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PHASE DIAGRAMS OF CHOLESTERIC AND NEMATIC THERMOTROPIC 
LIQUID-CRYSTALLINE POLYMERS 

J .  BILLARD*, A. BLUMSTEIN** AND S. VILASAGAR** 
*Laboratoi re de Physique de  1 a Mati e re  Condensee , 
College de France - 75231, Paris Cedex 05, France 
**Department o f  Chemi s t r y ,  Polymer Program, University 
of Lowel 1 , Lowel 1 , Massachusetts 01854 

+ 

( S u b m i t t e d  for  Publication October 16, 1981) 

ABSTRACT 
Linear mesogenic polyesters with f lex ib le  spacers (mole- 
cular  w e i g h t  ranging from 9,000 t o  20,000) are studied 
by polarized microscopy. 
mesophases are  ident i f ied by means of the contact 
method. Two enantiomers f o r m  perfect sol i d ,  cholester ic  
and l iquid solutions.  
chol es te r i  c phases a re  determined. 

The nematic and cholesteric 

The s i g n  of the twist  of the 

Since the e a r l i e r  work o f  Sackman and Demus (1) miscibil-  

In the case of polymers 
i t y  c r i t e r i a  a r e  used i n  assigning the type of mesophase o f  

low molecular weight l iquid crystals .  
the high viscosi ty  of the f lu id  phases hampers the diffusion 
and defect relaxation. T h i s  l a s t  factor  increases the 
d i f f i c u l t y  t o  observe c lear  textures.  
a1 (2)  cl aim m i  sc i  b i  1 i ty  of p-a1 kyl -p  ' acryl oyl oxyazoxybenzene 
w i t h  the corresponding polymers i n  the nematic s t a t e  and Noel 

Nevertheless Cser e t  

-f Equipe associee au C.N.R.S.  
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CHOLESTERIC AND NEMATIC THERMOTROPIC LIQUIDCRYSTALLINE POLYMERS 165 

and Billard (3,4)  have a l so  reported complete misc ib i l i ty  
of poly(azomethine) w i t h  three nematic reference solvents 
as well as a nematic phase of a co[poly(ethyleneterephtalate) 
p-oxybenzoate] and a smectic phase of a copolyester belonging 
t o  a s e r i e s  o f  terphenyl derivatives.  In most cases the 
polymers were of  a ra ther  low molecular weight.  In this paper 
we present some more data concerning nematic and cholester ic  
thermotropi c polyesters based on 4,4' azoxybenzene (mesogene-8) 
and 4,4' -azoxy2,2' -methyl benzene (mesogene-9) w i t h  a number 
average molecular weight exceeding 10,000, studied recently 
(5,6,7).  
Pressure Osmometry (VPO)  i n  CHC13. 
of the MAA-8 polymer does n o t  allow a precise determination 
o f  Nn by V . P . O . ,  b u t  the value of the inherent viscosi ty  [TI] 
suggests a Hn between 6000 and 8000. 
tures a re  determined from D.S.C. (Perkin - Elmer, IIB) and 
microscopic studies (Table I ) .  

(Lei t z ,  Pamphot) observations of contact preparations (8) .  
To ident i fy  the mesophases we have used as  reference com- 
pounds bis(benzy1 idene-p.rnethylani1ine) with a nematic 
mesophase ident i f ied i n  t u r n  by mixing i t  w i t h  n,n '- tere- 
phthal yl i dene- b i  s- (4-n-bu tyl  ani 1 i ne) (T.  B. B . A: K190N265 I ) ; 
the p-azoxyanisol (PAA: K118N1351) and the p-azoxyphenetol 
(PAP: K138N169I). 

The molecular weights mn are  obtained from Vapor 
The limited so lubi l i ty  

The t rans i t ion  tempera- 

The binary phase diagrams are  established by microscopic 
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166 J .  BILLARD, A. BLUMSTEIN and S. VILASAGAR 

T("C) A 
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T ( " C )  A 
3 00 

200 

F I G U R E  1 - Binary phase diagram of the mixtures o f  MAA-8 
(on the left) and bis(benzy1idene-p-methyl- 
aniline) (on the right). 

The Figure 1 gives the phase diagram of the mixtures 
of MAA-8 with the bis(benzy1idene-p.methylaniline) as 

reference compound. 
phase with schlieren-like texture and threads. 
phase of MAA*-8 obtained by melting is also very fluid and 

This polymer exhibits a mobile nematic 
The meso- 

I 

Nk PI 

K 

F I G U R E  2 - Binary phase diagram o f  the mixtures o f  MAA*-8 

(on the left) and MAA-8 (on the right). 
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CHOLESTERIC AND NEMATIC THERMOTROPIC LIQUIDCRYSTALLINE POLYMERS 167 

In the phase diagram of MAA-8 and MAA*-8 (Figure 2 )  the 
spi ndl es are  reduced t o  horizontal s t r a i g h t  1 ines. 
sequently the mixtures of the two enantiomers o f  MAA*-8 form 
perfect s o l i d ,  cholester ic  and l iquid solutions.  
s i tua t ion  has been already encountered for the case of low 
molecular weight mesogens (9) .  
the cholester ic  phase i s  determined from the displacement of 
the isochromatic lines (10) i n  the mixtures. 
l e f t  handed. The MAA*/DDA-8 gives a lso a f lu id  mesophase 
w i t h  s imilar  textures .  
polymer the MAA-8 polymer i s  used as  a reference compound 

Con- 

T h i s  

The sign of the twist of 

T h i s  sign is 

To ident i fy  the phase of the co- 

(Figure 3 ) .  

FIGURE 3 - Binary phase diagram of the mixtures of 
MAA-8 (on the l e f t )  and MAA*/DDA*-8 
(50/50) (on the r i g h t ) .  

The MAA*/DDA-8 copolymer exhibits also a l e f t  handed 

The DDA-9L polymer gives a mobile mesophase. 
chol e s t e r i  c mesophase. 

polymer i s  t o t a l l y  miscible w i t h  the p-azoxyanisole i n  the 
nematic s t a t e .  
i s  fibrous.  
a schl ieren-1 ike texture. The chiral  MAA*-9 polymer gives 

This 

The h igher  molecular we igh t  analogue, DDA-9H 
T h e  nematic phase i s  very viscous and exhibits 
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168 J .  BILLARD, A. BLUMSTEIN and S. VILASACAR 

a viscous mesophase w i t h  small sized focal conics. Iden- 
t i f ied by mixing  w i t h  the p-azoxyphenetol i t  appears as  a 
l e f t  handed cholester ic .  Similar results a r e  obtained w i t h  
MAA*/DDA-9 (50/50). 
described above increases w i t h  the molecular weight. 
ever the mobility of t h e i r  mesophases remains suf f ic ien t  t o  
use successfully the contact method and the obtained binary 
phase diagrams allow t o  establ ish the nematic o r  cholester ic  
nature t h r o u g h  the application of misc ib i l i ty  rules  (11). 
The observation o f  the i sochromatic 1 ine displacement a1 lows 
t o  es tab l i sh  the s i g n  of the twist of the cholester ic  phases. 

This work gives an example of perfect so l id ,  cholester ic  
and l iqu id  solutions formed by polymeric enantiomers. 
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