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Abstract : The excess nematic order in isotropic phase of the thermotropic liquid crystalline
polymer was studied with a polyester based on the 4, 4" -dihydroxy-a-methylstilbene as
mesogen with a relatively high molecular weight(Mn=56,500g/mol). The reproducibility
(memory effect) of the banded texture on the cooling from the iostropic phase was studied
and correlated with excess nematic order in isotropic phase. The polymer samples were an-
nealed at the isotropic phase(247°C), followed by quick cooling to 0°C, for different periods
of time. The T, s , Ty, , 4, ;i and AH, /n Of the polymer were decreased with the increasing
annealing time. However, the decreased Tosi> Tk /o 4Hy; of the polymer were recovered by
the annealing at the nematic mesophase of the polymer for 10 hours. The banded texture of
the polymer sample, disappered at the Isotropic phase, also reappeared on the cooling.
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INTRODUCTION

The thermotropic liquid crystalline main chain
polymers show many interesting thermal behav-
iors and morphological changes according to the
different thermal history. Especially, those poly-
mers with high molecular weights exhibit differ-
ent thermal behaviors from low molecular we-
ight one. In the previous paper published by kel
ler and coworkers’, interesting results on the
non equilibrium excess order in the isotropic st-
ate of main chain liquid crystal Torming polym-
ers, as a new phenomenon, from the random co-
polyether containing a-methylstilbene mesogen
were published. They only speculated that the
memory of the preceding nematic order is stor-
ed in the isotropic state for some periods of time.

The thermal properties of thermotropic hquid
crystalline polymers such as transition tempera-
tures and enthalpy changes in the mesophase tr-
ansitions will have good relationship with chang-
es in morphology. Of changes in morphology,
the banded texture is a good candidate for the
study on the correlation of non-equilibrium exc-
ess order in the isotropic state with morphology
because the banded texture is very closely relat-
ed to the orentation of mcromolecules. The ba-
nded texture is one of the structural and mor-
phological characteristic features of oriented lig-
uid crystalline polymers.?® It is generally ac-
cepted idea that the banded texture is due to
the highly oriented molecule with sinusoidal con-
formation prepared by the shear application on
the hquid crystalline polymer at its nematic
mesophase followed by the rapid cooling to low
temperature.5

In this paper, the non-equilibrium states in tr
ansitions from nematic phase to isotropic phase
and from crystal phase to nematic phase were
investigated with a thermotropic liquid crystalli-
ne main chain polyester based on 4,4" -dihydro-
xy-a-methylstilbene and azelaoyl chloride. The
banded texture behavior according to the tem-
perature of the oriented films were studied and
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correlated with the non-equilibrium excess ne-
matic order in the isotropic phase of the polyest-
er to prove the existence of the non-equilibrium
excess nematic order in isotropic phase of the
thermotropic liquid crystalline polymers.

EXPERIMENTAL

Materials. Thermotropic liquid crystalline se-
miflexible main chain polyester based on the 4,
4’ -dihydroxy-e-methylstilbene as mesogen was
used in this study;

Cily
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The polyester was synthesized by the interfac-
1al polymerization of 4,4 -dihydroxy-a-methy-
Istilbene with azelaoyl chloride in the presence
of the base catalyst.® The molecular weight of
this polyester was 56,500 g/mole(Mn).® The
crystal-nematic transition temperature(T) ,, ) of
this polymer was 174.5°C and the nematic-I-
sotropic transition temperature(T, ) was 217
C.

DSC Study. In order to study the thermal
properties of the polymer samples with different
thermal histories, a Perkin-Elmer Differential
Scanning Calorimeter(DSC) (model:DSC-2C)
was used.

Five polymer samples were prepared as fol-
lows ; Five aluminum DSC sample pans contain-
ing approximately 10 mg of the polymer sample
were prepared. Each sample pan was located in
the sample holder of the Perkin-Elmer DSC and
heated to 247°C, which was 13°C higher than
the end of the transition temperature from ne-
matic to isotropic phase, with a heating rate of
20°C/min. At this temperature, each sample
was annealed for 1, 2, 4, and 8min, respectively.

n/t

After annealing, every samples were rapidly
cooled to 0°C by the chiller attached to the DSC
machine. The one of the samples, annealed at
247°C for 8 min followed by quick cooling, was
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heated again to 187°C (nematic mesophase)and
kept at this temerature for 10 hours for anneal-
ing. This sample was also rapidly cooled to 0C.
The prepared five samples with different ther-
mal histories were scanned on DSC with a
heating rate of 20°C/min. From the each
heating scan, maximum peak temperatures of
1sotropization and crystal melting, and enthalpy-
changes(4H)of each transition were taken.

Preparation of the Film with Banded
Textures.’ The free standing cast film in the
nema-ic glass state was elongated by the cold
drawing with a draw ratio A=3 at room tem-
perature. This elongated film was then posi-
tioned on a micro-hot stage equipped with a cal-
lbrated thermometer and heated up to its
mesophase temperature(187°C). After keeping
at that temperature for five minutes, the film
was cooled down to 0C by slow cooling and
banded texture was developed in the film.

Heat Treatment of the Banded Textured
Film. The film with banded textures was heat-
ed to 247°C (isotropic phase) and kept for three
minutes at this temperature. And the film was
quenched to 0C. The banded texture of the film
was studied with Leitz Ortholux Il polarizing mi-
croscope equipped with a Mettler FP-5 heating
stage.

RESULTS AND DISCUSSION

Non-Equilibrium Excess Order in the Iso-
tropic Phase. Fig. 1 shows DSC thermograms
of polymer samples with different holding time
in the isotropic phase(247°C) followed by rapid
cooling to 0°C. The isotropization temperature
(T,; )and enthalpy change(4H, , )both decre-
ased with increasing annealing time at the isot-
ropic phase(247°C) followed by rapid cooling to
0°C. The isotropization temperature(T, ;) and
enthalpy changes(4H, ;) both decreased with
Increasing annealing time at the isotropic phase
(247°C). The trends of decreasing isotropization
temperatures and enthalpy changes are shown
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Fig. 1. DSC heating thermograms for the polyester
samples with different annealing time at 247°C
(above the isotropization temperature);0 min(a),
1min(b), 2min(c), and 4,min (d).
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Fig. 2. The N-I transition temperatures(Tn/i) of the
polyester vs. annealing time in the isotropic phase
(247°C).
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Fig. 3. The enthalpy changes(4H,;) in the N-I tran-
sition of the polyester vs. annealing time in the 1so-
tropic phase(2477C).
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Table 1. The Transition Temperatures(T,;) and
Enthalpy Changes(4H,,) of the Polyester as a
Function of Annealing Time

Holding time Tn-1 AHn:1
(min) (C) (cal/g)
0 214.3 1.21
1 213.0 1.01
2 211.3 0.90
4 208.9 0.78
8 204.6 0.70
10hrs* 212.6 0.96

Holding at 247C (isotropic phase)
* Annealing at 187°C (nematic mesophase) for 10 hrs

in Fig. 2 and 3, respectively. However, when the
sample, annealed at the isotropic phase for 8
minutes followed by rapid cooling to 0C, was
annealed again at the nematic mesophase(187
C) for 10 hours, the isotropization temperature
and enthalpy change were recovered(98% In
Isotropization temperature and 79% in enthalpy
change of fresh sample) (see Table 1.).

The behavior of melting temperatures and en-
thalpy changes are shown in Fig. 4 and 5, res-
pectively. The crystal to nematic transition tem-
perature(Ty,,) and the enthalpy change(JHy,,),
assoclated with this transition, both decreased
with increased annealing time at the same con-
dition mentioned above.

However, when the polymer sample was cool-
ed to 0C slowly(20°C/min) instead of the quick
cooling after annealing in isotropic phase(247
C) for a certain period of time, the T, and
Ty, were unchanged and independent of the
holding time at the isotropic phase(247°C). The
enthalpy changes(4H,; and 4H,, ) of each
transition were not changed either.

The decrease in T, ;, Ty,,, 4H,,; and 4H,,
with the annealing time(followed by the quick
cooling) can be due to a “memory of order” in
the isotropic phase and “memory of disorder” in
the nematic phase.

From the results of this experiment, 1t appear-
es that annealing in the isotropic phase followed
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Fig. 4. The K-N transition temperatures(T\;,,) of
the polyester vs. annealing time in the isotropic
phase(2477C).
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Fig. 5. The enthalpy changes(4H,,)in the K-N
transition of the polyester vs. annealing time in the
isotropic phase(247C).

by quick cooling lowers the degree of the crys-
tallinity and the degree of crystal perfection(de-
crease in Ty ,, and 4H,,). The decrease of melt-
ing point and the corresponding 4Hy ,, with incr-
easing annealing time at the isotropic phase can
be explained by the slow transition rate from
nematic mesophase to the isotropic phase. It can
be speculated that because the rearrangement
of macromolecules from nematic order to isotr-
opic order is slow, some elements of the nematic
order still persist in the isotropic state at 247°C
only 13°C higher than T, ;. This “excess” nem-
atic order will be transformed to isotropic disor-
der during annealing and the randomness of the
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resulting isotropic phase will be increased with
Increasing annealing time at this temperature.
Conversely, the “memory” of randomness in the
1sotropic phase will disturb the melt crystalliza-
tion during the rapid cooling, leading to the less
crystallinity and less perfection of produced
crystals. This phenomenon may resulted in the
decrease of the Ty, and 4H,,, as shown in Fig.
4 and 5.

The decreasing isotropization temperatures
and lower enthalpy changes with Increasing
holding time at the isotropic phase also may be
due to the slow arrangement of macromolecules
to give a nematic order in the nematic meso-
phase. Because the arrangement rate of macro-
molecules to form nematic order after crystal
melting is slow, some of the isotropic order
resulting from the amorphous phase may rema-
In in the nematic mesophase and this excess 1so-
tropic order will decrease the isotropoization
temperature and enthalpy change. Similarly, an
amorphous phase results from the quenching of
the isotropic phase for increasing periods of
time. The degree of the nematic mesophase will
increase and T, ; and 4H, ,; will decrease.

This phenomenon of “memory” becomes more
apparent with high segmental relaxation times.
The high segmental relaxation times are a char-
acteristic of polymers of high molecular masses
producing media of high viscosity such as de-
scribed in this study.

Banded Texture Behaviors with Temper-
ature Changes. Banded textures have been
found in a wide range of liquid crystalline poly-
mers including aromatic polyamides, cellulose
derivatives, and aromatic polyesters.?® It
generally accepted that they are a general fea-
ture of liquid crystaliine polymers oriented by
flow.

Banded textures obtained for the polymer
film were very stable in a wide temperature ra-

1S

nge(from room temperature to temperature ap-
proaching T ). After heating of banded tex-
tured film to T, followed by quenching, the
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Fig. 6. The polarizing photographs of the banded
texture of the polyester(a) before heat treatment
(b) after heat treatment at the isotropic(247°C) fol-
lowed by the rapid cooling to room temperature.
(Magnification : x 500).

banded textures persisted as shown in Fig. 6.
The persistence of banded texture on rapid
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cooling from the isotropic phase indicates the
existence of a memory of order in the isotropic
phase. Such effects were also mentioned by the
Mao Xu et al® This phenomenon may qualita-
tively indicate the non-equilibrium residual short
range nematic order in the isotropic phase. The
residual short range nematic order may act as a
trigger to form the banded texture during the
cooling cycle. It is obvious that if thermodynam-
ic equilibrium in the isotropic phase is estab-
lished quickly, every macromolecules would be
conformationally disordered and this randomly
disordered system could not produce the banded
textures with rapid cooling. Thus the formation
and persistence of banded textures on quench-
ing from isotropic state is an evidence of memo-
ry of the preceding nematic order stored in the
1sotropic phase. While any long range orienta-
tional order is clearly lost, as evidenced by the
birefringence in the oriented sample in the iso-
tropic phase under polarizing microscope, it
would appear that a significant degree of local
order is preserved after transition. Such parts
of residu-al short range nematic order acts as
unuclei for the formation of oriented nematic
domains al-ong the elongation direction of the
film on the cooling.

CONCLUSIONS

The thermodynamic equilibrium of the ther-
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motropic main chain liquid crystalline(L.C) poly-
mer in the nematic mesophase and isotropic ph-
ase was not fast enough to be in equilibrium du-
ring the heating scan on DSC at a heating rate
of 20°C/min. The isotropic phase of thermotrop-
ic main chain LLC polymer was in a non-equilibri-
um state of considerable excess short-range or-
der. This excess order was a function of time.
The non-equilibrium state of the isotropic phase
with the excess shortrange order was respon-
sible for the production of the banded texture
during the cooling from the isotropic phase of
the oriented film.
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