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A new uranyl oxide hydrate sheet in vandendriesscheite: Implications for mineral
paragenesis and the corrosion of spent nuclear fuel
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ABSTRACT

The structure of vandendriesscheite, Z 5 8, Pb1.57[(UO2)10O6(OH)11](H2O)11, orthorhom-
bic, a 5 14.1165(6), b 5 41.378(2), c 5 14.5347(6) Å, V 5 8490 Å3, space group Pbca,
has been solved by direct methods and refined by full-matrix least-squares techniques to
an agreement factor (R) of 12.1% and a goodness-of-fit (S) of 1.28 using 4918 unique
observed reflections (zFoz $ 4sF) collected with MoKa X-radiation and a CCD (charge-
coupled device) detector. The structure contains ten unique U61 positions, each of which
is part of a nearly linear (UO2)21 uranyl ion that is further coordinated by five equatorial
(O22,OH2) anions to form pentagonal bipyramidal polyhedra. There are two unique Pb
positions; one is fully occupied, but site-scattering refinement gives an occupancy factor
of 0.573(8) for the other. The Pb positions are coordinated by O atoms of the uranyl ions
and by H2O groups. There are 11 unique H2O groups; five are bonded to Pb and the other
six are held in the structure by hydrogen bonds only. The U polyhedra link by the sharing
of equatorial edges to form sheets parallel to (001). The sheet of U polyhedra is not known
from another structure and is the most complex yet observed in a uranyl oxide hydrate.
The sheets are structurally intermediate to those in schoepite and becquerelite and are
linked by bonds to the interlayer Pb cations and the H2O groups. The extensive network
of hydrogen bonds that link adjacent sheets is derived on the basis of crystal-chemical
constraints.

The high mobility of U61 in oxidizing fluids, as opposed to Pb21, causes the alteration
products of Precambrian uraninite deposits to become progressively enriched in Pb relative
to U. In the case of lead uranyl oxide hydrate minerals, there is a continuous sequence of
crystal structures that involves a systematic modification of the sheets of U polyhedra and
that corresponds to increasing sheet charge and increasing Pb content. Thus, a clear rela-
tionship exists between the crystal structures of lead uranyl oxide hydrates and their para-
genesis, and this is relevant to the disposal of spent nuclear fuel.

INTRODUCTION

Uranyl minerals are major constituents of the oxidized
portion of U deposits, where they occur most commonly
as the products of alteration of uraninite (Frondel 1958;
Finch and Ewing 1992; Pearcy et al. 1994). Recently
these minerals have received a renewed interest because
of their significance to the environment. Uranyl minerals
are products of the oxidation of U mine tailings and they
impact upon the release rates of U and Pb. Furthermore,
uranyl minerals are prominent alteration phases in labo-
ratory experiments on UO2 as well as spent nuclear fuel
subjected to oxidative dissolution (Wadsten 1977; Wang
and Katayama 1982; Wronkiewicz et al. 1992, 1996; For-
syth and Werme 1992; Johnson and Werme 1994; Finn
et al. 1996). The details of the occurrence of uranyl min-
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erals thus place important constraints on the extrapolation
of the results of short-term experiments to periods rele-
vant to nuclear-waste disposal (Ewing 1993). Despite
their importance, uranyl minerals are often poorly char-
acterized and in general systematic work on the structures
and stabilities of these minerals is lacking.

An understanding of the relationship between the crys-
tal structures of uranyl minerals and their paragenesis is
fundamental to studies of the alteration of U deposits, U
mine tailings, and the UO2 in spent nuclear fuel. Toward
this goal, Burns et al. (1996) provided a hierarchy of
structures and comparison of 180 uranyl minerals and
synthetic inorganic phases. Crystal-structure studies of
uranyl minerals are often made intractable by the poor
quality of the crystals and severe absorption effects. As
a result, the structures are known and refined for only
about 30% of described uranyl minerals, despite the con-
siderable effort expended by several research groups.
This contribution reports the first determination of the
structure of the uranyl mineral vandendriesscheite.


