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The Dehalogenation Reaction. II.

Dechlorination of Vinyl Chloride Copolymers!

By TURNER ALFREY, JR., HowaArD C. Haas AND CHARLES W, LEWIS

A study of the zinc dehalogenation of vinyl chloride/diethyl maleate, vinyl chloride/methyl methacrylate and vinyl chlo-

ride/t-butylethylene copolymers has been carried out.

The results, like those obtained with vinyl chloride/vinyl acetate

copolymers, clearly illustrate that the reaction does not consist simply of a random removal of 1,3 halogen with the comono-

mer acting as an inert spacer.

It has been shown that the methyl methacrylate copolymers lose hydrogen chloride in addi-

tion to undergoing the normal zinc reaction and this may account for the extremely high extents of dechlorination, fast

rates and low induction periods observed with these copolymers.

It has been suggested that the only plausible explanation

of the high limiting extents of reaction observed with all copolymers is to assume that larger ring formation accompanies

1,3-halogen removal at correspondingly lower rates.

In the first paper of this series,? we reported an
investigation of the reaction between zinc and
vinyl chloride/vinyl acetate copolymers. We
found that polyvinyl chloride dehalogenates 86-
879, in agreement with the results of Marvel and
co-workers® and with Flory’s* calculated value.
The limiting extents of reaction observed with the
copolymers, however, did not conform to equation
(1), developed by Wall® and Merz, et al.,® or agree
with the results obtajned by Marvel and co-

workers.”
f = e %u (1)

An investigation of several other vinyl chloride
copolymer systems has now shown that their
reactions with zinc also do not conform to the
behavior predicted by equation (1). The systems
whose reactions with zinc have been studied and
are described here are the vinyl chloride/methyl
methacrylate, vinyl chloride/diethyl maleate and
vinyl chloride/t-butylethylene copolymer systems.
The methacrylate copolymers were chosen as a
typical vinyl chloride system, the maleates as a
system where the comonomer does not add to
itself, and the f-butylethylene as a comonomer
completely devoid of reactive substituents,

Experimental

The vinyl chloride/diethyl maleate and vinyl chloride/s-
butylethylene copolymers were prepared by a low conver-
sion bulk polymerization at 70°.8 The vinyl chloride/
methyl methacrylate copolymers were prepared in the same
manner at 68°.% The compositions of the samples selected
for study are listed in Table I.

Vinyl chloride is sufficiently more reactive than ethylenic
hydrocarbons so that the copolymer having the highest ob-
tainable é-butylethylene content still had a mole fraction of
0.83 in vinyl chloride. It was not considered feasible to de-
halogenate polymers of lower butylethylene content and
attempt to compare the results with the theoretical predic-
tion of equation (1). Pure polyvinyl chloride was dehalo-
genated alongside the -butylethylene copolymer for com-
parison purposes.

The dechlorination of these copolymers with zinc has been
studied by the same procedure employed previously.?
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TaBLE 1

ComPOSITION OF VINYL CHLORIDE COPOLYMERS
Mole Fraction of Vinyl Cloride in Copolymer
Methyl

y
methacrylate

Sample Diethyl maleate t-Butylethylene
A 0.91 0.70 1.00
B .82 .61 0.83
C .75 .34
D .63 .16
E .06

Briefly, the reactions were carried out in dilute dioxane solu-
tions at 101 = 0.5°, the course of the reactions being followed
by a Mohr titration of the soluble chloride. All the dehalo-
genations proceeded smoothly; it was not found necessary
to add zinc chloride as was the case with vinyl chloride/vinyl
acetate copolymers of low vinyl chloride content. Conver-
sion as a function of time is plotted in Figs. 1-3. Heating
dioxane solutions of vinyl chloride/diethyl maleate copoly-
mers and a vinyl chloride/t-butylethylene copolymer for
long periods of time at 101° in sealed tubes showed that these
copolymers were completely stable. The methyl metha-
crylate/vinyl chloride copolymers however undergo a slow
homogeneous loss of hydrogen chloride at 101° as indicated
by the presence of titratable chloride, the acidity of the di-
oxane solutions, and the failure of the Mohr titration except
in the presence of an alkaline neutralizing agent.

Discussion

The conversion curves for the vinyl chloride/
diethyl maleate system (Fig. 1) show that the limit-
ing extents of dehalogenation for all copolymers
fall between 84 and 879,. The introduction of
diethyl maleate into the vinyl chloride chain ob-
viously does not decrease the fraction of chlorine
removed by zinc and the behavior does not con-
form to that predicted by equation (1). Like the
vinyl chloride/vinyl acetate copolymers, the in-
duction periods are found to increase with de-
creasing vinyl chloride content of the copolymer.

Extents of dechlorination vs. time for the re-
actions between vinyl chloride/methyl methacryl-
ate copolymers and zinc are plotted in Fig. 2. Here
again, the behavior does not follow equation (1).
The abnormally high limiting extents of reaction
which fall between 92 and 1009, are believed to
result from a homogeneous loss of hydrogen chlo-
ride which accompanies the normal zinc reaction
with these copolymers. The instability of the
vinyl chloride/methyl methacrylate copolymers at
101° resulting in loss of hydrogen chloride and
zinc chloride formation probably accounts for
the relatively fast rates and short induction periods
for copolymers of all mole fractions. The anom-
alous effect of a decrease in the soluble chloride
observed with vinyl chloride/vinyl acetate copoly-
mers of low vinyl chloride content has also been
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Fig. l.—Dechlorination of vinyl chloride/diethyl maleate
copolymers,

observed with methyl methacrylate copolymers of
low vinyl chloride content (Fig. 2, samples D and
E). This decrease in soluble chloride is always
associated with complete agglomeration of the
zine.
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Fig. 2.—Dechlorination of vinyl chloride /methyl methacryl-
ate copolymers.

A copolymer of vinyl chloride and ¢{-butylethyl-
ene having a mole fraction of 0.83 in vinyl chloride
also dehalogenates 86-879,. A zinc dehalogena-
tion of pure polyvinyl chloride carried out simul-
taneously with the butylethylene copolymer and
under identical conditions dehalogenates to the
same extent (Fig. 3). Equation (1), based on a
random removal of 1,3-halogen from a polymer
in which vinyl chloride sequences have a head-
to-tail structure and in which the comonomer
acts as an inert spacer, predicts a 799, removal of
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chloride from this copolymer.
tion (1) is not obeyed.

Once niore equa-
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Fig. 3.—Dechlorination of vinyl chloride/t-butylethylene
sopolymers.

All vinyl chloride copolymer systems which
have been studied show a high, more or less con-
stant removal of halogen which appears completely
independent of copolymer composition. The re-
actiors obviously do not consist of a random re-
moval of 1,3-chlorine with the comonomer serving
as an inert spacer and increasing the expectancy of
isolated halogen. The question arises as to what
mechanism can account for this behavior. Except
for the methyl methacrylate copolymers which
dechlorinate more than the 86-87%, usually ob-
served, the copolymers are stable to loss of hy-
drogen chloride. Intermolecular loss of halogen
is highly improbable because of the dilute solutions
involved and the failure to ever observe crosslinked
insoluble polymer formation in any of these re-
actions. It has been shown that the vinyl acetate
copolymers lose acetate during zinc dehalogenation
and this may be associated with the high removal of
halogen for these copolymers. Formation of
RZnCl followed by a Reformatsky type condensa-
tion is a possibility which may be present in those
copolymers containing ester groups. The vinyl
chloride/t-butylethylene copolymer however comi-
pletely devoid of all reactive groups except halogen,
still undergoes the normally observed 86-87¢
reaction. The only readily understandable means
by which this behavior might be explained is to
assume that in addition to 1,3-halogen removal,
rings larger than three-membered rings are being
formed. This of course would allow chlorine
atoms, isolated as regards a 1,3-reaction, to take
part in larger ring formation and could account
for the observed 86-879 removal independent of
copolymer composition. This assumption is not
without some experimental substantiation. If
during a zinc dehalogenation of pure polyvinyl
chloride, reaction is allowed to continue for a con-
siderably longer time than that required to reach
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86-87Y, dechlorination, points are obtained which
are higher than expected for an extrapolation of the
smooth rate curve. This additional halogen re-
moval may be resulting from the utilization of
isolated chlorine atoms for the formation of larger
rings. Because of entropy effects, one would ex-
pect the rate of ring formation to decrease with
increasing ring size. Experimentally one finds that
as the vinyl chloride content of a copolymer de-
creases, thereby requiring a greater degree of larger
ring formation to reach 879, dehalogenation, the
rates of dehalogenation fall rapidly to a point where,
for very low vinyl chloride contents, no reaction is
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rapid random removal of 1,3-chlorines and this is
followed by the 1,5, etc. reactions at correspondingly
lower rates. Superimposed on the normal zinc
reaction are complicating factors such as the re-
moval of acetate in the case of the vinyl chloride/
vinyl acetate copolymers and loss of hydrogen
chloride by vinyl chloride/methyl methacrylate
copolymers.

Acknowledgments.—This work was carried out
as part of a fundamental research project on co-
polymerization at the Polytechnic Institute of
Brooklyn, sponsored by the Office of Naval Re-

observed within 400 hours. Thus we feel that the search.

normal zinc dehalogenation reaction consists of BroorLyn, N. Y. RECEIVED NOVEMBER 9, 1951

[CoNTRIBUTION NoO. 273 FROM THE CHEMICAL DEPARTMENT, EXPERIMENTAL STATION, E. I. DU PONT DE NEMOURS AND
CoMPANY]

Kinetics of the Polymerization of Methyl Methacrylate with Aliphatic Azobisnitriles as
Initiators®

By L. M. ARNETT

Methyl methacrylate has been polymerized in bulk and in benzene solution with each of three aliphatic azobisnitriles which
have decomposition rates in a range whose extremes differ by a factor of 100. The initial rate of polymerization is found to
be proportional to the square root of the initiator concentration, to the square root of the specific rate constant for initiator
decomposition, and to the first power of the monomer concentration. The relationship between the number average molecu-
lar weight and the initiator concentration indicates that approximately one-half of the radicals generated by decomposition
of the initiator start polymer chains. It isalsoindicated that the termination reaction is combination of two growing chains.

In studies of the mechanism of vinyl polymeriza-
tion, several investigators have related the rate of
initiation of growing polymer chains to the rate
of decomposition of benzoyl peroxide used as initia-
tor.2=* Their results show that, although the de-
composition of this peroxide appears to be a first
order reaction under a given set of conditions, the
rate constant calculated for a first order reaction
varies widely with changes in reaction medium and
peroxide concentration.?=® This deviation from a
true first order reaction is generally attributed to
free radical attack on undecomposed peroxide to
produce induced decomposition which makes no
contribution to the sum total of initiating radicals.*
As a result, the rate of generation of free radicals
from decomposing peroxide is always less by an
uncertain amount than the rate of decomposition
of the peroxide.

The discovery that certain aliphatic azobisni-
triles are excellent initiators of vinyl polymeriza-
tion® prompted an investigation of the decomposi-
tion of typical azobisnitriles. This work indicated
that the aliphatic azobisnitriles decompose ther-
mally in solution by a true first order reaction not
influenced by solvent or concentration. This
conclusion is in agreement with that of other
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workers as reported recently in the literature.’—?
It is therefore to be expected that when azobis-
nitriles are used as vinyl polymerization initiators,
the rate of generation of free radicals may be set
equal to the rate of decomposition of the initiator.
This ideal behavior of the azobisnitrile initiators
has been used in this investigation to obtain evi-
dence concerning the mechanism of the polymeriza-
tion of methyl methacrylate.

Experimental Methods

Decomposition of Azobisnitriles.—The azobisnitriles used
in this study were prepared by the method of Thiele and
Heuser.’® The decomposition of the azobisnitrile was
carried out in solution in a glass vessel immersed in a vapor-
bath or water thermostat. The reaction medium was
brought to the temperature of the bath, and the gas space
swept out with purified nitrogen (less than 20 p.p.m. O).
A known weight of azobisnitrile was added to the liquid, and
the vessel was closed and agitated to bring about solution.
The evolved nitrogen was collected in a gas buret, and the
volume noted as a function of time.

Monomer Purification.—Methyl methacrylate monomer
containing phenols as polymerization inhibitors was washed
with 5% sodium hydroxide solution and then with distilled
water. The monomer was dried with Drierite and then frac-
tionated in a stream of purified nitrogen at 100 mm. in a 12-
inch column packed with Fenske rings. The middle frac-
tion boiling at 46° was stored under purified nitrogen in a
glass bottle at 0~5°. This monomer polymerized at 70°
with benzoyl peroxide at a rate in good agreement with that
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