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It is very well established theoretically as 
well as experimentally that polymers of dif
ferent structures are in general incompatible 
with each other.1 Compatibility or incom
patibility between polymers can be determined 
by various methods such as observation of 
changes in Tg, optical clarity of a blend, con
struction of a phase diagram and miscibility of 
concentrated polymer solutions in a common 
solvent. 

While pursuing an investigation of the re
lationship between the structure and proper
ties of thermotropic main-chain polyesters,2 - 4 

we found that the so-called miscibility rules of 
Demus and Sackmann5 appear to be applic
able even to polymeric liquid crystals, al
though the number of systems to be reported 
by us here is very much limited. The rule was 
originally developed for the miscibility of low 
molar mass thermotropic compounds. 

We believe that this is the first experimental 
study ever published on the miscibility of semi
flexible liquid crystalline polymers showing 
phase diagrams covering whole range of com
position of the mixtures. There are a few 
articles6 - 8 which described only the misci
bility of liquid crystalline polymers with low 
molar mass mesomorphic compounds. 

Two different nematic polyesters, I and II 
and one cholesteric polyester were selected for 
the present study. Polymers I and II form 

nematic phase upon melting, while Polymer III 
cholesteric phase. 
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The preparation methods and properties of 
the polymers were reported earlier by us2 •3 •9 

and others.10 Their mutual (I & II and I & III 
pairs) miscibility was studied by DSC (duPont 
910) and on a cross-polarizing microscope 
(Leitz, Ortholux) equipped with a hot-stage 
(Mettler FP-2): 

Powderic polymers were first mixed 
thoroughly using a mortar and pestle. The 
mixture was transferred to a small test tube, 
which was then immersed in an oil bath and 
heated to isotropic state. The melts were con
tinuously stirred with a glass rod. The hot test 
tube containing an isotropic mixture was al
lowed to stand at room temperature overnight 
in a desiccator. The mixtures were then utilized 
for DSC and microscopic studies. The heating 
rate for DSC analysis was 20 K min -l. The 
maximum positions of the heating endother
mic peaks were taken as transition tempera
tures. DSC data agreed very well with the 
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microscopic observations. 
The phase diagrams obtained for the two 

systems are shown in Figures 1 and 2. Figure 3 
shows DSC curves of Polymers I and II and 
a mixture thereof. Certainly the peak corre
sponding to isotropization of the mixture 
can be taken as a single endotherm com
paring the shapes and widths of peaks from 
the homopolymers and the mixture. Figures 
4 and 5 represent optical textures observed 
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Figure I. Phase diagram of the mixture of Polymer I 
and Polymer II. The mol% of Polymer II shown in the 
diagram expresses the concentration of the repeat unit. 
The open circles ( 0) are from the first DSC heating run 
and the filled ones (e) from the second heating. 
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for the mixtures in the liquid crystalline 
states. Those results tell us that 1) the poly
mers did not form eutectic mixtures and the 
melting points of each polymers upon mix
ing were practically unaffected indicating 
their almost perfect immiscibility in the 
solid state, 2) nematic polymers are mutual
ly miscible in the liquid crystalline phase 
and are isomorphous with cholesteric poly
mers, and 3) the transition temperature 
from a mesophase to an isotropic phase 
changed continuously and smoothly depend
ing on the composition of the mixtures. 
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Figure 2. Phase diagram of the mixture of Polymer I 
and Polymer III. The mol% of Polymer III shown in the 
diagram expresses the concentration of the repeat unit. 
All the data are from the first DSC heating. 
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Figure 3. DSC curves of (a) Polymer I, (b) Polymer II and (c) a mixture of Polymers I and II in the 
repeating unit mole ratio of 8: 2 obtained on the 2nd heating. 
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Figure 4. Microphotography for the equimolar mix
ture of Polymer I and Polymer II taken at 241 oc 
(Magnification 100 x ). 

Figure 5. Microphotography for the equimolar mix
ture of Polymer I and Polymer III taken at 178oc 
(Magnification 100 x ). 

The optical textures of Figures 4 and 5 
clearly demonstrate the homogeneous nature 
of the polymer mixtures in the mesophases. 
Prolonged maintenance of the melts in their 
mesophases on the hot-stage did not result in 
any phase separation when observed through a 
microscope. Figure 5 shows common oily 
streaks typical to cholesterics. On the con
trary, a preliminary study on a mixture of a 
nematic and a smectic A polymers suggests 
that they are immiscible in the liquid crystal
line state.U Immiscibility between nematic 
and smectic polymers indicates that miscibili
ty observed for the present two systems is not 
from the molecular blending caused by the 
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mixing procedure. 
The present findings offer us many impor

tant implications. First of all, miscibility of 
polymers of a same mesophase or being iso
morphous can provide us with the new means 
of blending polymers which may lead to de
velopment of wide variety of materials 
properties that are impossible to obtain 
otherwise. Theoretical handling of such mix
tures must also be very interesting and chal
lenging. We are presently examining the 
miscibility of a wider variety of thermotropic
polymers. 
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