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Synopsis. Pulse radiolysis of a-methylstyrene was
carried out in 1,2-dichloroethane, and the effect of additives
on the formation of the dimer radical cations was in-
vestigated. In the presence of excess amounts of hexenes
and biphenyl, the dimer radical cations are suggested to be
formed via molecular aggregates by charge-transfer re-
actions.

The initiation processes of the radiation-induced
cationic polymerization of styrene derivatives have
been studied by pulse radiolysis methods.1-%
Monomer and dimer radical cations and propagating
cations have been detected as transient species
responsible for the cationic polymerization. The
monomer radical cations are quite short-lived, and
the mechanistic details have been obtained by the
pulse radiolysis at low temperature, —165°C, in a
mixture of isopentane and butyl chloride.? The
following reaction scheme has been proposed for
styrene and a-methylstyrene (MS):

S(solvent) ~\"> S* + e (1
S* + M(monomer) — S + M? 2
ST+ M, — S+ (M,)* (3
St 4+ M, — S + M-M* 4)
MP+ M = (M,)? ®
M! 4+ M — M-M! ©)
(M)t — M-M? M
M-M! + M — -M-M-M+ @)

where M-M* and (Mg2)* are the bonded and associated
dimer radical cations, respectively. The formation of
the dimer radical cations via molecular aggregates,
M2, has been proposed to account for their rapid
formation during pulse irradiation.2-® The existence
of the molecular aggregates, however, has been ruled
out by another research group.¥ In the present study,
the pulse radiolysis of MS was carried out in 1,2-
dichloroethane at room temperature (ca. 22 °C) by
using 8 ns electron pulses. The effect of additives on
the formation of the dimer radical cations was
examined in order to investigate the contribution of
such neutral molecular aggregates.

Experimental

MS and 1,2-dichloroethane (Wako Chemicals) were
successively washed three times with an aqueous solution
of NaOH and with distilled water and then distilled over
CaHz. The middle fractions were stored under vacuum
over CaHz. Cyclohexene and 1-hexene (Wako Chemicals)
were distilled over CaH2 and stored under vacuum. Zone-
refined biphenyl (BP) (Tokyo Kasei) was used without

further purification. BusNPFs (Bu, butyl) was prepared
from BusNBr and KPFg and twice recrystallized from a
water-methanol mixture. The samples for the pulse
radiolysis were prepared in a high vacuum operation and
sealed into Suprasil cells of 10-mm optical path length.
The pulse radiolysis techniques employed in this labora-
tory have been described elsewhere.®

Results and Discussion

The transient absorption spectra of MS in 1,2-
dichloroethane are shown in Fig. 1. According to the
literature,® the absorption band at 470 nm is assigned
to the bonded dimer radical cations, although the
possibility of a contribution of another type of dimer
radical cations, associated ones, to the absorption still
remains.? In this paper, the dimer radical cations
having the 470-nm band are tentatively represented
by M-M?*, and their formation processes are dis-
cussed.

At the higher concentration, 0.1 mol dm—3 (Fig. 1
(A)), the formation of M-M? seems to be almost
completed within the pulse duration, 8 ns, and the
470-nm band decreases as a function of time. The
absorption bands at 350 and 690 nm assigned to the
monomer radical cations, M?*, are negligible even at
the end of the pulse. The absorption below 400 nm
with a relatively slow decay rate is attributed to
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Fig. 1. Transient absorption spectra of MS solutions:

(A) [MS]=0.1 mol dm—3; (B) [MS]=0.01 mol dm-3;
and (C) [MS]=0.01 mol dm-2 in the presence of 0.5
mol dm-3 cyclohexene.
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radical species such as benzyl-type radicals. The
formation of the associated dimer radical cations
having absorption bands at 620 and 1600 nm seems to
be less important at room temperature than at
—165°C.9

At the low MS concentration, 0.01 mol dm—3 (Fig. 1
(B)), a rapid decay of the absorption due to M* can be
seen, and the 470-nm band increases after the pulse.
The absorption of M-M? attained a maximum at
70 ns. The effect of BusNPFs was examined in order
to establish the formation of M-M?* from M*. As has
been reported,®? the addition of BusNPFs results in
the stabilization of radical cations toward neutraliza-
tion through ion-pair formation. When 5X10-3 mol
dm-3 BusNPFs was added to the 0.01 mol dm—3 MS
solution, the formation of M-M? was enhanced, and
the decay of M became slightly slower. Therefore,
the enhancement of the M-M?* formation is attribut-
able to the stabilization of M? toward neutralization
with Cl-, the product of dissociative electron capture
by the solvent. That is to say, the growth of the 470-
nm band is a result of the reaction of M* taking place
in competition with the neutralization.

In the 0.01 moldm~3 MS solution containing
0.5 mol dm—3 cyclohexene (Fig. 1 (C)), the 470-nm
band increases after the pulse similarly to that in the
solution not containing cyclohexene. However, no
absorption peak is observed at 350 nm. The result
can be explained by assuming that M-M? is formed
via the MS molecular aggregates by the charge-
transfer reaction probably from the cyclohexene
dimer radical cations.® A similar result was obtained
for the 0.0l moldm—3 MS solution containing
0.5 mol dm—3 1-hexene.

When 0.1 mol dm—3 BP was added to the 0.01 mol
dm—3 MS solution, the transient absorption spectrum
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obtained at the end of the pulse was similar to that of
the BP solution not containing MS. The absorption
bands at 370 and 680 nm are assigned to BP?,
although the former band includes the absorption by
the triplet excited state of BP. As the absorption of
BP?* decayed, the 470-nm band appeared, whereas no
absorption peak due to M was observed at any stage
after the pulse. It was demonstrated that the decay of
BP* is accelerated in the presence of added MS
resulting in the direct formation of M-M?*. The
result may be explained by the occurrence of the
charge-transfer from BP' to the MS molecular
aggregates.

From the results presented above, it seems likely
that the MS molecular aggregates exist and contrib-
ute to the formation of M-M?. Clearly further
investigation is required to reveal the nature of the
molecular aggregates.
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