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Abstract

The reactions between aqueous radiolysis products and oxide surfaces are
important in nuclear technology in many ways. In solid-liquid systems, they
affect (and at the same time are dependent on) both the solution chemistry and
the stability of materials under the influence of ionizing radiation. The stability
of surface oxides is a factor that determines the longevity of the materials
where such oxides are formed. Additionally, the aqueous radiolysis products
are responsible for corrosion and erosion of the materials.

  In this study, the reactions between radiolysis products of water – mainly
H2O2 and HO radicals – with metal, lanthanide and actinide oxides are
investigated. For this, experimental and computational chemistry methods
are employed. For the experimental study of these systems it was necessary
to implement new methodologies especially for the study of the reactive
species – the HO radicals. Similarly, the computational study also required
the development of models and benchmarking of methods. The experiments
combined with the computational chemistry studies produced valuable kinetic,
energetic and mechanistic data.

  It is demonstrated here that the HO radicals are a primary product of the
decomposition of H2O2. For all the materials, the catalytic decomposition of
H2O2 consists first of molecular adsorption onto the surfaces of the oxides.
This step is followed by the cleavage of the O-O bond in H2O2 to form HO
radicals. The HO radicals are able to react further with the hydroxylated
surfaces of the oxides to form water and a surface bound HO• center. The
dynamics of formation of HO• vary widely for the different materials studied.
These differences are also observed in the activation energies and kinetics for
decomposition of H2O2. It is found further that the removal of HO• from the
system where H2O2 undergoes decomposition, by means of a scavenger, leads to
the spontaneous formation of H2.

  The combined theoretical-experimental methodology led to mechanistic
understanding of the reactivity of the oxide materials towards H2O2 and HO
radicals. This reactivity can be expressed in terms of fundamental properties
of the cations present in the oxides. Correlations were found between several
properties of the metal cations present in the oxides and adsorption energies
of H2O, adsorption energies of HO radicals and energy barriers for H2O2

decomposition. This knowledge can aid in improving materials and processes
important for nuclear technological systems, catalysis, and energy storage, and
also help to better understand geochemical processes.
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