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MEASUREMENT OF THE DOMAIN GROWTH K I N E T I C S  I N  MULTIDOMAIN NEMATIC 
LIQUID CRYSTAL POLYMERS BY MEANS OF THE WORM LIKE PATH MODEL FOR 
MULTIPLE SCATTERING. 

S . J .  PICKEN,  R .  J .  VAN W I J K ,  J .W.TH. LICHTENBELT, J . B .  WESTERINK, 
P .  J . VAN KLINK' 
Akzo Nobel C e n t r a l  Research, Phys ica l  Chemistry Department, P .  0 .  
Box 9 6 0 0 ,  6800 SB Arnhem, The Nether lands .  f s t u d e n t  T.H. 
R i j  s w i j  k .  

A b s t r a c t  The r a t e  of  domain growth i n  nematic s i d e  c h a i n  polymer 
samples is measured us ing  t h e  woriii l i k e  pdtti model f o r  m u l t i p l e  
s c a t t e r i n g  of l i g h t .  The woriii l i k e  pa th  model which d e s c r i b e s  
m u l t i p l e  s c a t t e r i n g  i n  t e r m  o f  t h e  o p t i c a l  p e r s i s t e n c e  l e n g t h  i s  
found t o  apply  bo th  t o  m u l t i p l e  s c a t t e r i n g  i n  l i q u i d  c r y s t a l  
polymer f i l m s  as we l l  as t o  model po lys ty rene  d i s p e r s i o n s .  The 
r e q u i r e d  va lue  o f  t he  o p t i c a l  p e r s i s t e n c e  l e n g t h  can  be 
c a l c u l a t e d  from t h e  s i n g l e  s c a t t e r i n g  p rocess  s o  t h a t  t h e r e  are 
no a d j u s t a b l e  parameters  i n  t h i s  model. The r a t e  of  domain growth 
i n  l i q u i d  c r y s t a l  polynier samples i s  found t o  obey a s c a l i n g  l a w  
where t h e  growth exponent i s  about 0 . 8 5 ,  c o n t r a r y  t o  t h e  expec ted  
v a l u e  of  %. I n  a d d i t i o n ,  an unexpected e f f e c t  o f  t h e  l a y e r  
t h i c k n e s s  on t h e  r a t e  of growth i s  observed ,  even f o r  l a y e r  
t h i c k n e s s e s  much l a r g e r  t han  t h e  domain s i z e .  

INTRODUCTION 

I n  o r d e r  t o  i n v e s t i g a t e  t h e  ra te  o f  domain growth i n  a nemat ic  s i d e  

c h a i n  l i q u i d  c r y s t a l  polymer (SCLCP) f i l m  iise i s  made of a t h r e e  s t a g e  

approach : 

1 d e s c r i b e  t h e  m u l t i p l e  s c a t t e r i n g  of  ;I ~nulticloinain nematic t e x t u r e  

u s i n g  t h e  worm l i k e -  p a t h  model (WLP model),  

2 r e l a t e  t h e  c h a r a c t e r i s t i c  l e n g t h  s c a l e  f o r  s c a t t e r i n g ,  t h e  

o p t i c a l  p e r s i s t e n c e  l e n g t h  L,,, t o  t h e  "domain s i z e " ,  

3 model t h e  k i n e t i c s  of  t h e  "domain growth" (= d i r e c t o r  r e l a x a t i o n )  

by b a l a n c i n g  a v i scous  to rque  (from t h e  r o t a t i o n  v i s c o s i t y )  t o  an  

e l a s t i c  to rque  (from Frank e l a s t i c i t y ) .  

To q u a n t i t a t i v e l y  e v a l u a t e  t h e  inu l t i p l e  s c a t t e r i n g  behaviour ,  use  is 

made o f  a s e t - u p  where t h e  a p e r t u r e  o f  d e t e c t i o n  can be a d j u s t e d ,  s e e  

f i g u r e  1. 
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FIGURE I Schematic set-up to measure the scattering. 

The numerical aperture of detection is given by:  

NA - n sin(O,,,) (1) 

Where n is the index of refraction of the surrounding medium (in this 

case 1 for air) and Omax is the maximum angle of detection. Using 

another set-up, the scattering distribution function of the multiple 

scattering samples was measured. To test the validity of the worm like 

path model, measurements on polystyrene (PS) dispersions also are 

reported. 

I THEORETICAL 

The worm like uath'model f o r  multiDle scattering 

To model the behaviour of a multiple scattering film use is made of a 
method that we call the worm like path (WLP) model. In this model the 

trajectories of the photons are assuined to be directionally correlated 

for small photon displacements and to become random for larger 

displacements. The rate at which the photon loses it's directional 

information is described by a length scale, the "optical persistence 

length" L,, . 
Analogous to the statistics of a polymer chain, the optical persistence 
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MEASUREMENT OF THE DOMAIN GROWTH KINETICS [ 1177]/537 

l e n g t h  is de f ined  f o r  t he  photon t r a j e c t o r i e s  by ( s e e  f i g . 2 ) :  

<uo.us> - <cos(O)>, - exp(-s/Lp) ( 2 )  

Here s i s  t h e  t r a v e r s e d  d i s t a n c e  along the  con tour ,  

FIGURE 2 Worm l i k e  t r a j e c t o r y  f o r  t h e  photons i n  a s c a t t e r i n g  

medium. 

Using t h i s  s t a t i s t i c s  of  t h e  photon t r a j e c t o r i e s ,  which should apply t o  

a l l  cases where t h e  s c a t t e r i n g  e n t i t i e s  a r e  no t  small  compared t o  t h e  

wavelength of l i g h t ,  t he  m u l t i p l e  s c a t t e r i n g  behavior  has  been 

s imula t ed  f o r  v a r i o u s  va lues  of nd/L,, t he  r e l a t i v e  l a y e r  t h i c k n e s s .  

This  i s  shown i n  f i g u r e  3 f o r  s e v e r a l  va lues  of nd/Lp. 

FIGURE 3 Image of worm l i k e  path s imula t ions  f o r  t h r e e  v a l u e s  

of nd/Lp, r e s p e c t i v e l y  0 . 2 ,  2 ,  and 20 ( l e f t  t o  

r i g h t ) .  

For an o p t i c a l l y  t h i n  l a y e r ,  e . g .  nd/L = 0 . 2 ,  t he  m u l t i p l e  s c a t t e r i n g  

l e a d s  t o  mainly forward s c a t t e r i n g  with a Gaussian broadening of t h e  

i n t e n s i t y  d i s t r i b u t i o n .  For an in t e rmed ia t e  l a y e r  t h i ckness  (nd/Lp - 2 )  

more o r  less symmetric foreward and b a c k - s c a t t e r  occurs  as might have 

been expected f o r  a l a y e r  t h i ckness  equal  t o  t he  o p t i c a l  Kuhn l eng th  
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538/[1178] S.J. PICKEN ET AL. 

(Lk-2Lp).  Finally, for thick layers (nd/Lp = 20) mainly backscatter 

occurs. This behaviour as a function of- layer thickness is in 

qualitative agreement with common experience of multiple scattering 

media. 

Using the WLP model, the apparent optical density of  a multiple 

scattering layer as a function o f  the relative layer thickness (nd/Lp) 

and the numerical aperture of  detection is calculated. This is shown in 

figure 4 .  

FIGURE 4 Apparent optical density from the worm like path 

simulations as a function the relative optical layer 

thickness nd/Lp, for several values of NA. 

The curves show that the apparent optical density increases with 

increasing layer thickness and with decreasing numerical aperture of 

detection. Using these curves, experimental data measured at various 

values of  NA can be converted to the single dimensionless parameter 

nd/Lp, which then allows the calculation o f  L (assuming n and d are 

known). 
P 

A more complete description of the worin l i k e  path model, together 

with a comparison with existing tlieories of multiple scattering’** and 

experimental data, is being prepared3. 

I.2 Relation of L- with the domain size in the nematic phase 

To allow comparison with domain sizes from microscopic inspection of 

P nematic multidomain samples, it is neccesary to convert the measured L 
value (as obtained from the WLP model) to the actual domain size D of 
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MEASUREMENT OF THE DOMAIN GROWTH KINETICS [ 1 179]/539 

t h e  nematic t e x t u r e .  A s  t h e  l o c a l  s t r u c t u r e  i n  a multidomain t e x t u r e  i s  

random, and i s  n o t  known a p r i o r i ,  t h i s  problem cannot b e  s o l v e d  i n  an  

e x a c t  way. Here w e  w i l l  use an approximate r e l a t i o n  t h a t  can  be d e r i v e d  

assuming a l a t t i c e  f o r  t h e  d i r e c t o r  f i e l d ,  where t h e  p o s s i b l e  

o r i e n t a t i o n s  of t h e  d i r e c t o r  and p o l a r i s a t i o n  of  t h e  i n c i d e n t  l i g h t  are 

l i m i t e d  t o  d i s c r e t e  v a l u e s  a long  x ,  y ,  o r  z .  Two a d j a c e n t  c e l l s  o f  t h e  

t e x t u r e  each  have t h r e e  p o s s i b l e  o r i e n t a t i o n s  and t h e r e  are two 

p o l a r i s a t i o n  s ta tes  so  t h a t  i n  a l l  18 combinations have t o  be 

cons ide red .  Some of  t h e s e  w i l l  cause a phase s h i f t  of t h e  i n c i d e n t  

l i g h t  l e a d i n g  to a d e v i a t i o n  of  t h e  d i r e c t i o n  of t h e  wavefront  over  an  

ang le  8 ,  where: 

n D s i n ( 8 )  - An D ( 3 )  

Here D is  t h e  s i z e  of t h e  domains, An i s  t h e  b i r e f r i n g e n c e ,  n is t h e  

average  index of  r e f r a c t i o n  and 8 is the  ang le  over which t h e  wavefront 

d e v i a t e s  from i t s  i n i t i a l  d i r e c t i o n ,  s e e  f i g u r e  5 .  

F IGURE 5 Devia t ion  o f  t h e  i n c i d e n t  wavefront on t h e  

multidoinain l a t t i c e  due t o  a d i f f e r e n c e  i n  o p t i c a l  

p a t h  l e n g t h .  

Cons ider ing  a l l  18  combinations and averaging  then  l e a d s  t o  t h e  

fo l lowing  e x p r e s s i o n  f o r  t he  r e l a t i o n  between t h e  domain s i z e  and t h e  

o p t i c a l  p e r s i s t e n c e  l e n g t h :  

L, = 9 / 4  n D / (1 - cos ( s in - ’ (An /n ) )  ( 4 )  

I t  i s  expec ted  t h a t ,  d e s p i t e  t h e  used approximat ions ,  t h i s  e x p r e s s i o n  

w i l l  p rov ide  a good f i r s t  o r d e r  e s t i m a t e  f o r  t h e  a c t u a l  v a l u e  of  t h e  
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5404 1 1801 S.J. PICKEN ET AL. 

domain size. At the 15th I L C C  (Budapest) we disovered that our 

construction for calculating the deflection of the incident light, 

based on the collected phase difference, appears to be similar to 

"anomalous diffraction" models being used for the description of  single 

scattering in polymer dispersed liquid crystal displays4, this will be 

discussed in more detail in the future publication3. 

I.3 Domain prowth kinetics 

To describe the growth of the nematic domains a model is used where an 
elastic torque from Frank elasticity is balanced by a viscous torque. 

Assuming for simplicity that we may use a single Frank elastic 

constant, that no material flow occurs during the relaxation process, 
and using a 1-D model, it is derived5 that the director orientation 

obeys the following equation: 

d@ d20 
K -  2 dt dz 

Y1 - * (5) 

Where O is the orientation angle of the director at time t and position 
z ,  y, is the rotation viscosity, and K is the Frank elastic constant. 
Solving by separation of variables leads to the following scaling 

behavior of the domain size: D - t"*. This result can also be derived 

from the observation that we are dealing with a Fick type equation, 

i.e. that director relaxation can he  viewed as  a "diffusion process". 

- 
time 

FIGURE 6 Result o f  the 2-D lattice model showing the 
increasing domain size as a function of anneal time5. 
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2.8 
2.6 
2.4 

2.; 
1.8 
1.6 
1.4 
1.2 

0.8 
0.6 
0.4 
0.2 

1 -  

This scaling behaviour is not specific for the 1-D case but holds for 

director relaxation in 2 and 3-D space as well, as may be derived using 

the full Frank free energy expression. 

The 2-D case mentioned above has also been calculated using a 
lattice model' that allows visualisation of the disclinations in the 

director field, this is shown in figure 6 .  

From these figures, a sensible definition of the domain size is 

argued to be the square root of  the area per dis~lination'*~. 

Similarly, for the 3-D case one should use the cube root o f  the volume 

per disclination. 

3 r  - 
- 
- 
1 
- 
- - 
- 
- 
- 

0 -  

- 
- 

EXPERIMENTAL RESULTS 

II.1 Measurements on PS disperions 
To test the validity of the WLP model, experiments were performed on 

model polystyrene dispersions in water. The particle size was large 
(e.g. 821.9 nm) so that a single scattering process will on average 

only slightly perturb the trajectory of a photon. 

Several concentrations and layer thicknesses were measured for 

numerical apertures of detection ranging from 0.1 to 0 . 4 .  In figure 7 

some results are shown for NA = 0 . 3 .  

d - 822nm NA = 0.3 

m .  

* *  

+ I 
4 1.98% 
0 4.97% 

A + 11.26% 
8 22.79% 

0.5 I 1.5 2 2.5 3 3.5 

. 
I I 1 I 1 

loa Id) 

B 2  
' 1.8 /'" 

0.6 
0.4 
0.2 

-1.5 -1 -0.5 0 0.5 1 1.5 2 
0 1 '  ' ' ' ' ' ' ' ' 

log IndlLP) 

FIGURE 7 Left: measured optical densities of a polystyrene 
dispersion as a function of layer thickness for NA - 
0.3 and various concentrations. Right: Replotted 

results as a function of the WLP parameter nd/Lp, 

using L from Mie theory, drawn curve WLP model. 
P 
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542/[1182] S.J. PICKEN ET AL. 

Also, t hese  r e s u l t s  a r e  shown a s  a func t ion  of l o g ( n d / L )  us ing  t h e  Lp 

va lue  c a l c u l a t e d  froiii Mie theory ( s e e  below).  I t  i s  observed t h a t  by 

us ing  t h i s  procedure a11 the  r e s u l t s  f a l l  onto a s i n g l e  curve and t h a t  

t h i s  curve i s  i n  reasonable  agreement with the c a l c u l a t e d  curve from 

t h e  WLP model. 

P 

The va lue  of t he  o p t i c a l  p e r s i s t e n c e  l e n g t h  used h e r e  i s  

c a l c u l a t e d  from Mie theory t h a t  provides  t h e  s i n g l e  s c a t t e r i n g  

d i s t r i b u t i o n  f u n c t i o n  and t h e  s c a t t e r i n g  c r o s s  s e c t i o n  0,. 

The s c a t t e r i n g  c r o s s  s e c t i o n  al lows t h e  c a l c u l a t i o n  of t he  mean f r e e  

p a t h  Ls f o r  a s i n g l e  s c a t t e r i n g  event  t o  occur:  L, = 1/No,. The s i n g l e  

s c a t t t e r i n g  (Mie) d i s t r i b u t i o n  al lows the  c a l c u l a t i o n  of t h e  f i r s t  

s c a t t e r i n g  moment <cosB>,, where: <cos8>,, = exp( -L,/Lp). This  equa t ion  

al lows L, t o  be c a l c u l a t e d  from Mie theory without  any a d j u s t a b l e  

parameters .  

A s  a f u r t h e r  t e s t  of the WLP model t h e  s c a t t e r i n g  d i s t r i b u t i o n  

f u n c t i o n  w a s  measured d i r e c t l y  by scanning a d e t e c t o r  over t h e  ang le  8. 

To reduce t h e  e f f e c t  of r e f r a c t i o n  and i n t e r n a l  r e f l e c t i o n  a t  t h e  

i n t e r f a c e  the  p l a n a r  sample was iininersed i n  water i n  a c y l i n d r i c a l  

c u v e t .  The measured i n t e n s i t y  d i s t r i b u t i o n  f u n c t i o n s  a r e  shown i n  

f i g u r e  8 f o r  t h r e e  va lues  of t he  r e l a t i v e  l a y e r  t h i ckness  t o g e t h e r  with 

t h e  s imulated d i s t r i b u t i o n  func t ions  f-rom the  WLP model. Obviously,  t h e  

ex tens ion  of t h e  WLP model t o  include t h e  e f f e c t  of r e f r a c t i o n  and 

i n t e r n a l  r e f l e c t i o n  would be s t r a i g h t f o r w a r d .  However, f o r  t h e  purpose 

of v e r i f i c a t i o n ,  i t  seems u s e f u l  t o  t e s t  the WLP model without  such 

embellishments.  

. I 1  5 %  4.97Y" 11.26% 

\ 

FIGURE 8 Some measured d i s t r i b u t i o n  func t ions  compared wi th  

those from the  WLP theory us ing  the  Mie va lue  f o r  L . 
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2.8 

2.4 

0 
Y 2 -  

I 1.6 

1 . 2  

0.8 

0.4 

I . - 
cn 
0 - 

From t h e  observed agreement between experiment and theory i t  i s  

concluded t h a t  t he  worm l i k e  path model s u c c e s f u l l y  d e s c r i b e s  t h e  

m u l t i p l e  s c a t t e r i n g  i n  t h i s  system. Moreover, t he  parameter of t h e  WLP 

model ( L )  i s  i n  q u a n t i t a t i v e  agreement with Mie theory.  
P 

- 

NA =O. 
- 

, 

NA=O.  - 
. . .  q A  = 0. - ” 

- 

- 

1 1 . 2  Measurements on nematic s i d e - c h a i n  polvmer l a y e r s  

To s tudy  t h e  domain growth i n  s i d e  cha in  polymer l a y e r s ,  a v a r i e t y  of  

measurements were performed f o r  v a r i o u s  temperatures ,  l a y e r  t h i cknesses  

and numerical  a p e r t u r e s  of d e t e c t i o n .  An example of 

measurements i s  shown i n  f i g u r e  9 .  

such a s e t  o f  

FIGURE 9 Apparent o p t i c a l  d e n s i t y  of a SCLCP f i l m  as a 

f u n c t i o n  o f  anneal  t ime. 

Using t h e  WLP model t h e  e f f e c t  of t h e  numerical  a p e r t u r e  can be 

e l imina ted  g iv ing  a s i n g l e  curve i n  terms o f  t h e  parameter nd/Lp. This  

i s  shown i n  f i g u r e  1 0 .  

Next, u s ing  t h e  s imple i n t e r f e r e n c e  model desc r ibed  i n  s e c t i o n  I .  2 ,  t h e  

domain s i z e  can be e s t ima ted  from L,. This  is shown i n  f i g u r e  11 bo th  

on a l i n e a r  and a l o g - l o g  s c a l e  ve r sus  t h e  anneal ing time. From t h e  

l a t t e r  curve a r a t e  exponent of about 0 . 8 5  i s  Eound f o r  t h e  domain 

growth k i n e t i c s .  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
09

 1
8 

Fe
br

ua
ry

 2
01

3 



544/[ 1 1841 S.J. PICKEN ET AL. 

0.8 

+ N A = O . l  - n 0.6 
$ 0 N A = O . 2  
U 
5 0 . 4  A N A = 0 . 3  0 - 

0.2 

0 

-0 .2  

-0 .4  

-0.6 

Time (rnin) 

FIGURE 10 R e l a t i v e  o p t i c a l  l a y e r  t h i ckness  nd/L, a s  a f u n c t i o n  

of  annea l ing  t i ine,  obtained by applying t h e  WLP model 

t o  t h e  ineasureinents i n  f i g u r e  9 .  

I2 

5 0 -  N A = 0 3  
0 

0 6  

6 -  
0 4  

4 -  
0.2 ! 

2 -  t 

-A- 
- t *  

-0.2 

loglo l i m e  lrninl 

FIGURE 11 Domain s i z e  a s  a func t ion  of  annea l ing  t i m e  on a 

l i n e a r  ( l e f t )  and a l o g - l o g  s c a l e  ( r i g h t ) .  

Addit ional  measurements a t  d i f f e r e n t  temperatures  give an i n c r e a s i n g  

rate o f  domain growth wi th  i n c r e a s i n g  temperature ,  while  t h e  same rate 

exponent i s  found. This  i s  shown i n  f i g u r e  1 2  f o r  t h r e e  t empera tu res ,  

aga in  on a l o g - l o g  s c a l e .  
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2 

1.8 
- . 125%. r c = O . B 6  

1 %  0 l0O0C. r c = 0 . 8 8  - 1.6 - 65OC. r c = 0 . 8 3 .  

0.8 

0.6 

0 . 4  

0 .2  

- 
- 
- 

0 .  
0 1 0 . 4  1 0 . 8  1 1 . 2  1 1 . 6  I 2 I 2 4  I 

0.2 0.6 1 1.4 1.8 2.2 2.6 

loglt + 41 h i n l  

FIGURE 1 2  Domain s i z e  a s  a func t ion  o f  annea l ing  t ime f o r  

v a r i o u s  tempera tures  a s  i n d i c a t e d  on a log-log s c a l e .  

One might s p e c u l a t e  t h a t  t h e  h igh  va lue  of t h e  r a t e  exponent ,  compared 

t o  t h e  model of  s e c t i o n  1 . 3 ,  i s  r e l a t e d  t o  a non-Newtonian behav io r  of  

t h e  r o t a t i o n  v i s c o s i t y .  

Cons ider ing  t h e  h igh  doinain growth r a t e  exponent found from t h e  

experiments a p o s s i b l e  e f f e c t  of t h e  l a y e r  t h i c k n e s s  w a s  a l s o  

i n v e s t i g a t e d .  I t  was found t h a t  t h e r e  i s  an e f f e c t  of l a y e r  t h i c k n e s s  

on t h e  r a t e  o f  domain growth even f o r  l a y e r  t h i c k n e s s e s  s u b s t a n t i a l l y  

l a r g e r  t h a n  t h e  domain s i z e .  This  i s  shown i n  f i g u r e  1 3 ,  where w e  f i n d  

t h a t  t h e  r a t e  of  domain growth i n c r e a s e s  wi th  l / d .  

FIGURE 1 3  Domain s i z e  as a f u n c t i o n  of annea l  time f o r  v a r i o u s  

l a y e r  t h i c k n e s s e s  (log-log s c a l e ) .  
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From microscopic  i n v e s t i g a t i o n  of  t he  sainples,  i t  was concluded t h a t  

t h i s  e f f e c t  i s  not an  a r t e f a c t  from the  worm l i k e  pa th  model and does 

r e f l e c t  an  a c t u a l  change i n  t h e  doinain s i z e .  Obvious ly ,  t h i s  remarkable 

r e s u l t  r e q u i r e s  f u r t h e r  a n a l y s i s  s i n c e  t h e  mechanism f o r  t h i s  e f f e c t  i s  

n o t  c l e a r .  One might s p e c u l a t e  t h a t  i t  i s  r e l a t e d  t o  a boundary e f f e c t  

from t h e  g l a s s  s u b s t r a t e s  (which seems u n l i k e l y )  o r  i s  due t o  t h e  

manner i n  which t h e  samples a r e  prepared  by r a p i d l y  quenching from t h e  

i s o t r o p i c  phase (due t o  t h e  l o w  thermal c o n d u c t i v i t y  of  t h e  polymer 

samples,  t h e  r a t e  of c o o l i n g  i n  t h e  c e n t r e  of t h e  samples w i l l  be 

d i f f e r e n t  f o r  d i f f e r e n t  v a l u e s  of  c l ) .  

Swnmarising, t h e  experii i iental  r e s u l t s  on the  SCLCP l a y e r s  y i e l d  t h e  

fo l lowing  s c a l i n g  behavior  f o r  t h e  r a t e  of domain growth: 

D.d - ( 6 )  

where D i s  t h e  domain s i z e ,  d i s  t h e  l a y e r  t h i c k n e s s  and t i s  t h e  

annea l ing  t ime.  The a b s o l u t e  r a t e  of doinain growth i s  s t r o n g l y  

in f luenced  by tempera ture  as might have been expec ted .  

- I11 SUMMARY AND CONCLUSIONS 

From t h e  above r e s u l t s  i t  appears  t h a t  t h e  worm l i k e  p a t h  model 

p rov ides  a u s e f u l  and q u a n t i t a t i v e  d e s c r i p t i o n  of m u l t i p l e  s c a t t e r i n g  

by random h i g h l y  s c a t t t e r i n g  media. Both f o r  po lys ty rene  d i s p e r s i o n s  

and nematic s i d e  cha in  LCP l a y e r s  i t  appears  t h a t  t h e  m u l t i p l e  

s c a t t e r i n g  r e s u l t s  ( g i v i n g  the  o p t i c x l  p e r s i s t e n c e  l e n g t h  L,,) can  be 

i n t e r p r e t e d  i n  terms o f  t h e  (change i n )  l o c a l  s t r u c t u r e .  The growth- 

r a t e  exponents found f o r  t h e  SCLCP samples (about  0 . 8 5 )  a r e  h i g h e r  t han  

expec ted  from a s imple  model based on Frank e l a s t i c i t y  and a Newtonian 

r o t a t i o n  v i s c o s i t y  ( g i v i n g  5 5 ) .  Unexpectedly,  even i f  t h e  l a y e r  

t h i c k n e s s  is much l a r g e r  than  t h e  doinain s i z e ,  t h e  r a t e  of domain 

growth i n c r e a s e s  wi th  dec reas ing  l a y e r  t h i c k n e s s .  

From t h e  exper imenta l  d a t a  t h e  o v e r a l l  s c a l i n g  r e l a t i o n  f o r  t h e  domain 

growth i s  found t o  b e :  D.d - This  r e s u l t  obv ious ly  r e q u i r e s  

f u r t h e r  s t u d y .  A s  a hypo thes i s  we propose t h a t  t h i s  behav io r  i s  due t o  

a combined e f f e c t  o f  t h e  i n i t i a l  quench ( g i v i n g  t h e  unexpected 
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dependence on the layer thickness d) ancl a non-newtonian rotation 

viscosity (giving the high rate exponent). 

A further, more detailed, description o f  the worm like path model 

and the experimental results sumtiiarisecl here is under preparation3. 
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