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SUMMARY

Experimental and thecretical data proving the exig-
tence of long-lived ("living") poly(methyl methacry-
late-co-gtyrene) 50:50 random macroradicals are pre-
gented.

INTRODUCTION

In some previously published papers, plasma-induced
polymerizations and copolymerizations were reported
(SIMIONESCU et al., 1980a, b; 198la, b). The polymeri-
zation mechanism was shown to be & radical one, and
gome gpecific features of this new approach to polymer
gynthegis were underlined., In all caseg, prolonged
post-polymerization periods were observed, indicating
considerable lifetime for propagating radicals, and
thegse observations led to the ideea of the exigtence
of "living" mscroradicals in such systems. Their for-
mation in both homogeneous and heterogeneous media
was experimentally proved and theoretically explained,
and their use as macromolecular initiators in polyme-
rizat%oﬁ processes was exemplified (SIMICNESCU et al.,
1981¢).
The plasma-induced polymerization of methyl methacry-
late was invegtigated in detail by JOHNSON et al.
(1981), and its copolymerization with styrene, by the
same technique, was reported (SIMIONESCU et al.,
1980a). The mentioned studies showed that homopolyme-
rization yields ultrahigh molecular yeight poly (methyl
methacrylate) (e.g., in excess of 10'), and that copo-
lymerization leads to copolymers with compositions and
configurations very close to those obtained by classi-
gal ra?ical initiation (rMMA = 0,41 * 0,01, rg = 0.57
0.01).
The pregent paper is concerned with "living" radical
copolymerization of methyl methacrylate and styrene,
presenting both experimental and theoretical dats on
the long-lived macroradicals acting as propagating
specieg,
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EXPERIMENTAL AND RESULTS

The general technique of plasma-induced polymerization
wasg previously described,

The monomers were purified and dried by the usual me-
thods. The initial mixture of the monomers (85 ml,
77.265 g styrene, and 85 ml, 79.560 g methyl methacry-
late), calculated %o yield 50:50 composition copoly-
mers, was introduced in a long reaction tube, eguipped
with six lateral ampoules, connected to the main tube
through necks for sealing. The system wag evacuated to
10-3 - 10-4 Torr and then a 60 seconds electrical dis-
charge wasg operated at 15 mm from the sample. Immedia-
tely following the discharge, the mixture was omogeni-~
zed, and then equal amounts of solution (28.33 ml%
were introduced in each of the lateral empoules which
were detached by sealing of and kept in dark, at room
temperature, The samples were opened after different
periods of time, diluted with benzene and precipitated
}n methanol.

H-NMR spectra confirmed that 50:50 random copolymers
were yielded. _
Weight average molecular weights (M ) were cbtained by
1ight scattering measurements, performed on s PCL Pea-
ker apparatus, in methyl ethyl ketone (MEK).

Number average molecular weights (M ) were calculated
from light scattering data obtained"in cyclohexanol

(6 solvent, 68.6°C, according to FROELICH and BENOIT
(1966)), uging the Debye theory, congidering the par-
ticle gscattering function of a molecular-weight poly-
disperse sample of linear flexible polymer in the un-
perturbed state (MIYAKI et al., 1978). Elaboration of
thege data will be subject of a further communication.
Weight and number average molecular weights, obtained
in MEK and cyclochexanol (C), are given in Table 1.

TABLE 1

K, and B data of the copolymers
Sample M, (MEK) 1, (C) M, () ﬁwmn(c)
x1077 x207 7 %1077
1 0.7323
2 1.7974 1.8321 1.1268 1.626
3 2.0175
4 3.9544 3.7250 2.4890 1.497
5 5.7668
6 6.5966

The evolution of copolymer yield and molecular weight
is presented in Figure 1.
According to thege experimental data, the copolymeri-
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zation process continues for very long periods of
time after the initiastion took place; the date were
ugsed to estimate the evolution of the concentration of
macroradicals (per ml), Np. , given by
NR. = g.NAm .

where g is the amount of copolymer formed in_the am-
poule, in grams, is the Avogadro number, M_ is the
average number molécular weight of the sample? and v
is the volume of the sample contained in each ampoule
(28.33 ml).
The data were processed for three different cases ~

/M 1.0 (hypothetical monodisperse polymer; actual
“mongdisperse" "living" polymers have the polydisper-
gity index 1.01 - 1.05), MY = 1.5 (addition poly-
merg, terminstion by coupl ng, low conversion), and
M /M = 2.0 (addition polymers, termination by dispro-
pgrtgonation low conversion). It should be mentioned
that it was considered that, from sample 1 to sample
6, all macroradicals remain active, and that their
length ig very close to the average length.
The obtained results are pregented in Table 2.
Congidering the real polydlsper51ty index, calculated
baged on data obtained in cyclohexanol the COT entra-
tion of macroradica%z was found to be 5.217-10 (sam-
ple 2) and 3.631.10 (ssmple 4).
The data presented are only approximative valueg; it
should be mentioned, however, that in a clasgical bulk
polymerization (copolymerization) system, considering
the initiator concentration as being 1% based on the
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TABLE 2
Evolution of the concentration of macroradicals

Sample _ _Concentration of macroradicals
¥, /M =1.0 M, /M =1.5 ¥, /M, =2.0
Np. (x107%)  wp o™t mp.(zao7th

1 3.978 5.968 7.957
> 3.208 2.813 6.217
3 3.167 4.750 6.334
4 2.426 3.640 4.853
5 2.322 3.483 4.612
6 2.186 3.279 4.372

weight of monomer (monomers),_ the concentration_of the
formed radicals is between 1019 and 1021, so 10° - 107
times more important.

DISCUSSION

The present results demonstrate the existence of "1li-
ving" macroradicals in methyl methacrylate -~ styrene
plasma-induced bulk copolymerization. Their formation
is normal, considering that

i - the initiation efficiency is small, so that a
gmall number of radicals become growing macroradicals
by adding monomer molecules;

ii -~ the transfer constants to both monomers have very
small values (about 10~4; for instance, the transfer
conatant to styrene, at 0°C, is 0, and increages only
slig?tly up to room temperature (BRANDRUP and IMMERGUT,
1975);

iii - the transfer congtants to the formed copolymer
are also very small (about 10-4) at room temperature
and, even if it appesrs, leads to branched macroradi-
cals, able to continue the molecular weight growth;
for so important chain lengths, however, intramolecu-
lar chain trangfer has to be congidered, but its pre-
gence doegn't limit the magnitude of the molecular
weight;

iv - in order for the chemical recombination to take
place, macroradicals must come into contact with one
another, but, in a very viscous milieu, correspondingly
to the increase of mecroradical length, the mobility
and the probability of recombination decrease; the
same observations have to be considered for dispropor-
tionation reactions.

Our results are not the only ones existeng on "living"
macroradicels; in a recently published review on the
kinetics of polymerization processes, BERLIN et al.
(1981) considered "living" radical polymerization end
copolymerization and the formation, under certain con-
ditions, of "living" radical polymerization centers.
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The concentration of the macroradicals decreages only
very slightly in time (Table 2) so that, while the
molecular weight of the copolymer grows, the number

of chaing remains almost constant.

Certainly, the post-polymerization rate has to decreage
in time - but for very important post-polymerization
periods -, as a rezult of either the annihilation (by
chemical transformation) of the macroradicals, or of
their "immurement" in the formed polymer (physital de-
activation).

"Living" radical processes open up new and interegting
posgibilities of gynthesis, previously characteristic
of ionic "living" systems, e.g., the production of
block copolymers and the obtaining of polymers (copo-
lymers) with a narrow molecular weight distribution.
Experimental regults in the lagt direction will be
publighed in the future.
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