Dielectric Properties of Poly( methyl Methacrylates)
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CONSIDERABLE WORK has been done on the di-
electric properties of organic solvents and of dilute solu-
tions of fairly large organic molecules (11}, but there is
a lack of data for polymer solutions. One of the systems
which has been studied is that of dilute solutions of poly(-
methyl methacrylates) and the present work was done to
clarify apparent discrepancies between the results of Pohl,
Bacskai, and Purcell (9) and de Broukére, Buess, Bock,
and Versluys (2). Pohl obtained very broad distributions
of relaxation times, and showed that the dielectric properties
were dependent on the structure of the polymer chain,
i.e.—isotactic, atactic, or sindiotactic. Their measurements
were in the microwave region. De Brouckére showed that
the critical frequency was independent of molecular weight,
was also independent of concentration, and fell with
decreasing temperature. All measurements were at 0° C.
or below and all critical frequencies were below 30 Mec.
per second. They also found a considerable distribution
of relaxation times and the apparent random behavior of
the critical frequency may be due to this. The experimental
results of the two articles mentioned are compared with
the data presented in this work.

EXPERIMENTAL

The apparatus (Test Set for Dielectrics, H. Tinsley and
Co. Ltd., London, designed by Hartshorn and Ward (6))
measured dielectric constants and loss factors in the fre-
quency range of 0 to 100 Mc. per second. The apparatus
utilizes the resonance method for the measurement of the
electrical quantities. It was calibrated by taking toluene
as the standard and assuming zero loss for it. In certain
cases this necessitated repeated distillations of the toluene
until this zero loss was obtained. With these precautions
the error in the loss factor was + 16 x 10 7%,

The molecular weights of the polymer samples were
obtained from viscosity measurements in a capillary visco-
meter using the following equation (/):

M. = 2.811 % 10%n]"*

where M. is the viscosity average molecular weight and
[n]is the intrinsic viscosity. For these measurements dilute
solutions of maximum concentration 0.5 gram per 100 ml.
were used.

The polymers were prepared by Kirkman (8) by the
method of emulsion polymerization.

The solutions were made by dissolving known weights
of the polymer in analytical reagent grade toluene. In
general the concentrations 1, 0.5, 0.25, and 0.125 gram
per 100 ml. were used. The results are expressed by the
method used by Pohl (9) and in all cases the quantities
a’ and a’’ are plotted on the graphs or are in the table where:

a’ =de/iC a’ =8 10C

The results are given in Table I and Figures 1 and 2.
In Figure 1 the factor a%,,, is plotted against the molecular
weight and in Figure 2 the Cole-Cole arc plots (3) are shown
for three values of «: 0.11, 0.56, and 0.65. In this case
the curve is the plot of a”’ vs. a’. On the same graph
are the results of Pohl and others for atactic poly(methyl

methacrylates).
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Figure 1. The parameter a’,, vs. molecular weight

The value of the critical frequency, f., was obtained
from a plot of the dielectric loss factor against the logarithm
of the frequency, the maximum of this curve corresponding
to this value of the frequency.

The values of @’ and a’’ were calculated from the
dielectric data at four different concentrations using the
equations quoted above. The mean of these values was
then calculated and the best curves were drawn through
the points. From the loss curves thus obtained the value
of a’, ., was read from the curve.

The static dielectric constant was measured and is quoted
in Table I (¢), and the value of a’= at infinite frequency
was obtained from the Cole-Cole plot.

The value of the parameter, «, was calculated by the
usual methods as the radius of the circle drawn through
the center of the circle from the a’= point makes an angle
aw/2 with the abscissa.

The relaxation time, f, was calculated directly from the
critical frequency assuming 4, = Y% =f.. The relaxation
times #. and #, define the limits of the distribution of
relaxation times and were calculated from an equation
developed by Higasi, Bergmann and Smyth (7). In this

8. =40, exp. — A/2
and

6 =6,exp. + A/2

where A is related to « in the following way
a=1-4/rtan"'[2/A tan sinh A/2]

Unfortunately this applies only when « < 0.3 and thus can
be used in only one case.

DISCUSSION

The effects are more or less identical with those observed
by de Brouckére and others, in that the critical frequency
is independent of the molecular weight and the concen-
tration; the static dielectric constant, the dielectric constant
measured at the critical frequency, and the dielectric
constants at infinite frequency are independent of molecular
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Table |. Dielectric Data for Poly(methyl Methacrylates)

M.W. 13 f,
Sample x 10~ Me./secs. @'hax B, x 10" secs. s @ I a’
R29 7.2 20 0.20 79.7 0.63 2.53 0.89
R30 7.02 20 0.18 79.7 0.65 2.51 0.87
R34 36.8 28 0.70 56.8 18.9 170.4 0.11 2.49 0.83
R36 3.0 21 0.18 75.8 0.65 2.50 0.86
R38 4,61 20 0.17 79.7 0.68 2.49 0.85
R40 16.0 21 0.24 75.8 0.56 2.49 0.85
08
They drew Cole Arc plots passing through the four points.
08 The result for the atactic polymer is given in Figure 2.
2 o In the light of the results presented here this does not
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Figure 2. Cole-Cole arc plots: a” vs. a’ for the data
This work & 0.11 ——
056 - -
0.65 -.-
Phol ond others 0.21 —« .. -
Theoretical 0.0 —- . -

weight; and finallv, the Cole parameter « decreases as the
molecular weight increases. The last effect is far more
marked in this work than in the work of de Brouckeére
and others. This could be due to the difference in tempera-
ture. If one extrapolates the critical frequencies obtained
by de Brouckére at the different temperatures to 25° C., the
result is a critical frequency of the same magnitude. This
seems to suggest that the same absorption band is being
measured in the two works. The only exception is that
in the present work the parameter a7,,, increases with mole-
cular weight, the variation being between 0.17 and 0.70;
whereas de Brouckére showed that ¢2,./C, where C is the
concentration, was independent of molecular weight, at
least within experimental error, the variation being between
75 x 10 “and 87 x 10 *,

From the data presented here it appears that the absorp-
tion band under consideration will terminate at a frequency
somewhere above 100 Mc. per second, overlapping at the
highest frequencies with the band found by Pohl and
others. In the magnitude of the absorption, however, there
appears to be a marked difference between the results of
this work (and those of Pohl and others) and the results
of de Brouckére and others. The simplest explanation could
be the temperature difference. This seems unreasonable,
as de Brouckére measures between —30° and Q° C. and
obtains the same effect at all frequencies; in this work
the temperature is 25°C. Because of the high frequency
a second absorption band might overlap the first, with a
large maximum value for the loss factor. This does not
appear reasonable, as a smooth curve is found for the
three curves: dielectric constant and loss factor us. log
frequency and dielectric constant vs. loss factor. In Figure 2,
the points are omitted from the curve for the sake of
clarity; measurements were made at twelve frequencies in
the range of 1 to 100 Mec. per second. The accuracy was
high; hence the semicircles of the Cole arc plot are accurate
and because of this, the values of the parameter «. There-
fore, a definite explanation of the differences between the
results of de Brouckére and this work is not possible;
agreement is possible only in the general picture of the effect.

Pohl and others obtained values of the dielectric con-
stant and loss factor at three frequencies in the microwave
region (corresponding to wavelengths of 10, 25, and 50 cm.)
and the static dielectric constant at 1000 cvcles per second.
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appear reasonable and the absorptions may be characterised
as shown in Figure 2: a pure Debye absorption at high
frequencies overlapping the wide dispersion low frequency
band. The overlapping of bands has been observed
before (10). In fact, this is a well recorded phenomenon
when more than one group in the molecule can be oriented
in the alternating field (4).

The explanation which can therefore be offered for the
observed dependence of the dielectric properties of poly(-
methyl methacrylates) on the frequency of the applied
field is that at low frequencies the band observed is due
to oscillations of part of the polymer chain. This part
of the chain is of constant length and independent of the
molecular weight of the polymer and of the concentration.
This probably means that the degree of coiling of the
chain is independent of the concentration at least within
the range of concentrations studied. At some frequency
above 100 megacycles per second this band overlaps a
further high frequency band.

This second band has been interpreted as a pure Debye
type and appears to be due to oscillations of the smallest
segmental modes. At these frequencies the solvent also
shows relaxation and the final value of the dielectric con-
stant is exceedingly low, 0.6 for a’ according to the results
of Pohl and others.

A reasonable picture seems therefore to have been offered
and the experimental data available appears to support it.
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