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The radical and cationic polymerization of N-vinyl-
carbazole (VCZ) has been extensively studied.':? In the
polymerization kinetics, it is important to determine
propagation rate constants (k,). North ez al.® measured
propagation rate constants for radical polymerization of
VCZ by using the rotating sector-dilatometry method
and reported the value of k,=13Lmol ™ 's~ " at 30°C in
tetrahydrofuran (THF), which is listed in ‘“‘Polymer
Handbook.”* We reported the value of k,=930L
mol~*s™! at 30°C in benzene by the same method.’
There was a big difference between the two values. Re-
cently, Olaj and coworkers® developed the pulsed-laser
polymerization (PLP) technique by which the propa-
gation rate constant of radical polymerization can be
evaluated accurately. In the present study, we reinves-
tigated the propagation rate constant of radical po-
lymerization of VCZ by the PLP technique and found
a rather large value different from the previous ones:
k,=4.11x10* Lmol~'s™!, E,=28.8kJmol ™' at 30°C
in benzene.

The PLP technique has been described in many
papers’-® and has been recommended for use by an
TUPAC working party.®1° Olaj and coworkers showed
that the kinetic chain length, L, can be expressed by eq 1.

L=k,[M]1t, (M

where [ M] is the monomer concentration. ¢, is the time
(dark time) between pulses. The molecular weight
distribution (MWD) was measured by size exclusion
chromatography (SEC). The MWD analysis was based
upon universal calibration using narrow MWD poly-
styrene standards and Mark—Houwink—-Sakurada coef-
ficients. In this study, we used 2-benzyl-2-dimethyl-
amino-1-(4-morpholinophenyl)-butanone-1 (Irgacure
369) (Ciba Geigy) as a photoinitiator which has an
absorption tail up to ca. 410 nm.

Figure 1 shows the molecular weight distribution and
its derivative curve for the sample after irradiation of
10 Hz of light 351 nm to the system: VCZ (0.5mol L™ 1),
Irgacure 369 (2x107*molL"1) at 30°C in benzene
solvent. In the absence of the photoinitiator, the
photopolymerization of VCZ did not take place under
this condition. The kinetic chain length (L) was de-
termined from the inflection point which was read off
as a maximum in the molecular weight distribution
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derivative. The k, value was determined from this L using
eq 1. Table I shows the values which we analyzed from
the first peak L, and the second peak L, of the curve.
The relationship between the first peak and the second
peak is L, =2 x L, and the relationship was well held in
this experiment. The frequency of light pulse was changed
from 5 Hz to 30 Hz. With the increase of frequency, the
SEC curves shifted to the lower molecular weight side.
In other words, the shift of L, was proportional to the
time 7, and L, gave a constant k,, value. The propagation
rate constants k,’s measured in the range of 30—70°C
were treated by the least squares method and the
relationship of k, [Lmol ™ 's™']=3.72x 10%exp (—28.8
kJmol~!/RT) was obtained in benzene solvent: the value
calculated from the equation is k,=4.11 x 10* Lmol !
s~1 at 30°C. The discrepancy between the previous and
the present values suggests that the rotating sector-
dilatometry method is not accurate enough to determine
the rates of solution polymerization, and that there was
no clear-cut radical photoinitiator for VCZ monomer.!!
We examined the reliability of our technique by mea-
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Figure 1. Molecular weight distribution (solid line) and its derivative
(dotted line) for the polymer formed in a pulsed-laser polymerization
of VCZ at 30°C in benzene solvent. Laser repetition rate, 10 Hz.

Table I. Inflection point MW, kinetic chain length L,
and propagation rate coefficient &,

Inflection point

. 3 1.1

MW (x 10%) L ky (x10%, Lmol™'s™1)
First 38.8 201 4.02
Second 77.4 401 4.01
Third 118.3 612 4.08
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suring the k, of bulk styrene, then our result was in
good agreement with Manders’ result.!? The details will
be reported shortly.

Acknowledgment. We wish to thank Dr. S. Suzuki,
Ciba-Geigy, Japan, Ltd. for supplying photoinitiators.

REFERENCES

A. Ledwith, Account Chem. Res., 5, 133 (1972).

2. J. M. Pearson and M. Stolka, “"Poly(N-vinylcarbazole),” Gordon
and Breach Sci. Pub., New York, N.Y., 1981.

3. J.Hughes and A. M. North, Trans. Faraday Soc., 62, 1866 (1966).

4. J. Bandrup and E. H. Immergut, Ed., “Polymer Handbook,” 3rd

ed, Wiley-Interscience, New York, N.Y., 1989.
5. M. Ohoka, S. Nishimoto, and M. Yamamoto, J. Photopolym.

Polym. J., Vol. 31, No. 3, 1999

Sci. Tech., 5, 235 (1992).

O. F. Olaj, 1. Bitai, and F. Hinkelman, Makromol. Chem., 188,
1689 (1987).

M. L. Coote, M. D. Zammit, and T. P. Davis, Trends Polym.
Sci., 6, 189 (1996).

R. A. Hutchinson, M. T. Aronson, and J. R. Richards,
Macromolecules, 26, 6410 (1993).

M. Buback, R. G. Gilbert, R. A. Hutchinson, B. Klumperman,
F. Kuchta, and B. G. Manders, Macromol. Chem. Phys., 196,
3267 (1995).

S. Benermann, M. Buback, T. P. Davis, R. G. Gilbert, R. A.
Hutchinson, O. F. Olaj, G. T. Russell, J. Schweer, and A. M.
Herk, Macromol. Chem. Phys., 198, 1545 (1997).

P. Hyde and A.Ledwith, in “Molecular Complexes,” Vol. 2, R.
Foster, Ed., Elek Science, London, 1974.

B. G. Manders, G. Chambard, W. J. Kingma, B. Klumperaman,
A.M.van Herk, and A. L. German, J. Polym. Sci., Part A, Polym.
Chem., 34, 2473 (1996).

317



	Radical Propagation Rate Coefficient of N-Vinylcarbazole Measured by Pulsed-Laser Polymerization

	REFERENCES



