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LETTER TO THE EDITOR

Absolute Rate Constants of Radiation -
Induced Polymerization of Isobutyl
Vinyl Ether

In the previous report [1], the authors have been indicating the
importance of polymerization techniques for the kinetical analysis
of radiation-induced free cationic polymerization. In parallel,
spectroscopic observation [2] and the electrical conductivity
method [3] were adopted for this purpose. In this report, the
pulse-irradiation method, which is based on the same principle
as the rotating sector method [4] widely applied for radical poly-
merization, is applied for the radiation-induced free ionic poly-
merization of isobutyl vinyl ether (IBVE) by the suggestion of
Ka. Hayashi [3], because of half-order dependence of the polymeri-
zation rate on the irradiation intensity.

IBVE was dried over Na-K alloy and baked BaO [1]. This ex-
tremely dried monomer was distilled in a specially made dilato-
meter, as shown in Fig. 1. Irradiation was done by X-rays ejected
from a Van de Graaff accelerator (1.5 MeV). The control of dose
rate was carried out by the change of electric current. Table 1
shows the pulsed beam characteristics of a modified Van de Graaff
accelerator.

It has been indicated that the radiation-induced polymerization
of IBVE proceeds by a radical mechanism in a "wet" system and
by a cationic one in a "dry" system [5]. In this paper, much more
effort was made for the drying of IBVE, and better reproducibility
was obtained on polymerization. The conversion increased quite
linearly as a function of polymerization time up to 10% yield.
Figure 2 shows a typical conversion-time curve under the varia-
tion of the dose rate. The rate of polymerization (R,,) was pro-
portional to the dose rate (I) approximately in half order, but in
the higher dose rate, some saturation phenomena was observed.
Figure 3 shows the relative rate of polymerization as a function
of pulse repetition time. The ratio (8) between irradiation time
and pulse repetition time was 0. 42-0. 43. The decrease of rate
of polymerization was 11,5+ 1, 0% at the conditions of dose rate
(5.3 x 104 rad/hr) and pulse repetition time (0. 25 sec). This
decrease was confirmed by repeated experiments,
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FIG. 1. Dilatometer for X-ray irradiation.

In the extremely dried system, the polymerization mechanism
is expressed as follows:

Initiation: M —s> Mt +e
M+e——> M (orY’)
M® +M —> *MM*

Propagation: M + M -2 > Mjf,,

Transfer: Mf + M Kt_m) M, + M*

Termination: Mj + Y —t—> MpY

(2
(3)
(4
(9)
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TABLE 1. Pulsed-Beam Characteristics
of a Modified Van de Graaff
Accelerator

Accelerating
voltage 1,5 MeV

Beam current 1-150 A
Pulse shape Rectangular wave

Pulse
internal 1.0 x 10-3 sec

1.0 x 1072 sec
3.1 % 10-2 sec
1.2 x 101 sec
2.5 %X 10-1 sec

Pulse width  Variable from 1/2 to 1/3
of pulse interval

Pulse rise
time 1 sec

Pulse decay
time 2 sec

R;i[Ry = (G;1/100)1] denotes the rates of initiation (Gj = Gyglye of
initiation) and Y~ indicates any anion existing in the system. From
stationary-state treatment, the following equations are obtained:

Ry = Kt[M;][Y—] (M
Ry = Kp[Mf][M] (®
R, = Kp/Ki 2+ Ry1/2 - [M] (9)

Also, the following relation exists between the lifetime of growing
cation (7) and the concentration of growing cation (M}):

- — [MEV/R; (10)

Assuming Gy = 0.1 [1, 3], R; equals 1,3 x 10~9 mole/liter/sec at
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FIG. 2. Time-conversion curve, temp., 42.5+ 0.07°C. Dose
rate: ® 5.3 x 104 rad/hr;0, 2. 85 X 104 rad/hr;®, 1.65 x 104
rad/hr; ®,5.2 x 103 rad/hr.
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FIG. 3. Relative rates of polymerization vs. repetition time.
Temp. 42.5+ 0. 07°C. 8 = 0. 42-0. 43.
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5.3 x 104 rad/hr (= 8.55 x 1014 eV/g/sec). T by this method was
0.2 sec, assuming a theoretical curve (4], so kp is calculated by

Ky = Ry  kyL/2/Ry1/2/R; /2 M] (11)

At the conditions of 5.3 x 104 rad/hr and 42. 5°C, k, was estimated
to be 1.1 x 108 liter/mole/sec. This value is similar to the value
obtained from the conductivity method [3] (k, = 3.4 x 105 liter/
mole/sec at 1. 32 x 1015 eV/g/sec and 30°CR

Although the measuring lifetime by the pulse-irradiation method
under irradiation of X-rays contains some experimentally difficult
problems, we believe it should be a powerful method to analyze the
polymerization mechanism by free ions. The study is still under
way, with some experimental improvements.

Acknowledgments

The authors wish to thank Dr, F, Williams (University of Ten-
nessee) for the helpful discussion and also Prof.I. Sakurada and
Mr.Ka. Hayashi of Osaka Laboratories, Japanese Association of
Radiation Research on Polymers, for the use of experimental
facilities.

REFERENCES

[1] K. Ueno, F.Williams, K. Hayashi, and S. Okamura, Ann. Rept.
Japan. Assoc. Radiat. Res. Polymers,T,75 (1965-1966);

Tvans. Favaday Soc., to be published.

[2] M.Katayama, M. Hatada, K. Hirota, and Y. Ozawa, Bull. Chem.
Soc. Japan, 38, 856 (1965); D. J. Metz, R. C. Potter, and J. K,
Thomas, paper presented at Radiation Chemistry Meeting,
‘Tihany, Hungary, 1966.

[3] Y.Yamesawa, T. Takagaki, K. Hayashi, F. Williams, K. Hayashi,
and S. Okamura, Ann. Rept. Japan. Assoc. Radiat. Res. Polymers,
7,89 (1965-1966); Trans. Faraday Soc.,to be published.

[4] P.J.Flory, Principles of Polymer Chemistvy, New York, 1953,
p. 148.

[5] M. A. Bonin, M. C. Calvert, W. L. Miller, and F. Williams,

J. Polymer Sci., B2, 143 (1964); K. Ueno, K, Hayashi, and
S.Okamura, J. Polymer Sci., B3, 363 (1965).



11: 36 25 January 2011

Downl oaded At:

214 Letter to the Editor

[6] F.Williams, K. Hayashi, K. Ueno, K. Hayashi, and S. Okamura,
Ann. Rept. Japan. Assoc. Radiat. Res. Polymers,7,105 (1965~
1966); Trans. Faraday Soc.to be published.

Katsuji Ueno™*
Koichiro Hayashi
Seizo Okamura

Department of Polymer Chemistry
Facully of Engineevring

Kyoto Universily

Kyoto, Japan

Accepted by editov July 13,1967
Submitted for publication January 2,1968

*Present address: Central Research Laboratory, Sumitomo
Chemical Co. Ltd., Osaka, Japan.



