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Osmotic and Viscometric Studies of Poly(methyl Methacrylate) in
Butanone

Viscosity-molecular weight relationships of atactic poly(methyl methacrylate) (PMMA) have been
studied by many workers in different solvents and at different temperatures. The results have been
summarized and tabulated.! Reported dilute solution properties of PMMA in butanone, however,
have been studied mostly by light scattering methods.2¢ In the present study, the number-average
molecular weight M, and the intrinsic viscosity [} have been determined for several “ordinary”
fractionated! PMMA. The viscosity-molecular weight relationships of PMMA in butanone at 25°C
have been established, and the osmotic second virial coefficients A3 have been calculated.

Elvacite 2021 and 2008 were obtained from the du Pont Company. High molecular weight PMMA,
Esschem 12, was obtained from the Esschem Company, Essington, Pennsylvania. Elvacite 2021
and 2008 and Esschem 12 were each fractionated into three or four fractions by a fractional precip-
itation method.? For both Elvacite 2021 and 2008, the low molecular weight fraction F3 was discarded
and the high molecular weight fractions F; and F; were used. For Esschem 12, the high and low
molecular weight fractions F; and F, were discarded and the middle fractions F3 and F3 were
used.

A Wescan Model 231 Recording Osmometer was used to measure osmotic pressure = on butanone
solutions of polymers at 25°C. Three separate polymer solutions with concentrations between 2
and 8 g/1. were used for each polymer sample. The results of osmotic pressure measurements are
shown in Figure 1. Solution viscosities of the butanone solvent and PMMA solutions were measured
at 25°C by means of an Ubbelohde viscometer. The capillary size was so chosen that kinetic energy
corrections were negligible. A Water Associates Model 202 gel permeation chromatograph was used
to estimate the dispersity M,,/M,, of the polymer samples. The dispersity of the polymers are shown
in Table I. Since calibration of the GPC column was made with polystyrene standards in tetrahy-
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Fig. 1. Plot of n/C (= in cm butanone, C in g/1.) vs. C: (X) Elvacite 2008 Fy; (a) Elvacite 2021
Fsg; (O) Elvacite 2021 Fy; (®) Esschem 12 F3.
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TABLE !
Characterization of Poly(methyl Methacrylate)

A, X 10, Dispersity

Polymer [n],di/g M, x 10 (cm’mole)/g® M,/M,
Elvacite 2008F, 0.31 3.59 1.4
Eivacite 2008F, 0.18 0.45 2.66 1.4
Elvacite 2021F, 0.41 1.39 2.76 1.2
Elvacite 2021F, 0.54 1.97 2.64 1.4
Esschem 12F, 0.67 2.58 1.98 1.5
Esschem 12F, 1.12 1.5

drofuran at 25°C, the listed dispersity values may be in error. However, no attempt was made to
calibrate the GPC column with poly(methyl methacrylate) standards.

The results of the present study are shown in Table I and Figures 1 and 2. In Figure 1, «/C is
plotted as a function of concentration C. The number-average molecular weight M,, was obtained
by linear extrapolation of the x#/C -versus-C plot to zero concentration. The osmotic second virial
coefficient A, was obtained from the slope of the plot. The values of A, were found to show the
expected decrease with increase in molecular weight, and they are in good agreement with the values
determined by light scattering methods.**%

Intrinsic viscosities [5] were obtained by extrapolation of both #,,/C and In (#,.;)/C to infinite
dilution. Figure 2 shows the plot of log [n] as a function of log M,,.

A least-squares analysis of the linear plot gave the following viscosity-molecular weight relation-
ship:

[7] = 5.89 X 10~5 M, 075
The author wishes to thank Carl Griep for some of the osmotic pressure measurements.
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Fig. 2. Plot of log [n] vs. log M,,.



NOTES 849

. S. N. Chinai, J. D. Matlack, A. L. Resnick, and R. J. Samuels, J. Polym. Sci., 17, 391 (1955).
. F. W. Billmeyer, Jr., and C. B. de Than, J. Amer. Chem. Soc., 77, 4763 (1955).

. J. Hakozaki, J. Chem. Soc. Japan, Pure Chem. Sec. 82, 155 (1961).

. E.F. Casassa and W. H. Stockmayer, Polymer, 3, 53 (1962).

. M. L. Huggins and H. Okamato, in Polymer Fractionation, M.J.R. Cantow, Ed., Academic
Press, New York, 1966.

=3O U o QO

JUEY H. LAl

Honeywell Corporate Research Center
Bloomington, Minnesota 55420

Received June 23, 1976
Revised August 4, 1976





