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In a previous paper,’> we have shown that the
cationic mechanism dominates in the radiation-
induced polymerization of gaseous isobutene. Since
it is well established by a number of studies in the
field of radiation chemistry that ammonia is an
efficient proton acceptor and neither a radical nor
electron scavenger, ammonia may be used for an
estimation of the propagation rate constant on the
basis of the assumption that the mechanism of
radiation-induced polymerization of gaseous iso-
butene is cationic.

In this communication, we report the propaga-
tion rate constant and the mean lifetime of the
propagating ion estimated in a quantitative study
of the effect of ammonia on this polymerization.

Figure 1 shows a plot of the G-value for monomer
consumption zs. the mole ratio of isobutene to am-
monia at 500 Torr and 20°C. In Fig. 1, a straight
line can be drawn through the experimental points
at low concentrations of ammonia. We put on
this result an interpretation that the linear portion
of the curve indicates the retardation by am-
monia of the polymerization due to ions surviving
as a result of diffusional loss of electrons on the
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Fig. 1. The dependence of the polymerization
yield on the mole ratio of isobutene to am-
monia,

1) H. Okamoto, K. Fueki and Z. Kuri, J. Phs.
Chem., T1, 3222 (1967).

vessel wall and the curved portion at higher con-
centrations of ammonia corresponds to that due to
ions which undergo gas-phase recombination.

We apply the Klots-Anderson theory® to an
estimation of the fraction of gas-phase recombina-
tion, . A dimensionless parameter, k, is defined
by x*=R¢la/D,.D_, where R is the radius of the
vessel, I is the rate of ion-pair generation per unit
volume, a is the bimolecular recombination coef-
ficient, and D, and D_ are the diffusion coefficients
for positive ions and electrons respectively. Tak-
ing R=4cm, I=2x 10" jons cm~3%ec~!, a=10-7
cmfions—isec~!, D,.=3x10cm?*sec~! and D_=
2 102 cm?ec=!, we obtain £=920. From Fig. 1
of Klots and Anderson, it can be estimated that this
corresponds to 90%, gas-phase recombination, f=
0.9, and 109% loss by diffusion, 1—f=0.1.

We can now evaluate the propagation rate con-
stant, kp, using the relation®
kp _[M]
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where k, is the rate constant for termination by
ammonia, which is of the order 101! m~lsec—?,
and G,=G;x (1—f), G; is the ion-pair yield per
100 eV absorbed. From the slope of the linear
portion in Fig. 1 and Eq. (1), we obtain k,=8.3 X
106=1 m~1sec™ 1.

The mean lifetime of a propagating ion during
growth in the pure monomer is given by

tp = Go(—M)/Gzkp[M] - @

Using the value Gy(—M)=1000 for pure isobutene
and the previous values for G, and k,, we obtain
T,=10-2%! sec.

Since there is some ambiguity in the recombina-
tion coefficient and the diffusion coefficients in
addition to the rate constant for termination by
ammonia, the values for k, and 7, should be taken

as representing the order of their magnitudes.
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