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water, and dried. Removal of the ether by distillation To this solution was added measured amounts of 1.06 M
yielded the crude benzil, and an infrared spectrum was ob-  sodium acetate in the same solvent and tlie conductivity was
tained. In no case were any organic impurities detectable, measured at increments of ce. 0.25 ml. using a conductivity
The benzils could be recrystallized from ethanol. The bridge. The conductivities measured initially for solvent
table summarizes the results obtained. alone and the selenious acid, oxalic acid, trifluoroacetic acid

In runs with sodium acetate one equivalent of sodium ace- and sulfuric acid solutions in mhos X 10% were 0.9, 1.5, 3.3,
tate was added. The results were the same, and no by- 6.3 and 40, respectively. After the addition of ca. two
product could be detected. equivalents of the acetate solution the conductivity ob-

Conductometric Titrations.—A 0.1 M solution of the acid served in each case was about 20 mhos X 103, and in each
to be titrated in a titration cell was maintained at 90 == 1° case a simple smooth curve connecting the initial and final
using an oil-bath with acetic acid-water (7:3) as solvent., values was obtained.
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The copolymerization of styrene and p-methylstyrene with the '‘Ziegler~-Natta’ catalyst system resulted in an amorphous
product. From a study of their molecular weight and copolymer composition distribution, evidence was obtained to demon-
strate that the products were copolymers. Additional evidence for a copolymer was obtained by comparing the properties
of these products with those of a known mixture of the two homopolymers. Determination of the relative reactivity of
styrene and p-methylstyrene show them to have about equal reactivity in this catalyst system (n = 1 £ 0.12,7, = 1 £ 0.12),
Analysis of the copolymer composition distribution indicated the presence of more than one type of copolymer suggesting a
polyactivity of the catalyst system. The results are best explained by the assumption that at least two different types of
copolymers are being formed. The copolymerization of styrene and p-i-butylstyrene failed to give appreciable copolymer;
instead, from the observed crystallinity of the polystyrene and composition distribution, it was apparent that the product
largely contained a mixture of the two homopolymers. The same results were obtained from the copolymerization of styrene
and p-n-butylstyrene. It is tentatively concluded that the reactivity of the monomer is influenced strongly by its tendency
to be coordinated on the catalyst sites and that the steric and polar factors responsible for this equilibrium will be different
from these same factors which are responsible for the reactivity of monomers in solution in free radical and ionic-catalyzed
polymerization.

There is considerable agreement on the over-all transferred to the metal; there is no evidence on
mechanism of the aluminum alkyl-titanium halide this question. A typical representation is indi-
catalyst type.®~1 A reduced valence state com- cated. There is an equal possibility that the alkyl
pound of titanium, vanadium or zirconium either group with its electrons is derived from the transi-
formed 4z sitw by reduction or added directly, tion metal. In some cases, it may function as a
forms an interstitial type of complex with a Lewis very labile Lewis acid in the formation of an inter-
acid. In a heterogeneous catalyst, this interstitial stitial compound with a reduced form of a transition
binding occurs occasionally on the transition metal metal (Ti, V, Zr). Itisalso possible that this active
surface and these represent catalyst sites. In site or interstitial compound may have considerable
homogeneous solution a certain fraction of the re- ionic character,1%d

duced metal compound forms a soluble interstitial c
complex. On these catalyst sites or complexes s Me,
are adsorbed or codrdinated a w-electron system 7 TN

followed by a transfer of a pair of electrons from a ?}Mer—Y"/ $RCH=CH, ————

metal-alkyl bond. There is a possibility that the

pair of electrons originates from the olefin and is surface or solution
(tetrahedral or octahedral)
(1) This is the 13th in a series of papers concerned with ionic

polymerization; for the previous paper on this series, see C. G. Over- H R I
berger, E, Pearce and N. Mayes, J. Polymer Sci., 34, 109 (1959). s,
(2) This paper comprises a portion of a dissertation submitted by C—\\_\T R/(]:\C
F. Ang in partial fulfillment of the requirements for the degree of Doc- CH,
tor of Philosophy in the graduate school of the Polytechnic Institute of \ | [
Brooklyn. X—M -
(3) F. J. Welch, B. R. Thompson, F. E. Bailey and S. Gates, a o i d a P -
Abstracts of Papers, 130th Meeting of the American Chemical So- >Me‘
ciety, Atlantic City, N. J., September, 1956, p. 135. b
(4) C. D. Nenitzescu, C. Huch and A. Huch, Angew. Chem., 68, 438 H
(1956). H f
(5) G. Natta, Sci. American, September, 98 (1957). R-----
(6) G. Natta, P, Pong, E. Mantica, ¥, Danusso, . Mazzanti and \\CH Y
M. Peraldo, Chem. e ind., 39, 19 (1957). P — *\%‘H‘v‘ —_eu
(7) F. Firich and H. Mark, J. Colloid Sci., 11, 748 (1956). X~—FMe:.
(8) D. B. Ludlum, A. W, Anderson and C, E. Ashby, THis Jour- e s \d
NAL, 80, 1380 (1958). a, -~ e
(9) H. Uelzmann, J. Polymer Sci., 32, 457 (1958). /Me‘
(10) (a) C. Natta, Angew. Chem., 69, 686 (1057); (b) W. Carrick, b
Tris JourNar, 80, 6455 (1958); (c) D. Breslow and N. Newburg, Me;, Mey, = Ti, Al a,b,y alkyl, X
ibid., 81, 81 (1939); (d) H. Uelzmann, J. Polymer Sci., 38, 457 (1958). cd alkyl, X

halogen
halogen
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All successive R groups will be complexed in the
same manner as in [ with R on the opposite side to
the growing polymer chain and will lead to iso-
tactic material. If this general mechanism is used
as a working hypothesis or theory, then it is clear
that the absorption or coordination of the mono-
mer with the interstitial complex will be subject to
very selective steric and polar factors—one would
suspect both to be involved but primarily steric in
the cascs discussed here. The general mechanism
is similar to the reaction of anv polar group with an
organometallic-metal complex formation which
may be of a highly stereoselective type followed by
rearrangement of the complex to form a new
bond.'&b  Furthermore, steric and polar factors
which govern the reactivity of monomers in a free
radical or ionic polymerization in solution will oper-
ate in a situation of the above type, but probably
will not provide the same conclusion. It can be
scen from the proposed mechanism that large
penultimate effects could be expected from the
polymer chain when complexing of the monomer
occurs, that is, from the group R from the second
monomnier unit in the chain attached to the metallic
site. These very specific steric requirements may
actively result in some fluctuation of the mononer
reactivity ratios during the course of a copolymer-
ization. It was the purpose of the problem to at-
tempt to provide evidence for this latter assump-
tion. With few exceptions, only «a-olefins have been
polymierized with the type of catalvst and since a-
olefins have not given linear high polymers in con-
ventional free radical or ionic catalyst systems, their
reactivity cannot easily be compared. Fortunately,
styrene has been polymerized in solution with
conventional cationic and anionic catalyst and we
then decided to use C'4-styremne in this original
work and to copolymerize this C!4-styrene with p-
methyl-, p-f-butyl- and p-n-butylstyrene. Al-
though reactivity ratio data is not available for
these copolymers in conventivnal radical or iomic
systems they can easily be estimated from existing
data. It would be very unlikely that copolymers
from the monomer pairs listed above would not be
obtained with catalysts in solution such as 2,2-
azobisisobutyronitrile, stannic chloride in nitro-
benzene and sodium amide in liquid ammonia,
although these data are being obtained at present.

Results

Copolymerization of Styrene and p-Methyl-
styrene.—The determination of the relative reac-
tivities of the copolymerization of styrene and p-
methylstyrene gave results summarized in Table I.
Yields obtained at the different feed compositions
were kept low to assure constancy of monomer
concentrations during the copolymerization. A
plot of the monomer composition ©s. copolymier
composition is shown in Fig. 1. This plot cor-
responded to o straight line at a 45° angle indi-
cating about equal monomer reactivity in the co-
polymerization; » = 1+0.12, r, = 1=0.12.

Table 1T shows the results obtained on fractiona-
tion of a 207 styrene-807; p-methylstyrene co-

(9a) R. 1. Morrisnn and M. Wishman, THIS JOURNAL, 76, 1059

(107:1),
(10h) C. (5, Swain and H. B. Boyles, b, 73, 850 {1851,
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TABLE 1
CoPOLYMERIZATION® OF STYRENE'Y (M;) AND p-METHYL-
STYRENE (M)

Prodiietd

activity,
M: in monomer Conversion, counts ms€ in
mixt., mole %, % per min. copolymnter
1.7298 (77) 0.87 396 0.74
0.9435 (66) 0.47 388 .73
0.8354 (49) 1.17 251 4T
1.0090 (34) 0.93 166 31
0.9846 (29) 5.24 170 .32
3.4235 (24) 6.25 106 20
0.6670 (23) 14.89 98 .19

@ Copolymerization was carried out in heptaue at 70-80°
for 20 hr. using a 3:1 molar ratio of triisobutylaluminum-
titanium trichloride catalyst. ? Activity determined by
proportional counting at 2,000 volts and P.H.S. of 0.2 volt.
¢ Mole fraction of styrene in copolymer as calculated front
monomer activity of 535 c.p.m1.

polymer. A plot of accumulative weight s,
intrinsic  viscosity gave the molecular weight
distribution shown in Fig. 2. This distribution
resembled a normal type of molecular weight dis-
tribution. A plot of intrinsic viscosity vs. per-
centage stvrene gave the copolymer composition

distribution shown in Fig. 3.

TaBLE 11
COMPOSITION AND V18COSITY DISTRIBUTION O STYRENE-p-
METHYLSTYRENE COPOLYMER®

I'rac- Weight, 1ntrinsic Activityb Styrene,©

tiun g. viscosity (net), c.p.mt. To
! 00720 3.3 83 20)
1 L0150 vy 123 S0
2 1508 7.1 116 28
3 L2081 1.3 104 25
4 L0307 3.0 93 22
> L0734 1.7 0 17
0 L0399 1.3 65 16
v L0679 0.7 63 15
b 2006 Oily residue

2 Copolynier obtained froin the copolymerization of 3.4235
g. (0.03287 mole) of stryene'* with 12.2425 g. of p-methyl-
styrene using 2.9845 g. of TiCl; and 10 ml. of (i-butyl);Al
as catalyst in lieptane at 70°. ? Activity determined by
proportional counting at 2000 volts and P.H.S. of 0.2 v.
¢ Calculated from styrene activity of 415 c.p.m./10 mg.

A similar fractionating was then repeated on a
429 styrene copolymer. Table IIT summarizes
Tarre 111

COMPOSITION AND V1SCOSITY DISTRIBUTION OF STYRENE—~p-
METHYLSTYRENE COPOLYMER”

Yrac- Weight, Intrinsic Activity, Styrene,b

tion g. viscosity c.p.m, (A
0 0.1222 5.8 113 42
1 0330 10.5 146 3+
2 L0355 8.6 130 52
3 .0338 T4 132 40
+ 0340 6.3 111 41
o L1527 5.2 a6 21
6 (1643 1.5 30 12
T .0337 0.4 25 10
8 .0927 Oily residue

e Copolymer obtained front the copolymerization of
10.1740 g. (0.09770 mole) of styrene't with 10.0860 g.
(0.08537 nwle) of p-methylstyrene using 1.2088 g. of TiCl;
aud a 3:1 molar ratio of triisobutylaluminum as catalyst in
heptane at 70°. * Calculated from styrene activity of 268
c.p.m./10 mg.
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Fig. 1.—Copolymerization of sytrene!t (M;) and p-mmethyl.
styrene (M,).
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Fig. 2.—Molecular weight distribution of styrene-p-methyl-
styrene copolymer (0.03 mole-0.10 mole).

the data. An analogous molecular weight distri-
bution to the 209, styrene copolymer was obtained.
The copolymer composition distribution was also
simnilar and confirmed the results obtained with the
previous copolymer.

A Polystyrene and Poly-p-methylstyrene Mix-
ture.—For comparative purposes a miolecular
weight distribution and chemical composition of a
mixture of the two homopolymers were determined.
The results are shown in Table IV. The poly-
styrene sample used was an atactic, heptane-
soluble fraction of polystyrene. To this was
added a small quantity of crystalline polystyrene.
This was added in order to test its facile separation
from such a mixture because of its great difference
in solubility. Amorphous poly-g-methylstyrene
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Fig. 3.—Plot of intrinsic viscosity »s. percentage styrene
for fractions of a copolymer of styrene (M;j, 0.03 mole) and
p-methylstyrene (M,, 0.10 mole).

was also prepared with the use of the same catalyst
system. The average intrinsic viscosities of these
homopolymers corresponded to 4.6 for the atactic

TABLE IV
COMPOSITION AND V1scOSITY DISTRIBUTION OF A PoLy-
STYRENE AND POLY-p-METHYLSTYRENE MIXTURE®

Frac- Weight, Intrinsic Activity,b Styrene,©
tions 2. viscosity c.p.m. e
0.2243 4.6 360 1004
.0448 .. 360 100°
.2243 5.4 0 o’
Insol. .0146 360 100
1 .0212 . 358 100°¢
2 .0186 8.1 295 82
3 .0202 6.9 287 80
4 L0670 5.6 345 96
5 .0497 5.3 357 99
6 .0695 5.1 146 41
7 L1319 4.8 65 18
8 .0832 0.7 154 13
9 .0075 0.4 140 39
10 .0100 Oily residue

s Polystyrene obtained from the polymerization of 3.9051
g. of styrene! using 0.8850 g. of TiCl; and a 3:1 molar ratio
of Al/Ti as catalyst in heptane at 70°. Poly-p-methylsty-
rene obtained from the polymerization of 5.6045 g. of p-
methylstyrene using 1.0400 g. of TiCl; and a 3:1 molar
ratio of Al/Ti as catalyst in heptane at 70°. ? Activity de-
termined by means of proportional counting at 2000 volts
and P.H.S. of 0.2 v. ¢ Calculated from styrene activity.
4 Polystvrene extracted with heptane; soluble fraction.
¢ Original polystyrene. / Poly-p-methylstyrene. ¢ Dif.
ficultly soluble.
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polystyrenc and 5.4 for poly-p-methylstyrene.
The molecular weight distribution of this mixture
was normal but it differed from that of the co-
polymer (Fig. 2) in that there was present another
slope at the lower end of the molecular weight range.
The copolymer composition distribution shown is
completely different from that of the copolymer
(Fig. 3) and there appears to be a random distri-
bution,

Copolymerization of Styrene with p-t-Butyl-
styrene and p-n-Butylstyrene.—Unlike the amor-
phous product obtained from the copolymerization
of styrene and p-methylstyrene, the product re-
sulting from the copolymerization of styrene and
p-t-butylstyrene showed crystallinity. The re-
sults of its fractionation and analysis are sum-
marized in Table V. The molecular weight dis-

TABLE V

CoOMPOSITION AND V1IscOSITY DISTRIBUTION OF STYRENE-
p-t-BUTYLSTYRENE COPOLYMERIZATION Propuet?®

Weight, Intrinsic Activityb Styrene,©
Fraction g. viscosity (net), c.p.m. %
Original 0.0104 242 85
Insol. .0197 287 100
1 L0177 9.5 267 04
2 0298 8.6 267 94
3 .0222 7.4 284 100
4 .0146 5.6 287 100
5 .1614 4.8 246 86
6 L0718 2.3 194 68
7 L0272 0.7 238 84
8 .0607 Qily residue

a Product obtained from the copolymerization of 8.5373 g.
(0.08198 mole) of styrene! with 8.2974 g. (0.05178 mole) of
p-t-butylstyrene using 1.5435 g. of TiCl; and a 3:1 molar
ratio of triisobutylaluminum as catalyst in heptane at 80°.
b Activity determined by nieans of proportional counting
at 2000 volts and P.H.S. at 0.2 mv. ¢ Calculated from sty-
rene activity of 286 c.p.m./10 mg.

tribution is indicative of product of quite random
distribution and appreciable deviation from the
normal S-type of distribution was observed. The
copolymer composition distribution was random
and clearly showed the presence of primarily
homopolymers. The copolymerization of styrene
and p-n-butylstyrene also resulted primarily in a
mixture of homopolymers although some copoly-
merization may have taken place.

Discussion

From the data presented, it is clear that copoly-
merization of styrene and p-methylstyrene has
probably occurred with the titanium trichloride—
aluminum triisobutyl catalyst system. It remains
therefore to interpret the data in a logical way.
Poly-p-methylstyrene prepared with this catalyst
system only gave amorphous polymer. On the
other hand, styrene prepared with this catalyst
system gave over 309, yield of crystalline isotactic
polystyrene.!* None of the copolymers which
were prepared showed any evidence of crystallinity
even after attempted orientation. Furthermore,
no evidence of isotactic polystyrene could be de-
tected and this led us initially to suspect that
homopolymerization of the two monomers was

(11} C. G. Overberger, F. Ang and H. Mark, J. Polymer Sci., 35,
381 (1939).
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probably not occurring. It is quite probable that
the copolymers prepared might have stereoregular
sequences, but because of the heterogeneity of the
copolymers they cannot crystallize, Fractionation
of two copolymers, one containing 209, styrene,
and one 409, styrene, strengthened the point of
view that the products were copolyniers rather
than mixtures of two homopolymers. As noted,
in the Results section, the normal composition
distribution for a copolymer was not obtained but
rather the data demonstrated a regular gradual
transition in styrene content with molecular weight.
In order to obtain further evidence that the prod-
uct from these copolymerizations were not mix-
tures of homopolymers, a known mixture of homo-
polymers was prepared which included a small
amount of isotactic polystyrene as a third compo-
nent and the mixture fractionated. The compo-
sition distribution curve was quite different from
the {ractionated copolymers mentioned above—
there being a random change in styrene content with
molecular weight. Again, this result confirms that
copolymers are obtained rather than mixtures of
homopolymers,

It has been shown in the polymerization of a-
olefins that a solid phase is necessary for a high
degree of stereospecificity.!?~1%* In the titanium-
aluminum alkyl catalysts systems it has been re-
ported that coarsely crystalline solids give higher
percentages of isotactic polymers than do finely
dispersed ones, and with polypropylene it has been
found that the isotactic fraction is of higher molec-
ular weight than the amorphous material. On
tie basis of these facts, one can speculate that there
exists sites of different catalytic activity in these
heterogeneous systems. Stated in a more precise
way: there are catalyst sites which give less
stereospecific control than others. The results
obtained here may be explained by the presence of
two or more copolymers of different compositions—
a stereoregular copolymer with a higher content of
styrene of higher molecular weight and a non-
stereospecific copolymer of lower styrene content
and lower molecular weight.

No copolymer could be detected in the copoly-
nierization of styrene and p-t-butylstyrene, and it
is concluded that p-i-butylstyrene is much less
reactive in this system than one would predict on
the basis of free radical or conventional iomic
mechanisms. As noted also, there did not seem
to be any copolymerization with p-n-butylstyrene
and styreme. The data, however, are not suf-
ficiently accurate in either case to say that no co-
polymer was formed; rather they indicate that
most of the product was isotactic and amorphous
polystyrene. It can be concluded that steric and
polar requirements for the codrdination of the
monomer with the catalyst site is specific and in
the presence of an excess of both monomers rela-
tively small change in structure exclude one mono-
mer from the catalyst site in the presence of
another. It is suggested that relative activities of

(12) G. Natta, P. Pinn, G. Mazzanti, U. Gianni, G, Mantica and M.
Peraldo, Chim. ¢ ind., 39, 19 (1957).

(13) G. Natta, P. Pino, G. Mazzanti and U. Gianni, THIS JOUR-
NaL, 79, 2975 (1957).

(14) D. S. Breslow and N. R. Newberg, ¢b¢d., 79, 5072 (1957).
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some monomers may need to be revised somewhat
for this type of system in accordance with the
principle proposed.

Experimental

Monomer Synthesis.—In order to have a more accurate
way than spectral or elemental analysis to determine co-
polymer compositions of styrene and p-alkylstyrene co-
polymerization products, the use of the isotope technique
was utilized. Consequently, radioactive styrene was syn-
thesized from radioactive barium carbonate according to the
reactions!®~18

x lactic acid »  CH,Mgl * H,S0,
BaCOa 02 — CHsCOzMgI ———
* NaOH * POCl;

CHsCOzH v e CHsCOzNa —_——
* CeHs * LiAlH,
CH,;COCl ——> CH;COC¢Hy ——>

CH,COC1

CH,CHOHCH; — > CH,CH(OCOCH,)CsHs —>

CH,=CTHICeH,

Using 0.02336 g. of barium carbonate which corresponded
to an activity of 0.8 millicurie and incrementally diluting
each reaction step with inactive reactants, a yield of 150 ml.
of the acetate was obtained.  Pyrolysis of the acetate gave
radioactive styrene which was further diluted to give a
monomer having an activity of approximately 350 c.p.m./
10 mg. (2000 volts, pH 5, 0.2 v.). Appropriate amounts
of the acetate were pyrolyzed and purified when needed.

p-Methylstyrene was prepared from p-bromotoluene
according to the procedure of Mowry.1?

Samples of p ¢-butylstyrene and p-n-butylstyrene were
prepared from the isomeric butylbenzenes by a method
previously described.18-2!

Copolymerization.—The apparatus consisted of a 100.ml.
three-necked flask equipped with a Trubore Teflon stirrer, a
Claisen adapter with a nitrogen inlet tube and a dropping
funnel. In the third neck a condenser was inserted, fitted
with a drying tube. The reaction flask was thoroughly
flushed and flamed under a heavy flux of dry prepurified
nitrogen flow.

Into a polyethylene bag was inserted an opened weighing
vial, the titanium trichloride container and a nitrogen inlet
tube. The bag was then securely tied with a string around
the nitrogen iulet tube. Nitrogen was then introduced to
replace the air in the bag. This was effectively accomplished
by inflating and deflating the bag several times. While
maintaining a steady positive nitrogen flow the titanium
trichloride container was opened. An appropriate amount
of the titanium trichloride was then poured into the weighing
bottle. After securely closing the containers the weighing
bottle was removed and weighed.

To the polyethylene bag was now placed a small bottle of
triisobutylaluminum and a nitrogen inlet tube. After

(15) R. P. Linstead, J. A. Firidge and M. Whalley, A Course in
Modern Techniques of Organic Chemistry,”” Butterworth’s Scientific
Publications, London, 1953, p. 80.

(16) G. A, Rapp, V. A, Raaen and A. J. Weinberger, THis JOURNAL,
75, 3694 (1953),

(17} A. V, Grosse and S. Weinhouse, Science, 104, 402 (1946);
C. A., 41, 2009 (1947).

(18) 8. Ruben, M. B. Allen and R. Nahinsky, THis JOURNAL, 64,
3050 (1942).

(19) D. T. Mowry, M. Renoll and W. F. Huber, ibid., 68, 1105
(1946).

(20) R. H. Boundy and R. F. Boyer, ""Styrene, Its Polymers, Co.
polymers and Derivatives,”” Reinhold Publishing Corp., New York,
N. Y., 1952, p. 767.

(21) C. G. Overberger, C. Frazier, Y. Mandelman and H, F. Smith,
TH1s JoURNAL, 75, 3326 (1953).
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similar replacement of the air with nitrogen the bottle was
opened. A syringe of appropriate size equipped with a
stainless steel stopcock and a long stainless steel needle was
first thoroughly flushed with nitrogen. The sample of tri-
isobutylaluminum was withdrawn by introducing the needle
in the bottle through the plastic bag, after initial reflushing
of the syringe at the outlet of the nitrogen tube. After
withdrawal of the appropriate amount of triisobutylalu-
minum, the needle was cleared of the liquid by drawing in
some nitrogen. The stopcock was then closed and the needle
quickly withdrawn and submerged in a small beaker of hep-
tane.

While maintaining a positive nitrogen pressure, the con-
denser was removed from the apparatus and the titanium
trichloride poured into the flask., The condenser was then
replaced in position. The triisobutylaluminum was added
by inserting the needle through the stopcock of the dropping
funnel. The syringe was then withdrawn and rinsed with
heptane prior to opening to air. The catalyst suspension
was heated to 70° in an oil-bath and gently stirred at this
temperature for 15 minutes. Copious formation of fumes
was observed during which time the catalyst suspension
darkened. A solution of the two monomers dissolved in
an equivalent volume of purified heptane was heated to
70° and added to the dropping funnel. This solution was
then added to the catalyst under stirring over a period of 15
minutes. Sitrring was continued for 20 hours at 70°.

To the reaction product, cooled to room temperature,
was added, dropwise initially, 50 ml. of methanol. Stirring
was continued for one hour to complete separation of the
catalyst from the polymer precipitate. The polvmer was
then filtered and further treated with a boiling 109 solution
of methanolic hydrochloric acid to remove traces of catalyst
decomposition product. This treatment was continued
until a colorless filtrate®? was obtained. The polymer was
then washed free of acid with miethanol and dried in a
vacuum oven at 60° overnight.

Fractionation.—The partial precipitation method was
used in all the fractionations. The solvent used was tolu-
ene and the non-solvent was methanol. Fractionation was
carried out by addition of the precipitant to a 0.05%, poly-
mer solution at 30°. The precipitated gel phase, after being
separated from the solution phase, was dissolved again in
toluene and then poured into a large amount of cold meth-
anol. The precipitated copolymers were then filtered,
washed and dried under vacuum at 60° to constant weight.
Viscosities were measured with a Ubbelholde type viscometer
at 30° in xylene.

Determination of Radioactivity.—The determination of
radioactive carbon was carried out by means of the propor-
tional counting technique.?8-2 The radioactive sample was
first burned to give carbon dioxide and this was treated with
barium hydroxide solution and isolated as solid barium car-
bonate. The weight of the carbonate was determined and
its activity measured as gaseous carbon dioxide, which
was trapped in a Bernstein-Ballantine tube upon acidifica-
tion of the barium carbonate.
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