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Na2Li8[(UO2)11O12(WO5)2]: Three Different
Uranyl-Ion Coordination Geometries and
Cation–Cation Interactions**
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Evgeny V. Suleimanov, and Evgeny V. Chuprunov

Synthetic and natural actinide compounds are of great
environmental concern[1] and have also been of interest to
materials scientists because of their unique electronic proper-
ties.[2] The structural chemistry of actinides is very diverse
because of the possibility of different oxidation states and the
large number of coordination geometries. Whereas actinides
in low oxidation states sometimes mimic rare-earth elements,
actinides in higher oxidation states possess unique coordina-
tion chemistry owing to their tendency to form linear actinyl
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ions. The typical coordination geometries of the actinyl ions
are octahedral, pentagonal bipyramidal, and hexagonal
bipyramidal.[3] Herein we report the synthesis and structure
of Na2Li8[(UO2)11O12(WO5)2] (1), the first actinide compound
that contains three different actinyl-ion coordination geo-
metries.

The orange crystals of 1 were obtained by high-temper-
ature solid-state reactions of uranyl acetate, lithium and
sodium carbonates, and tungsten(VI) oxide.[4] The structure
solution[5] revealed elaborate 1.2-nm-thick layers with Na+

and Li+ ions within and in between these layers (Figure 1).

The layers have the composition [(UO2)11O12(WO5)2]
10� and

consist of two equivalent sublayers (Figure 2) that are formed
by edge-sharing [UO7] pentagonal bipyramids, [UO6] octahe-
dra (see below), and [WO6] octahedra. The coordination
polyhedra are arranged according to the b-U3O8 anion
topology that has been recognized for many UVI compounds.
The sublayers are linked into double layers by the [UO2]

2+

uranyl cations. The interior space of the layers is filled by the
Na+ and Li+ ions. There are also Li+ ions that are located in
between the layers, thus providing three-dimensional integ-
rity of the structure.

The coordination of the U atoms in 1 is of particular
interest. There are six symmetry-independent UVI centers.

Each U6+ cation is coordinated by two O atoms, thus forming
linear [O=U=O]2+ uranyl ions. The U=O bond lengths are in
the range 1.813–1.868 7. The uranyl cations of the U1, U3,
U5, and U6 centers are coordinated in equatorial planes by
five O atoms (Oeq) each, which results in the formation of
[UO7] pentagonal bipyramids. The U�Oeq bond lengths in
these polyhedra are in the range 2.162–2.518 7, which
indicates a quite high degree of coordinative distortion. The
[O=U2=O]2+ ion is coordinated by four Oeq atoms with U2�
Oeq bond lengths ranging from 2.218 to 2.266 7. The uranyl
cation of the U4 atom is coordinated by six O atoms, which
leads to a [UO8] hexagonal bipyramid. The U4�Oeq bonds can
be clearly separated into two groups: two bonds with lengths
of 2.230 7, and four bonds with lengths of 2.632 to 2.679 7.
Thus, the structure of 1 contains all three coordination
geometries of uranyl ions. To our knowledge, this has not been
observed previously in uranyl compounds.

Another particular feature of the structure of 1 is the
presence of strong cation–cation interactions between the
uranyl ions. Cation–cation interactions were discovered by
Sullivan et al. in 1961[6] and imply coordination of the actinide
center of an actinyl ion [AnO2]

n+ by the O atom of an
adjacent actinyl ion. The cation–cation interactions are well-
recognized in NpV, PuV, and AmV chemistry,[7] but are rather
rare for UVI.[8] In the structure of 1, the [U1O2]

2+, [U4O2]
2+,

and [U5O2]
2+ ions interact with each other to form pentamers

as shown in Figure 3. The central group of the pentamer is the

U4 center, which has hexagonal bipyramidal geometry. The
U=O bonds within this uranyl cation are 1.813 7 long.
Further, the U4 atom has two short U4�O3 bonds (2.230 7)
and four U�O bonds to the O12 and O17 atoms, which are the
parts of the [U1O2]

2+ and [U5O2]
2+ ions, respectively. These

bonds are relatively long (2.632–2.679 7) in comparison with
the usual U�Oeq bond length within [UO8] hexagonal
bipyramids (2.47 7).[3] The U1=O12 and U5=O17 bonds are
rather elongated (1.862 and 1.868 7, respectively). Thus, the
general geometrical configuration of the pentamer is rather
unusual. The O16 atom of the [O=U4=O]2+ ion also forms a
rather long bond to the Watom of the uranyl tungstate
sublayer (2.507 7).

In conclusion, we note that the thickness of the
[(UO2)11O12(WO5)2]

10� layer in 1 is about 1.2 nm, which,
along with reports on similar uranyl compounds, makes it

Figure 1. Crystal structure of 1. U polyhedra gray; W polyhedra lined;
Na+ large circles; Li+ small circles.

Figure 2. Structure of the uranyl tungstate sublayer in 1.

Figure 3. Pentamer of the uranyl ions UO2
2+ and cation–cation

interactions in 1.
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possible to suggest the occurence of further uranyl-based
layered compounds formed by intercalation of additional
uranyl cations in between single sheets of uranium and other
high-valent cation polyhedra such as MoVI and WVI.
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