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the interior of the isothermal, composition-pressure 
hysteresis loops exhibited by this system. The effect 
was not always observed and depended somewhat on the 
region of the loop under investigation. The effect, 
when evident, was most noticeable near the center of 
the hysteresis envelopes. 
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Fig. 1.—The variation of composition with oxygen pressure at 
900° 

(2) A related effect was also noted during the study 
of the phase diagram of the Pr-O system.5 A typical 
high temperature (>900°) isothermal uptake, from 
fairly low pressures up to a "break" pressure where 
rapid uptake occurred, is illustrated in Fig. 1. The 
effect was not observed below 900°. The data for the 
curve were taken over a period of 5 days. It can be 
seen from the figure that as the oxygen pressure was 
increased at constant temperature, the amount of gas 
taken up at first increased, then became relatively 
constant, and finally decreased slightly. Upon a 
further pressure increase the uptake again increased 
slightly until a critical pressure was attained, at which 
value the uptake cascaded. The cascade reaction is 
probably related to the surface reaction in an isoteric 
way. The region of interest here is the pressure region 
for pressures less than the cascade pressure. 

(3) In addition to these two irregularities, another 
peculiar pressure effect has been observed during a 
study of the rate of uptake of oxygen by hexagonal 
Pr2O3.

6 It was found that while the rate of bulk uptake 
increased rapidly with increasing pressure as expected, 
the amount initially taken up (rapid initial adsorption) 
prior to bulk uptake appeared to be inversely propor­
tional to the ambient pressure. Slightly more gas was 
taken up initially by the surface at lower oxygen pres­
sures than at higher pressures. The pressure range 
observed was between 9 and 23 torr oxygen and the gas-
had been admitted as rapidly as possible. The results 
of these latter studies are in preparation and will be 
reported shortly. 

At high temperatures the temperature dependence of 
the PrO1-O2 system is such that the uptake increases 
with decreasing temperature. Some uptake could be 
accounted for by considering a lowering of the solid 

(5) J. M. Honig, A. F. Clifford, and P. A. Faeth, Inorg. Chem., 3, 791 
(1963). 

(6) P. A. Faeth and A. F. Clifford, "Rare Earth Research," K. Vorres, Ed., 
Gordon and Breach, New York, N. Y., In press. 

temperature during the rapid admissions of oxygen. 
However, a pressure effect opposite to that observed 
would be expected. From the three observations of O2 

on PrOj noted above, one might conclude that the 
initial rapid adsorption involves some kind of a reflex 
action at the surface. Additional work is planned to 
help elucidate these findings. 
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The Initiation of Ionic Reactions in Liquid 
Hydrocarbons via Photoionization with Vacuum 
Ultraviolet Radiation. The Polymerization of 

Isobutylene 

Sir: 

We wish to report a novel method for studying ionic 
reactions in low dielectric liquids which does not depend 
upon the presence of a chemical initiator or a stabilizing 
surface to sustain the reaction. 

A study of the ionic polymerization of isobutylene is 
a particularly good test case since the ionic nature of 
this reaction at low temperatures appears well estab­
lished and there is little interference from free-radical 
processes. Such ionic polymerizations are usually 
chemically initiated by a catalyst-cocatalyst system 
interacting with reactants in an active solvent medium.1 

It is obviously quite difficult to assess the importance 
of the individual components in such a multicomponent 
system. Another method of approach was attempted 
by Davison, Pinner, and Worrall in the 7-ray polymeri­
zation of isobutene at low temperatures,2 where there is 
strong evidence for an ionic mechanism. Several 
other 7-ray-induced polymerizations have also been 
claimed to go by an ionic process,3 though this has 
often been difficult to establish. It has, however, 
been found that the presence of various solids, includ­
ing powdered glass, considerably enhances the polym­
erization yields of such reactions4 and, hence, makes 
it likely that the heterogeneous surface is necessary 
for the polymerization process. In the absence of an 
added solid, the vessel walls serve to provide the hetero­
geneous surface. Though the initial process is prob­
ably the ejection of an electron, this will recombine 
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with the cation in a time too short to allow for polym­
erization in the absence of a solid acting as a stabiliz­
ing agent for the conjugate electron.30 

The study reported here differs from the above ex­
periments in that (a) the initial species are produced by 
the irradiation (vacuum ultraviolet) of pure isobutylene, 
and (b) polymerization is carried out in the presence of 
an applied electric field. The first part ensures that 
one is dealing with known initial species produced in 
the vapor phase by well-studied ion-molecule reactions 
and the second is designed to eliminate the need for an 
added gegenion or a heterogeneous surface for the 
polymerization process. 
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Figure 1. 

A modified high intensity resonance light source 
(^1O16 quanta/sec.) emitting the krypton lines (1165 
and 1236 A.) was employed for this process. This 
energy is sufficient to produce photoionization in iso­
butylene.6 The details of the light source were re­
ported previously.6 Various designs for the placement 
of the electric field were investigated. One electrode 
was always near the window of the light source (as 
shown in Fig. 1), and the other on the bottom of the 
reaction vessel below some liquefied monomer. The 
only successful experiments were those in which the 
cathode is placed on the outside of the reaction vessel, 
below the liquid monomer (see Fig. 1). Placing the 
cathode on the inside produced no measurable yield. 
Similarly, runs with reversed polarity produced no 
polymer, whereas reversing again to the proper polarity 
gave an immediate visual formation of polymer. The 
yield (ca. 0.2 g. in 1 hr.) and molecular weights (ca. 
1-4 million) were approximately independent of the 
applied voltage from 90 to 900 v. A photoionization 
cell of dimensions similar to the reaction cell and filled 
with pure gas at the same pressure showed that 90 v. 
was still on the linear portion of a voltage-current plot, 
hence indicating that this pressure adequately quenches 
any multiplication processes. The reaction vessel was 
stirred and kept carefully at the selected temperature 
between — 115 and — 145° with a low temperature ther­
mostat. For a twofold increase in intensity the yield 
increased by over a factor of three, whereas the mo­
lecular weight showed essentially no change. Increasing 

(5) K. Watanabe, T. Nakayama, and J. Mottl, J. Quant. Spectr. Radiative 
Transfer, 2, 369 (1962). 

(6) E. W. Schlag and F. J. Comes, J. Opt. Soc. Am., 50, 866 (I960).' 

the surface by the addition of glass wool had no effect 
on yield or molecular weight. 

The conclusions from the above would be consistent 
with an ion-molecule reaction in the liquid phase ini­
tiated by i-butyl carbonium ions from the gas phase. 
These carbonium ions are formed by hydrogen abstrac­
tion, such as has been observed at higher pressures in 
the mass spectrometer.7 The rate of initiation at these 

1-C4H8
+ + J-C 4H 8 C4Hg -|- C4H7 

light intensities appears to be controlled by the rate of 
production of primary ions by the light source. Much 
higher intensities appear to be required to saturate the 
electrodes with as many initiating carbonium ions as 
could be stabilized by the applied field. The external 
cathode most likely serves to prevent annihilation of 
the ion at the electrode which would thus lower the 
concentration of initiating species. The eventual 
chain length may be determined by precipitation 
rather than by the time necessary for the polymer to find 
an electron, in which case the polymer might be "live." 
Perhaps most important, the absence of surface effects 
in this polymerization leads one to conclude that this 
may well be a case of a homogeneous ionic reaction in 
the liquid phase containing only one component (iso­
butylene), initiated by irradiation from an external 
light source. This would then be a method of produc­
ing known ions in the gas phase, but studying their 
reactions in condensed media. The composition of the 
medium is thus not limited but can be varied at will. 
Furthermore, the reactions of the ions can be studied in 
many cases without complicating free-radical side reac­
tions, such as are often present in systems exposed to 
high energy radiation. 

(7) (a) F. W. Lampe, / . Phys Chem., 63, 1986 (1959); (b) V. L. Tal'roze 
and A. K, Lyubimova, DoU. Akad. Nauk SSSR, 86, 909 (1952). 

(8) Address correspondence to Department of Chemistry, Northwestern 
University, Evanston, IU. 

DEPARTMENT OF CHEMISTRY 
NORTHWESTERN UNIVERSITY 
EVANSTON, ILLINOIS 
YERKES RESEARCH LABORATORY 
E. I. DU PONT DE NEMOURS AND Co. 
BUFFALO, N E W YORK 

E. W. SCHLAG8 

J. J. SPARAPANY 

RECEIVED FEBRUARY 21, 1964 

Tetracyclo [3.3.0.0.46O28 ]octan-3-one. 
A Novel Dicyclopropyl Ketone 

Sir: 

In the course of studies directed toward a synthesis 
of bicyclo[3.2.1]oct-6-en-3-one, we have discovered a 
convenient route to the novel tetracyclo[3.3.0.0.4-6-
02i8]octan-3-one (1). This ketone and the derived 
epimeric alcohols are conceivable precursors to a non-
classical cation system such as 2. The present report 
relates the preparation, structure proof, and properties 
of 1. 
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