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R6sum6. - Au moyen de l'analyse thermique diffkrentielle et de la microscopic optique un 
co[poly(tthyltne tCrtphta1ate)-p-oxybenzoate] contenant 80 % d'unitks oxybenzoate et un copoly- 
ester derivC du terphknyle ont CtC CtudiBs. Les diagrammes de phase, Ctablis par la mtthode de contact 
avec des substances de rtfkrence, montrent que les mCsophases de ces polymkres sont respectivement 
nkmatique et smectique C. Ces mksophases donnent, par addition de substances optiquement 
actives, des phases cholestCriques et smectiques C torsadkes. 

Abstract. -A co[poly(ethylene terephtha1ate)-p-oxybenzoate] containing 80 mole % oxybenzoate 
units and a copolyester belonging to series of terphenyl derivatives are investigated by DSc  and 
optical microscopy. Their mesophases are identified, by isomorphism with known phases, as nematic 
and smectic mesophases, respectively. Chiral compounds on addition to these mesophases, cause 
the formation of the typical textures of cholesterics and twisted smectics C. 

1. Introduction. - Most of the known experimental 
work concerning polymers exhibiting mesophasic 
behavior deals with polymers having the mesophase 
originating molecule part inserted in the side chain [l]. 
However, an ever increasing number of highly aro- 
matic polyazomethines and polyesters with the meso- 
genic group in the main chain has been synthe- 
sized [2-61. They give anisotropic phases by melting 
and unusually anisotropic molded articles. Optical 
microscopic observations [2, 81, the dependence of 
the melt viscosity on molecular structure, composi- 
tion and shear rate [3, 7] wide-line NMR data [7] 
and X-Rays measurements [g] provide strong evi- 
dence that these polymers show a transformation 
from a crystalline to a mesomorphic state. However, 
these experimental results are not sufficient to warrant 
identification of the mesophases observed as nematic 
or smectic mesophases. 

Recently we have determined the nature of the 
mesophase of a copolyazomethine (A) : 

by establishing its isomorphy with nematic meso- 
phases of reference compounds [10]. In this work, 
the same method is used for investigations of two 
copolyesters. The shape of the isobaric phase dia- 
grams is determined using the well-known contact 
method [l l]. Results from differential scanning calo- 
rimetry (DSc) and thermal polarizing microscopy 
are also given. 

2. Experimental part. - The copolyazomethine [A] 
was synthesized as described in the reference [6]. It 
has an inherent viscosity at 25 OC of 0.37 dl/g at a 
concentration of 0.5 g/dl in 'methanesulfonic acid. 

The copolyester B of p-oxybenzoyl (l) and ethylene 
terephthalate (11) containing 20 mole % of the moiety 11 
was obtained from the Tennessee Eastman Company 

The copolyester C was prepared in the Centre de Recherches des Carritres de RhSne-Poulenc, Saint-Fons, 
France, by standard methods via the following scheme : 

HOOC- 0 - 0 - 0 - C O O H z  ClOC- 0 - 13 - 4 O C l  000 
n-C H OH HO-(CH2-CH,-0)3-CH2-CH2-OH 
A C3H700C- 

000 
> 

0 
@--Q--QQ-~-o-(cH~-cH~~) 
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It has an inherent viscosity at 25 OC of 0.6 dl/g at a concentration of 0.5 g/dl in dichloracetic acid. 
The reference compounds used to identify the polymeric mesophases are the N,N1-di(p-methoxybenzy- 

lidene) a,@'-bi-p-toluidine (E) (Eastman Organic Chemicals) for the copolyester B and the terephthal-bis- 
(p-butyl-aniline) (F) (12) for the copolyester C 

(E) SOLID NEMATIC 3 ISOTROPIC 

CH,-(CH~)~-@-N=CH- 0 -CH=N- 0 --(CH2),-CH, 0 
144 172 192.6 236 

0 
(F) Solid .G% Solid S, c---, S, - S, c---* N - Isotropic 

I I1 

The conversion of polymeric mesophases to the cholesteric or the twisted smectic C form is performed 
by the addition of the following optically active solutes : the 4'-(2-methyl hexyloxy) biphenyl-4-carboxylic 
acid (G) [13], 

c~H~-EH-CH~-O-@@COOH l (G) 

CH3 

SOLID B SOLID a SOLID +% S:= a Nf B ISOTROPIC 
I I1 111 

and the terephthalylidene-bis-4-((+)-4'-methylhexyloxy)-aniline (14) (H) 

160.4 207.6 224 5 SOLID a S:= - S; - NZ -- ISOTROPIC (H) 
I 

Phase transition temperatures and enthalpies are 
measured using a differential thermal analyzer 
(Du Pont 990). The samples are examined under dry 
nitrogen flow. Scanning rates of 10 K/min are used. 
The transition temperatures are taken as the endo- 
therm maximum point. For the evaluation of the 
transition enthalpies an indium sample is used as 
reference standard. 

The textures of the phases are observed between 
cover slips with a polarizing microscope (Leitz, 
Panphot) equipped with a heating stage [Mettler 
FP5 or Leitz 13771. 

3. Results. - The transition enthalpies and tem- 
peratures are given in the table I. 

3.1 CO[POLY(ETHYLENE TEREPHTHALATE)-p-OXY- 
BENZOATE]. - DSc scans show a first order transition 
at 298 OC. No upper transition is observed up to 
350 OC. Observations with the polarizing microscope 
indicate the formation of a birefringent melt at the 
same temperature. As shown in figure 1, the copo- 

lyester mesophase has a typical threaded Schlieren 
texture. It is isomorphic with the nematic phase of 
the reference compound E. The isobaric phase dia- 
gram of mixtures of the copolyester B and the sub- 
stance E shows a nematic eutectic point at 160 0C. 
The equilibrium spindle between the nematic and 
liquid phases is regular. 

The copolyester mesophase is also isomorphic 
with the nematic phase of the copolyazomethine A 
which is itself isomorphic with the nematic phases of 
known reference compounds [10]. The isobaric phase 

Transition temperatures (OC) and enthalpies 
(kcal/monomer unit) 

Polymers C S, N L 
- - 
A 258- - 0.48 > 341 OC 
B 298- 0.1 3 > 350 OC 
C 112-5.22 247-6 
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FIG. l .  -Typical threaded Schlieren texture of the nematic 
phase. 

diagram of mixtures of the copolyester B and the 
copolyazomethine A shows an eutectic at 239 OC. 

It is worthwhile to note that the nematic phases 
of B and A can be transformed to cholesteric ones 
by dissolving an optically active compound in them. 
The figure 2 shows that the copolyazomethine A is 
totally miscible with the optically active compound H 
in the nematic-cholesteric state. This chiral compound, 
on addition to the copolyazomethine mesophase, 
causes the formation of the typical planar texture of 
cholesterics. In the range of small content of the 
chiral compound parallel lines are formed as shown 
in figure 3a. As the content of H increases moirC 
fringes appear (Fig. 3b). The planar texture exhibits 
typical colours of rotatory power's dispersion. 

Similar results are observed with the copolyester B. 
The isobaric phase diagram of this copolyester and 
the chi~al compound G shows an eutectic at 149 OC. 
The cholesteric mesophase appears at 209 OC. The 

FIG. 2. -Isobaric phase diagram of the copolyazomethine A 
and the chiral compound H. 

FIG. 3. - Typical plane texture obtained at 260 O C  by the addition 
of the optically active compound H to the copolyazomethine A ; 

(a) parallel lines, (b) moire fringes. 

equilibrium spindle between the cholesteric and 
liquid phases shows a minimum at 223 OC. 

3.2 COPOLYESTER C. - DSc scans show that two 
first order transitions separated by 135 OC are found 
in sample C. As observed for different polymers 
exhibiting mesophasic behavior [2, 8, 10, 151, the 
melting endotherm of the original sample, which 
appears at 112 oC, is broadly shouldered on the low 
temperature side. Another interesting observation is 
the high enthalpy change involved in the liquid 
crystal-isotropic liquid transition as compared to the 
melting enthalpy (Table I). 

On cooling from the amorphous isotropic liquid, 
the copolyester C gives rise to an anisotropic liquid 
that exhibits a texture with focal conics (Fig. 4). 
The smectic C phase of the copolyester C is identified 
by isomorphy with the smectic C phase of the refe- 
rence compound F (Fig. 5). Besides the smectic C 
phase of the copolyester C is miscible with the left 
handed twisted smectic C phase (SE,) of either the 
chiral compound G or the optically active substance H 
(Fig. 6a and b). In the figure 6, the abbreviation TS 
is used to indicate the domains which exhibit the 
twisted smectic textures shown in figures 7a and b. 
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FIG. 4. - Texture of the smectic C phase of the copolyester C. 

FIG. 5. - Isobaric phase diagram of the mixtures of the copoly- 
ester C and the reference compound F. 

4. Conclusion. - In this study, by using the contact 
method, we have been able to identify the nematic 
phase of a co[poly(ethylene terephtha1ate)-p-oxy- 
benzoate] and the smectic C phase of a copolyester 
belonging to series of terphenyl derivatives. However, 
as to the macromolecule organization in the smectic 
strata, a model is still hypothetical and needs further 
experimental confirmation. 

The conversion of the liquid crystalline polymer 
phases to the cholesteric or the twisted smectic C 
form can be performed by the addition of optically 
active solutes. 
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a )  b) 

FIG. 7. - Twisted smectic C textures obtained by the addition of G (a) or H (b) to the smectic C phase of the copolyester C. 
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