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A new complex sheet of uranyl polyhedra in the structure of wölsendorfite
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ABSTRACT
The structure of wölsendorfite, Pb6.16Ba0.36[(UO2)14O19(OH)4](H2O)12, Z = 8, orthorhombic, a =
14.131(1), b = 13.885(1), c = 55.969(4) Å, V = 10,982 Å3, space group Cmcm, was solved by direct
methods and refined by full-matrix least-squares techniques to an agreement factor (R) of 6.4% and
a goodness-of-fit (S) of 1.13 using 6215 unique observed reflections (|Fo| ≥ 4σF) collected with MoKα
X-radiation and a CCD (charge-coupled device) detector. The structure contains eight unique U6+
positions, each of which is part of a nearly linear (UO2)2+ uranyl ion. The uranyl ions (Ur) are further
coordinated by four or five anions (φ) arranged at the equatorial corners of square and pentagonal
bipyramids, respectively. The structure contains two unique Urφ4 square bipyramids and six unique
Urφ5 pentagonal bipyramids that link by the sharing of equatorial corners and edges to form infinite
sheets that are parallel to (100). The sheets have a primitive repeat distance of c = 55.969 Å, and are
by far the most complex sheet of uranyl polyhedra yet observed. The interlayer between the uranyl
sheets contains Pb2+ and Ba cations, as well as H2O groups that are either bonded to the interlayer
cations or are held in the structure by H bonding only. There are eight unique cation positions in the
interlayer that are coordinated by six to ten anions.
The structure of wölsendorfite is remarkable both in the complexity of the sheets of uranyl polyhedra and the connectivity of the interlayer. By using the sheet anion-topology approach, it is shown
that the wölsendorfite sheet is composed of slabs of the simpler α-U3O8 and β-U3O8-type sheets. It is
possible that many as yet unknown complex sheets of uranyl polyhedra exist that are based upon
anion topologies that are combinations of slabs of simpler topologies, but it is currently not possible
to distinguish which of these may be energetically favorable.

INTRODUCTION
6+

Approximately 200 minerals contain U as a necessary
structural constituent (Fleischer and Mandarino 1995), and
these minerals are significant components of the oxidized portions of U deposits (Frondel 1958; Finch and Ewing 1992).
Uranyl minerals are currently receiving considerable attention
because of their significance to the environment (e.g., Burns
1998a, 1998b, 1998c, 1997; Burns et al. 1997a, 1997b, 1997c;
Finch et al. 1992, 1996, 1998; Finch and Ewing 1992; Miller
et al. 1996; Murakami et al. 1997; Sowder et al. 1996; Vochten
et al. 1995, 1997). Uranyl minerals are present in the mill tailings that result from the mining of U and are precipitated in
soils that are contaminated with actinide elements. Uranyl minerals will be the dominant products of alteration of spent nuclear
fuel in a geological repository if the conditions are oxidizing
and the fuel comes in contact with water, as is likely to occur
at the proposed repository at Yucca Mountain, Nevada (Finn et
al. 1996; Wronkiewicz et al. 1996). Uranyl minerals may impact upon the mobility of various radionuclides under repository conditions by incorporating them directly into their crystal
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structures as they grow (Burns et al. 1997b) or by the exchange
of ions between earlier-formed crystals and radionuclide-bearing solutions (Burns 1999).
Despite the obvious importance of uranyl minerals, and the
considerable attention that they have garnered, our understanding of their structures and crystal chemistry lags well behind
many other mineral groups. To date, the structures have been
determined and refined for only ~60 uranyl minerals, less than
1/3 of the known species. The disparity of structural information is due to experimental difficulties; all are extremely high
absorbers of X-rays, many do not form crystals of a size suitable for structure analysis using conventional means, and some
suffer from dehydration or other effects that cause the deterioration of crystals.
Uranyl minerals are structurally very complex. The U6+ cation invariably occurs as part of a nearly linear (UO2)2+ uranyl
ion (Ur) in minerals (Evans 1963; Burns et al. 1997a), which
is in turn coordinated by four, five, or six additional anions
that are arranged at the equatorial corners of square, pentagonal, and hexagonal bipyramids, respectively. The O atoms of
the uranyl ion (OUr) receive ~1.7 valence units (v.u.) from the
bond to the U6+ cation, whereas considerably less of the bondvalence requirements of the equatorial ligands are provided by
the bond to the U6+ cation at the center of the polyhedron. Polymerization of uranyl polyhedra with other uranyl polyhedra,
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