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Isobutylene Polymerization in the Presence of UV Light,
Organic lodides and Zinc lodide

Tadeusz Diem*, Joseph P. Kennedy and Richard T. Chou
Institute of Polymer Science, University of Akron, Akron, Chio 44325, USA

Summary
Attempts have been made to adapt Kropp et al.'s

finding(PIENTA, KROPP 1978) that adamantyl iodide in
the presence of UV light produces carbocations to
cationic polymerizations. Isobutylene polymerization
did not occur upon UV irradiation with adamantyl
iodide or tert.-butyl iodide alone, however low yields
of polyisobutylenes were obtained in the presence of
zinc dust and ZnI, (Ie complexors) , respectively. The
yield of polyisobutylene obtained with t-Bul/BCl; in
the dark increased upon UV irradiation.

Introduction

In the presence of UV irradiation organic halides
usually undergo homolytic cleavage and produce radicals
(SsAaMMES 1973) . In contrast, according to recent re-
ports by Kropp et al. (KROPP et al. 1976), (PIENTA,
KROPP 1978), certain organic bromides and iodides under
similar conditions produce carbocations by heterolytic
mechanism. Thus, upon extended UV irradiation in meth-
anol l-halonorbornanes and l- and 2-adamantyl bromide
and iodide and even l-octyl iodide yielded products by
nucleophilic substitution. The iodides were found to
be more active than the respective bromides. Although
radical processes still dominated, evidence for signi-
ficant contributions by carbocationic products in all
cases was demonstrated.

These observations prompted us to investigate the
possibility of carbocationic polymerization initiation
by carbenium ions generated from organic halides during
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UV irradiation. To minimize complications due to poly-
merizations induced by radicals we chose to study the
polymerization of isobutylene at lower temperatures
(this olefin cannot be polymerized by radicals). 1-
Iodoadamantane and tert.-butyl iodide were selected as
initiators. The adamantyl cation cannot eliminate a
proton which was expected to facilitate the interpreta-
tion of results.

concurrently with these investigations we studied
the influence of light on isobutylene polymerization in
the presence of ZnI, , BCl; and BI,.

Experimental
l1-Todoadamantane (AI) has been prepared (SCHLEYER,

NICHOLAS 1961) and purified by repeated crystallization
from ethanol, then dried under high vacuum at room
temperature. t-Butyl iodide (t-Bul) was distilled twice
over powdery molecular sieves (4A) and then twice in
high vacuum. Vacuum techniques, purification procedures,
radiation conditions and polymer isolation have been
described in detail (DIEM, KENNEDY 1977). 1In a typical
experiment exact amounts of AI and zinc dust or zinc
iodide were pumped down in a quartz reactor (18 cm long
2.3 cm diameter) under high vacuum for 5 hours. Charges
of isobutylene and solvent distilled and sealed in the
reactor were irradiated at -40° for 3.5 hours using a
450 W medium pressure mercury lamp 10 cm from the center
of the reactor. 1In experiments using t-Bul and BCl; the
charge was distilled into the reactor in high vacuum.

Results and Discussion

Preliminary results are presented in Table I.
Polymer did not form upon irradiation of isobutylene,
AI or t-Bul charges in bulk or in hexane solution
(Expt. 1,2). Although large guantities of iodine and
hydrogen iodide formed, probably by radical processes,
these products do not induce isobutylene polymerization
as found in separate experiments (Expt. 3,4). In sev-
eral experiments zinc dust was used to scavenge iodine
and minimize the effect of iodine on polymerization.
Isobutylene polymerization in the presence of AI plus
zinc dust gave low yield of polyiscbutylene (Expt. 5).
Diethyl zinc which is soluble in isobutylene had no
influence (Expt. 6).
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Zinc iodide enhanced polyisobutylene yields in
the presence of t-Bul (Expt. 2 and 7). 1In the addi-
tional presence of zinc dust (Expt. 8) polyisobutylene
yields increased further. Z2Zinc iodide which forms in
situ from zinc and iodine may stabilize iodine counter
ions, e.g., I” + ZnI, ZnI; ~ and thus prolong
propagation.

BCl; gave polymer in darkness and in the presence
of UV light, however, irradiation at least doubled
polyisobutylene yield (Expt. 9). Polymerization in
darkness may be due to unscavengable protic impurities
(KENNEDY et al. 1977). It is possible that photolysis
of BCl; produces Cl° which in turn generates HCl and
thus leads to increased yields. In contrast, t-Bul/BI,
combination did not induce polymerization (Expt. 10).

Polyisobutylenes obtained in these experiments at
-40° were of relatively low molecular weight, 12-14 x
10%.

Et, Al1Cl reacts quickly in darkness with AI and
t-Bul and the product, probably Et, AlI, rapidly poly-
merizes isobutylene. Separate experiments with Et; AlI
(Table II) showed that this compound in conjunction
with AI effectively coinitiates isobutylene polymer-
ization at -40° in darkness. On account of these re-
sults these aluminum compounds cannot be used to
stabilize I~ by complexation.

TABLE II

The Effect of Temperature on Isobutylene Polymerization
with l-adamantyl iodide/diethylaluminum iodide.

(vields in % ; [a1] = 1.107°M [Et,al1] = 5.107%M [ic,H, J=
1M, CH,Cl, Vol. = 20 ml under N,)

Charge: Isobuty- -40° -50° -60° -70°
lene + Et; AlI

AI present 100 8.0 2.0 0.73

AI absent 5 2.6 0.8 0.15
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According to these results carbocations arise

from alkyl iodides under the influence of UV light
and are capable to induce olefin polymerization.
These results also substantiate Kropp's findings that
heterolytic bond cleavage of certain alkyl halides
upon irradiation occurs. Low cationic polymerization
efficiency is a serious limitation of this method and
is probably due to simultaneous predominance of radi-
cal generation. The fact that polymer was obtained
only in the presence of AI plus Zn or ZnI, may be due
to acceleration of initiation or delay of termination

by ZnI, .

References

1. T. DIEM and J. P. KENNEDY: J. Macromol. Sci. Chem.
Ed. in press

2. J. P. KENNEDY, S. Y. HUANG and S. C. FEINBERG: J.
Polym. Sci. Polym. Chem. Ed 15, 2801 (1977)

3. P. J. KROPP, G. S. POINDEXTER, N. J. PIENTA, D. C.
and HAMILTON: J. Am. Chem. Soc. 98, 8135 (1976)

4. N. J. PIENTA and P. J. KROPP: J. Am. Chem. Soc.
100, 655 (1978)

5. P. V. R. SCHLEYER and K. P. NICHOLAS: J. Am. Chem.
Soc. 83, 2700 (1961)

6. P. G. SAMMES in "Chemistry of the Carbon-Halogen

Bond", S. Patai Ed., Wiley N.Y. 1973

Received November 28, 1978



