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Amylsodium, of a series of organosodium reagents including allylsodium, caused the largest amount of polymerization of
styrenie. When, however, allylsodinm was combined with sodium isopropoxide and sodium chloride to give the Alfin catalyst,
the polymerization was as much as six to ten times faster than that produced by amylsodium. The intrinsic viscosities of
the Alfin polystyrenes are higher thai for the corresponding polymers made with amylsodium and other similar reagents in

spite of the faster polymerization.
to those noted for butadiene, although to a lesser degree.

Reagents of the type of amylsodium differ
markedly from the Alfin catalyst®®45 in their
effect on butadiene. Per given mole quantity the
former causes a slow polymerization in a 1,2-
manner chiefly (about 70%,) to polymers with in-
trinsic viscosities of 1 or less. Intermediate stages
in polymer growth can be demonstrated by carbona-
tion and isolation of the corresponding carboxylic
acids. The same quantity of Alfin catalyst causes
polymerization with extreme rapidity in a 1,4-
manner—70% and more%™—to polymers with
intrinsic viscosities of 12 or more which can be
obtained-—with care-—completely free from gel.
X-Ray diffraction measurements show a regular
pattern. No intermediate stages can be detected.
The two types of polymers are more unlike than
those produced by sodium and by emulsion poly-
merization of butadiene. These remarkable effects
and others produced by the Alfin catalyst are
brought about solely by the association of sodium
isopropoxide and sodium chloride® with the organo-
sodium reagent, allylsodium. The purpose of the
present work on styrene was to see if some of the
differences between the two types of activities by
sodium reagents were exhibited in the polymeriza-
tion of styrene and the conclusion will be drawn that
they do exist, although to a less degree than with
butadiene.

For the action of amylsodium and like conpounds,
a series of reagents with varying reactivity was
used. In the order of decreasing effect in inducing
polymerization of styrene these reagents were
amylsodium, benzylsodium, allylsodium, diphenyl-
methylsodium, B-methylstyrylsodium, triphenyl-
methylsodium and fluorenylsodium. The positions
of key members of this series is the same as has been
shown® in displacement reactions or is generally
accepted!®!! for good reasons. The positions of
allylsodium and B-methylstyrylsodium have not
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It general the comparison of sodinm reagent and Alfin reagent shows differences similar

been observed in any series previous to this study
but would be below amylsodium because of their
formation from that reagent and the corresponding
hydrocarbon in an irreversible reaction. Their
positions in the above scale are approximately
where expected from considerations of their struc-
ture.!' The effect of these reagents on styrene was
in the order 7, 4, 3, 1,0.2, 0 and 0.

A test was made with vinylsodium!? which, with
phenylsodium, ! enjoys the unique distinction of not
adding appreciably, if at all, to 1,1-diphenylethyl-
ene, a compound unusually well adapted for addi-
tion reactions to the double bond. Vinylsodium
induced a reasonably rapid polymerization of styr-
ene (phenylsodium does also), although to a far
less extent than does amylsodium (0.5 compared to
7).
In all these cases the amount of polymerization
was less than caused by amylsodium, which is out-
standingly the most active of all in ordinary metala-
tion reactions, since it can be used for the prepara-
tion of the others. Of particular interest is the fact
that allylsodium in the series had less than half the
polymerizing activity of amylsodium.

When sodium isopropoxide and sodium chloride
were present with allylsodium to give an Alfin
catalyst, the vield of polymer sharply increased.
The amount was dependent on the proportion of
sodium isopropoxide but in the best case the cat-
alyst was six to ten times more active than amyl-
sodium., This increase in velocity was accom-
panied, surprisingly enough, by an increase also in
the viscosities which were never lower than 1.2
and were as high as 3.6. Those made by poly-
merization with amylsodium were as low as 0.22
and never higher than 1.04. These higher viscosi-
ties for the Alfin polymer were not caused by in-
creased viscosity of the solvent, as in a peaking!!
effect, because the polymer was largely insoluble in
the pentane used as the medium for the reaction.
The chief factor affecting the viscosity from the
Alfin reagent was the proportion of isopropoxide in
the catalyst, the two with the highest ratio having
the highest viscosities. The determining factor
with the other sodium reagents was the monomer
catalyst ratio and the amount of polymerization.

The uniqueness of Alfin catalysis on styrene was
largely destroyed when B-methylstyrene or tri-
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phenylmethane was added to the reagent. These
two hydrocarbons, increasing in the order named,
reacted with the catalyst and were converted to the
corresponding organosodium reagent. Thereby
polymerization of the Alfin type was reduced or
destroyed, even though the other components for
the catalyst had been present in a combination
which had possessed catalytic activity.

These results contrast the Alfin reagent in poly-
merization with ordinary sodium reagents. The
difference is not as great as in the case of butadiene
where this Alfin reagent was approximately 60
times more active than the corresponding amount
of amylsodium. This narrowing of the range of
reactivity produces the interesting effect that amyl-
sodium causes styremne to polymerize about 16 times
faster than butadiene, whereas the Alfin reagent
causes butadiene to polymerize about four times
faster than styrene. Also the Alfin polymerization
of butadiene was not decreased by a small amount
of B-methylstyrene. On the contrary, it was
actualy increased.!s

A previous paper!® has shown that in ordinary
reactions allylsodium in the Alfin catalyst is less
reactive than allylsodium without the alkoxide, and
for reasons already stated, allylsodium must be less
reactive than amylsodium. Hence the greater
activity of the Alfin catalyst in polymerization
might not seem to be ascribed reasonably to an
increase in the rate of an initiation reaction in the
ordinary sense of metalation by substitution or
addition. The same argument applies to the case
of Alfin polymerization of butadiene and a similar
situation was mentioned!” before in the polymeriza-
tion of butadiene by phenylsodium.

Experiments

General Methods.—All preparations of sodium reagents
and all polymerizations were carried out according to the
methods which have already been described and will not be
given in detail here,l8 The styrene, Eastman Kodak Com-
pany, was washed with two portions of 109, sodium hydrox-
ide, dried over magnesium sulfate and distilled freshly be-
fore use; n%*D 1,.5438-1.5442, recorded® 1.5441.

Polymerization of Styrene by Amylsodium and the Mono-
mer/Reagent Ratio.—Two preparations of polystyrene
were made by the dropwise addition method, one where 23.4
g. (0.225 mole) of styrene in 100 ml. of pentane was added
over a 30-minute period to amylsodium prepared from 1.02
gram atoms of sodium and the other where 0.26 mole of
styrene was added at once to amylsodium made from only
0.02 gram atom of sodium. In each case the temperature
was 20-25° and the mixture was stirred for about 30 minutes
after addition was completed. The polymerizations were
then stopped with isopropyl alcohol and the mixtures were
treated with water to remove alkali. The insoluble material
which separated from the first experiment was removed by
decantation and washed twice with 100-ml. portions of pen-
tane and then with water. It was next dissolved in 300 ml.
of benzene and washed three times with 300 ml. of water
each. Most of the benzene was removed by vacuum and
the polymer was rinsed with 100 ml. of n-pentane, When
dried, 9.8 g. (41%) of white polymer was obtained. At a
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concentration of 4.00 g. per 100 ml. of benzene this material
had a viscosity of 0.054, and when the data were extrapo-
polated® to zero concentration, the viscosity was 0.057.
The pentane-soluble part from this first experiment and the
pentane washings were combined, were dried over magne-
sium sulfate and the solvent was removed under vacuum.
The residue consisted of 13.8 g. (59%) of a light orange
transparent glass-like material which was not volatile at
180° (3.5 mm.).

The insoluble material from the comparison or second
experiment was separated by filtration, was washed with
100 ml. of pentane, was suspended in 200 ml. of pentane and
therein stirred three times with water in the high-speed
stirring apparatus. When filtered and dried the polymer
weighed 14.0 g. (529, yield). At a concentration of 0.54
g. per 100 ml. of benzene the viscosity was 0.21 and at in-
finite dilution was 0.22,

Comparison of Polymerization of Styrene by Different
Sodium Reagents.-—Two preparations of amylsodium in
each of which 3 g. atoms of metal had been used were com-
bined, diluted to 6 liters and allowed to stand for about a
month. Aliquots of 558 ml. of this material were stirred for
about five hours each with 0.31 mole of the required hydro-
carbon, amylsodium itself being treated the same way in
order to make the comparison as thorough as possible. Each
mixture was then diluted to 800 ml. with dried (over amyl-
sodium) n-pentane and allowed to stand in tightly-stoppered
bottles for at least two weeks before use. Carbonation of
372 ml. of the triphenylmethylsodium reagent thus pre-
pared gave 19.0 g. of a solid which had a neutralization
equivalent of 240, a little low for triphenylacetic acid (neut.
equiv. 288), because: of some amylsodium not yet reacted
with the triphenylmethane. The total concentration of
organosodium compound in that reagent was 0.212 meq./
ml. A similar analysis of the benzylsodium reagent gave
9.9 g. of acid and the neutralization equivalents showed a
total of 0.207 meq./ml. of organosodium reagent, of which
probably 119, represented unchanged amylsodium. The
average concentration (0.210 meq./ml.), as determined
from these analyses, was assumed to be the concentration
for amylsodium, benzylsodium, S-methylstyrylsodium, di-
phenylmethylsodium, triphenylmethylsodium and fluor-
enylsodium. The allylsodium was made by metalation of
propylene in the manner usually employed in this work and
the total concentration of organosodium reagent present in

TaABLE I
POLYMERIZATION OF STYRENE BY ORGANOSODIUM REAGENTS
Polymer
Sodium Yield, Yield,®
reagent Amount® % % Vis.?
Amyl 5.25 70.4 13.4 0.30
2.1 19.5 9.3 .26
Benzyl 5.25 35.0 6.7 .27
5.25 26.0 5.0 .22
2.1 1.7 0.8 .41
Allyl 5.56 26.5 4.8 .75
5.55 39.1° 3.57 1.04
Diphenylmethyl 5.25 10.0 1.9 .48
2.1 3.4 1.6 .63
Vinyl® 4.1 4.5 1.1 1.0
4.1/ 13.4° 1.6 0.68
B-Methylstyryl 5.25 1.6 0.3
2.1 0.5 .2
Triphenylmethyl 5.25 .07 .01
2.1 .04 .027
Fluorenyl 5.25 0.4 .08?
5.25 .4° .08*?

e Amounts expressed in milliequivalents. ® Intrinsic,
¢ The polymerization time was 60 minutes instead of 30.
4 This value is corrected for the longer polymerization time
of this experiment. ¢ Sodium isopropoxide was present with
the vinylsodium. 7 The volume of pentane in this experi-
ment was 225 ml. ¢ The yield is estimated and is not in ex-
cess of that recorded.
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TABLE I1
POLYMERIZATION OF STYRENE BY ALFIN CATALYSTS
Reagent Polymerization

Sodium Allyl- RNa used Conversion Polymer

Cat. isopro. sodium milliequi- Coav., per milli- Vis. at
No. moles mole valents % equivalent g./100 ml. [n}
1 0.30" 0.30 6.50 107 16 1.4 0.15 1.4
3.25 a8 30 1.2 .26 1.2
1.30 60 46 1.3 .14 1.4
2 .60 .60 4.1 a8 14 1.7 11 1.8
ar NEY i 5.5 65 12 1.6 12 1.6
2.2 17 8 1.7 .22 1.8
4 .06 24 23 87 38 2.6 B b 2.8
1.4 3¢ 28 3.1 .08 3.2
) 28 30 2.9 J11 3.1
b 1.14 07 1.4 103 6 2.4 15 2.5
T 61 90 3.4 .10 3.6

8 In this reagent, 0.60 mole of sodium ¢-pentoxide was also present.

® This catalyst was the same as No. 2 except that

it was in the high-speed stirring apparatus resaturated with propylene on four different days in order to remove any trace

of unused amylsodium.

that reagent was 0.222 meq./ml. of which about 8% was
amylsodium which had not yet reacted with propylene.
The small quantity of amylsodium present in each of these
reagents would not affect the general conclusion of lessened
polymerizing activity as amylsodium was converted to a less
reactive salt. Furthermore in these insoluble reagents this
unreacted amylsodium would be on the interior of the solid
particles and less available for affecting polymerization.

Vinylsodium was obtained through the kindness of Frank
D. Marsh and had been made!? in a similar way (except
that sodium isopropoxide was present) by metalation of
ethylene. The concentration of this sodium reagent was
0.164 meq./ml. of which less than 19, was amylsodium.
The smaller amount of amylsodium present in this case
probably resulted from the presence of sodium isopropoxide
which facilitates metalation reactions of this type.

The activity of each reagent was tested by bottle polymeri-
zation of 30 ml. of styrene in 210 = 5 ml. of n-pentane for
30 minutes, according to the general method already de-
scribed!® for butadiene. The data in Table I are arranged
in descending order of reactivity except for the last two
reagents which are in the inverted order but each had vir-
tually zero activity.

For comparison the polymerization activity of 5.25 milli-
equivalents of amylsodium on 30 ml. of butadiene under
comparable conditions was found to be 3.8% and the con-
version per milliequivalent was 0.72, that is to say, only one-
sixteenth, approximately the conversion observed on sty-
rene. Also 1.11 milliequivalents of allylsodium caused a
0.79% conversion of butadiene or a 0.6% conversion per
milliequivalent of reagent.

Action of the Alfin Catalyst on the Styrenes.—Alfin cata-
lysts which contained allylsodium, sodium isopropoxide and
sodium chloride were made according to the method pre-
viausly described.’® These catalysts contained different

quantities of isopropoxide. The amounts listed in column
2 of Table II are the moles of isopropyl alcohol added to the
preparation in the 3-liter flask, where 3 g. atoms of sodium
and 1.5 moles of amyl chloride were used. The amount of
allylsodium is the quantity estimated on the basis of the
usual yield of 80%. Other variations in the preparations
are listed in footnotes to the table., The activity of these
catalysts was tested on styrene in the same manner as with
the organosodium reagents listed in TableI. For compari-
son 1.10 equivalents of catalyst No. 3 caused 45 to 5879
polymerization of butadiene under comparable conditions.

Effect of the g-Methylstyrene and Triphenylmethane on
the Polymerization of Styrene by an Alfin Catalyst.-——With
4.1 milliequivalents of an Alfin catalyst, which had a ratio
of approximately one mole of allylsodium to one mole of
sodium isopropoxide, the conversion of styreme to poly-
styrene was 589, when tested by bottle polymerization for
30 minutes. The intrinsic viscosity was 1.77. Ina parallel
experiment with an aliquot of this catalyst which had al-
lowed one equivalent of 8-methylstyrene per allylsodium to
age for 57 days, the conversion was 139 and the viscosity
was 0.65. When two equivalents of the methylstyrene had
been allowed to age for 39 days with the catalyst, the con-
version fell to about 13% also.

A similar series of tests were carried out on the effect of
triphenylmethane which is attacked more easily than 8-
methylstyrene. A half equivalent of the triphenylmethane
cut the polymerization from 65% in 30 minutes in the con-
trol to 2% in 60 minutes and caused the intrinsic viscosity
to fall from 1.62 to 0.26. When 1 equivalent of triphenyl-
methane was added just prior to use in polymerization, the
yield fell to 479%. Four equivalents of triphenylmethane
were then tried in a similar way. The yield fell to 33%, and,
the polymer liad a viscosity of 1.08.
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