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1.8 Structural model of the U3O7 polymorphs
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Due to technological and ecological reasons the
oxidation mechanism of uranium dioxide (UO2), a
material currently used as a nuclear fuel, is an
important research object. Recently our activity was
focused on elaboration of a crystallographic model
of oxygen-excess structural derivatives of UO2.

The cubic (fluorite-type) structure of UO2 reveals
a peculiar ability to accomodate a quite large amount
of extra oxygen atoms: several oxygen-excess
crystalline modifications based on the matrix
structure have been reported [1]. They are known as
polymorphs of the U4O9 and U3O7 oxides. Their
structures can be briefly described as UO2 matrix
lattice enriched with large amount (up to 19%) of
extra oxygen atoms. Due to this oxygen excess the
fluorite-type matrix lattice is altered. For NQ/NU

concentration ratio lower than 2.25 the lattice is
contracted while the higher excess of oxygen results
in transformation of the cubic lattice to tetragonal or
monoclinic system. This fact is illustrated in Fig.l,
where the a and c lattice parameters are plotted as a
function of the N0/Nv ratio.
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Fig.l Lattice parameters a and c as a function of No/N\j
concentration ratio in oxygen-excess deriviatives of UO2 according
to experimental data published in refs. [2],[3] and [4]. Greek letters
denote U3O7 polymorphs (as listed in ref. [1]).

Fig.2 Cuboctahedral cluster of oxygen atoms (shown as circles).
The cube represents a cubic elementary cell of UO2. Uranium
atoms (not shown) lay at the vertices of the cube and at the centers
of its faces.

For elucidation of the changes presented in Fig.l
a structural model of U3O7 oxide was elaborated.The
model is based on the concept of cuboctahedral
clusters formation [5]. A single cuboctahedral
cluster (shown in Fig.2) contains five excess oxygen
atoms: large concentration of clusters explains well
the No/Nv =7:3 stoichiometry. The defects arc
spatially arranged due to their mutual Coulomb
interaction and due to the interaction of them with
uranium and oxygen ions of the matrix structure.
High concentration of the defects and their various
arrangements explain the tetragonal and monoclinic
deformations of the structure typical for the
described crystals.
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