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Concentrated solutions of cellulose acetate in trifluoroacetic acid are cholesteric liquid
crystals. The circular dichroism of solutions of two samples of cellulose acetate of different
molecular weights has been examined. We found that under the same conditions of tempera-
ture and polymer concentration by weights the solutions of the higher molecular weight
polymer gave circular dichroism peaks at higher wavelength and of higher intensity and are
presumably more highly ordered. Solutions containing mixtures of polymer chains of two
different lengths gave a single circular dichroism peak which occurred at a wavelength
intermediate between those corresponding to the two polymer species. The intensity of the
peak was, however, considerably reduced, in some instances being lower than that which
would have been given by either component taken on its own.

INTRODUCTION

It is now well established that concentrated solutions of cellulose deriva-
tives form mesophases.''? The threshold concentration for the formation of
these mesophases depends on various parameters such as the polymer chain
length, the nature and degree of substitution, the temperature and the nature
of the solvent. For hydroxypropyl derivatives and for acetate derivatives it
has been found that the mesophase is cholesteric. In previous investigations
we have studied solutions of cellulose acetate (CA) in trifluoroacetic acid
(TFA). Several experimental techniques were employed: polarization
microscopy, differential scanning calorimetry, viscometry and circular
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dichroism measurements (CD); the effects of changes in temperature, sol-
vent and molecular weight on the phase transitions have been previously
reported.'” In particular it was found that the shorter the polymer chain
the higher the threshold concentration required for the appearance of
the mesophase.

This investigation extends the studies and was carried out to explore
the influence of molecular weight on the cholesteric structure of CA/
TFA solutions.

EXPERIMENTAL

Single component solutions: The apparatus and experimental procedure
used have been described previously.”? Two CA samples were investigated
with molecular weights 56,000 and 30,300. These samples had the same
degree of substitution and to make comparison possible, all of the solutions
used contained the same concentration of polymer; 25% by weight.

We found (see Table I and Figures 1 to 3) that there is a progressive
increase in both the intensity of the CD band and its wavelength after
preparation of the sample. For both quantities, the maximum value was
attained after about 30 minutes. We interpret these effects in terms of the
relaxation of internal constraints within the sample and this would be
expected to be relatively slow because of the high viscosity of the material.
At room temperature the solutions degrade after one or two days and they
must therefore be kept at low temperatures.

As expected we observed (Figure 4) a displacement of the temperature
of the isotropic — cholesteric transition 7,. This temperature was about
30.5°C for the 30,300 Dalton sample and about 37°C for the 56,000
sample. The definition of T, is somewhat arbitrary because the intensitv of
the dichroism band did not fall abruptly at a particular temperature but
steadily decreased over a temperature range of 10~15 degrees. In this work
we chose for T, the temperature where the intensity of the CD peak had

Table 1
M 56000 Y4 56000 Y2 56000 Vs 56000 30300
Ya 30300 a2 30300 ¥ 30300
| 3500 2140 1240 220 1900
4300 2460 230
Amean 690 680 660 650 600
T, 37 29.5 28.5 28.5 30.5

*We indicate the maximum and minimum values observed from different experiments.
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FIGURE 1 Intensity of circular dichroism peaks as a function of temperature;
Ae = g — gz (for two molecular weights) is in litres - moles™' cm™.

fallen to half of the maximum value but our qualitative discussion below
would not have been altered if 7; had been taken as the temperature of the
onset of dichroism.

Mixed solutions: Three mixed solutions were prepared containing 25/75,
50/50 and 75/25 ratios of the two CA samples. As in the single solute
studies, a total polymer concentration of 25% by weight was used.

We found that these mixed solutions gave single CD peaks with a
wavelength lying between those corresponding to the separate components
and closer to the wavelength of the component in excess. The peaks were
broader than for the single component solutions. It is not easy to give a
quantitative estimate of peak width because of the non-gaussian shape, but
it was clear that the broadening was most noticeable for the 25/75 mixture
with excess of the 56,000 Dalton sample. There is also a drastic reduction
in the peak height and this may be so pronounced that the intensity of the
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FIGURE 2 Shape of dichroism peak for solutions of one chain length in TFA (25%
by weight).

peak is less than that corresponding to either of the two components alone.
It also appears that the transition temperature 7, is reduced, but again it is
not easy to give a quantitative assessment of this effect because of the
gradual nature of the thermal transition.

DISCUSSION

The wavelength of the CD peak is a direct measure of the pitch, P, of a
cholesteric structure A = Pn where n is the refractive index.



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:20 21 February 2013

CHOLESTERIC CELLULOSE ACETATE 281

Arbitrary
units

Alnm)

FIGURE 3  Shape of dichroism peak for solutions of a mixture of polymers (% of 30300 and
Vs of 56000) in TFA (25% by weight). (1) = 22.2°C (2) = 26.2°C (3) = 28.6°C (4) = 30°C
(5) = 31.2°C (6) = 32.8°C (7) = 34°C.

A theory for the cholesteric phase of small molecules has been proposed
by Goossens.” This is based on a minimization of the dispersive energies
arising from dipole/quadrupole interactions. The same approach was later
adopted by Samulski for the case of solutions of helical rod-like macro-
molecules.” According to this theory the helicoidal structure should
unwind as the polymer rods increase in length. Our observations of the
increase of CD peak wavelength with polymer molecular weight are in
agreement with this. Previous investigations of cholesteric solutions of
poly-y-benzyl-L-glutamate have, however, not given results which are in
accordance with the theory. Robinson found no variation of pitch with
molecular weight” (although his samples may have been too polydisperse
for the effect to be discernible), and Duke and Dupré actually found a
decrease of pitch with increasing molecular weight.'



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:20 21 February 2013

282 P. SIXOU

56000 30300
Tt
|40
30
-
L
56000 | 30300
25 50 75 C

FIGURE 4 Temperature 7, as a function of concentration.

The fall in T, as the molecular weight decreases is in agreement with the
phase diagram determined previously and is in accordance with both the
Flory theory'”'® and the mean field theory for solutions of semi-rigid chain
molecules.'® Similarly the variation of peak intensity with molecular weight
is as one would expect. The intensity is related to the degree of order of the
sample. We expect, at a given temperature, the solutions of longer mole-
cules (which have a higher T}) to be more ordered than the solutions of
shorter molecules.

The fact that the mixtures showed only one CD peak indicates that there
is mixing at a molecular level and we are not dealing with two-phase
systems. However, the broadening and decrease in intensity of the peaks
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indicates that the mixtures are far from ideal and are less ordered than
single component solutions. This is in agreement with the observation that
a decrease in CD peak height is accompanied by a decrease in transition
temperature.

A more detailed investigation of polymer mixtures is in progress in our
laboratory and will be presented later.
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