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RADIOLYTIC AND ELECTRON-TRANSFER REACTIONS
IN SUPERCRITICAL CO;
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Chemistry Division, Argonne National Laboratory, Argonne, Ill 60439

Kenji Takahashi
Division of Quantum Energy Engineering, Hokkaido University, Sapporo 060, Japan

I. INTRODUCTION

Radiation Chemistry and pulse radlolysis have
provided important tools for the study of many
important chemical problems. These have in-
cluded solvation of anions, the creation of sol-
vated electrons and the study of electron and
proton transfer reactions. Recently we have
started applying pulse radiolytic techniques to the
important field of supercntical fluids.

There are many reasons for studying super-
critical fluids. They have been proposed as sol-
vents(in particular COZ) to be used in chemical
synthesis because the solvent will be non-pollut-
ing. They have also been suggested for use in
destruction of hazardous wastes (supercritical
water oxidation) and the production biochemical
with little chance of contamination by solvent.

There are particular reasons for studying the
radiation chemistry in supercritical solutions. For
example, supercntical COZ has been proposed as
a solvent in nuclear waste reprocessing. The ra-
diation chemistry of the solvent may alter the effi-
ciency or practicality of this process. To make
the next generation of nuclear reactors more effi-
cient, it is necessary to work at higher tempera-
tures, which means understanding the radiolytic
processes in supercritical water. Present water-
cooled reactors use Hz to react with hydroxyl
radicals created in the radiolytic process. The
OH radicals can lead to strong oxidation of the
walls of the reactor.

Many of the future applications of supercritical
fluids are focused on studying chemical reactions
in these fluids. There have been few chemical
studies in supercntical fluids that make use of
modem fast kinetic probes (milliseconds or
faster). Recently Brennecke and Chateauneuf
have used pulse radiolytic techniques to study
radical-radical reactions. However the ability of
pulse radiolysis has to study charged reactions
has not been used in supercritical solutions.

Recently, we have studied the electron-transfer
reaction between a biphenyl anion and a pyrene
molecule in ethane. From these initial steps of
studvin~ electron transfer reactions in ethane, we
hav; b;gun studies, in which
strated diffusion-controlled

we have demon-
electron-transfer

reactions in COZ as well as showing the existence
of CzOi+ as an important radlolysis product in
CO’2.
II. EXPERIMENTAL

The supercritical solution was contained in a
stainless steel cell with 1 cm thick suprasil win-
dows at either end of the cell. The cell has an op-
tical length of 5 cm and an effective diameter of
1.2 cm. All the experiments were done at 40.1° C
* ().1° (T, = 1.03 where T, = TflC, the critical
temperature). The pressure was created using an
HPLC pump and measured to 1 bar.

Irradiations were done using the Argonne 20
MeV linac. Irradiations were done colinearly
with the optical path. The analyzing light was a
pulsed xenon arc lamp (75 w). The light was se-
lected using either interference filters (400-1000
nm) or a monochromator (250-450 rim). With
the monochromator, a photomultiplier was used
to detect the light, while with the filters, a silicon
photodiode was used for light detection.

Dosimetry was done using the thiocyanate do-
simeter. The effect of the pressure in the cell was
determined using poly-methyl-methacrylate. In
essence, the scattering the system is dominated by
scattering from the front window, and so the dose
in the cell is simply proportional to the gas den-
sity in the cell.

The decays were measured over a wide range
of densities, from a density that was nearly twice
as dense as that of supercritical C02 to more than
a factor of 2 less dense than that of supercritical
COZ .This wide range of densities enables us to
probe the changes in supercritical solutions as a
function of density.
EL RESULTS AND DISCUSSION

While there has been considerable study of the
radiolysis of COZ, there has been no previous
study of the radiolysis of supercritical COZ. We
found a strong absorption in the radiolysis of
SCF-COZ. A similar photo-ionization spectrum
had been seen in molecular beam studies and the
species had been assigned to the C204+ m~c~
cation. There is not an exact correspondence
between these spectra, which is expected because



one is an absorption spectrum and one is a pho-
toionization spectrum.

We found that the absorption increased in the
presence of SFb, an electron scavenger, and de-
creased in the presence of N,N dimethyl aniline, a
positive-ion scavenger. We also found that the
absorption increased as the C02 pressure de-
creased. This is surprising, because we would
have expected the higher electron density present
at higher pressures would lead to increased ra-
diolysis at higher density. This result was as-
cribed to a much greater free-ion yield at lower
pressure, because of an increased thermalization
distance.

The kinetics of the reaction of this positive ion
with N,N, dimethyl aniline was measured by ob-
serving the decay of the CZOA+absorption. The
dimethyl aniline absorption was also observed.
Because of the overlapping absorption bands, the
kinetics was obtained
from the cation decay.
The experimental
results are seen in the
figure.

Similarly the ki-
netics were measured
for the reaction of an
anion with benzo-
quinone. There have
been suggestions that
the (C02)z- anion
radical is formed in
CO’2. In these
experiments, the
growth of the benzo-
quinone anion ab-
sorption was ob-
served.

We also measured

problems in that the ion might well diffuse more
slowly than a neutral molecule. In addition, the
ratio of the diffusion of an ion to that of the neu-
tral may change as a function of pressure. This
has been observed for the diffusion constant of a
large anion in supercritical C02. It was found
that the diffusion constant of the ion was between
30% and 60% smaller than the neutral over the
range of reduced densities of 1 to 2.
Iv. CONCLUSION

We have shown that the pulse radiolysis tech-
nique can efficiently study electron transfer reac-
tions. The two limitations of these studies are 1)
the ability to dissolve appropriate scavengers to
react with species such as anions and 2) the
knowledge of the molecular diffusion constants.
These issues need further study.

We have begun expanding the systems of
study to include the sol-
vated electron, which can
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be formed in small
droplets (4-5 molecules)
of methanol in ethane.
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the rate for the reaction of the positive ion with
0,. These observations were again done by fol-
lowing the decay of the cation spectrum. These
rates were considerably slower than those found
for the other reactions.

These results were compared to what one might
expect for diffusion-controlled reactions. The
first approximation that one might make would be
to assume the Stokes-Einstein relationship and
determine the diffusion constant from that. How-
ever, it is well known that there can be problems
with this relation in supercritical fluids. Instead,
we used a semi-empirical relationship and esti-
mated the diffusion constants for CZOA and its
reactant partner. The results are shown in the in-
set of the figure. It is cIear that there may be

clusters .
distributions that can be controlled # ways ~a~
are not possible today.
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