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The viscosities of the solutions of high mole-
cular substances have been studied by.many
authors recently. It is generally said that the
specific viscosity of the dilute solutions of fle-
xible linear macromolecular substance is high
in “good” solvents and low in “poor” sol-
vents. Especially in the case of the solulion
in & mixture of “solvent” and “ nonsolvent,”
the specific viscosity decreases gradually when
the proportion of * nonsolvent” increases.(
There appears a maximum in the specific vis-
cogity of the solutions of polyvinyl acetate in
methanol-water mixtures, which has been ob-
served by Matsumoto.”> In the present report,
the results of the viscosity measurements on
the dilute solutions of polyvinyl acetate in
acetone-water mixtures, will be described.

Experimental

Polyvinyl Acetate.—The sample of polyvinyl
acetate made by Dai-Nippon Celluloid Company
has been used in the experiments, Insoluble po-
lymer was removed from the sample by dissolv-
ing it in acetone and fillering carefully. After
filtration the polymer was precipitated from the
acetone solution by pouring it slowly into water,
and the precipitated polymer was dried in
vacuum. The same stock sample was used
throughout the experiment. The osmotic mole-
cular weight of the present sample was determined
to be 155,000 by Endo.®

Acetone.,— Ordinary material was boiled with
potassium permanganate for some hours and then
distilled with the addition of potassium carbonate.
The distillate was dehydrated over calecium chlo-
ride and fractionated.

Solutions.—Solutions were prepared by dissolv-
ing polyvinyl acetate in acetone-water mixtures
of varying proportions. The composition of the
solvent varied from pure acetone to 25 vol-% of
water. The concentration was determined by
evaporating the solution to dryness and expressed
in grams of polymer per 100 cc. of solution.

YViscosity Measurement,— Viscosities were mea-
sured at 20+0.02° in the ordinary manner, by
means of an Ostwald type capillary viscometer,
The relative viscosities (y,) were calculated ac-
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cording to the following formula(®
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where #;, and ¢ are the eflux times of solvent and
solution respectively; d, and d are the correspond-
ing densities; ¥ is the volume of the “ measur-
ing bulb” in a viscometer; [ is the length of the
capillary; y, is the absolute viscogsity of solvent.
In equation (1), the term in brackets represents
the kinetic energy correction, which amounted to
about 1-3% in the worst case.

Results and Discussion
The resulting data are plotted in Fig. 1 as
the specific viscosity (n9sp=7r—1)-concentration
(e) ratio against the concentration, with vary-
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Fig. 1.—Specific viscosities of solutions
of polyvinyl acetate in acetone-water mix-
tures at 20° (A) Pure acetone; (B)
Water 4.76%; (C) Water 10%; (D) Water
15.38%; (E) Water 20%; (F) Water25%.
ing proportions of water. As is clear from
Fig. 1, the concentration dependence of speci-
fic viscosity is well expressed by the following
equation in low concentration range
Nsnlo=[n]+Ke, @
where [#] and K are constants. [#] is the
limiting value of np/e at infinite dilution and
usually called intrinsic viscosity. Equation (2)
may also be expressed as_follows
neple=[n] +k[n)’, (8)
where k= K/[5]? and i3 a dimensionless num-
ber.

[7] and K are calculated by the method of
least squares and given as function of solvent
composition in Tab'e 1, Fig. 2 and Fig. 8. In
Table 1 is also given the value of k.
~@ R.H, Wagner, dnal, Chem., 20, 155, (1948).
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Table 1
Viscosities of Solutions of Polyvinyl Acetate in
Acetone-Water Mixtures at 20°
Compn. of solvent
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sic viscosity decreases as usual.

It is to be noted that t does not vary ap-
preciably fi.e. 0.85~0.89) as the amount of
water increases, in spite of the remarkable
change of K. Recently, Saito®> and Ishihara'®
calenlated theoretically the concentration de-
pendence of specific viscosity, and found that
k=0.4 as first approximation for spherical
particles. This value is close upon the ex-
perimental data obtained by the present author.

Summary

Viscosities of the dilute sclutions of
polyvinyl acetate have been measured in
acetone-water mixtures of varying propor-
tions. The experimental resulls are well
expressed by the following equation

I}”JOT—- (7] +k ['7] *e.
The intrinsic viscosity ([#]) shows a
slight maximum at about 5% of water
content, and decreases gradually for larger
content of water. The value of & is close

(Vol. % of 7 K k
water)
0 (pureacetone) 1.785 1.184  0.37
4.76 L.800 1.273 0.39
10.00 1.746 1.171 0.38
15.38 1.654 0.967 0.35
20.00 1.454 0.746 0.35
25.00 1.140 0,505 0.39
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Fig. 2.—Elffect of sol-
vent composition onyyl.
For solvents containing up to about 10 %5
water, the change of the intrinsic viscosity is
small, and even a slight maximum is observed.
From this experimental fact, it is supposed
that the extension of polyvinyl acetate mole-
cule in acetone is not appreciably changed by
the addition of a small amount of water, in
spite of its nature as typical nonsolvent. A
similar result was obtained by Endo® from
his osmotic measurements on the same system.
With a larger content of water, the intrin-

Water, vol. %
Fig. 3.—Effect of sol-
vent composition on K.

upon 0.4 and does not vary appreciably.
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