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NEW MESOGENIC POLYETHERS D E R I V E D  FROM BENZALAZINES 

MERCCDES MARCOS, L U I S  O R I O L ,  BLANCA XOS, J O S E  L U I S  

SERRANO 
Departamento de Quimica Orggnica,  F a c u l t a d  de C i e n c i a s ,  
I n s t i t u t o  de  C ienc ia  de  M a t e r i a l e s  de Arag6n, Univers i -  
dad de Zaragoza-C . S . I. C . , 50009 Zaragoza ( ESPAfiA) 

PATRICK KELLCR 
Labora to i r e  de Spec t romet r i e  Neutronique "Leon B r i -  
l l o u i n " ,  C . E . N . ,  Sac l ay  (FRANCE) 

A b s t r a c t  Four homologous s e r i e s  o f  f l e x i b l e  main-chain 
p o l y e t h e r s  de r ived  from b e n z a l a z i n e s  are r e p o r t e d .  
E n a n t i o t r o p i c  nematic phases  were found f o r  t h r e e  
o f  t h e  s e r i e s .  The i n f l u e n c e  o f  molecular  s t r u c t u r e  
on t h e  mesomorphic p r o p e r t i e s  h a s  been s t u d i e d .  A 
comparative s tudy  i s  made between t h e i r  p r o p e r t i e s  
and t h o s e  o f  t h e  ana logous  small molecules .  The e x i s -  
t e n c e  of OH group i n  p o s i t i o n s  2 , 2 '  of t h e  a z i n e  c e n t r a l  
c o r e  made it d i f f i c u l t  t o  s y n t h e s i z e  t h e  polymers 
us ing  t h e  phase t r a n s f e r  c a t a l y s i s  method and 
consequent ly  a new method was employed. 

INTRODIJCTIOII  

Many the rmot rop ic  l i q u i d  c r y s t a l l i n e  ( L C )  polymers con ta in -  

i n g  mesogenic segments and f l e x i b l e  s p a c e r s  i n  t h e  main- 

c h a i n  have now been syn thes i zed  . The m a j o r i t y  of  

them have been r e p o r t e d  as p o l y e s t e r s  a l though  l a t e l y  

some mesomorphic po lye the r  f a m i l i e s  have a l s o  been r e p o r t e d  
5-7 

1-2 

2-4 

The a i m  of t h i s  a r t i c l e  is  t o  p r e s e n t  oui" p r e l i m i n a r y  

d a t a  on s y n t h e s i s  and c h a r a c t e r i z a t i o n  of f o u r  new s e r i e s  

of  t he rmot rop ic  main-chain LC polymers whose mesogenic 

u n i t s  and f l e x i b l e  s p a c e r s  are connec ted  by e t h e r  g roups :  

I03 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
06

 1
9 

Fe
br

ua
ry

 2
01

3 



1 04 M. MARCOS, et a1 

$ o l y e t h e r s  d e r i v e d  from 4,4'  - ~ i l i ~ d r o x y b e n z a l a z i n e  and 

2 , 4 ' - d i h y d r o x y -  a ,  a ' - d i m e t h y l b e n z a l a z i n e  ( s e r i e s  I ,  11, 

111 and I V ) .  

L 'Y J m  

n = 6 , 6 , 1 0  and 1 2  

S e r i e s  X Y 

I H I4 

H I1 

111 H OH 

OH I V  

CH3 

CH3 

The c h a r a c t e r i z a t i o n  of t h e i r  p h a s e  b e h a v i o u r  was 

c a r r i e d  o u t  by 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 r y  D S C )  

and o p t i c a l  p o l a r i z i n g  microscopy.  When t h e  me t i n g  

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

p r e p a r e d  polymers  i n  series I ,  I11 and I V  show n e m a t i c  

p h a s e ,  whereas  t h e  polymers i n  ser ies  I1 are  n o t  mesogenic .  

The polymers  i n  s e r i e s  I and I1 were p r e p a r e d  by 

ishase t r a n s f e r  c a t a l j r s e d  p o l y c o n d e n s a t i o n .  T h i s  method,  

however, p roved  i m p o s s i b l e  i n  t h e  case o f  t h e  polymers  

i n  series I11 and I V ,  and  for t h i s  r e a s o n  the polymers  

were s y n t h e s i s e d  u s i n g  a n  a l t e r n a t i v e  method: s o l u t i o n  

p o l y m e r i z a t i o n  o f  moiiomers ( A )  w i t h  h y d r a z i n e  h y d r a t e .  
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NEW MESOGENIC POLYETHERS 105 

o= !g-O- ( CH2 ) n - O - a C = O  I ( A )  

X 
Y 

n=6 ,8 ,10  and 1 2  

S e r i e s  X Y 

M-I H H 

I-1 
CH3 

CH3 

r,i-II 

M - I I I H OH 

OH r.i-Iv 

SYNTHESIS 

P r e p a r a t i o n  of  tlie monomers 

The monomers ( A )  were p repa red  u s i n g  p rocedures  a l r e a d y  

d e s c r i b e d  by G r i f f i n  e t  a 1  .5  a l though  s e v e r a l  m o d i f i c a t i o n s  

were in t roduced  f o r  tlie compounds i n  s e r i e s  i’l-I11 and 

B-IV because of tlie OM group i n  o r t h o - p o s i t i o n  of  t h e  

carbonyl  g roups .  

Each of t h e  p r e c u r s o r  compounds ( A )  w a s  p repa red  

by r e a c t i o n  of 60 m o l e  of t h e  a p p r o p i a t e  ca rbony l  compound, 

60 mmole of  base  and 30 m o l e  of t h e  a p p r o p i a t e  a,u- 

dibromoalkane i n  a s u i t a b l e  s o l v e n t .  The r e s u l t i n g  

mixture  was magne t i ca l ly  s t i r r e d  and r e f l u x e d .  The 

p roduc t  was t h e n  i s o l a t e d  and p u r i f i e d .  Reac t ion  c o n d i t i o n s  
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106 M. MARCOS, et al 

~ r . 3  p u r i f i c a t i o n  inethod a r e  g i v e n  i n  T a b l e  I. I R  and 

:-I1 PUIR s p e c t r a  were c o n s i s t e n t s  w i t h  a s s i g n e d  s t r u c t u r e s .  

P r e p a r a t i o n  of t l i  e p o 1 yn er s 

The f o u r  se r ies  were p r e p a r e d  i n  t h e  same way: c o n d e n s a t i o n  

of 2 . 5  mmole of t h e  a p p r o p i a t e  monomer w i t h  2.5 m o l e  

of h y d r a z i n e  h y d r a t e  i n  160 ml of a b s o l u t e  e t h a n o l .  

Glacial  ace t ic  a c i d  was added t o  t h e  s o l u t i o n ,  as c a t a l y s t ,  

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

a tmosphere  f o r  4.30 h o u r s  f o r  t h e  polymers  i n  ser ies  

I and 111, and 90 h o u r s  i n  t h e  case of t h e  polymers  

i n  se r ies  I1 and I V .  

The poljrfilei-s were c o l l e c t e d  by vacuum f i l t r a t i o n  

of  t h e  h o t  s o l u t i o n  and  were washed w i t h  e t h a n o l ,  e t h e r  

and c h l o r o f o r m .  A i r  d r y i n g  of t h e  s o l i d  f o l l o w e d  by 

vacuum d r y i n g  a t  1 0 0 ° C  a f f o r d e d  t h e  p o l y m e r i c  mater ia ls .  

T C CNN I QUC S 

The t h e r m a l  p r o p e r t i e s  of t h e  polymers  were s t u d i e d  

by o p t i c a l  microscopy u s i n g  a p o l a r i z i n g  microscope  

(Meij i )  f i t t e d  w i t h  a t l e t t l e r  FP02 h e a t i n g  stage and 

FTE-0 c o n t r o l  u n i t .  They w e r e  checked  by DSC ( P e r k i n -  

Elmer DSC-2). The h e a t i n g  r a t e  was 10°/min and c o o l i n g  

r a t e  was 2 0 " / n i n .  T h e  a p p a r a t u s  was c a l i b r a t e d  w i t h  

indium (fi1.p. 156.GoC, A M ,  6.8 ca l /g )  and t i n  ( n . p .  231.9"C, 

A H c  14.45 c a l / g ) .  
I 

A l l  samples  were r u n  under  a n i t r o g e n  a tmosphere  

a b o u t  1 0 ° C  above t h e  i s o t r o p i z a t i o n  t e m p e r a t u r e  and 

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

t h e  peak maximum p o s i t i o n s .  
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108 M. MARCOS, et al. 

Tile mesophase was identified by optical microscope 

studies and miscibility studies with a nematogen compound 

(4,4'-diethoxy-2,2'-dihydroxy- , '-dimethylbenzalazine: 

C-N 223.3OC; N--I 249.9"C ) .  
8 

Limiting viscosity numbers ( [n] ) of the polymers 

were determined at 4OoC using methanesulfonic acid as 

a solvent in a Cannon-Fenske viscometer. 

It should be noted that methanesulfonic acid rapidily 

degrades the polymers. Samples were used immediately 

after preparation. 

The identification of polymers was carried out by 

IR spectroscopie (KBr disc Perkin-Elmer 283) and elemental 

analysis (Perkin-Elmer 240 C microanalyzer). 

RESULTS AND DISCUSSION 

In Table I1 polymerization yields, limiting viscosity 

numbers, thermal properties and type of mesophase for 

polymers in series I, 11, I11 and IV are gathered. 

As can be seen, the polyethers in series I, I11 

and IV, with the exception of n=6, exhibited liquid 

crystalline behaviour whereas compounds in series I1 

did not show mesomorphism. 

According to the optical textures observed with 

microscope and mixcibility studies carried out with 

a nematogenic compound, the mesophases of these polymers 

all appear to be nematic. Nematic droplets could be 

seen in some compounds as the isotropic liquid cooled. 

Only melting temperatures (Tm) and clearing points 

(Ti) are given in Table I1 but there are often dsc peaks 

below melting points which disappear when the sample 

is annealed to a higher temperature than the transitio,i 
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I10 M. MARCOS, et al. 

one and we attributed to solid-solid transitions. However, 

there are other dsc peaks (e.g. 1-8; series I, n=8) 

which may be associated with melting into the mesophase 

of a polymorphic solid form. 

With increasing length of the flexible spacer both 

the melting and mesophase-isotropic transition temperatures 

generally decrease although not in a monotonic fashion. 

N -I transition normally show wide dsc peaks caused 

by the dispersion of the molecular species and sometimes 

in optical microscope transition through a binary system 

can be observed: N c N + I - I .  

If we compare the thermal data of the four series 

if can be seen that the existence of OH groups in ortho- 

positions of the azine group (series 111 and IV) increase 

the melting and clearing points, which could be attributed 

to the molecular structure of the polymers where the 

existence of a hydrogen bond between the ortho hydroxyl 

groups and the azine nitrogen atoms gives the mesogenic 

group a rigid central core. As result of this the aromatic 

rings adopt an almost coplanar orientation and the 

polarizahility of the molecules is increased. This 

produces a reinforcement of the mesomorphic properties 

(series I1 are not mesogenic while series IV are) and 

an increase in transition temperatures. 

The mesogenic behaviour of the polyethers derived 

from benzalazines is similar to that observed with azines 

of low molecular weight (used as model compounds) described 

in previous papers in which the presence of OH groups 

in ortho positions of azine central core stabilized 

the mesophase. However, low molecular weight compounds 

with long terminal chains showed srnectic phases while 

polymers show nematic phase. 

8-10 , 
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NEW MESOGENIC POLYETHERS 1 1 1  

If we make a comparison between the homologous polyesthers 

of compounds in series I1 synthesized by Roviello and 

Sirigu3 it can be seen that the polyesthers are mesogenic 

whereas the polyethers do not exhibit mesomorphic properties. 

This behaviour is also similar to that shown by azines 

of low molecular weight. 

Contrary to what Percec et al. '' observed for 

polyethers, we found that polyesters  derived from benzal- 

azines and synthesized by solution polymerization are 

not soluble in common organic solvents like chloroform, 

o-dichlorobenzene, THF, tetrachloroethane or nitrobenzene. 

This makes it difficult to work with them and it was 

necessary to use more aggressive solvents such as methane- 

sulfonic acid in order to perform the studies of viscosity. 

In Table I1 it can seen that the polymers in series 

I11 show higher limiting viscosity numbers than the 

polymers in the other three series, indicating a higher 

degree of polymerization for these compounds due to 

the greater reactivity of the 2,4-dihydroxybenzaldehyde 

derivatives compared to the other carbonyl compounds 

used in the other three series. 
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