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Following an underground nuclear explosion, a magma pool is
created underground initially in equilibrium with a vapor phase
that occupies the nuclear cavity. Subsequently, radioactive xenon
produced by fission can migrate through the rock column, be
detected at the surface and used as a tool in proliferation
monitoring. Establishing the relative proportions of Xe isotopes
can inform the processes that have taken place, including the rate
of cooling.

The radioactive precursors of the radioxenon (131Xe, 133Xe and
135Xe) are moderately volatile elements [1] that can condense at
rates dependent on the cooling rate inside the nuclear cavity.
There is thus a potential competition between the radioactive
decay leading to Xe and the rates of vapor-liquid reactions. In
particular, reactions in the gas phase compete with the rates of
radioactive decay of nuclides, yielding ultimately radioxenon.

In order to design a comprehensive model of these processes,
one needs to estimate the reaction rates of Xe precursors (Sb, Sn,
Te, I) and their speciation in the gas phase. For this purpose, we
have investigated using DFT methods the rates of the reaction
Sn+O2 ->SnO+O. These simulations allow the identification of a
transition state and the activation energy can be calculated. The
forward rate of the reaction is estimated using transition state
theory and compares well with experimental data from the
literature [2-3]. Having validated this theoretical approach, it is
possible to extend it to other relevant reactions where no
experimental data exist.
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