading to t h  
forination of agglomerates. 

Investigations have shown that the agglorncration of 2-3 volume pcr- 

cent of Acrosil particles in a nematic phase of liquid cryst,al forms a three- 
dimensional network dividing thc liquid crystal into LC domains with il 
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184 F. ALlEV et al. 

linear size of approximately 2500 8, [l3]. For most purposes the system 
can be simplified and described as a system of randomly orientated cap- 
illaries filled with nematic liquid From this point of view the 
dynamical properties of filled nematics should have some similarities with 
properties of LC confined in 1000 8, random porous matrices. Both of 
them have disordered structure and highly developed solid-liquid crystal 
interface (typically 300 m2 per gram dispersed silica in filled nematics). 
However, assuming strong anchoring of the nematic director at  the sur- 
faces of the particles forming the skeleton['2J0], not only the surfaccs act 
elastically on the director, but the director also acts on the surfaces and 
thus on the particles. This flexibility of the framework and its tempera- 
ture dependence may bring new phenomena and new properties absent in 
systems based on rigid matrices. 

The main difference between structure of LC confined in porous ma- 
trices and filled LC is as follows. Porous glass matrices or Anopore 
membranes have solid network the structure of which is temperatiire in- 
dependent. The particles in FN are capable of changing their mutual 

and the network structure in the case of FN. According 
to the picture given in['3], the network formation (aerosil frame) is ac- 
companied by formation of LC domains with linear size about 250 nrri 
with random distribution of director orientation of each domain. From 
this point of view, the dynamical properties of fillcd LC should havc somc 
similaritics with properties of LC confined in 100 nm random porous ma- 
trices. However the flexibility of the framework of fillcd LC may introduco 
new properties absent in systems based on rigid matrices. 

We observed a glass-like non-exponential relaxational process also in 
filled LC. We obtained that the temperature dependencies of rclaxational 
processes characterized by g2(t)  in filled LC in the temperature range 
274K < T < 340K arc very different from that in the range 340K < 
T < 360K. The intensity/intcnsity autocccration functions of filled LC 
are different from y2(t) observed for bulk LC in the both temperature 
regions. These fiinctions are not single cxponcritial but arc described 
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LIGHT SCATTERING AND PHOTON CORRELATION 185 

by superposition of a t  least two functions. Moreover, at tempcraturcs 
T > 340K, a presence of an additional slow decay in the time range 
t > 10 ms is obvious without detailed analysis. 

The autocorrelation function typical for temperatures T < 340K is 
presented in the Fig. 5.  It is clear that the experimental data (circles) can 

0.08 

0.06 

= 0.04 
0- 

0.02 

0.00 

r 
n 

- 

- 

I I I I I I I I 

104 1 0 3  10-2 10-1 100 101 102 103 
t [msl 

FIGURE 5 Intensity/intensity autocorrelation function for filled LC, 
T = 317.97 K. Open circles correspond to experimental data; lilies arc thc 
result of fitting. 

not, he described by a singlc exponential dccay function and the fitting 
linc (curve 1) corresponding to this function does not follow the data. 
The shape of g2( t )  suggests to use a stretched exponential d(!(;iky func:tion 
(function 2) .  Indeed, if this function is used, the fitting curve (curve 2) 
corresponds to the experimental data reasonably well. Howcver the fitting 
curve 2 slightly deviates from the experimental data in the time ranges 
around 0.01 ms and 1 ms. The best fitting (curve 3 in Fig. 1) is provided 
by thc superposition of a single exponential and a stretched exponential 
decay functions. Thc second term (stretched exponential) dorniriatcs (this 
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dccay is about 80 percent of the total decay). 
The parameters corresponding to curve (3) in Fig. 1 are rl = 0.049 IIJS, 

72 = 1.58 ms, and /3 = 0.65. We assign the first (single exponential) decay 
to the bulk like director fluctuations. The second (stretched exponential) 
decay probably corresponds to the director fluctuations in the portion of 
LC which is bounded to the aerosil particles and belongs to a surfacc 
layer formed at particle-LC interface. The mobility of moleciiles could be 
diffcrcnt at different distances from the particles, which should be resulted 
in the appcarance of a spectrum of relaxation timcs, what is rcflccted in 
stretched exponential decay function. Additionally, the viscosity of LC in 
the surface layers should be greater than the bulk viscosity, and the second 
proccss is slower than the first, the bulk-like one. In this tcmperaturc 
range (274 K - 335 K) ,  both relaxation times increase with decreasing 
tempcraturc. The temperature dependence of autocorrelation functions 
measured a t  different temperatures in this range are presented in Fig. 6. 

1 .o 

0.8 

7 0.6 
s 
ma 0.4 

0.2 

0.0 

n 

10-4 10-3 10-2 10-1 100 101 102 103 104 105 
t rms1 

FIGURE 6 Intensity/intensity autocorrelation functions for filled LC. 
(1) - T = 337.72 K, (2) - T = 305.68 K, and (3) - T = 247.51 K. Open 
Circles are the experimental data; lines present the result of fitting. 
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The parameters describing these data are: curve (1) - 71 = 0.03 ms, 
T~ = 0.70 ms, and = 0.7; curve (2) - 71  = 0.07ms, 72 = 2.65 ms, arid /3 
= 0.54; curve (3) - 7-1 = 0.36 ms, 72 = 15.0 ms, and /3 = 0.46. 

The stretched exponential behavior of the second process is accompa- 
nied by a glass-like temperature dependence of corresponding relaxation 
time as it usually takes place in glass forming fluids[l3I. This is illus- 
trated by Fig. 7, which presents Volgel-Fulcher plot, according to the for- 
mula (6). The parameters describing this dependence are TO = 1.5. lop5 s, 

-1 ‘ I I I I 

0.006 0.007 0.008 0.009 0.010 0.011 
l/(T-TJ [K’] 

FIGURE 7 
FN. 

The relaxation time as function of inverse temperature in 

B = 630 K and TO = 180 K. The temperature dependencies of g ~ ( t )  quali- 
tatively change in the temperature range T > 340 K. In this temperature 
range, both relaxation times decrease when the temperature is lowered 
from 359 K to 335 K and an additional slow decay at  t > 10ms becomes 
evident. This is illustrated in Fig. 8. The picture is opposite to thc de- 
pcndencc in Fig. 6. In this temperature range, the shape of a(t) for filled 
LC (curves 1 and 2) is similar to that for 5CB confined in 100 nm random 
pores. The rise of relaxation times with increasing temperature could be 
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104 10-3 10-210-1 100 101 102 103 104 1 0 5  

t [msl 
FIGURE 8 Intensity/intensity autocorrelation functions for F N  (1,2) 
and for NLC confined in 100 nm random pores (3) LC. (1) - T = 344.10 K, 
(2) - T = 374.58 K, (3) - T = 294.77 K. Open circles show the experimental 
data; lines are the result of fitting. 

observed for a bulk LC for modes related to  the director fluctuations. In 
this case, the temperature dependencies of the viscosity and the elastic 
constant are different in the vicinity of nematic - isotropic phase transi- 
tion (of course in the nematic phase). An elastic constant decreases much 
faster than a viscosity if the temperature approaches the phase transi- 
tion point, and the rise of the relaxation time of the director fluctuations 
should be observed. 

These correlation functions are complicated. Probably, one additional 
process which is frozen at low temperatures, such as, for example, a ro- 
tation of LC domains as a whole, contributes to the observed g2(t) at  
higher temperatures. The temperature dependencies of relaxation times 
of director fluctuations of bulk and filled LC are presented in Fig. 9. The 
relaxation times of filled LC are greater than that of the bulk LC, and 
they have different temparature dependence. It should be mentioned that 
the rise of director fluctuations' relaxation times with increasing temper- 
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FIGURE 9 
tuations. Filled E48 - open circles, bulk pure E48 - closed circles. 

Temperature dependence of relaxation times of director fluc- 

attire could be observed for a bulk LC for modes related to the director 
fluctuations, however, for this particular LC E48 this kind of behavior is 

not the case. 
The increase of the director fluctuations relaxation time at the tempcr- 

atures close to nematic- isotropic phase transition, is mostly related to the 
destabiliaing of the network, and therefore drastically reducing the elastic 
constants. Compared to covalent bonds the energy of hydrogen bonds 
stabilizing the network is relatively low so that they can be unlocked by 

mechanical interaction and arc subsequently available for the formation of 
new bonds thus fixing a new spatial arrangement of the aggregates. This 
can be seen in analogy to thc hydrogen bonds in organic matter. The 
reorientation of the director in an external electric field then can lead to 

a rearrangement. During this process hydrogen bonds may be broken, 
and new ones formed with the surface orientation adjusted to the aligned 
director. Investigations of this effect have shown a strong temperatme de- 
pendence of the stability of the network and its elastic propertiesp2']. For 
thc given dispersion of around 2.8%Vol. of Acrosil R976 in the liquid crys- 
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tal E48 a almost complete destabilizing of the network has been observed 
when approaching the nematic-isotropic phase transition temperature. 

CONCLUSION 

From static light scattering experiments we obtained that nematic-isotropic 
phase transition temperature of LC is depressed in 100 nm random, 20 nm 
and 200 nm cylindrical pores compared to the bulk value. This phase tran- 
sition was not detected at all in 10 nm random pores. The temperature 
dependence of Is, in isotropic phase of confined LC is different from that 
in the bulk. In pores, I,, does not obey the Landau theory and is almost 
independent of temperature in the temperature range corresponding to 
the isotropic phase. 

The photon correlation experiments show significant changes in physi- 
cal properties of both filled and confined LC and suggest that there is some 
evidence for glass-like dynamical behavior, although bulk liquid crystals 
do not have glassy properties neither in anisotropic nor in isotropic phases. 
We found that even about 20°C below bulk crystallization temperature the 
relaxational processes in confined LC were not frozen. The relaxational 
processes in filled and confined LC are essentially non single exponential. 
Slow relaxational process which does not exist in bulk LC and a broad 
spectrum of relaxation times (lo-' - 10)s appear for LC confincd in ran- 
dom and in cylindrical pores. 

Since both the slow relaxational process which does not exist in the 
bulk LC and the broad spectrum of relaxation times appear not only for 
LC in random pores but in cylindrical pores and F N  as well, we suggest 
that differences in dynamical behavior of confined LC from that in the 
bulk are mainly due to the existence of the interface. 
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