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ABSTRACT

The dilute solution viscosity properties of fractions of two linear
and one branched sample of polyvinyl acetate in benzene and of two linear and
one branched fraction in several solvents were measured at 35°C. Values of
total slope, b (from plots of nsp/c vs. c), and intrinsic viscosities were
obtained under the requirement that k' + p = 0.500 + 0.002.

Empirical plots of log b vs. log [n] gave lines which were straight
within the limits of accuracy of the data. For the linear fractions in benzene,
Huggins' k' was constant and the slope of the log b vs. log [n] line was 2;
for the branched fractions in benzene, k' increased with [n] and the slope of
the log b vs. log [n] line was greater than 2. The log b vs. log [n] plots
form the basis for a "one-point" method for determining [7].

Consideration of these data along with results reported in the
literature indicates that k' is measurably sensitive to branching only for
fractions possessing a certain minimum combination of size and complexity.
However, in some cases where the variations of k' are inconclusive, use of
the slope of the log b vs. log [n] line may provide a reliable indication of
branching. It was found that a comparison between. the branched and linear
series could also be made at constant values of [n] or b.

Two linear fractions in different solvents obeyed a type of Huggins
relationship in which k' did not vary with solvent and the slope of the log b
vs. log [n] line was 2. For a higher molecular weight branched fraction,
however, k' varied from solvent to solvent and the slope of the log-log
plot was about 1.7. These data do not support a reference point concept of
"true" intrinsic viscosity based on a simple linear relationship between b

and [7].
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Preliminary results dealing with the effects of the shear rate
indicated that the measured viscosity properties of branched fractions may be

more seriously affected by changes in shear rate than those of linear fractions.
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VISCOSITY OF DILUTE SOLUTIONS OF LINEAR
AND BRANCHED POLYVINYL ACETATE¥

I. INTRODUCTION

The viscosity properties of dilute polymer solutions are recognized
to be influenced by the molecular weight, structure, shape, and chemical
nature of the polymer, and by the nature of the polymer-solvent interaction.
Considerable interest exists in the identification of some viscosity reference
point in terms of which differences in molecular and structural properties
can be measured.

Of course, in a sense [n] and k' in the Hugginsl relationship

T]sp/c = [n] + &' [H]E c (1)

represent reference points, where [n], the limiting viscosity number or
intrinsic viscosity, is independent of concentration effects but varies with
molecular weight, polymer structure, solvent, and shear rate. The Huggins
constant k' is sensitive to many of these variables also, but in a given
solvent, its value appears to be subject mainly to variations in polymer

2,
structure.

The relationship of Flory and Fox,
(2)

defines a reference point for [n] under the condition that the net thermo-

dynamic polymer-solvent interaction is zero.

* A preliminary account of this work was presented at the Ann Arbor High
Polymer Research Conference, July 25, 1955.



Eirich and Riseman5 and Streeter and Boyer6 have suggested that,

with a given fraction in different solvents, the total slope b in the viscosity

relationship,

T],Sp/c = [T]] + be, (3)

T

can vary in a linear manner with [n]. Cleverdon and Smith have extended
this idea and have proposed the existence of a "true" limiting viscosity
number [n]T which varies with the molecular weight but is independent of
solvent, and which represents [7n] under the unique condition of zero hydro-
dynamic interaction. They suggested further that there may be some relation-
ship between [T]]T and [n]@.

The viscosity properties of fractions of two linear samples and one
branched sample of polyvinyl acetate in benzene, and of two linear fractions
and one branched fraction in several solvents were measured. The intrinsic
viscosities and slope constants were calculated under the arbitrary require-
ment that k' + B = 0.500 + 0.002; the following plots were made: k' vs. [n],
and log b vs. log [n]. From the results it may be seen that straightforward
comparisons of the viscosity properties of linear and branched polyvinyl
acetate fractions may be made at constant values of b (hydrodynamic inter-
action) or at constant values of [q] (hydrodynamic volume). However, no

apparent basis for a reference-point concept of intrinsic viscosity at zero

hydrodynamic interaction was found.

II. EXPERIMENTAL

A, Materials

1. Solvents. The following reagent grade solvents were employed:

acetone, carbon tetrachloride (Merck and Company), methyl alcohol, benzene



(Baker and Adesmson), chloroform, toluene (J. T. Baker and Compsany), trichloro-
ethylene, 1,2-dichloroethane, methyl acetate (Eastman Organic Chemicals), and
amyl acetate (Mallinckrodt Chemical Works). Technical grade n-hexane was
obtained from the Phillips Petroleum Company.

2. Polyvinyl Acetate. Three samples of polyvinyl acetate were used

in this study.

The first and second samples were prepared by bulk photopolymeri-
zation of vinyl acetate ("Niacet Vinyl Acetate, DPA", Carbide and Carbon
Chemicals Company) using o, o'-azodi-isobutyronitrile (Eastman Orgenic
Chemicals) as the initiator. Conditions were selected from those specified
by Burnett, George, and Melville8 in order to lead to the formation of
relativély linear molecules. The monomer was fractionated at a pressure of
approximately 300 mm of mercury under an atmosphere of oxygen-free nitrogen
using a column, 2 cm in diameter and 60 cm long, that had been packed with
glass helices. Middle fractions having a boiling range of 0.1°C were
transferred to pyrex tubes containing the initiator. After the contents
had been degassed three times and sealed at lO_h mm of mercury, the tubes
were mounted on & small turn-table and rotated end-over-end at 1 rpm at a
distance of 30 cm from a mercury lamp. The assembly was placed in a
cold-room held at -19°C. Further details of the experiments and the results
are given in Table I. No reduction in the values of [n] or k' for Samples
1 and 2 was observed after hydroysis and reacetylation by methods similar
to those of Wheeler, Ernst, and Crozier.9 It was therefore assumed that
the two polymers were essentially linear in structure.

It should be noted, however, that Burnett, George, and Melville
found from four to six fragments of initiator per molecule of polymer formed

under conditions similar to those listed above. While the results of the
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hydrolysis and reacetylation experiment mentioned above and the viscosity
measurements given below strongly support the assumption that Samples 1 and
2 are linear, the findings of Burnett, George, and Melville must place that
assumption on & tentative basis.

The third sample was a commercial product of the high conversion
type supplied by the Colton Chemical Division of the Air Reduction Company
and identified as Colton Polyvinyl Acetate Beads No. 1000. The polymer was
relatively high in molecular weight, [n] in benzene at 35°C being 5.0, and
it was also relatively branched as indicated by a reduction in the values of
[n] and k' after hydrolysis and reacetylation. The values of [7n] and k'
were originally 3.0 and 0.39, respectively, and, after hydrolysis and
reacetylation, 1.11 and 0.35.

B. Fractionation of Polyvinyl Acetate

Samples 2 and 3 were separated into eleven and ten primary fractions,
respectively, by procedures generally similar to those described by Wagner,lo
and by Blease and Tuckett,ll in which n-hexane was used to precipitate the
polymer from a 1.5 percent solution in acetone at 35°C. The hexane was added
dropwise to the well-stirred solution of the polymer in acetone until the mix-
ture became cloudy. The quantity of hexane to be added in a given case was
estimated in advance by the method of Blease and Tuckettll in order to yield a
fraction weighing approximately 1 gram. The précipitate was first dissolved
by raising the temperature of the bath a few degrees, and then allowed to
re-form by slowly lowering the bath temperature to 35°C. The mixture was
allowed to settle for 24 hours, after which the precipitate in gel form was
withdrawn, dissolved in benzene, and isolated in a fluffy condition by

freeze-drying. The procedure was repeated for the isolation of the remaining



fractions. Viscosity data for the fractions in benzene are summarized in
Tables IT, ITII, and IV,

In the fractionation of Sample 1 (which was presumably lower in
molecular weight than Samples 2 and 3) a special effort was made to obtain a
relatively large quantity of narrow fractions of moderately high molecular
weight. From 20 g of Sample 1 in 1500 ml of acetone a first fraction
weighing about 10 g and a second fraction weighing about 1 g were
combined. From the combination a first fraction weighing about 10 g
was isolated and then separated into four fractioms, Nos. 1-1, 1-2, 1-3,
and 1-4. From the combined mother liquors of these operations three frac-
tions were separated, Nos. 1-5, 1-6, and 1-7.

C., Viscosity Measurements

The viscosity measurements were made with a modified Ubbelohde
suspended-level viscometer manufactured by the Canadian Laboratory Supplies,
Ltd., Montreal, Quebec, according to a design developed at the Polymer
Corporation, Sarnia, Ontario.12 The capillary was approximately 18.5 cm
long and had an inside diameter of 0.0356 cm., All measurements were made
at 35.0 + 0.02°C; the flow times for chloroform and benzene at that tempera-
ture were approximately 56 and 99 seconds, respectively. A kinetic energy
correction of 20/t was subtracted from all flow times. The shear rates at
free fall for benzene and chloroform were approximately 1300 and 2200 sec-l,
respectively.

A preliminary study of the effect of shear rate on viscosity was
made using the viscometer described above. Flow times reproducible to
within + 0.2 percent were obtained in the range 500 to 5,000 sec—l. The
viscosity behavior of Fraction 1-2 in benzene or chloroform was unaffected

by shear rate, while the viscosity of Fraction 2-4 in benzene was affected
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only slightly. However, the effect of shear rate on viscosity was appre-
ciable with the branched Fraction 3-5, and marked with the branched Fraction
3-3, These results seem to indicate that shear effects become significant
at lower values of free-fall intrinsic viscosity for the branched Series 3
than for the linear Series 1 and 2. The relationship between branching and
the shear dependence of the viscosity properties will be discussed in a
later publication.

In a group of aging experiments in air, no significant changes
in [n] or b for polyvinyl acetate in benzene occurred during 8 hours at
60°C, and, accordingly, solutions of the polymer were judged to be suffi-
ciently stable for viscosity measurements at 35°C in open apparatus.

D. Treatment of Viscosity Data

The quantities of interest are defined for dilute solutions by

the relationships given by equations 1, 3, and L,

1n T]r/c = [n] -8 [n]2 Cy (3)

in which 0 is the relative viscosity, [n] is the intrinsic viscosity or
limiting viscosity number at free fall, B is the slope constant, and c, the
concentration, is in units of g/dl.

Values of [n], k', B, and b wére obtained from double plotsl5’llF
according to equations 3 and 4 under the condition that k' + B = 0.500 +
0.002. In one case, Table IV, Heller's reciprocal and triple plot method

was applied.

The data were plotted according to the empirical relationship

log b = log 5 +§, log [n] (5)



for various fractions of a polymer sample in a given solvent. When SE’ the

slope of the line, has the value of 2, S_ is equivalent to Huggins' constant

1

k', When 82 has a value other than 2, as is the case for branched fractions,

then the whole relationship

nsp/c = [n] + s, [n] 2 ¢ (6)

is dimensionally incorrect unless a fractional power of volume is assigned to
S, .
1
A similar relationship was used for a given fraction in different

solvents,

log b = log F. + F, log [n] (7)

1

in which Fl and F2 represent the intercept (at [n] = 1) and the slope,

respectively.

IIT. RESULTS AND DISCUSSION

A. Viscosity Properties of Various Fractions in a Given Solvent

The viscosity data for the fractions of Samples 1, 2, and 3 are
summarized in Tables II, III, and IV. It may be seen that k' is essentially
constant for the linear fractions of Series 1 and Series 2 but increases with
increasing [n] for the branched fractions of Series 3.

A graph of k' vs. [n] for all of the fractions is shown in Figure 1.
The difference of some 0.06 k' units between the values of k' for the linear
fractions having the highest values of [%] and the values of k' for the
branched fractions at corresponding values of [7n] supports the view that k'
is a function of the degree of branching of polyvinyl acetate in benzene. It
may be recalled that Cragg and Manson15 have shown a very similar relationshir

between k' and [n] for fractions of copolymers of styrene and divinylbenzene,

-T=



It is interesting that a single straight line seems to best repre-
sent all of the points for both the low and the high viscosity fractions of
the branched Series 3 (Figure 1). The minimum value observed for k' is shown
by a low molecular weight member of the branched series rather than by a
linear fraction. Thus, it appears that the variations in the values of k' do
not clearly indicate the presence of branching in these fractions of poly-
vinyl acetate having intrinsic viscosities lower than sbout 2.8. In other
words, the size or complexity of the molecules contalned in the fractions
having values of [n] lower than 2.8 must be insufficient to affect the value
of k'.

As shown in Figures 2 and 3, the viscosity data for the fractions
of Series 1, 2, and 3 were plotted according to the relationship given in
equation 5. For the linear fractions (Figure 2) k' is essentially constant
and equal to Sl (the value of b when [q] is unity), and 82 is equal to 2.
Thus the linear fractions conform to the Huggins relationship (equation 1).

For the branched fractions (Series 3, Figure 3), however, S, is as low, if

1
not lower, than the lowest value of k' and S2 is greater than 2. The
straight line fits the data well and there is no evidence of discontinuity
in the curve for the low values of either [n] or k'.

In reference to Figures 2 and 3 two points may be noted. First,
the least square values of Sl and 82 are 0.314 and 2.11, respectively, for

all fractions of the three samples plotted on the same graph (not shown).

These values form the basis for a "one-point" method of determining [n]:

2.11
nsp/c = [n] + 0.314 [n] ! c. (8)

A convenient nomograph can be constructed and the values of [n] in benzene

can be determined with fair accuracy (1-5 percent) by the measurement of one
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value of 7 /c at a concentration sufficiently low that the condition that
sD
k' + B = 0.500 + 0,002 would be fulfilled. Of course, if the polyvinyl acetate

sample is already known to be linear, then the relationship

2
nsp/c = [q] + 0.337 [1] ¢ (9)

would be the more appropriate.

The second point to be noted in regard to Figures 2 and 5 is
that the log-log relationships do not afford comparisons at zero hydrodynamic
interaction (as measured by b) or zero hydrodynamic volume (as measured by
[n]), Yet they do allow for comparisons to be made, e.g., between the linear
and branched polymers, at a finite value of‘b or [n]. Thus, when b is

unity, equation 10 holds,

[n] = (1/81)1/82 (10)

and the intrinsic viscosity equals 1.72 for the linear and 1.68 for the
branched fractions, respectively. Hence, at a given degree of hydrodynamic
interaction the linear polyvinyl acetate has the greater hydrodynamic volume
(as measured by [n]). Conversely, at a given value of [n] the branched
series exhibits greater hydrodynemic interaction than does the linear series.
Thus, at least in this case, structural differences may be inferred from
measurements of b and [n].

It was originally thought that the direct calculation of slope
might afford a more accurate indication of branching, crosslinking, or
association (for example, throuéh polar end groups) than the calculation of
k', which involves both the error in slope and the square of the error in
intrinsic viscosity; with this possibility in mind some of the viscosity data

given in the literature were examined. Since these data were obtained by the
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use of different procedures, and, moreover, are generally given as smoothed
values, it is difficult to make meaningful comparisons. However, it may be
noted that data for fractions of high conversion GR-S,16 high molecular

welght dextran,l7 and copolymers of styrene and divinylbenzene (0.01 to 0.02

15

percent divinylbenzene) “,all of which show variations in k' indicating non-
linearity or, perhaps, some kind of asgsociation, appear to yield values for
82 greater than 2; on the other hand, low molecular weight silicones that
have been crosslinked by nuclear irradiationl8 have normal values of k' and
a value for 82 of 2. But, in the following cases in which k' varies little
from normal values in spite of the fact that non-linearity or association was
probably present, the slope Sg is, indeed, greater than 2: fractions of poly-
styrene crosslinked with 0.003 percent d;'Lv:‘Lny]_benzene,l5 fractions of low con-
version (32-45 percent), fairly high molecular weight GR-S,16 and fractions
of cellulose nitra,te.19 Thus, as long as the size or complexity of the poly-
mer molecules is sufficient to permit accurate calculation of the slope b,
it is possible that 82 may be more sensitive to non-linearity or association
than is k'. A more general test of this conclusion would require more ori-
ginal, unsmoothed viscosity data than are normally reported.

As indicated in the Experimental section it 1s possible that the

differences observed between the viscosity properties of the branched and

linear fractions may be associated with differences in shear behavior.

Bf Viscosity Properties of a Single Fraction in Several Solvents
The linear fractions 1-2 and 1-3 and the branched fraction 3-5 were
selected for study in various solvents. The data are recorded in Tables V,
VI, and VII, and in Figures 4 and 5.
Surprisingly, the values of k' of Fractions 1-2 and 1-3 in

different solvents were found to be essentially constant. Accordingly, the

-10-



value of F2 in equation 7 is approximately 2, and the value of F_, 0.35, is

1
close to the average value of k'. Thus, the behavior of Fractions 1-2 and
1-3 in different solvents is an example of a case proposed by Eirich and

2
Riseman5 in which the total slope b is proportional to [n] . It is remarkable

that the relationship
2
b = 0.35 [n]

holds equally well for the various fractions of Series 1 and 2 in benzene
and for Fractions 1-2 and 1-3 in various solvents.

For the higher molecular weight branched Fraction 3-5, however, the
values of k' did change markedly in different solvents, as seen in Table VII,
Unfortunately, owing to the limited number of data for Fraction 3-5, the values
of Fl and F2 cannot be given with certainty. The values of Fl and FE for the
line, as drawn in Figure 5, are 0.63 and 1.71, respectively.

It is quite clear from Figures 4 and 5 that the proportionality
between b and [n] does not involve the first power of [n]. Therefore, the

> 7

relationship proposed by Eirich and Riseman” and by Cleverdon and Smith

b=1y+0 [n] (10)

where y and o are constants, does not hold for polyvinyl acetate. Exam-
ination of some of the literature revealed wide variations in the relationship
between b and [7]; F2 was found to vary from approximately 0.921 to about 2.0.
Hence, no simple relationship between b and [n]l'o for fractions of a polymer
in several solvents appears to exist.

Again, as suggested for a series of fractions in the same solvent,
the effects of rate of shear upon the viscosity properties may contribute to
the differences observed between the branched and linear fractions in

different solvents.

-11-~



AUTHORS' ACKNOWLEDGEMENTS

We express our appreciation to The Goodyear Tire and Rubber
Company for their contribution to the Michigan Memorial-Phoenix Project
which has made this work possible. We also wish to thank Professor L. H.
Cragg, of McMaster University, and Mr. J. A. Manson for helpful discussions,
and Messrs. G. C. Berry, M. M. Gurvitch, and C. H. Iu for their aid in

making calculations and measurements.

-12-



10,
11.
12,
13.
1k,
15.
16.
17.

18.
19.
20.
21.

22.

REFERENCES

T e T, e BT WY

Huggins, M. L., J. Am. Chem, Soc. 6k, 2716 (1942).

Speiser, R. and Whittenberger, R. T., J. Chem. Phys. 13, 349 (1945).
Simha, R., J. Research Natl, Bur. Standards 42, 409 (1949).
Henderson, D., and Legge, N. R., Can. J. Res. B 27, 666 (1949).
Menson, J. A., and Cragg, L. H., Can. J. Chem. 30, 482 (1952).
Flory, P. J., and Fox, T., J. Am. Chem. Soe. 73, 1915 (1951).
Eirich, F., and Riseman, J., J. Polymer Sci. 4, 417 (1949).
Streeter, D. J., and Boyer, R. F., Ind. Eng. Chen. &2; 1790 (1951).
Cleverdon, D., and Smith, P. G., J. Polymer Sci, 1k, 375 (1954).

Burnett, G. M., George, M. H., and Melville, H. W., J. Polymer Sei. 16,
31 (1955).

Wheeler, O. L., Ernst, S. L., and Crozier, R, N., J. Polymer Sci, §,
Log (1952).

Wagner, R. H., J. Polymer Sci. 2, 21 (1947).

Blease, R. A., and Tuckett, R, F., Trans. Faraday Soc. 3T, 571 (1941).
Craig, A. W., and Henderson, D., J. Polymer Sci. 19, 215 (1956).
Heller, W., J. Colloid Sei. 9, 547 (1954).

Ewart, R. H., Advances in Colloid Sci. 2, 211 (1946).

Cragg, L. H., and Manson, J. A., J. Polymer Sci; 9, 265 (1952).

Cragg, L. H., and Brown, A. T., Can, J. Chem. 30, 1033 (1952).

Senti, F. R., Hellman, N. N., Ludwig, N. H., Babcock, G. E., Tobin, R.,
Glass, C. A,, and Lambert, B. L., J. Polymer Sci., 17, 527 (1955).

‘Charlesby, A., J. Polymer Sci. 17, 379 (1955).

Davis, W. E., and Elliott, J. H., J. Colloid Sei. L4, 313 (1949).
Howard, R. O., Ph.D. Thesis, Massachusetts Institute of Techndlogy, 1952.
McGoury, T. E., M.Sc. Thesis, Polytechnic Institute of Brooklyn, 1948.

Weissberg, S., Simha, R., and Rothman, 5., J. Res. Natl, Bur. Standards
&Z, 298 (1951).

-13-



TABLE I

POLYMERIZATION DATA FOR

POLYVINYL ACETATE

Mercury Cone. Polymeri- Percent [n] in

Sample  lamp, initiator, zation conver- benzene,
No. watts moles/l. time, hr. sion 35°C.
1 100® 73.9 x 107* 8.5 13.6 1.50
) 85° 2.33 x 10°%  37.5 10.7 3.11

®AH-}, General Electric Company

bAH-B, Henovia Chemical and Manufacturing Company

1k



TABLE II

VISCOSITY DATA® FOR FRACTIONS OF

SERIES 1 IN BENZENE

Fraction Slope,
No. b (] k' B k' + B
1-1 2,34 2.615 o,zhg 0.155  0.500
1-2 1.k3  2.09, 0.527 0.17, 0.499
1-3 1.20 1.855 0‘549 05151 0.500
1-h 0.70 1.4&0 ou358 0.160 0.498
1-5 0.81 1i536 0‘543 0.155 0.498
1-6 0.49 l°208 O°556 .0,165 0.501
1-7 0.30 00950 0(51;5 0.15, 0,499

®In order to avoid errors, caused by rounding off, in
the sum k* + B = 0,500 + 0.002, it was necessary in

all calculations to carry the uncertain digit indi-

cated by a subseript in the third decimal place.
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TABIE IIT

VISCOSITY DATA FOR FRACTIONS OF

SERIES 2 IN BENZENE

Fraction Slope,

No. b (1] k' B k' +B
2-1-1 8.60 4.945 0.352 .1&8 0.500
-1~ . .2 . . .

1-2 6.25 i 30 0 3&9 15l 0.500
2-2 6.00 k.15 05%3 le 0.499
2-3 5.60 4,11 0.528 .171 0.499
2.k 5.00 3.90O 0.550 .168 0.498
2-5 h.h5 3.695 0.526 ,17h 0.500
2- R . . . .1o8

6 L.o3 3 575 0 555 1u5 0.k
2- .2 . . . .

7 3.20 3 075 0 541 159 0.500
2-8 2,88 2,84 0.3 L1k 0.502

5 55 T 2
2-9 2.23 2.575 0.356 .165 0.499
2-10 1.28 1'95u o,5u2 .158 0.500
2-11 0.62 1,596 0.318 .182 0.500

16



TABLE IV

VISCOSITY DATAZ FOR FRACTIONS OF

SAMPLE 3 IN BENZENE

Fraction Slope,

No. b [1] k* B k' +B
3-1 16.77 6.105 0‘h50 0.050 0.500
3.2 14,84 5.855 o.h53 6,068 0.501
3-3 11.94 5.520 0.&22 0.078 0.500
3.k 8.90 k.70, o.ho3 @.097 0.500
=5 5.82 3'886 0,585 0».115 0.500
3.6 3.94 3.262 0&370 6.151 0.501
3-7 1.88 2,300 0.355 etlhs 0.500
3-8 0.95 1.69G 0.333 0,165 0.498
3~9 0.45 1.195 0,517 0,185 0.500
3-10 0,1024 0.584 0.305 0,195 0.500

‘aAverage values from Heller's triple and reciprocal
Plﬁ'ts °

17



TABIE V

VISCOSITY DATA FOR FRACTION 1-2° IN NINE

SOLVENTS AND TWO SOLVENT MIXTURES

Slope,

Solvent b [n] ki B k' +8
Chlcroform 3.93 3a3ho 0>552 0‘149 0.501
1, 2-Dichloro-

ethane 2.83 2°920 0.33, 0’166 0.498
Mixture 1° 2.52 2.81 0.31 0.18 0.499

2 9 0

Trichloroethy-

lene 2,10 2.555 0.32, 0.17, 0.498
Methyl Acetate 1.98 2_h35 ,0.335 Q&165 0.498
Acetone 1.53 2.10, 0.546 0.156 0.502
Benzene 1.43 2.088 9.527 6,172 0,499
Mixture 2° 1.11 1.858 0.32Q 0.18,  0.500
Amyl Acetate 0.98 1,716 0,552 0”166 0.498
Toluene 0.71 1.J+6G 0,353 0.167 0.500
Methyl Aleohol 0.6k 1.38O 0.356 0,163 0.499

) 20
8, = 7.7 x 10°, according to the relationship of Howard
for polyvinyl acetate in acetone: log M, = 5.43 + 1.43
log [n].
bComposition, by volume: 50 parts acetone + 50 parts
chloroform.,

cComposition, by volume: 90 parts carbon tetrachloride +
10 parts chloroform.
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TABLIE VI

VISCOSITY DATA FOR FRACTION 1—5a

IN FOUR SOLVENTS

Slope,

Solvent b [n] k! B kP +8
Chloroform 2.69 2,80 O,th 0,156 0.500
1, 2-Dichloro-

ethane 1.90 2.63 ouihg 0.157 0.499
Benzene 1.20 1.~855 0}349 9,151 0.500
Toluene 0.62 1.526 0.555 0,148 0.501

a _
M, = 6.6x 105, according to Howard's relatioashipeo

19



VISCOSITY DATA FOR FRACTION 3-5°

TABLE VII

IN SIX SOLVENTS

Solvent Slgpe; [n] k! B k' + B
Chloroform 14.18 6.015 0.39, 0.105  0.500
Benzene 5.82 3.88, oa585 0.115 0.500
Acetone 5.79 5°65o oah55 0.067 0.502
Methyl Acetate L.51 5,150 ro.hél o.oh1 0.502
Toluene 3.23 2,585 o;h83 0‘016 0.499
Methanol 3.07 2.&75 0‘498 0.00, 0.498

a.

20

Mv = 1.7 x 106, according to Howard's relationshi

p20.
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Fig. 1. Relationship between k' and Intrinsic Viscosity
for Fractions of Series 1, 2, and 3, in Benzene,
at 35°C.

. - Whole polymer, Series 3

E] - Whole polymer, Series 5, after
hydrolysis and reacetylation
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Fig. 2. Viscosity Data for Fractions of Series 1 and 2.
in Benzene, at 35°C. (Sl = 0.337; 82 = 2)
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