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INFLUENCE OF MOLECULAR W E I G H T  ON PHASE 
TRANSITION ENTROPIES O F  A THERMOTROPIC 
N E M A T I C  POLYESTER 

R .  B .  B l u m s t e i n ,  E . M .  S t i c k l e s ,  a n d  
A.  B l u m s t e i n  

P o l y m e r  S c i e n c e  P r o g r a m ,  D e p t .  o f  C h e m i s t r y ,  
U n i v e r s i t y  o f  L o w e l l ,  L o w e l l ,  M a .  0 1 8 5 4  

(Submi t ted f o r  p u b l i c a t i o n  June 14, 1982) 

ABSTRACT 

W e  r e p o r t  t h e  v a l u e s  o f  i s o t r o p i s a t i o n  e n t h a l -  
p i e s  a n d  e n t r o p i e s  of  some m o d e l  compounds ,  
o l i g o m e r s ,  a n d  p o l y m e r s  of p o l y ( 2 , 2 ' - m e t h y l -  
4 , 4 ' - o x y a z o x y b e n z e n e  d o d e c a n e d i o y l ) ,  a t h e r m o -  
t r o p i c  n e m a t i c  p o l y m e r  w i t h  m o d e r a t e l y  l o w  
t r a n s i t i o n  t e m p e r a t u r e s  a n d  r e g u l a r l y  a l t e r -  
n a t i n g  r i g i d - f l e x i b l e  u n i t s  i n  t h e  m a i n  c h a i n .  
The  v a l u e s  o f  AH a n d  ASIN i n c r e a s e  r a p i d l y  
w i t h  i n c r e a s i n g  m o l e c u l a r  w e i g h t ,  t o  r e a c h  a 
p l a t e a u  a t  Mn>3 ,000  g / m o l e .  R e s u l t s  a r e  i n -  
t e r p r e t e d  i n  t e r m s  o f  i n c r e a s i n g  p a r t i c i p a t -  
i o n  o f  t h e  f l e x i b l e  a l i p h a t i c  s p a c e r  u n i t s  
i n  t h e  o r d e r i n g  p r o c e s s  o f  t h e  n e m a t i c  p h a s e .  
I n  t h e  p o l y m e r ,  t h e  e n t i r e  r e p e a t i n g  u n i t  i s  
a l i g n e d  b y  t h e  n e m a t i c  p o t e n t i a l .  

IN 

W e  h a v e  r e c e n t l y  d e s c r i b e d  t h e  s y n t h e s i s  a n d  

p r o p e r t i e s  o f  a s e r i e s  o f  p o l y ( 4 , 4 ' - o x y a z o x y b e n -  

z e n e  a l k a n e d i o y l s )  a n d  p o l y ( 2 , 2 ' - m e t h y l - 4 , 4 ' - o x y -  

a z o x y b e n z e n e  a l k a n e d i o y l s )  w h i c h  d i s p l a y  t h e r m o -  

t r o p i c  n e m a t i c  p h a s e s  ( 1 , 2 , 3 , 4 ) .  T h e s e  p o l y m e r s  

a r e  p o l y e s t e r s  i n  w h i c h  r i g i d  a z o x y b e n z e n e  meso-  

g e n i c  c o r e  r e g u l a r l y  a l t e r n a t e s  i n  t h e  m a i n  c h a i n  

w i t h  a f l e x i b l e  a l k a n e d i o a t e  " s p a c e r  g r o u p " .  

P r e l i m i n a r y  i n v e s t i g a t i o n  i n d i c a t e s  a d r a s t i c  i n -  

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

d i s t r i b u t i o n  on  t r a n s i t i o n  t e m p e r a t u r e s ,  m e s o p h a s e  

s t a b i l i t y  ( 3 ) ,  a n d  d e g r e e  o f  a l i g n m e n t  of  t h e  
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206 

polymer in magnetic ( 3 , 5 )  and shear fields ( 3 ) .  

R. B. BLUMSTEIN, E. M. STICKLES and A. BLUMSTEIN 

In order to help delineate the transition 

from high molecular weight to standard low mo- 
lecular weight nematic phases based on the azo- 

xybenzene mesogenic moiety, we present here the 
results of a calorimetric investigation of a se- 

ries of model compounds, oligomers and polymers 
of poly(2,2'-methyl-4,4'-oxyazoxybenzene dodeca- 
nedioyl) : 

{CO- (CH2) lo-CO-O~-;N~~ i , 

n 

The polymer, labelled DDA-9 and consisting of a 
regular sequence of flexible-rigid units, has mo- 
derately low transition temperatures and a nema- 

tic stability range of 45-50°C ( 2 ) .  In a sample 
of Gn = 11,700, for example, the phase transitions 

are K118N1621, a temperature range which allows 
measurement of enthalpies and entropies of trans- 
ition without fear of sample decomposition. 

EXPERIMENTAL : 
Monomers and polymer samples of varying mo- 

lecular weight were prepared as described else- 
where (2,3,4). Oligomers were prepared by room 

temperature solution polymerization in pyridine. 
Oligomer chains were terminated by -COOCH3 or by 

-@-NiN-@-OH (9-end capped) moieties, the lat- 

CH3 6 H 3  

ter largely predominent, as shown by NMR spectro- 
scopy. Fractionation was carried out by a combi- 
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MOLECULAR WEIGHT ON PHASE TRANSITION 207 

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

g r a p h i c  t e c h n i q u e s .  S y n t h e s i s  a n d  c h a r a c t e r i z a -  

t i o n  o f  m o d e l  compounds  h a s  b e e n  d e s c r i b e d  e l se -  

w h e r e  ( 6 ) .  M o l e c u l a r  w e i g h t s  o f  p o l y m e r s  DDA-9-T 

a n d  DDA-9-SP were m e a s u r e d  a s  d e s c r i b e d  i n  r e f . ( 3 ) ;  

m o l e c u l a r  w e i g h t s  o f  s a m p l e s  D D A - 9 - L ,  DDA-9-E, 

a n d  D D A - 9 - 1  we re  d e t e r m i n e d  by  e n d  g r o u p  t i t r a t i o n  

u s i n g  'H N M R  s p e c t r o s c o p y .  

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 .  A 

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

l i b r a t i o n  o f  t h e  h e a t s  o f  t r a n s i t i o n .  The tempe-  

r a t u r e  s c a l e  w a s  c o r r e c t e d  € o r  i n s t r u m e n t a l  l a g  

by  c a l i b r a t i o n  w i t h  t h e  i n d i u m  s a m p l e .  A l l  DSC 

m e a s u r e m e n t s  were made u n d e r  n i t r o g e n  a t m o s p h e r e .  

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  20  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  o r  

n e m a t i c  t o  i s o t r o p i c  t r a n s i t i o n .  D S C  t r a c e s  were 

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 a t  tempe-  

r a t u r e  a n d  240°K. 

were  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  

The  t r a n s i t i o n  t e m p e r a t u r e s  were r e a d  d i r e c t -  

l y  f r o m  t h e  maximum o r  minimum p o s i t i o n  o f  t h e  

p e a k  o n  t h e  t e m p e r a t u r e  s c a l e .  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  po-  

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 h o t  s t a g e  a n d  

a M e t t l e r  FP-52 t e m p e r a t u r e  p r o g r a m m e r .  

RESULTS A N D  DISCUSSION: 

E n t h a l p i e s  a n d  e n t r o p i e s  f o r  t h e  i s o t r o p i c  

t o  n e m a t i c  t r a n s i t i o n  a r e  l i s t e d  i n  T a b l e  I .  The  

u n i t s  K J / m o l e  o f  b a c k b o n e  a t o m s  a n d  J / m o l e  of  
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208 R. B. BLUMSTEIN, E. M. STICKLES and A. BLUMSTEIN 

backbone atoms-degree, are used to eliminate the 

effect of different lengths of structural units(7). 
Although the values obtained on heating and cool- 
ing were usually the same, the enthalpies reported 

here were calculated from the areas under the 
cooling curves for two reasons: compounds 9-DDA-9 

and DDA-9-1 are monotropic nematics and show no 
mesophase transition on heating; horizontality of 

baseline is better during the cooling cycle. The 
values of &HIN and ASIN for 4,4'-methoxyazoxyben- 

zene (PAA)  and 4,4'-decyloxyazoxybenzene (DAB) are 
taken from the data of Arnold ( 8 ) ,  as the corres- 
ponding 2,2'-methylazoxybenzene derivatives are 
not mesomorphic. Indeed, of all the model com- 
pounds of DDA-9 which we have synthesized ( 6 ) ,  in- 
cluding a model of the repeating unit 

OCO(CH2)10CH3 (9-DDA) and a pre- 

polymer CH3(CH2)lo-COO- 

playing a monotropic nematic phase on cooling to 

100°C. Oligomer DDA-9-1, a mixture composed pre- 
dominantly of units 9-DDA-9-DDA-9, also displays 
a monotropic nematic phase. The rest of the sam- 
ples listed in Table I are nematic on both heating 
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MOLECULAR WEIGHT ON PHASE TRANSITION 209 

a n d  c o o l i n g .  

J / m .  b .  b ._a .deg .  

leOi 
0 .8 -  

0 . 6 -  

0 .4 -  

0.2- 

J / m .  b .  b ._a .deg .  

A s I K  
1.0- 

0 . 6 -  /$""---'"%@ O e 8 -  

8 
I 

n f 

O a 4 -  

0.2- 

0 '5 '1 0 1 5  20 
0.04 

'5 '1 0 1 5  20 
0.0 

3 M x 10 n 

- 
F i g u r e  1. A S I N  v s .  Mn f o r  ( D D A - 9 ) n  

F i g .  1 i l l u s t r a t e s  t h e  i n c r e a s e  of  AS w i t h  i n -  

c r e a s i n g  m o l e c u l a r  w e i g h t .  B e g i n n i n g  w i t h  t h e  va -  

l u e s  o f  A S  f o r  P A A  a n d  D A B ,  w h i c h  a re  w i t h i n  t h e  

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

m e a t i c s  ( 8 1 ,  t h e  i s o t r o p i s a t i o n  e n t r o p y  p e r  b a c k -  

b o n e  a t o m  i n c r e a s e s  d r a s t i c a l l y  f o r  t h e  two  mono- 

t r o p i c  compounds  9 - D D A - 9  a n d  D D A - 9 - 1  b e f o r e  l e v e l -  

l i n g  o f f  a t  0 . 7 3 - 0 . 0 3  J / m . b . b . a . d e g .  Of t h e  s a m -  

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

w e i g h t  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  D D A - 9 - L - I ,  w h i c h  c o n t a i n s  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  (% =2,800). T h i s  seems 

t o  b e  t h e  p o i n t  a t  w h i c h  a " p o l y m e r i c "  s y s t e m  

I N  

IN 

+ 

n 
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210 R. B. BLUMSTEIN, E. M. STICKLES and A. BLUMSTEIN 

develops as the result of cooperativity between 
successive repeating units. The values of isotro- 
pisation enthalpies and entropies of the "poly- 

mers", are unusually high compared to that of 
standard low molecular weight nematics and reflect 
the extended conformation of the dodecanedioate 

spacer in the nematic fluid ( 3 , 4 ) .  

An x-ray diffraction experiment performed on 
a quenched oriented nematic phase of sample DDA- 

9-L was interpreted in terms of a cybotactic ne- 
matic model with extended spacer conformation ( 3 ) ,  

thereby, confirming the calorimetric results. A 
proton NMR investigation of DDA-9-L sample re- 
vealed an unusually high nematic order parameter 
varying between 0.69 at T and 0.84 at TKN(5,9); 
a detailed analysis of the NMR spectrum shows that 
the spacer aligns with a degree of order compara- 
ble to that of the mesogene with a low density of 
hairpin bend defects (9). 

NI 

The lower molecular weight samples, on the 
other hand, appear to be characterized by decreas- 
ing participation of the flexible moiety in the 

nematic ordering process, as evidenced by the de- 
creasing values of AS 

ments of nematic order parameters of samples 
DDA-9-E, DDA-9-1 and 9-DDA-9 appear to bear out 
this conclusion. Whereas development of the high- 
ly organized nematic phase seems to be dependent 
on the connectivity of at least 5-6 repeating 
units, existence of a simple monotropic phase ap- 
pears to require on4of two factors: minimum axial 

ratio of the mesogene or proper sequencing of 

Preliminary measure- IN ' 
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MOLECULAR WEIGHT ON PHASE TRANSITION 

T A B L E  I 

21 1 

ENTHALPIES AND ENTROPIES FOR THE ISOTROPIC T O  

N E M A T I C  TRANSITION. 

Mode 1 M o l e c u l a r  TIN ( O K )  AH AS 
Compound W e i g h t  

**PAA 2 5 8 . 3  4 0 8 . 7  0 . 0 4 1  0 . 1 0  

* *  DAB 5 1 0 . 7  3 9 6 . 6  0 . 0 9 8  0 . 2 5  

9-DDA-9 7 3 8 . 8  3 7 3  0 . 1 7  0 . 4 7  

DDAf9-DDA) 1 0 7 5 . 4  n o  m e s o p h a s e  

0 
p- K J  j j m b b  a J 1 x i b  b a .  

O l i g o m e r  o r  - 
P o l y m e r  Mn 

DDA-9-1 1 1 3 0  

D D  A- 9 - L- I 2 8 0 0  

DDA-9-L-I11 3 0 8 0  

QDA-9-E 3 2 7 0  

DDA-9-L 4 1 1 0  

DDA-9-L-I1 5 0 0 0  

DDA-9-SP 9 7 0 0  

DDA-9-T1 1 8 , 1 0 0  

D D A - g - T Z  1 8 , 7 0 0  

3 4 7  0 . 1 9  

4 0 1  0 . 2 7  

4 0 5 . 4  0 . 3 0  

4 0 1  0 . 3 0  

4 0 6 . 6  0 . 2 9  

4 0 5 . 4  0 . 3 1  

427  0 . 3 1  

4 3 3  0 . 2 9  

435  0 . 3 0  

0 . 5 5  

0 . 6 7  

0 . 7 5  

0 . 7 5  

0 . 7 2  

0 . 7 6  

0 . 7 3  

0 . 6 7  

0 . 6 9  

*mbba = m o l e  o f  b a c k b o n e  a t o m s  

* *  d a t a  f o r  PAA a n d  DAB a r e  f r o m  N-$ I t r a n s i i r  
i o n .  
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212 

r i g i d - f l e x i b l e  u n i t s .  T h u s ,  m o d e l  compound DDA- 

9-DDA-9-DDA ( m o l e c u l a r  w e i g h t : 1 0 7 5 . 4  g / m o l e )  

w h i c h  i s  composed  o f  t h e  s e q u e n c e  o f  u n i t s  f l e x i -  

ble-rigid-flexible-rigid-f l e x i b l e ,  i s  n o t  meso- 

m o r p h i c ;  on t h e  o t h e r  h a n d ,  9-DDA-9 ( m o l e c u l a r  

w e i g h t :  7 3 8 . 8  g / m o l e )  w i t h  a s e q u e n c e  o f  u n i t s  

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

p h a s e .  Model  compound 2,2'-methyl-4,4'-acetoxy- 

a z o x y b e n z e n e  i s  n o t  m e s o m o r p h i c ,  b u t  4 , 4 ' - a c e -  

t o x y a z o x y b e n z e h e  h a s  a n a r r o w  m o n o t r o p i c  n e m a t i c  

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

on m e s o p h a s e  f o r m a t i o n .  

R. B. BLUMSTEIN, E. M. STICKLES and A. BLUMSTEIN 

I t  i s  c l e a r  f r o m  d a t a  p r e s e n t e d  i n  T a b l e  I 

a n d  F i g .  1 t h a t ,  a s  t h e  m o l e c u l a r  w e i g h t  o f  o l i -  

gomers  a n d  m o d e l  compounds  i n c r e a s e s ,  t h e  f l e x i -  

b l e  p a r t  o f  t h e  m o l e c u l e  t a k e s  on a n  i n c r e a s i n g -  

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

f o r m a t i o n .  B e h a v i o r  o f  t h e  DDA-9 p o l y m e r  c a n n o t  

b e  e x p l a i n e d  i n  t e r m s  o f  a d i s p e r s i o n  o f  r o d l i k e  

m e s o g e n i c  e l e m e n t s  i n  a f l e x i b l e  d i l u e n t  ( 1 0 , l l ) .  
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