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The reaction of UO3 with V2O5 and KIO4 under mild hydrothermal
conditions produces K2[(UO2)2(VO)2(IO6)2O]‚H2O (1) in the form
of orange acicular crystals. The structure of 1 consists of UO6,
VO6, and IO6 distorted octahedra that are assembled into a polar,
open-framework structure. The distorted VO6 and IO6 octahedra
edge-share to form chains that run down the c-axis. Each VO6

octahedron also shares a vertex with an adjacent vanadium atom
to link the chains together into a ribbon. The IO6 units also partake
in corner-sharing with the UO6 units to create interconnected
elliptical tubes. The major channels in 1 are filled with K+ cations
and water molecules. The polarity of this compound is caused by
alignment of distorted vanadyl hexaoxoiodate ribbons and UO6

trapezoidal bipyramids resulting in a large second-harmonic
generation response of 300 times that of R-quartz. Crystallographic
data: 1, orthorhombic, space group Pba2, a ) 9.984(2) Å, b )
16.763(3) Å, c ) 4.977(1) Å, Z ) 4 (T ) 193 K).

Oxoanions containing main group elements in their highest
possible oxidation states play an important role in stabilizing
transition metals in atypically high oxidation states. Hexa-
oxoiodate(VII), IO6

5-, and hexaoxotellurate(VI), TeO66-, are
well noted in this regard, and they have been used to prepare
rare examples of Cu(III),1 Ag(III), 2 and Ni(IV).3 Despite the
importance of these anions in transition metal chemistry, a
survey of known compounds reveals that well-characterized
examples of actinide compounds containing either the IO6

5-

or TeO6
6- anions are absent.4 Attempts to prepare these

compounds with the former anion by aqueous metathesis
reactions under both ambient and hydrothermal conditions
have been largely unsuccessful owing to the reduction of
I(VII) to I(V). 5,6 However, it was recently demonstrated that

Ba3[(MoO2)2(IO6)2]‚2H2O could be synthesized from the
hydrothermal reaction of BaH3IO6 with MoO3,7 and given
the ostensible similarities between the conditions needed to
prepare compounds containing molybdenyl, MoO2

2+, and
uranyl, UO2

2+, a program was undertaken to prepare actinide
hexaoxoiodate(VII) compounds by hydrothermal methods.

Straightforward hydrothermal reactions of a variety of
sources of U(VI) with IO4

- or IO6
5- result in the reduction

of the I(VII) to I(V) and the subsequent isolation of UO2-
(IO3)2(H2O) or UO2(IO3)2.5 However, when V2O5 was added
to these reactions in order to maintain a strongly oxidizing
environment, bright orange needles were isolated in high
yield.8 These crystals were shown to contain K, V, U, and I
in a 1:1:1:1 ratio as determined from semiquantitative EDX
measurements. Ensuing single-crystal X-ray diffraction
experiments revealed the true formula of this compound to
be K2[(UO2)2(VO)2(IO6)2O]‚H2O (1), and hence the first
actinide compound of hexaoxoiodate(VII) was identified.9

Powder XRD measurements confirm that the pattern from
the bulk sample is the same as the calculated pattern.
Evidence for this compound containing V(V) and U(VI) was
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obtained from its Raman spectrum that revealed vibrational
modes at 982 and 862 cm-1, which are consistent with the
ν(VdO) andν1(UdO) modes for the vanadyl, VO3+, and
UO2

2+ moieties.10 Additional strong bands centered around
756 cm-1 can be assigned toν(I-O) stretches.11

The structure of1 is assembled from a combination of
UO6, VO6, and IO6 distorted octahedra. The distortions of
the UO6 and VO6 units are caused in part by the presence of
a single short terminal VdO bond of 1.58(1) Å in the VO6
polyhedra, and the presence of the nearly linear (OdUdO)2+

unit with UdO bond distances of 1.75(1) and 1.77(1) Å in
the UO6 units. Equatorial U-O bond lengths range from
2.25(1) to 2.35(1) Å creating an environment around the
central uranium atom that is best described as a tetragonal
bipyramid. The V-O bond trans to the vanadyl oxygen atom,
with a bond length of 2.38(1) Å, shows significant lengthen-
ing with respect to the four equatorial V-O bonds, which
range from 1.774(5) to 2.10(1) Å. While this long bond is a
common feature of vanadyl compounds, V(V) is also highly
susceptible to second-order Jahn-Teller distortions,12 and
the asymmetry of the VO6 octahedra is likely the combination
of both of these factors. Finally, the IO6 octahedra, while
less perturbed than the other aforementioned groups, still
show substantial variations in I-O bond distances and angles,
which range from 1.84(1) to 1.93(1) Å and from 79.8(4)° to
97.2(4)°. On the basis of the U-O, V-O, and I-O bond
lengths, bond valence sums were calculated for the U(VI),
V(V), and I(VII) centers to be 6.2, 5.1, and 7.1, which are
consistent with the formula provided for this compound.13-15

The distorted VO6 and IO6 octahedra edge-share to form
chains that run down thec-axis. Each VO6 octahedron also
shares a vertex with an adjacent vanadium atom to link the
chains together into a ribbon. The sixth oxygen around the
vanadium center is the terminal oxo atom, and it is not
utilized in further covalent interactions. The IO6 units partake
in edge-sharing with the VO6 octahedra and corner-sharing
with the UO6 tetragonal bipyramids. This fills two of the
four positions in the equatorial plane of the UO6 moieties.
The remaining two atoms in this plane are shared with a
second crystallographically equivalent IO6 unit.

This assembly process creates a curving sheet, as shown
in Figure 1, that when repeated forms an elliptical tube with
interior dimensions of approximately 6.9× 8.8 Å. The tubes
are in turn fused to create a three-dimensional channel
structure depicted in Figure 2a. When viewed along the
a-axis (Figure 2b), smaller, perpendicular channels become
apparent. These channels run perpendicular to, and intersect
with, the larger channels, making1 an open-framework

structure. Three-dimensional structures incorporating U(VI)
are generally not expected because the presence of a trans
dioxo unit usually eliminates one dimension of linkage,
effectively creating layered structures, which the majority
of uranyl compounds do indeed adopt.16,17

(10) Nakamoto, K. Infrared and Raman Spectra of Inorganic and
Coordination Compounds, 5th ed.; Wiley-Interscience: New York,
1997.

(11) (a) Pracht, G.; Nagel, R.; Suchanek, E.; Lange, N.; Lutz, H. D.Z.
Anorg. Allg. Chem.1998, 624, 1355. (b) Schellenschla¨ger, V.; Pracht,
G.; Lutz, H. D.J. Raman Spectrosc.2001, 32, 373. (c) Peter, S.; Pracht,
G.; Lange, N.; Lutz, H. D.Z. Anorg. Allg. Chem.2000, 626, 208.

(12) Kang, S. K.; Tang, H.; Albright, T. A.J. Am. Chem. Soc.1993, 115,
1971.

(13) Burns, P. C.; Ewing, R. C.; Hawthorne, F. C.Can. Mineral.1997,
35, 1551.

(14) Brown, I. D.; Altermatt, D.Acta Crystallogr.1985, B41, 244.
(15) Brese, N. E.; O’Keeffe, M.Acta Crystallogr.1991, B47, 192.

(16) Burns, P. C.; Miller, M. L.; Ewing, R. C.Can. Mineral.1996, 34,
845.

(17) Li, Y.; Cahill, C. L.; Burns, P. C.Chem. Mater.2001, 13, 4026.

Figure 1. Half of a polar uranyl vanadyl hexaoxoiodate(VII) channel in
K2[(UO2)2(VO)2(IO6)2O]‚H2O (1). The polarity is induced by the cooperative
alignment of the distortions in the vanadyl hexaoxoiodate ribbons and the
deformation of the basal plane in the UO6 trapezoidal bipyramids. The
distorted UO6, VO6, and IO6 octahedra are shown in yellow, orange, and
purple, respectively.

Figure 2. (a) A view down thec-axis showing the three-dimensional
structure of K2[(UO2)2(VO)2(IO6)2O]‚H2O (1) with elliptical channels with
approximate dimensions of 6.9× 8.8 Å. The channels are filled with K+

cations and water molecules. (b) A view along (001) illustrating small
channels that are perpendicular to the larger elliptical channels in1. The
distorted UO6, VO6, and IO6 octahedra are shown in yellow, orange, and
purple, respectively. The K+ cations are shown in blue.
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The open-framework structure of1 is anionic in nature,
and charge neutrality requirements are satisfied by partially
filling the cavities with K+ cations. One of the most inte-
resting features of the large channels running down (001) is
that both the vanadyl and uranyl moieties have their terminal
oxo atoms directed into the channels, allowing for long ionic
interactions to take place with the K+ cations. The remaining
space is occupied by water molecules that can be gradually
removed by heating1 to 400°C. The resultant dehydrated
compound appears to be stable to 528°C.

The vanadyl hexaoxoiodate(VII) chains shown in Figure
1 are similar in appearance to the polar one-dimensional

∞
1 [(MoO2)(IO6)]3- chains found in Ba3[(MoO2)2(IO6)2]‚
2H2O.7 Therefore, the observed polarity of1, indicated by
its polar space groupPba2, can be partially understood in
terms of the polarity of the vanadyl hexaoxoiodate(VII)
chains. In addition, the tetragonal basal plane of the UO6

units is in fact distorted into an approximately trapezoidal
shape where there is also alignment of this deformation along
the polarc-axis. The lack of an inversion center in1 was
confirmed by a second-harmonic generation (SHG) measure-
ment of an ungraded powder sample that revealed a large
response of approximately 300 times that ofR-quartz for
the frequency doubling of 1064 nm light from a Nd:YAG
laser.18

In conclusion, we have demonstrated that a hexaoxoiodate-
(VII) compound of U(VI) can indeed be prepared under mild
hydrothermal conditions through the coincorporation of
V(V). The structure of this compound is substantially
different from all other uranyl phases, and its polarity in the
absence of an oxoanion with a stereochemically active lone
pair of electrons indicates the importance of the geometric
distortions in U(VI), V(V), and I(VII) octahedra in the
formation of this acentric compound. Current studies of1
are devoted to testing its use as an oxidation catalyst.
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