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SMALL ANGLE NEUTRON SCATTERING FROM LIQUID CRYSTAL- 
LINE MAIN CHAIN POLYESTERS 

J.F. O’ALLEST, P. SIXOU 
U.A. 190 Physique de la Matikre Condensee 
Parc Valrose, 06034 Nice Cedex. 
A. BLUMSTEIN, R.B. BLUMSTEIN 
University of Lowell, Polymer Science Program 
Department of Chemistry 
Lowell Massachusetts 01854 
J. TEIXEIRA, L. NOIREZ 
Laboratoire Leon-Brillouin, CEA-CNRS 
91191 Gif sur Yvette Cgdex 

Abstract Small angle scattering studies were carried 
out on a spacer-mesogen polyester family. A strong ani- 
sotropy was observed in the nematic phase. Studies of 
the anisotropy in isotropic-nematic biphasic, nematic, 
and nematic vitrous state and the temperature variation 
in melts and in dilute solutions in a low molecular 
weight liquid crystal are presented here. The role of 
spacer parity is emphasized. 

INTRODUCTION 

Neutron scattering is a powerful tool in the study of poly- 

mer systems in both solutions and bulk. Selective deuterium 

labelling allows the determination of chain conformation and 

dynamics’. The chain conformation of main chain liquid crys- 

talline polymers [LCPI in the nematic and isotropic phases 

has never been investigated by this technique which can di- 

rectly determine the possible chain extension at the nema- 

tic/isotropic transition. 

This important question has been extensively debated theore - 
tically by several groups. Already in 1981 de Gsnnes’ consi- 

dered the possibility of important conformational changes at 

the isotropic-nematic transition. Calculations were perfor- 
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582 J. F. D’ALLEST et al. 

med i n  p a r t i c u l a r  i n  t h e  w o r m - l i k e  c h a i n  modc1394 a n d  t h e  

f l e x i b l e  c o m b - l i k e  m o d e l  . 
T h e  e x p e r i m e n t a l  s t u d y  o f  c o n f o r m a t i o n a l  c h a n g e s  h y  n e u t r o n  

s c a t t e r i n g  was d o n e  for t h e  c a s c  of a f l e x i h l e  c h a i n  i n  a 

n e m a t i c :  s o l v e n t ’  o r  f o r  a s i d e  c h a i n  p o l y m e r  . Ln t h e  

c a s e  o f  m a i n  c h a i n  l i q u i d  c r y s t a l  p o l y m e r s  c h a i n  e x t e n s i o n  

i r i  t h e  n e m a t i c  p h a s e  h a s  b e e n  m e n t i o n e d  a l r e a d y  i n  1981 , 

O t h e r ,  t e c h n i q w n s  h a v e  b e e n  used t o  s t u d y  c o n f o r m a t i o n a l  

c h d n g e s  i n  t h e  n e m a t i c  p h a s e  of t h i s  p o l y m e r  b u t  t h e  d i  - 

r e c t  v a l u e  o f  t h e  r a d i u s  o f  g y r a t i o n  a n d  o f  a n i s o t r o p y  h a s  

t o  U U I ’  know1 edge n e v e r  b e e n  d e t e i m i r i e d .  

5 

8-10 

11 

12  

EXPCRIMENTAL 

MAlERIALS 

We h a v e  used a m a i n  c h a i n  p n l y e s t e r  b a s e d  o n  a r e g u l a r l y  a l -  

t e r n a t i n g  s e q u e n c e  o f  a P, P ’  d i x o y  2,2’ d i m e t h y l a z o x y b e n z e -  

n e  m e s o g e n  a n d  a f l e x i b l e  s p a c e r  w i t h  10 a n d  7 m e t h y l p n e  

g r o u p s  : n = 7 I A Z A - 9 1 ,  n = 10 (DDA-91. 

This p o l y m e r  p r e s e n t s  a l a r g e  n u m b e r  o f  a t t r a c t i v e  fPa- 

t u r o s  13-17 w h i c h  make i t  an i d e a l  L a n d i d a t e  f o r  t h i s  s t u d y :  

- well known m e s n m n r p h i c  c h a r a c t e r i s t i c s  : o r d e r  p a r a -  

meter p r o p e r t i e s  i n  m a g n e t i c  a n d  e l e c t r i c  f i e l d s  ,ctc.  

- Low i s o t r o p i L - n c r n a t i r  t r a n s i t i o n  t e m p e r a t u r e s  d l l o -  

w i n g  f o r  e x t e n d e d  t i m E  s t u d i e s  w i t h o u t  d e c o m p o s i t i o n .  

- Good s o l u b i l i t y  and  k n o w l e d g e  o f  p h a s e  d i a g r a m s  

w i t t i  PAA.  I h c  g o o d  s o l u b i l i t y  n f  ttiis p o l y m p r  i n  common 

s o l v p n t s  p i v p s  t h e  p o s s i b i l i t y  o f  c i b t a i n i n g  s h a r p  f r a c t i o n s  

o f  d e g r e e  o f  p o l y m e r i z a t i o n  (OP1 b e t w e e n  5 a n d  50 .  T h e  f i -  
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SMALL ANGLE NEUTRON SCA'ITERING 583 

g u r e  1 g i v e s  t h e  dependence o f  t h e  t r a n s i t i o n  t e m p e r a t u r e  

on Mn f o r  a s e r i e s  o f  sha rp  f r a c t i o n s  I M  / N  

2 shows  t h e  phase diagrarnm o f  ODA-9 o f  M = 6,000 and PAA. 

< 1.21.  F i g u r e  
w n  

('c) 

I l V  

5000 K O O O  15000 20000 X G C O  30000 35000 

FIGURE 1. A n i s o t r o p i c - b i p h a s i c  and b i p h a s i c - i s o t r o p i c  

t e m p e r a t u r e  o f  AZA-9 [ + )  and DDA-9 [.I. P o l y -  

e s t e r s  as  a f u n c t i o n  o f  m o l e c u l a r  w e i g h t .  

The c o m p o s i t i o n  ot' t h e  samples used i n  n e u t r o n  s c a t t e r i n g  

was of a few w e i g h t  % of p r o t o n a t e d  OOA-9 i n  p e r d e u t e r a d e d  

PAA. The c o n c e n t r a t i o n  was chosen t o  be w e l l  be low t h e  c r i -  

t i c a l  c o n c e n t r a t i o n  f o r  c h a i n  o v e r l a p s .  The a d d i t i o n a l  ad- 

van tages  o f  t h e  l o w  c o n c e n t r a t i o n  a r e  a n a r r o w  b i p h a s i c  i n -  

t e r v a l  [ s e e  fig. 21 and a weak n o n - c o h e r e n t  s c a t t e r i n g .  

EXPERIMENTAL SET-UP 

The s m a l l  a n g l e  n e u t r o n  s c a t t e r i n g  was p e r f o r m e d  w i t h  t h e  

s p e c t r o m e t e r  Paxy of  t h e  l a b o r a t o r y  Leon B r i l l o u i n  CEA, 
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5x4 J. F. D'ALLEST et al. 

e 
CNRS Saclay. T h e  w d v ~ 1 e n g t . h  c h o s e n  i s  ' = 15 A a n d  t h e  

s a m y l e - d e t c c t u r ,  rli:;tanr:i. i s  2rn. 

ISOTROPIC 

tiEYAi I C 

1 CGT?OF ! C 

.------ 

NEMATIC 

I .1 . 2  .3 .9 . 5  -6 .7 .8 .3 F i 

FIGURE 7.  P h a s e  d i a g r , a m  of 0 @ A - 9  I M  : f@OO]/PAA m i x t u r e .  n 

A m a g n e t i c  field H = 1 . 4  T e s l a  a l l o w s  t o  o r i e n t  t h e  n e m a t i c  

p h a s e  o f  t h e  s a m p l e .  T h e  i n t e n s i t y  d i s t r i - h u t i o n  o f  t h e  s c a t -  

t e r e d  heam i n  s p a c e  call b e  r e c o r d e d  h y  a s y s t e m  o f  m u l t i d e -  

t e c t o r .  T h u s  t h e  i n t e n s i t i e s  s c a t t e r e d  i n  t w o  p e r p e n e i d c u -  

l a r  d i r e c t i o n s  c a n  be  d e t e r m i n e d .  

The  s a m p l e  i s  p l a c e d  i n  R c e l l  o f  p r e c i s e l y  c o n t r o l l e d  tem- 

p e r a t u r e  a l l o w i n g  t o  w o r k  i n  t h e  n e m a t i c ,  i s o t r o p i c  a n d  

g l a s s y  s t a t e s .  

A number o f  i n v e s t i e a t n r s  have d i s c u s s e d  t h e  p o s s i b i l i t y  of 

CJ d e t e r m i n a t i o n  o f  t h e  r a d i u s  o f  g y r a t i o n  f o r  i s o t r o p i c  arid 

a n i s o t r o p i c  p a r t i c l e s  i n  t h e  G u i n i e r  r a n g e  . 
F o r  a n  i s o t r o p i c  s a m p l e  t h e  s c a t t e r i n g  i n t e n s i t y  i s  g i v e n  

1 
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SMALL ANGLE NEUTRON SCAlTERING 585 

b y  
-1 2 

I - ’ [ q I  = I I 0 1  [ I + q  Ro ’ /3j  w i t h  q Ro 1 a n d  

q i s  t h e  s c a t t e r i n g  v e c t o r  a n d  R t h e  d i m e n s i o n s  o f  t h e  

p o l y m e r  c h a i n  i n  t h e  

If q/ /  a n d  q a r e  t h e  c o m p o n e n t s  of q w h i c h  a r e  p a r a l l e l  a n d  

p e r p e n d i c u l a r  t o  t h e  m a g n e t i c  f i e l d  w h i c h  a l i g n s  t h e  p o l y m e r  

l i q u i d  c r y s t a l  medium,  t h e n  t h e  c o r r e s p o n d i n g  s c a t t e r e d  i n -  

t e n s i t i e s  a r e  g i v e n  by : 

x . y . z  
x . ~ , ~  d i r e c t i o n s .  

A 

R / /  a n d  R a r e  t h e  q u a d r a t i c  c h a r a c t e r i s t i c  s i z e s  o f  t h e  p o -  

l y m e r  r e s p e c t i v e l y  p a r a l l e l  a n d  p e r p e n d i c u l a r  t o  t h e  n e m a t i c  

d i r e c t o r .  

I n  t h i s  w o r k  w e  p r e s e n t  t h e  r e s u l t s  of t h e  s t u d y  o f  t h e  r a -  

d i u s  o f  g y r a t i o n  R 

p i c  p h a s e )  f o r  a n u m b e r  o f  e x p e r i m e n t a l  s i t u a t i o n s  : 

i 

( i s o t r o p i c  p h a s e 1  a n d  R //, RI [ a n i s o t r o -  0 

- F o r  me l t s  o r  s o l u t i o n s  i n  low m o l e c u l a r  w e i g h t  l i q u i d  

c r y s t a l  ( P A A I .  

- F o r  d i f f e r e n t  mi. 
- F o r  two d i f f e r e n t  s p a c e r  l e n g t h s  ( o d d  a n d  e v e n )  

- I n  t h e  i s o t r o p i c ,  n e m a t i c ,  b i p h a s i c  a n d  g l a s s y  nema- 

t i c  s y s t e m s .  I ( q 1  v e r s u s  q 2  c u r v e s  for t y p i c a l  e x e m p l e s  a r e  

g i v e n  f i g . 3 .  

S t u d i e s  o f  d i l u t e  s o l u t i o n s  o f  t h e  p o l y m e r  i n  PAA 

a )  M o l a r  mass v a r i a t i o n  

S t u d i e s  were p e r f o r m e d  o n  i s o t r o p i c  a n d  a n i s o t r o p i c  p h a s e s  

w i t h  d i f f e r e n t  m o l e c u l a r  w e i g h t s  of p r o t o n a t e d  p o l y m e r  i n  

d e u t e r a t e d  PAA. F i g u r e  4 s h o w s  t h e  r e s u l t s  f o r  t w o  t y p i c a l  

DOA-9 s a m p l e s  w h i c h  h a v e  m o l e c u l a r  w e i g h t s  of 6000 a n d  1860G.  
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586 J. F. D’ALLEST et al. 

I n  e a c h  p h a s e  no  s i g n i f i c a n t  t e m p e r a t u r e  v d r i a t i o n  i s  o b s e r -  

v e d .  F o r  b o t h  s a m p l e s  a s t r o n g  a n i s o t r o p y  e x i s t s  i r i  t h e  n e  

r n a t i c  p h a s e .  D u e  t o  t h e  l o w  p o l y m e r  c o n c e n t r a t i o n ,  t h e  a i i i - -  

s o t  rol-1 i c - i s o t  r o  p i c  t r a n s  i t i o n  i s FI h r t i p L a n d  t t ie t 1-a n s i t. i o n 

t e m p e r a t u r e  i s  v e r y  close t o  p u r e  PAA. T h e  a n i s o t r o p y  seems 

t o  i n c r e a s e  w i t h  m o l e c u l a r  w e i K h t .  T h e  v a l u e  c i t i t a i r i ed  f o r  

R / /  i n  t h e  M = 18,600 s a m p l e  i s  o n l y  g i v e n  as a n  i r i d i c a t i o n :  

t h e  c o n f o r m a t i o n  o f  t h e  c h a i n  i s  almost l i n e a r .  

1.2 2.4 3.6 4.8 

FIGURE 3. S c a t t e r i n g  s p e c t r u m  f o r  UUA-9 ICJfiOU/PAA 0 

l ( q )  = s c a t t e r i n g  i n t e n s i t y  q = s c a t t e r i n g  v e c t o r  

M i x t u r e  

A i s o t r o p i c  p t i a s s  1/I v e r s u s  q7 a t  1 4 8 O C  

a n i s o t r o p i c  p h a s e  1/I v e r s u s  q ( / /  a n d  1 1  a t  2 

135°C: 

h )  C o r n p a r a i s o n  h e t w e e n  t h e  a n i s o t r o p i e s  w i t h  t w o  p o l y -  

mers h a v i n g  d i f f e r e n t  s p a c e r  l e n g t h .  

We d i d  n o t  c a r r y  o u t  a c u m p a r i s o n  b e t w e e n  t w o  p o l y m e r s  o f  

a p p r o x i m a t e l y  t h e  same d e g r e e  o f  p o l y m e r i z a t i o n .  H o w e v e r  i t  

i s  p o s s i b l e  t o  d r a w  a c e r t a i n  n u m b e r  of c o n c l u s i o n s  u s i n g  

t h e  rr:siilts o f  t h e  f i g u r e  5 w h i c h  i l l u s t r a t e s  t h e  hehc i -  
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SMALL ANGLE NEUTRON SCATTERING 587 

v i o u r  o b t a i n e d  w i t h  two d i l u t e  s o l u t i o n s  i n  PAA : AZA-g w i t h  

a m o l e c u l a r  w e i g h t  o f  36,000 i n  a n d  o f  DOA-9 o f  18,600. I n  

t h e  i s o t r o p i c  p h a s e  we o b t a i n  a l m o s t  e q u a l  r a d i i  Of  

g y r a t i o n  . T h i s  c a n  be e x p l a i n e d  b y  t h e  f a c t  t h e p o l e c u -  

l a r  w e i g h t  i s  h i g h e r  a n d  t h e  s p a c e r  l e n g t h  [ a n d  c o n s e q u e n t l y  

t h e  monomer l e n g t h 1  s m a l l e r  i n  t h e  A Z A - 1 3 6 r D 0 D 1 .  I n  t h e  nema- 

t i c  p h a s e  t h e  DDA-9 a n i s o t r o p y  i s  much h i g h e r  t h a n  t h e  o n e  

o f  t h e  AZA-9 .  T h i s  c o r r e s p o n d s  t o  a g r e a t e r  e x t e n s i o n  of t h e  

DDA-9 c h a i n s  i n  PAA. 

SOTROPIC 

F I G U R E  4 .  R a d i u s  o f  g y r a t i o n  as  a f u n c t i o n  o f  t e r n p e r a t u -  

r e  f o r  : 

ODA-9 (PIn = 6,000) / P A A  M i x t u r e  

DDA-9 ( M n  = 18,6001 / PAA M i x t u r e  

B u l k  melt s t u d i e s  

M i x t u r e s  (50 /50  b y  w e i g h t )  o f  p r o t o n a t e d  [ P I  p o l y m e r  w i t h  
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588 J. F D'ALLEST et a1 

t h e  c n r r e s p o n d i r i g  p o l y m e r  se lect ive1 y d e u t e r a t e d  o n  t h e  spa- 

t h e  t:cr 101 were s t u d i e d .  M o l e c u l a r  masses o f  P a n d  0 were 

s m t ! .  

15c 

lo( 

5( 

ANlSOTROPlC I ISOTROPIC 

@-7 

3 
100 120 140 160 

FIGURE 5.  R a d i u s  o f  g y r a t i o n  as 

t u r e  f o r  

'. UUA-9 [ M n  = 18,600 

AZA-9 ( M n  36,000 

a1 T m p e r a t u r e  v a r i d t i o n  

R e s u l t s  o b t a i n e d  w i t h  t h e  mel t  AZA 

a f u n c t i o n  o f  ternDera- 

/PAA M i x t u r e  

/PAA M i x t u r e  

a n d  DDA w i t h  m o l e c u l a r  

w e i p h t s  o f  6,000 a r e  s h o w n  i n  f i g u r e  6 .  The b e h a v i o r  i s  a p -  

p r o x i m a t e l y  t h e  ciame : a s i n g l e  v a l u e  of r a d i u s  of g y r a -  

L i o n  i n  i s o L r o p i c  p h a s e ,  s t r o n g  a n i s o t r o p y  i n  t h e  a n i s o t r o -  

p i c  p h a s e  ,time d e p c n d p n t  ( f i g . 7 1  i n t e r m e d i a t e  a n i s o t r o p y  i n  

t h e  h i p h a s i c  z o n e .  A c o m p a r i s o n  b e t w e e n  t h e  resu l t s  o b t a i n e d  

w i t h  t h e  two s a m p l e r ,  i s  d i f f i c u l t  b e c a u s e  t h e  e x t e n t  o f  t h e  
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SMALL ANGLE NEUTRON SCA'ITERING 589 

biphasic and nematic zones, are very different in the two 

samples. In the DDA-9 cristallisation occurs at 105'C and 

on the contrary, the A Z A - 9  can b e  cooled much lower without 

noticable cristallisation. We observe in this last case a 

very large increase of the anisotropy at low temperatures, 

and in figure 6 we only have reported the points correspon- 

ding to F, at 88 and 98'C. The corresponding values o f  R 
are too high (over 2501 and therefore cannot be obtained 

with a sufficient accuracy. 

// 1 

i 
DDA-9 

I 

! 
I 0 ' 1  i 

c- ' 

FIGURE 6. Radius of gyration as a function of tempera- 
ture 

C,! OOA-9 ( M  = 6,000) in melt mixture 

0 AZA 9 [Mn = 6,000) in melt (mixture 
DOA-9 D/ DDA-9 P I  

AZA- S / A L A -  9 P I  

n 
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590 J. F. D'ALLEST et al. 

R ( A !  

100 

FIGURE 7. Rad ius  o f  g y r a t i o n  in t h e  h i p h n s i c  gap a s  a 

f u n c t i o n  of time f o r  DDA-9 - T = 132OC 

IMn = 5 .0001  in m e l t  ( m i x t u r e  OUA-9 P - DDA-9 D )  

A t  time t = 0 t e m p e r a t u r e  is q u i c k l y  h e a t e d  

f r o m  t h e  nematic p h a s e .  ( li R,,, HT 1 
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