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SUHMMARY

The 1initiation mechanism in the cationic polymerization
of N-vinylcarbazole and 3-I,9-N-vinylcarbazole Dy trityl
salts in nitrobenzene, methylene chloride and chlorobenzene
has been studied. Spectroscopic studies and molecular weight
analysis show that the polymerization mechanism depend on
the used solvent.

INTRODUCTION

In previous papers(RODRIGUEZ et al., 1983a)(BILBAO et
al., 1983) the results about the reaction mechanism in the
cationic polymerization of N-vinylcarbazole(NVC) by trityl
salts in methylene chloride and nitrobenzene have Dbeen pre-
sented. So, in methylene chloride spectroscopic studies from
solutions at the end of the polymerization revealed the pre-
sence of trityl cation in concentration similar to that of
the initial salt. A mechanism was proposed involving rege-
neration of trityl cation through the formation of a trityl
radical and a monomeric cation radical, which dimerizes for-
ming a dication, being this one the propagating species in
the system.

When the reaction 1is carried out in nitrobenzene, the
characteristic spectrum of trityl cation is not obtained at
the end of the polymerization and the proposed mechanism im-
plies the abstraction of a hydride ion from the monomer for-
ming triphenylmethane and a monomeric cation which is the
propagating species in the system.

In this paper we have studied the initiation mechanism
for NVC in chlorobenzene, the dielectric constant of which
is smaller than that of methylene chloride, and likewise it
has Dbeen investigated the initiation mechanism for 3-1,9-N-
vinylcarbazole(3I9NVC) in the same solvents.

EXPERINENTAL

Reagents: N-vinylcarbazole(Fluka, purum) and 3-I1,9-N-vinyl-
carbazole were purified by standard technigques(BOWYER et
al.,1971).

Trityl salts, Ph3C*AsFg (Merck) and Ph3C*SbClg~(Aldrich),
were utilized without further purification since its purity
was considered adequate(RODRIGUEZ et al.,1983b). They were
stored under dry Np and at low temperature.

*To whom offprint requests should be sent



164

Solvents: Nitrobenzene was iwice distilled from CaH,.It was
distilled Dbefore use.

Methylene chloride and chlorobenzene were purified by stan-
dard techniques (BOWYER et al.,,1971)(RIDDICK et al.,1970)
and distilled Dbefore use.

Tetrahydrofuran(THF) was distilled from CaHp and stored in
the dark and under dry Np. Peroxides from THF were removed
before distillation.

Procedure: The polymerizations were carried out at 20°C, un-
der dry Np; concentrations ranged between 2.10"SM-7.10"°M
and 3.10"2M-12.10"2M for trityl salts and monomer solutions,
respectively.Conversion was total in all cases. The visible
spectrum of solutions at the end of the polymerization was
recorded on a Shimadzu UV-240 specirophotometer using quartz
cells of 1 and O.icm 1light path. When chlorobenzene was the
utilized solvent, the visible spectrum of the initiator so-
lution at the same concentration as in the polymerization
system was also recorded.

Molecular weights of the samples were measured on a Wa-
ters Gel Permeation Chromatograph(GPC) with columns of
5.102, 103, 104, 105 and 10%A of pore size, using THF as
solvent, at 298K.The GPC columns were calibrated with mono-
disperse samples of polystyrene (RODRIGUEZ et al.,1983a) and
from it the particular calibration for PNVC and P3I9NVC was
cbtained.

RESULTS AND DISCUSSION

Polymerizations in chlorobenzene and methylene chloride:The
visible spectrum obtained from final solutions in the poly-
merization reactions of NVC and 3I9NVC in chlorobenzene, and
of 3I9NVC in methylene chloride show the characteristic sha-
pe of trityl cation with two absorption maxima at 412nm and
435nm (ANDERSON,1930); this fact lead us to the conclusion
that the initiation mechanism 1is the same as for NVC in me-
thylene chloride(RODRIGUEZ et al.,1983a). However, the ab-
sorbance intensities for 1initiator solutions in chloroben-
Zene were lower than those in methylene chloride and moreo-
ver the absorbance decreased with time indicating that tri-
tyl cation is very unstable in that solvent.
Polymerizations in nitrobenzene:Spectroscopic analysis from
final reaction solutions in the polymerization of 3I9NVC in
nitrobenzene indicates that the initiation mechanism is the
same as for NVC in this solvent(BILBAO et 2l1.,1983).
Molecular weight analysis: The average molecular weights, Hy
and HMp,, as well as the polydispersity(I) of synthesized sam-
ples are shown in Tables 1 and 2.
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TABLE 1
Molecular weights of PNVC
Solvent [M1 [r1.10% My .10"4 M,.1075 I
M) (M)
CHCl; 0.063 4.57 72.0 22.0 3.3
" 0.063 9.25 40.0 9.8 4.1
" 0.125 4.22 91.0 25.0 3.6
PhNO, 0.061 0.936 5.2 1.4 3.7
" 0.070 5.68 4.6 1.1 4.2
" 0.061 7.96 5.7 1.4 4.1
PhCl 0.058 5.44 11.8 3.6 3.3
" 0.110 4.87 22.5 9.2 2.4
" 0.052 7.76 9.3 3.0 3.1
TABLE 2
Molecular weights of P3I9NVC
Solvent (M1 (11.10% My.10"%4 M, .10-5 I
(M) (M)
CHCl, 0.033 7.02 21.5 9.38 2.3
PhNO, 0.038 6.90 3.94 1.21 3.3
PhC1 0.031 7.13 7.19 1.12 6.4

The results of this analysis allows us to corroborate the
proposed mechanisms. So, the lower molecular weights for
PNVC and P3I9NVC are obtained in nitrobenzene as solvent.
This is 1logical bearing in mind that the propagation occurs
in this case through a cation.In methylene chloride or chlo-
robenzene the propagation takes place by a dication and then
molecular weights will be higher.On the other hand, molecu-
lar weights in chlorobenzene are lower than that in methy-
lene chloride which can be explained taking 1into account
that chlorobenzene have a smaller dielectric constant than
methylene chloride.Therefore, in chlorobenzene the equili-
brium
propagating ion pairs=propagating free ions

is displaced to the 1left so that transfer reactions will be
more important and some chains will propagate only by one
end lowering the molecular weight.
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Figure 1 shows the obtained chromatograms for some sam-
ples of PNVC obtained in similar conditions of monomer and
initiator concentrations. The most remarkable characteristic
is the monodal molecular weight distributions obtained in
nitrobenzene and the bimodal ones obtained in chlorobenzene
or methylene chloride. These results are in agreement with
the proposed mechanism in each solvent; so, 1n nitrobenzene
the propagating species 1is a cation.In methylene chloride
or chlorobenzene however, the propagating species is a dica-
tion but due to transfer reactions some active centres will
be lost and therefore some chains will propagate by two ends
and some ones only by one end. This implies the existence
of a mixture of two polymers in the system one of which has
a higher molecular weight than the other and, in consequen-
ce, the molecular weight distributions are bimodal.Likewi-
se, when comparing the obtained chromatograms in methylene
chloride with those in chlorobenzene it can Dbe seen that in
the latter solvent the highest peak corresponds to the lo-
wer molecular weight while in methylene chloride corresponds
to the higher molecular weight. This 1is in agreement with
the fact that in chlorobenzene the transfer processes are
very important and so, there will be more chains growing by
one end than by both ends.

In our opinion the different 1initiation mechanism ta-
king place in nitrobenzZene with respect to that in methylene
chloride and chlorobenzene is due to the strong interaction
existing Dbetween nitrobenzene and both monomer and propaga-
ting cation(BILBAO et al.,1983). Due to this 1interaction the
formation of a charge transfer complex 1is less favoured so
that the initiation occurs by hydride ion abstraction from
the monomer being the propagating species a cation.

(a) [b)

(o
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Figure 1.-Typical chromatograms 1in: a)methylene chloride;
bl)chlorobenzene; clnitrobenzene
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