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X-RAY DIFFRACTION STUDIES ON ORIENTED SEMI-RIGID 
LIQUID CRYSTALLINE POLYESTERS 

E.D.T. Atkins*, E.L. Thomas and R. W. Lenz 
Polymer Sc ience  and Engineer ing ,  U n i v e r s i t y  of 
Massachuse t t s  a t  Amherst,Amherst, MA 01003, USA. 

* permanent a d d r e s s  : H.H. Wills Phys ics  
Labora tory ,  U n i v e r s i t y  of B r i s t o l ,  TyndalL Avenue, 
B r i s t o l  BS8 1TL. U.K. 

A b s t r a c t  Four members of a f ami ly  of t he rmot rop ic  
a l k y l - s u b s t i t u t e d  p o l y e s t e r  based on two t e reph th -  
a l a t e  u n i t s  sandwiching a s u b s t i t u t e d  h y d r o q u i n o n e  
as t h e  mesogenic u n i t  s e p a r a t e d  by a decamethylene 
f l e x i b l e  s p a c e r  have been examined u s i n g  x-ray 
d i f f r a c t i o n .  Analyses of t h e  x-ray d i  f f r a  c t  i o n  
p a t t e r n s  from o r i e n t e d  samples f avour  conformat ions  
c l o s e  t o  t h e  ex tended  chain.  A s p a c i n g  of 0.42- 
0.44nm suppor t  f a c e  t o  f a c e  a s s o c i a t i o n  of t h e  meso- 
g e n i c  u n i t s  bu t  OOR r e f l e c t i o n s  occur  o f f  t h e  
mer id ian  i n d i c a t i n g  r e l a t i v e  s h e a r ,  bo th  p a r a l l e L  
and pe rpend icu la r  t o  the  cha in  a x e s ,  and g i v i n g  rise 
t o  t r i c l i n i c  u n i t  c e l l s .  

INTRODUCTION 

I t  i s  o f t e n  d e s i r a b l e  t o  lower t h e  r a t h e r  h i g h  me l t ing  

t empera tu res  of l i q u i d  c r y s t a l l i n e  r ig id - rod  polymers by 

chemica l ly  i n t r o d u c i n g  more f l e x i b l e  s u b s t i t u e n t  groups  

w i t h i n  t h e  main cha in  i t s e l f .  A f a m i l y  of t he rmot rop ic  

a l k y l - s u b s t i t u t e d  p o l y e s t e r s '  based on t h e  g e n e r a l i z e d  

formula :  

27 1 
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212 E. D. T.  ATKINS, E. L. THOMAS AND R .  W. LENZ 

R 

terephthalate h yd roquinone terepht halate 

h a v e  been examined u s i n g  x-ray d i f f r a c t i o n .  I n  t h e  

3’ polymers  r e p o r t e d  below t h e  R g r o u p s  a re  -H, -CH 

-(CH ) CH and -(CH2)9CH3. I n  order t o  a t t e m p t  t o  relate 

p r o p e r t i e s  to  s t r u c t u r e  w e  have s y s t e m a t i c a l l y  p r e p a r e d  a 

series of o r i e n t e d  samples  s u i t a b l e  f o r  x-ray d i f f r a c t i o n  

and c o n s i d e r e d  t h e  c o n f o r m a t i o n  and  o v e r a l l  

j u x t a p o s i t i o n i n g  of  t h e  molecules .  

2 7  3 

METHODS 

Samples were o b t a i n e d  a t  e l e v a t e d  t e m p e r a t u r e  t o  form 

films and f i b r e s  s u i t a b l e  of  x-ray d i f f r a c t i o n .  The x-ray 

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

f i l t e r e d  Cuku r a d i a t i o n .  

RES ULTS 

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  f o u r  p o l y e s t e r s  are  

shown i n  Ftg. 1. 
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ON ORIENTED SEMI-RIGID LC POLYESTERS 

C d 

Fig. 1. X-ray diffraction patterns obtained from the 

oriented samples. Stretch and chain direction is 

vertical. (a) unsubstituted polymer, ( b )  -CH3 

substituted polymer, (c) -(CH,l7CH3 substituted polymer 

and (d) -(CH,19CH3 substituted polymer. 
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214 E.  D.  T. ATKINS. E. L. THOMAS A N D  R.  W. LENZ 

F i g .  l ( a )  w a s  o b t a i n e d  f o r  t h e  -N o r  u n s u b s t i t u t e d  

p o l y e s t e r .  It is  a r e a s o n a b l y  c r y s t a l l i n e  p a t t e r n  w i t h  

l a y e r  l i n e s  i n d e x i n g  on a s p a c i n g  of 3.13nm. The p a t t e r n  

c a n  be indexed  on a t r i c l i n i c  u n i t  c e l l  w i t h  t h e  s t r o n g  

001 r e f l e c t i o n s ,  a t  s p a c i n g  1.44nm, f o r m i n g  t h e  f o u r - p o i n t  

p a t t e r n  c l o s e  t o  t h e  e d g e  of t h e  beam s t o p  shadow. The 

broad area of enhanced i n t e n s i t y  c l o s e  t o  t h e  e q u a t o r ,  i n  

t h e  s p a c i n g  r a n g e  0.5 - 0.3nm, emanates  f rom a group of 

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

i n c l u d i n g  one a t  s p a c i n g  0.43nm. 

F i g .  l ( b )  was o b t a i n e d  f r o m  t h e  - C H 3  s u b s t i t u t e d  

polymer.  By t h e  n a t u r e  of t h e  p o l y m e r i s a t i o n  t h e  

s u b s t i t u e n t s  are randomly a r r a n g e d  i n  t h e  f o u r  s i t e s  on 

t h e  hydroquinone u n i t .  T h i s  l a y e r  l i n e  s p a c i n g  i s  3.16nm 

w i t h  a g a i n  t h e  prominent  001 s i g n a l s  f o r m i n g  a f o u r  p o i n t  

p a t t e r n .  The e q u a t o r i a l  d i f f r a c t i o n  i s  more  d i f f u s e  

compared w i t h  Fig.  l ( a >  b u t  s t i l l  masks one o r  two s h a r p e r  

d i f f r a c t i o n  s i g n a l s .  

F i g  l ( c ) ,  o b t a i n e d  f rom t h e  -(CH,l7CH3 s u b s t i t u t e d  

polymer shows a d i s t i n c t i v e  f o u r  p o i n t  p a t t e r n  on a l a y e r  

l i n e  w i t h  s p a c i n g  3.09nm. The 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  o b s e r v e d  i s  c e n t r e d  on a s p a c i n g  of 0.44nm and 

a n  a d d i t i o n a l  broad and s t r o n g  d i f f r a c t i o n  s p o t  o c c u r s  a t  

a s p a c i n g  o f  1.4nm. The s p a c i n g  of  t h e  001 s i g n a l  i s  

1.44nm s i m i l a r  t o  t h e  o t h e r  p o l y e s t e r s .  T h e r e  i s  no  
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ON ORIENTED SEMI-RIGID LC POLYESTERS 215 

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

0.44nm e q u a t o r i a l  peak ,  i n d i c a t i n g  p o o r e r  l a t e r a l  

a s s o c i a t i o n  between t h e  polymer c h a i n s .  

Fig.  l ( d )  was o b t a i n e d  from t h e  -(CH2)9CH3 

s u b s t i t u t e d  polymer and shows s imi la r  f e a t u r e s  t o  the 

o t h e r  x-ray d i f f r a c t i o n  p a t t e r n s .  The l a y e r  l i n e  

s p a c i n g  was m e a s u r e d  t o  b e  3.05nm. A g a i n  a d i f f u s e  

e q u a t o r i a l  s p o t  c e n t r e d  a t  0.44nm i s  prominent  i n  t h e  

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

t h a t  t h e  f o u r  p o i n t  001 s i g n a l s  are a c o m p o s i t e  of a 

s h a r p  arc  and a d i f f u s e  s t r e a k  i n d i c a t i n g  two l e v e l s  of  

c r y s t a l l i n i t y  i n  t h i s  sample.  

DISCUSSION AND CONCLUSIONS 

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

t o  3.2nm. T h i s  v a l u e  c o r r e s p o n d s  t o  the r e p e a t  of  t h e  

e x t e n d e d  c h a i n  which i s  i l l u s t r a t e d  i n  F ig .  2 f o r  t h e  

f o u r  p o l y e s t e r s  c o n s i d e r e d .  It s h o u l d  be remembered 

t h a t  t h e  s u b s t i t u t i o n  i s  random on t h e  hydroquinone  

u n i t .  The n o t i c e a b l e  z i g - z a g  c o n f o r m a t i o n  of t h e  

m o l e c u l e s  o f f e r s  a c l u e  t o  t h e i r  s t a c k i n g  and 

o r g a n i z a t i o n .  The d i f f r a c t i o n  s i g n a l s  a t  a b o u t  0.43nm 

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

t o g e t h e r  of t h e  mesogenic  u n i t s .  Al though t h e  models 
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2c 2d 
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ON ORIENTED SEMI-RIGID LC POLYESTERS 277 

F i g .  2. Computer (Evans and S u t h e r l a n d )  models of t h e  

f o u r  p o l y e s t e r s .  The models a r e  b a l l  and s t i c k  

p r o j e c t i o n s  pe rpend icu la r  t o  t h e  f a c e s  of t h e  mesogenic 

u n i t s  o v e r l a i d  w i t h  van d e r  Waal s u r f a c e s .  ( a )  

u n s u b s t i t u t e d ,  ( b )  -CH3 s u b s t i t u t i o n ,  ( c )  -(CH2)+2H3 

s u b s t i t u t i o n  and ( d )  -(CH2)9CH3 s u b s t i t u t i o n .  In r e a l i t y  

t h e  s u b s t i t u t i o n  s i t e s  a r e  a t  random on t h e  hydroquinone 

u n i t .  

shown  i n  F i g .  2 a r e  e s s e n t i a l l y  p l a n a r  t h e  d e t a i l e d  

s c r u t i n y  of t h e  u n i t  c e l l s  i n d i c a t e  a degree  of r o t a t i o n  

of t h e  mesogenic u n i t s  from t h i s  p l a n a r  conformat ion  

wi thou t  lower ing  t h e  v a l u e  of t h e  cha in  r e p e a t .  I n  

s t a c k i n g  t o g e t h e r  w i th  in te rmesogenic  spac ing  of 0.43nm i t  

i s  necessa ry  t o  s l i d e  a d j a c e n t  mesogenic u n i t s  p a r a l l e l  t o  

t h e  cha in  a x i s  and u n i t  c e l l  parameters  of t h e  i n d i v i d u a l  

p o l y e s t e r s  ( t o  be pub l i shed  e l sewhere )  and d e n s i t y  

c o n s i d e r a t i o n s  a rgue  f o r  an a d d i t i o n a l  s l i d e  pe rpend icu la r  

t o  t h e  cha in  a x i s .  The cha in  packing  t h e r e f o r e  f a l l s  

w i t h i n  t h e  t r i c l i n i c  system and t h e  r e l a t i v e  a x i a l  s t a g g e r  

i n  p a r t i c u l a r  a l i g n s  t h e  [ O O l ]  d i r e c t i o n  a t  a n  a n g l e  t o  

t h e  c h a i n  d i r e c t i o n .  This  accoun t s  f o r  t h e  001 

r e f l e c t i o n s  forming a four -poin t  p a t t e r n  ( s e e  F ig .  1 ) .  A 

g e n e r a l i s e d  model f o r  t h e s e  p o l y e s t e r s  is  i l l u s t r a t e d  in 

F i g .  3. The r e p e a t  i n  t h e  cha in  d i r e c t i o n  i s  3.2nm and 
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cuxis 

1 direction 

Fig .  3. Diagrammatic view of t h e  g e n e r a l i s e d  packing 

scheme f o r  t h e  f o u r  p o l y e s t e r s .  
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ON ORIENTED SEMI-RIGID LC POLYESTERS 219 

g i v e s  rise t o  t h e  observed series of l a y e r  l i n e s  which are 

o r d e r s  of t h i s  spac ing .  However t h e  001 r e f l e c t i o n  a t  

spac ing  - 1.44nm i s  found o f f  t h e  meridian.  The 

s e p a r a t i o n  between t h e  mesogenic s l a b s  i s  shown as 0.43nm 

and t h e  c r y s t a l l i t e s  a r e  c y l i n d r i c a l l y  averaged about  t h e  

cha in  d i r e c t i o n  (c -ax is ) .  The degree  of o r d e r  dec reases  a s  

t h e  l eng th  of t h e  a l k y l  s i d e  c h a i n  i n c r e a s e s .  The 

d i f f r a c t i o n  s i g n a l  which occur  on t h e  mer id ian  a r e  h k l  

r e f l e c t i o n s .  
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