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X-RAY DIFFRACTION STUDIES Off ORIENTED SAMPLES OF 
RIGID-ROD L I Q U I D  CRYSTALLINE POLYESTERS 

E.D.T. Atk ins* ,  E.L. Thomas and R.W. Lenz, 
Polymer S c i e n c e  and E n g i n e e r i n g ,  U n i v e r s i t y  o f  
M a s s a c h u s e t t s  a t  Amherst ,  Amherst ,  MA 01003, U.S.A. 

*permanent a d d r e s s :  H.H. Wills P h y s i c s  L a b o r a t o r y ,  
U n i v e r s i t y  of Br i s to l ,  T y n d a l l  Avenue, B r i s t o l  BS8 
1TL. U.K. 

A b s t r a c t  T h r e e  members  of a f a m i l y  o f  r i g i d - r o d  
t h e r m o t r o p i c  p o l y e s t e r s  are  examined u s i n g  x-ray 
d i f  € r a c t i o n .  The polymers  are based  on a l t e r n a t i n g  
s u b s t i t u t e d  hydroquinone  and t e r e p h t h a l a t e  u n i t s .  
A n a l y s e s  of t h e  x-ray d i f f r a c t i o n  r e s u l t s  show t h a t  
t h e  m o l e c u l e s  l i e  w i t h  t h e  m e s o g e n i c  s u r f a c e s  i n  
c o n t a c t  w i t h  a c h a i n - c h a i n  s e p a r a t i o n  of 0.43nm. The 
s e p a r a t i o n  of t h e  c h a i n s  i n  t h e  o t h e r  d i r e c t i o n  
p e r p e n d i c u l a r  t o  t h e  c h a i n  a x i s  v a r i e s  f rom 1.38nm t o  
1.68nm as t h e  s i d e  appendage changes  f r o m  OEtOMe,  
t h r o u g h  O E t O E t  t o  O E t O E t O E t .  The l a t t e r  p o l y m e r  
e x h i b i t s  t e x t u r a l  f e a t u r e s .  

INTRODUCTION 

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

p l a s t i c s  of h i g h  s t r e n g t h  and s t i f f n e s s  by melt s p i n n i n g  

o r  i n j e c t i o n  moulding i n  t h e  l i q u i d - c r y s t a l  s ta te .  

However, t h e  s i m p l e s t  a r o m a t i c  p o l y e s t e r s  of  t h i s  t y p e ,  

t h o s e  d e r i v e d  from t e r e p h t h a l a t i c  a c i d  and hydroquinone  o r  

f r o m  p-hydroxybenzoic  a c i d ,  melt w e l l  above  5OO0C, and 

p r o c e s s i n g  of  t h e s e  polymers  by c o n v e n t i o n a l  methods i s  

n o t  p o s s i b l e .  One method t h a t  can  be u s e d  t o  lower  t h e  

m e l t i n g  p o i n t  t o  a more amenable  r a n g e  i s  by i n t r o d u c i n g  
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264 E. D. T. ATKINS, E. L. THOMAS AND R. W .  LENZ 

1 
non-aromatic  s i d e  appendages  . X-ray d i f f r a c t i o n  h a s  been 

u s e d  t o  i n v e s t i g a t e  t h e  c o n f o r m a t i o n  and s t r u c t u r e  f rom 

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

g e n e r a l i s e d  formula :  

r 
0 

substituted terephthalate 
hyd roqu inone 

The s u b s t i t u t e d  g r o u p s  ( R )  f o r  t h e  samples  examined were 

-OEtOMe,  - 0 E t O E t  and - 0 E t O E t O E t .  

METHODS 

The  samples  were o r i e n t e d  a t  e l e v a t e d  t e m p e r a t u r e s  e i t h e r  

i n  t h e  form of f i l m s  o r  f i b r e s  s u i t a b l e  f o r  x-ray 

d i f f r a c t i o n .  The o r i e n t e d  samples  were x-rayed u s i n g  

p o i n t  c o l l i m a t e d  n i c k e l  f i l t e r e d  CuKa r a d i a t i o n .  

RESULTS 

X-ray d i f f r a c t i o n  p a t t e r n s  of t h e  t h r e e  p o l y e s t e r s  are  

shown i n  Fig.  1. 
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RIGID-ROD LC POLYESTERS 265 

b C 
FIGURE 1. X-ray diffraction patterns of the three 

polyesters. Stretch and chain direction vertical. 

(a) -0EtOMe substituted polymer. (b) -0EtOEt substituted 

polymer. Note overlaying of 0.43nm less well oriented 

diffraction arc. (c) -0EtOEtOEt substituted polymer. 

Note splitting of diffraction signals either side of 

equator indicating textural features. 
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266 E. D. T. ATKINS, E. L. THOMAS AND R .  W. LENZ 

Fig .  l ( a >  shows t h e  X-ray d i f f r a c t i o n  p a t t e r n  

o b t a i n e d  from t h e  polymer wi th  s u b s t i t u e n t  -0EtOMe. 

D i s c r e t e  l a y e r  l i n e s  a r e  ev iden t  w i th  spac ings  which a r e  

o r d e r s  of 1.24nm. This  cor responds  t o  t h e  l e n g t h  of t h e  

chemica l  r e p e a t  i n  t h e  cha in  d i r e c t i o n  as i l l u s t r a t e d  i n  

F ig .  3. A s t r o n g  e q u a t o r i a l  d i f f r a c t i o n  s i g n a l  occurs  a t  

a s p a c i n g  of 0.43nm o n t o  which is  superimposed a much 

s h a r p e r  but l e s s  w e l l  o r i e n t e d  d i f f r a c t i o n  a r c .  Broader 

e q u a t o r i a l  s i g n a l s  occur  a t  spac ings  c e n t r e d  on 1.38nm and 

0.66nm, which i s  probably  t h e  second o rde r .  

F ig .  l ( b )  shows t h e  X-ray d i f f r a c t i o n  p a t t e r n  from 

t h e  -0EtOEt s u b s t i t u t e d  polymer. The i n t e n s i t y  is  

concen t r a t ed  on t h e  mer id i an ,  w i th  a series of o r d e r s  of a 

1.24nm spac ing ,  and on t h e  equator .  The e q u a t o r i a l  

d i f f r a c t i o n  s i g n a l s  occur  a t  1.39nm t o g e t h e r  w i th  the  

second and t h i r d  o r d e r s  p l u s  a s i g n a l  a t  0.43nm. 

F i g .  l ( c )  i s  a h i g h l y  c r y s t a l l i n e  x - r ay  p a t t e r n  

o b t a i n e d  from t h e  polymer decora t ed  wi th  t h e  s i d e  

appendage -0EtOEtOEt. Mer id iona l  r e f l e c t i o n s  occur  a s  

o r d e r s  of 1.23 spac ing .  A s e r i e s  of row l i n e s ,  which a r e  

o r d e r s  of 1.68nm can be seen  and n o t i c e a b l e  s p l i t t i n g  of 

t h e  d i f f r a c t i o n  s i g n a l s  e i t h e r  s i d e  of t h e  equa to r  

i n d i c a t i n g  t e x t u r a l  e f f e c t s  i nvo lv ing  cha in  t i l t i n g  occur.  

There i s  a s t r o n g  s i g n a l  on t h e  equa to r  c e n t r e d  a t  0.44nm. 
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RIGID-ROD LC POLYESTERS 261 

DISCUSSION AND CONCLUSION 

The p r e c i s e  d e t a i l s  of t h e  s t r u c t u r e s  w i l l  be pub l i shed  

e l s e w h e r e  but u s i n g  t h e  - 0 E t O E t  s u b s t i t u t e d  p o l y e s t e r  as 

a n  example t h e  s a l i e n t  p o i n t s  of t h e  s t r u c t u r e s  can be 

d i s c u s s e d .  Fig. 2 ( a )  shows a b a l l  and s t i c k  computer 

drawn model of t h e  cha in  and Fig. 2 ( b )  has  a van d e r  Waal 

sur face  superimposed. The repeat distance along the chain 

d i r e c t i o n  of t h i s  s t r u c t u r e  matches t h e  va lue  measured 

f rom x-ray d i f f r a c t i o n  (1.24nm). Fig.  2 ( c )  i l l u s t r a t e s  

t h e  s t a c k i n g  of such molecules  wi th  t h e  mesogenic s u r f a c e s  

l y i n g  f a c e  t o  f a c e .  I t  t u r n s  out  t h a t  t h i s  i n t e r c h a i n  

s p a c i n g  i n  t h e  c l o s e  p a c k e d  p i l e  i s  0.43nm, w h i c h  i s  

commensurate wi th  t h e  measured X-ray d i f f r a c t i o n  va lue .  

Thus  t h e  molecules o r i e n t  p a r a l l e l  t o  t h e  draw d i r e c t i o n  

and form f l a t  r ibbons .  The broad f a c e s  of t h e  mesogenic 

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

0.43nm. The o t h e r  dimension i n  t h e  two-dimensional 

packing  scheme i n c r e a s e s  from 1.38nm t o  1.68nm as t h e  s i d e  

appendage  i n c r e a s e s .  The p a t t e r n s  index  on orthorhombic 

and  monocl in ic  u n i t  c e l l s .  The -0EtOEtOEt s u b s t i t u t e d  

polymer e x h i b i t s  t e x t u r e  e f f e c t s  t h e  d e t a i l s  of which w i l l  

be r e p o r t e d  e l sewhere ,  s u f f i c e  t o  say  t h a t  i t  invo lves  

molecular  t i l t i n g .  
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268 E. D. T. ATKINS, E. L.  THOMAS AND R.  W. LENZ 

a 

b 

C 

FIGURE 2. Computer (Evans and Sutherland) drawing 

of -0EtOEt substituted polymer. (a) ball and stick. 

(b) similar but with van der Waal sGrfaces superimposed. 

(c) close packed stack of chains in contact at 0.43nm 

(viewed edge on). 
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