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SUMMARY 
The initiation mechanism in the cationic polymerization 

of N-vinylcarbazole and 3-I,9-N-vlnylcarbazole by 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-vlnylcarbazole(NVC) by trityl 
salts in methylene chloride and nitrobenzene have been pre- 
sented. So, in methylene chloride spectroscopic studies from 
solutions at the end of the polymerization revealed the pre- 
sence or trltyl cation in concentration simllar to that of 
the initial salt. A mechanlsm was proposed involving rege- 
neratlon of trityl cation through the formation of a trityl 
radical and a monomerlc cation radlcal, which dimerizes for- 
ming a dication, being this one the propagating species in 
the system. 

When the reaction is 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 mechanlsm 
for NVC In chlorobenzene, the dielectric constant of which 
is smaller than that of methylene chloride, and likewise It 
has been investigated the initiation mechanism for 3-1,9-N- 
vlnylcarbazole(3IgNVC) in the same solvents. 

EXPERIMENTAL 

Reagents: N-vlnylcarbazole(Fluka, purum) and 3-I,9-N-vlnyl- 
carbazole were purified by standard techniques(BOWYER et 
ai.,1971). 
Trityl salts, Ph3C+AsF6-fMerck) and Ph3C+S]~Cl6-(Aldrlch), 
were utilized without further purification since its purity 
was considered adequate(RODRIGUEZ et al.,1983D). They were 
stored under dry N 2 and at low temperature. 
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Solvents: Nitrobenzene was twice distilled from CaH2.It was 
distilled before use. 
Methylene chloride and chlorobenzene were purified by stan- 
dard techniques (BOWYER et aI.,1971)(RIDDICK et ai.,1970) 
and distilled before use. 
Tetrahydrofuran(THF) was dist111ed from Call 2 and stored in 
the dark and under dry N 2. Peroxides from THF were removed 
before distillation. 
Procedure: The polymerlzatlons were carried out at 20"C, un- 
der dry N2; concentrations ranged between 2.10-5M-7.10-5M 
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 spectrophotometer using quartz 
cells of 1 and O.Icm light path. When chlorobenzene was the 
ut111zed solvent, the v.lsible spectrum Of the initiator so- 
lutlon 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 I06A of pore size, using THF as 
solvent, at 298K.The GPC columns were calibrated wlth mono- 
disperse samples of polystyrene (RODRIGUEZ et al.,1983a) and 
from it the particular calibration for PNVC and P319NVC was 
o b t a i n e d .  

RESULTS AND DISCUSSION 

Polymerlzatlons In chlorobenzene and methylene chloride:The 
visible spectrum obtained from flnal solutions in the poly- 
merlzatlon reactlons of NVC and 3IgNVC In chlorobenzene, and 
of 3IgNVC 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 concluslon 
that the initiation mechanlsm is the same as for NVC in me- 
thylene chlorlde(RODRIGUEZ et al.,Ig83a). However, the ab- 
sorbance intensities for Initiator solutions in chloroben- 
zene were lower than those in methylene chloride and moreo- 
ver the absorbance decreased with tlme indicating that trl- 
tyl cation is very unstable in that solvent. 
Polymerizations in nitrobenzene:Spectroscopic analysis from 
final reaction solutions in the polymerization of 3IgNVC in 
nitrobenzene indicates that the initiation mechanism is the 
same as for NVC in thls solvent(BILBAO et ai.,19839. 
Molecular wel~ht analysls: The average molecular weights, M w 
and R n, as well as the polydlspersity(1) of synthesized sam- 
ples are shown in Tables I and 2. 
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TABLE 1 
..Molecular weights o f  PNVC 

Solvent [M] [I] .i05 Mw -I0-4 Mn.lO-5 I 
(M) (M) 

CH2CI 2 0. 063 4.57 Z2.0 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 2 0.061 0.936 5.2 1.4 3.7 
" 0.070 5.68 4.6 1 .I 4.2 
" 0.061 7.96 5.7 1.4 4.1 

PhCI 0.058 5.44 11.8 3.6 3.3 
" O.iiO 4.67 22.5 9.2 2.4 
" 0.052 7.76 9.3 3.0 3.1 

TABLE 2 
Molecular wel@hts o f  P319NVC 

Solvent [M] [I].i05 Mw.lO-4 Mn.lO-5 I 
(M) (M) 

CH2CI 2 0.033 7.02 21.5 9.38 2.3 
PhNO 2 0.038 6.90 3.94 1.21 3.3 
PhCI 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 P319NVC are obtained In nitrobenzene as solvent. 
This is logical bearing In mlnd 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 whlch can be explained taking Into account 
that chlorobenzene have a smaller dielectric constant than 
methylene chloride.Therefore, in chlorobenzene the equili- 
b r l u m  

propagating ion pairs=propa~atlng free ions 

is displaced to the left so that transfer reactlons wlll be 
more important and some chains w111 propagate only by one 
end lowering the molecular weight. 



166 

Figure 1 shows the obtained chromatograms for some sam- 
ples of PNVC obtained in similar conditions of monomer and 
initiator concentrations. The most remarkable characterlstic 
is the monodal molecular welght dlstrlbutlons obtalned In 
nitrobenzene and the bimodal ones obtalned In chlorobenzene 
or methylene chlorlde. These results are In agreement with 
the proposed mechanism in each solvent; so, In nltrobenzene 
the propagatlng species is a catlon.ln methylene chlorlde 
or chlorobenzene however, the propagating specles is a dlca- 
tion but due to transfer reactions some actlve centres w111 
be lost and therefore some chalns will propagate by two ends 
and some ones only by one end. This implles the exlstence 
of a mixture of two polymers In the system one of whlch has 
a hlgher molecular weight than the other and, In consequen- 
ce, the molecular weight distributions are blmodal.Likewl- 
se, when comparing the obtained chromatograms in methylene 
chloride with those in chlorobenzene it can be seen that In 
the latter solvent the highest peak corresponds to the lo- 
wer molecular weight while in methylene chlorlde corresponds 
to the higher molecular welght. This Is 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 initiation mechanism ta- 
king place in nltrobenzene with respect to that in methylene 
chloride and chlorobenzene is due to the strong interaction 
existing between nitrobenzene and both monomer and propaga- 
ting catlon(BILBAO et ai.,1963). Due to this Interactlon the 
formation of a charge transfer complex is less favoured so 
that the initiation occurs by hydride ion abstraction from 
the monomer being the propagating species a cation. 

Figure 1.-Typlcal chromatograms in: a)methylene chloride; 
b)chlorobenzene; c)nitrobenzene 
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