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SYNTHESIS OF MODEL COMPOUNDS OF THE NEMATIC 
POLYESTER POLY(2,2'-DIMETHYL-4,4'-DIOXYAZOXY- 
B EN Z E NE DODE CANE D I OY L ) . 
R.B. BLUMSTEIN AND E.M. STICKLES 

Polymer Science Program, Department of Chemis- 
try, University of Lowell, Lowell, Mass. 01854 

(Submitted for Publication May 12, 1982) 

ABSTRACT 

We describe synthesis and phase characterization 
of model compounds of the thermotropic nematic 
polymer poly(2,21-dimethyl-4,4'-dioxyazoxyben- 
zene dodecanedioyl), which consists of regularly 
alternating rigid mesogenic and flexible alipha- 
tic moieties. Models were composed of the fol- 
lowing sequences: flexible-rigid-flexible; 
rigid-flexible-rigid (9-DDA-9); rigid-flexible; 
flexible-rigid-flexible-rigid-flexible. Only 
9-DDA-9 displays a mesophase (monotropic nema- 
tic). The appearance of an enantiotropic ne- 
matic phase is associated with the development 
of a polymeric structure (approximately six 
repeating units are required). 

Thermotropic polymers in which a rigid mesogenic 
core regularly alternates in the main chain with a 
flexible "spacer" group are currently the focus of 
active academic and industrial research because of 
their unique application potential as high strength 

fibers, films, and coatings. In our laboratory we 
are investigating the influence of molecular weight 

and molecular weight distribution on mesophase sta- 
bility, degree of alignment, and spacer conformation 
in a series of nematic polyesters. As part of this 
investigation we describe here the synthesis and 
preliminary characterization of some model compounds 
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152 

of poly(2,2'-dimethyl-4,4'-dioxyazoxybenzene dodeca- 
nedioyl: 

R. B. BLUMSTEIN and E. M. STICKLES 

n 

This polymer, labelled DDA-9, has moderately low 
transition temperatures with a nematic stability 
range of 45-50°C (1). In a sample of = 11,700, 
for example, the phase transitions are K118N1621. 
Schlieren nematic textures and total miscibility 
with standard nematics are observed (2). Order 
parameters in a homogeneously aligned melt were 
found to be unusually high, for the spacer ( 3 )  as 
well as the mesogene (4) moieties. The extended 
conformation of the dodecanedioate spacer is con- 

firmed by evidence drawn from x-ray diffraction 
and calorimetry experiments (5). 

n 

EXPERIMENTAL : 
The 2,2'-dimethyl-4,4'-hydroxyazoxybenzene 

(compound 9) was prepared according to literature 
procedures (6,7). The symmetrically substituted 
compounds 2,2'-dimethyl-4,4'-acetoxyazoxybenzene 
(Ac-9-Ac) and 2,2'-dimethyl-4,4'-1auroyloxyazoxy- 
benzene (DDA-9-DDA) were prepared by acylation of 
the disodium salt of 9 with acetic anhydride and 
lauroyl chloride, respectively. The unsymmetric- 
ally substituted compound (I), a mixture of 4-me- 
thoxy-4'-hydroxy and 4-hydroxy-4'-methoxy structur- 

al isomers, 
0 

(I) was prepared as fol- 
lows : 
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SYNTHESIS OF MODEL COMPOUNDS 153 

2,2'-dimethyl-4-hydroxy-4'-methoxyazobenzene w a s  

o b t a i n e d  b y  d i a z o t i z a t i o n  o f  4 - m e t h o x y - 2 - m e t h y l a n i -  

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

F o l l o w i n g  o x i d a t i o n  w i t h  30% H 2 0 2  i n  g l a c i a l  a c e t i c  

a c i d ,  i s o m e r s  ( I )  were  o b t a i n e d  w i t h  a n  80% y i e l d .  

Compound ( I )  w a s  a c y l a t e d  w i t h  l a u r o y l  c h l o r i d e  to 

y i e l d  2,2'-dimethyl-4-methoxy-4'-lauroyloxyazoxyben- 

zene . (g-DDA).  Two m o l e s  o f  ( I )  w e r e  a c y l a t e d  w i t h  

1 m o l e  of  d o d e c a n e d i o y l  c h l o r i d e  t o  y i e l d  9-DDA-9. 

Acyla t ion  of 4-nitro-3-methylphenol w i t h  l a u r o y l  

c h l o r i d e ,  f o l l o w e d  b y  c a t a l y t i c  h y d r o g e n a t i o n  p r o -  

d u c e d  4 -amino-3 -me thy l  p h e n y l  l a u r a t e  (II), w h i c h  

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

m - c r e s o l  t o  y i e l d  4-hydroxy-4'-lauroyloxy-2~2'-di- 

m e t h y l a z o b e n z e n e  (111). Compound (111) was o x i d i z e d  

t o  (IV). 

CH3-( CH2) o-CO-O-  \ / - N = N -  \ -OH B, 'I' cp 
Two m o l e s  o f  ( I V )  w e r e  a c y l a t e d  w i t h  

(IV) 

o n e  m o l e  o f  

d o d e c a n e d i o y l  c h l o r i d e  t o  y i e l d  b i s  4 - ( 4 ' - l a u r o y l -  

2,2 ' - d i m e t h y l a z o x y b e n z e n e )  d o d e c a n e d i o a t e  a n d  two  

o t h e r  s t r u c t u r a l  i s o m e r s  (DDA-9-DDA-9-DDA). 

Azoxy compounds  were i s o l a t e d  by  co lumn c h r o m a -  

t o g r a p h y  u s i n g  Woelm S i 0 2  w i t h  a c h l o r o f o r m - e t h a n o l  

s o l v e n t  s y s t e m .  They  were c h e c k e d  f o r  p u r i t y  b y  e l -  

e m e n t a l  a n a l y s i s  a n d  NMR s p e c t r o s c o p y ;  m o l e c u l a r  

weights  were determined by mass spectrometry.  The r e l a t i v e  
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154 R. B. BLUMSTEIN and E. M. STICKLES 

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

f r o m  90-MHz p r o t o n  NMR s p e c t r a  o f  9 - D D A  a n d  

t h e  s h i f t  r e a g e n t  E u ( f o d ) 3 ,  f o l l o w i n g  a p r o c e d u r e  

d e s c r i b e d  by  Rondeau ,  e t .  a l .  ( 8 ) .  S i m i l a r  re-  

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

u s i n g  a 1 0 0  MHz i n s t r u m e n t .  

T e x t u r e s  o f  t h e  m a t e r i a l s  were s t u d i e d  u s i n g  a 

L e i t z  O r t h o l u x  p o l a r i z i n g  m i c r o s c o p e  e q u i p p e d  w i t h  

a Mettler h o t  s t a g e  a n d  t e m p e r a t u r e  p r o g r a m m e r .  T h e r -  

m a l  a n a l y s i s  w a s  p e r f o r m e d  w i t h  a P e r k i n  E l m e r  2C 

D i f f e r e n t i a l  S c a n n i n g  C a l o r i m e t e r .  I n  o r d e r  t o  p r o -  

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

d i e d  w a s  f i r s t  h e a t e d  t o  a t  l e a s t  2 0  d e g r e e s  a b o v e  

t h e  c r y s t a l  t o  i s o t r o p i c  t r a n s i t i o n .  DSC t r aces  w e r e  

o b t a i n e d  by c y c l i n g  t h e  s a m p l e  b e t w e e n  t h i s  tempe-  

r a t u r e  a n d  240°K. 

1 0  d e g r e e s l m i n .  

The h e a t i n g  a n d  c o o l i n g  r a t e s  were 

RESULTS AND D I S C U S S I O N :  

P h a s e  t r a n s i t i o n  t e m p e r a t u r e s  o f  m o d e l  compounds 

a r e  l i s t e d  i n  T a b l e  I .  

T a b l e  I PHASE TRANSITIONS OF MODEL COMPOUNDS 
M o l e c u l a r  
W e i g h t  TKI T 

8N Compound Symbol  ( g / m o l e  (OK) ( -K) 

CH3 CH3 
0 

2 7 2 . 3  ( d e c o m p o s i t i o n )  
Q 3 8 3  

3 4 2 . 3  424  

6 2 2 . 8  3 5 0  D
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SYNTHESIS OF MODEL COMPOUNDS 155 

Compound Symbol  ( g / m o l e )  (OK) (OK) 

9-DDA 4 5 4 . 6  333  CH~O-Q;N=N~--OR Y 

R'-O-g-(CH2)10-C-O-R' 9-DDA-9 7 3 8 . 8  395  373  
U 

0 0 

II lo-i-o-Rl '  (DDA-9) 2-DDA 
0 0 

R " - O - C - ( C H  ) 1075 .4  343 .2  

R = - i - (CH2)lo-CH3 

0 
R' = C H 3 0 - q S ~ = ~ C p -  0 

A 
U R" = C H ~ -  ( c H ~ )  o - ~ ~ - ~ -  Q;N=N- I Q- 

3 

S t r u c t u r e s  d e r i v e d  f r o m  t h e  u n s y m m e t r i c a l l y  s u b s t i -  

t u t e d  compound ( I )  were m i x t u r e s  o f  s t r u c t u r a l  i s o -  

mers: 9-DDA, f o r  e x a m p l e ,  w a s  f o u n d  t o  b e  a mix -  

t u r e  of  t h e  4 - m e t h o x y - 4 ' - l a u r o y l o x y  and  4 - l a u r o x y -  

4 ' -me thoxy  i s o m e r s  i n  a b o u t  5 5 / 4 5  r a t i o .  Compound 

9-DDA-9 i s  t h e  o n l y  o n e  f o r  w h i c h  a m e s o p h a s e  w a s  

o b s e r v e d ,  a m o n o t r o p i c  n e m a t i c  p h a s e  a p p e a r i n g  a t  

100°C. u p o n  c o o l i n g  f r o m  t h e  i s o t r o p i c  m e l t .  T h i s  

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

c o l d  c r y s t a l l i z a t i o n  i s  o b s e r v e d  a t  36OC. u p o n  h e a t -  

i n g .  F i g .  l a  shows  t h e  r i n g e d  s p h e r u l i t e s  d e v e l o p e d  

by  c o l d  c r y s t a l l i z a t i o n .  F i g .  l b  shows  t h e  d e v e l o p -  

ment  o f  t h e  m o n o t r o p i c  n e m a t i c  p h a s e  upon  c o o l i n g  

f r o m  t h e  i s o t r o p i c  m e l t .  DDA-9-DDA-9-DDA is n o t  

m e s o m o r p h i c ;  i n d e e d ,  o f  t h e  s y s t e m s  w h i c h  w e  h a v e  

i n v e s t i g a t e d  t o  d a t e ,  t h e  s m a l l e s t  m o l e c u l a r  w e i g h t  
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156 R. B. BLUMSTEIN and E. M. STICKLES 

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

o l i g o m e r  f r a c t i o n  o f  M = 2 , 7 0 0 ,  c o n t a i n i n g  a p p r o x -  

i m a t e l y  s i x  r e p e a t i n g  u n i t s  p e r  c h a i n .  W e  a r e  

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

and  t h e  r e p e a t i n g  u n i t  a r e  n o t  m e s o m o r p h i c  and  i n  

w h i c h  t h e  a p p e a r a n c e  o f  a n e m a t i c  p h a s e  i s  a s s o c i -  

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

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  w e  h a v e  o b t a i n e d  s i m -  

i l a r  r e s u l t s  w i t h  poly(methacryloy1oxybenzoic a c i d ) ,  

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

a r e  a t t a c h e d  t o  t h e  f l e x i b l e  b a c k b o n e  a s  s i d e -  

c h a i n s .  The  p o l y m e r  

n 

(PMBA) f o r m s  a s m e c t i c  g l a s s  ( 9 )  b u t  

n e i t h e r  t h e  monomer n o r  t h e  d i m e r i c  

m o d e l  compound a r e  m e s o m o r p h i c .  On 

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

c o n t a i n i n g  an  a v e r a g e  o f  4-6 r e p e a t i n g  

F 3  
- ( C H 2 - ?  +n 

q2 
u n i t s  p e r  c h a i n  were f o u n d  t o  d i s p l a y  smec t i c  

o r g a n i z a t i o n  ( 1 0 ) .  

I n  wha t  i s  t o  o u r  k n o w l e d g e  t h e  o n l y  o t h e r  s t u d y  

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

and  B r i t t  (11) h a v e  compared  t h e  b e h a v i o r  of  4 - a l k -  

oxyphenyl-4'-alkoxybenzoate ,. 
O-Q-&-O-Q-OC 1 2  H 2 5  (1) , t h e  model prepolymer 

'L 
C10H21  

C10H21- 1 
0 - E - 0 - 0  0 -0- ( c H ~ )  1 0 - ~ - Q - ~ - d - ~ - o c l o ~ 2 1  Q y) , 
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SYNTHESIS OF MODEL COMPOUNDS 157 

Compound (i) h a s  a r i g i d  c e n t r a l  c o r e  w i t h  f l e x i b l e  

t a i l s  s i m i l a r  t o  t h e  f l e x i b l e - r i g i d - f l e x i b l e  se- 

q u e n c e  f o u n d  i n  DDA-9-DDA; compound (5) h a s  a f l e x -  

i b  1 e -r i g  i d  - f 1 e x  i b 1 e-r i g  i d  - f 1 e x  i b  1 e s equ  e n  c e s i m  i - 
l a r  t o  t h a t  o f  DDA-9-DDA-9-DDA. I n  c o n t r a s t  to o u r  

r e s u l t s ,  h o w e v e r ,  t h e  a u t h o r s  r e p o r t  a c o n t i n u u m  of  

n e m a t i c  b e h a v i o r  f r o m  compound 1 t o  p o l y m e r  3,. It  

i s  c l e a r  t h a t  i n  t h e  c a s e  o f  t h e  DDA-9 s y s t e m  t h e  

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

b e t w e e n  s u c c e s s i v e  r e p e a t i n g  u n i t s .  I n  o r d e r  t o  

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

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

t i g a t i n g  o r d e r  p a r a m e t e r s  and  d e g r e e  o f  e x t e n s i o n  

o f  t h e  f l e x i b l e  s p a c e r  u n i t s ,  a s  a f u n c t i o n  o f  mo- 

l e c u l a r  w e i g h t .  

?, 

F i g u r e  l a .  R i n g e d  s p h e r u l i t e s  f o r m e d  d u r i n g  c o l d  
c r y s t a l l i z a t i o n  o f  9-DDA-9. Magn. 320x .  D
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158 R. B. BLUMSTEIN and E. M. STICKLES 

Figure lb. Monotropic nematic phase formed upon 
cooling of 9-DDA-9. Magn. 320x. 
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