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It has been reported that the binary system of
such tertiary amines as dimethylaniline and such
organic halides as benzyl chloride initiates the
radical polymerization of methyl methacrylate.!-?
In this case, a quaternary salt is formed, and then
it decomposes at the N*-C bond into radicals
which react with the monomer to initiate the poly-
merization.!>®
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POLYMERIZATIONS OF SOME VINYL MONOMERS WITH DMA/ALKYLATING AGENTS AT

60°C: [DMA]=0.2 mol/l, [DMS]=0.2 mol/l, [MTS]=0.2 mol/l,
[Monomer}/{Solvent] =6/4 IN VOLUME

‘ MMA St VAc
Alkylating Solvent ) . .
Agent Time Yield Time Yield Time Yield
hr % hr % hr %
DMS CeH, 7 0.9 30 2.1 — —
DMS C,H;OH 7 12.8 30 1.6 20 0.4
MTS CeH,g 7 5.0 30 3.7 — —
MTS C,H;OH 7 11.5 30 6.1 20 3.0

the results of the polymerization of vinyl monomers
with the binary system and the quaternary salt of
several dialkylanilines, especially dimethylaniline
(DMA), and dimethyl sulfate (DMS) or methyl
p-toluenesulfonate (MTS).

Experimental

The tertiary amines and vinyl monomers were puri-
fied in the usual manner from the reagent-grade mate-
rials. The commercial DMS and MTS were distilled
prior to use.

The quaternary salts of DMA with DMS and MTS
were prepared by reacting an equimolar mixture of the
two materials in water, followed by recrystallization
from water: mp 126 and 167—168°C respectively.

Polymerizations were carried out in a sealed tube in
the absence of light with shaking at 60°C.

Results and Discussion

Table 1 shows the results of the polymerizations
of methyl methacrylate (MMA), styrene (St), and
vinyl acetate (VAc) with the binary initiator system
of DMA and DMS or MTS at 60°C.

From Table 1, these binary systems may be seen
to have been effective as the initiator of the MMA
polymerization in the presence of ethanol, but they
showed rather weak activity for the St and VAc
ploymerizations. A similar tendency was found
in the polymerization with the DMA-benzyl chloride
system.) From Table 1, these binary systems may
be seen to show a lower activity in benzene than
in ethanol, for the quaternary salts, which were
formed concurrently, were insoluble in benzene
and were precipitated in the polymerizing mixture.

TaBLE 2. POLYMERIZATION OF MMA wiTH
QUARTERNARY SALTS OF DMA-DMS anp
or DMS-TMS at 60°C ror 22 hr

Quaternary Yield
salts Solvent %
DMA-DMS none 1.1
DMA-DMS C,H;OH** 2.3
DMA-MTS none 1.5
DMA-MTS C,H,OH** 2.1

* The concentration was kept at 2X 10-2 mol/l.
** MMA (5ml) and C,H;OH (5 ml) were used.

However, the quaternary salts of DMA with
DMS and MTS showed very weak activity for the
MMA polymerization in ethanol, as is shown in
Table 2. This result might indicate that the
initiating radical was produced from the unstable
intermediate formed through the quaternary reac-
tion.

Table 3 shows the effects of the tertiary amines:
on the MMA polymerization with these binary
initiator systems. From this table, it can be seen

TABLE 3. POLYMERIZATION OF MMA WITH A
SYSTEM OF VARIOUS AMINES AND ALKYLATING
AGENTS AT 60°C*

Alkylating . Time  Yield
agent Amine hr %
DMS CH,N(CH,), 5.0 15.1
MTS C¢H;N(CHjy), 5.0 13.3
DMS CeHN(CH,)(CH,C¢Hy) 5.0 6.9

MTS CeH N(CH,YCH,CeH,) 5.0 5.9
DMS CHN(CH,CsHy), 5.0 4.2
MTS CH N(CH,CeHy), 5.0 3.8
DMS CHyCH,N(CH,), 8.3 2.6
MTS CeH,CH,N(CH,), 8.3 1.1

* Polymerization conditions:
[Amine] =[Alkylating agent]=0.2 mol/!
[IMMA] =[C,H,OH]=5ml.
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Fig. 1. Relationship between R; and [MMA] in

the polymerization of MMA with DMA/DMS
at 60°C: [DMA]=[DMS] =0.2 mol/!, [C,H;OH],
=6.87 mol/! in benzene.
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Fig. 2. Relationship between R and initiator
concentration in the polymerization of MMA
with DMA/DMS at 60°C: [MMA]=4.7 mol/l,
[C,H;OH]=8.58 mol/! in benzene.

that, when the methyl group in DMA was replaced
with the benzyl group, the initiator activity of the
binary system decreased. The aliphatic tertiary
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amine, benzyldimethylamine, formed a very weak
Initiator system with DMS and MTS. This result
was the same as that reported in a previous paper.®

The polymerization of MMA with an equimolar
mixture of DMA and DMS was then investigated
kinetically at 60°C. The effects of the monomer
and the total initiator concentrations on the rate
of polymerization (R,) are shown in Figs. 1 and 2.
From these figures, the following rate equation
was obtained:

Ry = K[DMA] + [DMA]}/2[MMA]

A similar rate equation was observed with the
binary system of DMA and MTS at 60°C. It was
also found that the copolymers obtained from the
copolymerization of an equimolar mixture of
MMA and St with DMA-DMS and DMA-TMS
contained 49.7 and 47.7 mol%, of the St unit re-
spectively; this finding agrees with those reported
with azobisisobutyronitrile as the initiator. These
findings might suggest that the polymerization
proceeded via a radical mechanism.






