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The reaction of the molecular transition metal iodate, Cs[CrOs;-
(I04)], with UO3 under mild hydrothermal conditions provides access
to a new low-dimensional, mixed-metal U(VI) compound, Cs;[(UO,)-
(CrO4)(103),] (1). The structure of 1 is quite unusual and consists
of one-dimensional L[(UO,)(CrO.)(I0s),]> ribbons separated by
Cs* cations. These ribbons are formed from [UO;] pentagonal
bipyramids that contain a uranyl core, [CrO,] tetrahedra, and both
monodentate and bridging iodate anions. Crystallographic data:
1, monoclinic, space group P2;/n, a = 7.3929(5) A, b = 8.1346(6)
A ¢ =22126(2) A, B = 90.647(1)°, Z = 4 (T = 193 K).

The preparation of new actinide compounds with un-
precedented structures and unusual propérties an area
under significant investigation owing to its relevance to
nuclear waste disposaf,mineralogy’ and catalysi€® Some

Our current research efforts in the solid-state chemistry
of uranium are devoted to developing an understanding of
the reaction and structural chemistry of compounds contain-
ing uranyl, UQ?*, units, andCs, anions, such as iodate and
selenite. This investigation has afforded a series of low-
dimensional alkali metal and alkaline-earth metal uranyl
iodates including A[(UO,)3(103)402] (A = K, Rb, TI)1415
and AE[(UQ)2(|03)202]'H20 (AE = Sr, Ba, Pb)l.4’15 An
additional goal of this work is to incorporate transition metals
into these syntheses as a method for developing a group of
compounds that not only possess interesting structures but
also display unusual electronic properties. While our initial
efforts in this area resulted in the serendipitous discovery of
the tetraoxoiodate anion, &, in Ags(UO,)4(103)2(104),,16
our efforts at preparing other compounds that incorporate
both the iodate anion and a transition metal have been
continually thwarted by the formation of transition metal

recent studies in this area have focused on the use ofiodates and UgflO3),(H,O)Y in these reactions.

hydrothermal synthetic conditions, in both the mild250
°C) and supercriticalX374°C) regimes, for preparing new

The solution to this problem has proven to be the use of
soluble molecular precursors that contain both a transition

phases, as well as attempting to reproduce the conditionsmetal and the iodate anion, in this case the chromyl iodate

under which uranium-bearing minerals may foff! These

anion, [CrQ(10s)]~.28 The hydrothermal reaction of Cs[C¥O

efforts have afforded a number of spectacular compounds(103)] with UO3 for 16 h at 180°C results in the formation

as illustrated by the porous structures ofHIGN,][(UO2)-F]*?
and [QleNz][(UOZ)z(POgH)z{ POz(OH)H}z 13
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of Cs[(UO,)(CrOy)(103)] (1) in the form of golden prism¥.
UO,(103)2(H20), a ubiquitous byproduct of hydrothermal
reactions of U(VI) with 1Q~, and Cg[(UO,),(CrOy)3] are

also observed in these reactions. The latter compound is also
new and has the g§UO,),(SQy)3] anionic sheet topology?°
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(19) Cs[(UO2)(CrOy)(103)2] (1) was prepared by loading Cs[Cs(@D3)]
(196 mg, 0.482 mmol), CsCl (81 mg, 0.482 mmol), @38 mg,
0.482 mmol), HIQ (85 mg, 0.482 mmol), and 0.5 mL of distilled
and Millipore filtered water in a 23 mL PTFE-lined autoclave. The
autoclave was heated at 180 for 16 h and slow cooled at€/h to
22 °C. The products consisted of pale yellow crystals of,(JOs)2-
(H20), deep orange tablets of £1d0,(CrOs),], and golden prisms
of 1. Yield for 1: 300 mg (62% based on U). EDX analysis provided
a Cs:U:Cr:l ratio of 2:1:1:2.
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Table 1. Selected Bond Distances (A) for £&J0,)(CrOy)(103)7] (1)2

U—0 and =0

U(1)-0(1) (U=0) 1.776(4) U(1)-0(8Y 2.455(4)
U(1)-0(2) (U=0) 1.791(4) U(1>-0(9) 2.447(4)
U(1)-0(3) 2.310(4) U(1)>0(11) 2.315(4)
U(1)—O(6Y 2.310(4)

Cr—0
Cr(1)~0(3) (br) 1.703(4) Cr(1-0(5) (ter) 1.587(5)
Cr(1)—-0(4) (ter) 1.604(5) Cr(y0(6) (br) 1.691(4)

1-0
I(1)—O(7) (ter) 1.781(4) I(2rO(10) (ter) 1.792(5)
1(1)—0O(8) (br) 1.835(4) 1(2-O(11) (br) 1.842(4)
1(1)—0(9) (br) 1.840(4) 1(2)-0(12) (ter) 1.790(4)

a(U=0) = uranyl, UG?*, (br) = bridging, (ter)= terminal.

Cs' cations?! The ribbons are formed from [UDpentagonall
bipyramids that contain a uranyl core, [Gi@etrahedra, and
both monodentate and bridging iodate anions. Part of one
of these ribbons is depicted in Figure 1. In fact, this
compound can be viewed as an intricate Lewis atidse
complex of UQ?", CrO2-, and IQ~ as there are no
additional oxo or hydroxo ligands present.
The ribbons can be broken down into small units for a
more thorough understanding of the structural chemistry.
. . . . . First, each U@" moiety is bound by two Crgd~ anions
Figure 1. Part of the one-dimensiongl(UO7)(CrOI03:I* ribbonsin - oo I@ anions. Both of the chromate anions bridge

uranium centers creating a [(UR(CrQy);] cluster in the
Given the dramatic differences between the colors and crystalform of an eight-membered ring. The clusters are in turn

habits of these three compounds, manual separation is trivialbridged to other clusters by two iodate anions. This pattern
when necessary. We have been able to optimize the yield ofrepeats along thex-axis to create the one-dimensional
1to 62% by adding additional Csand I1Q;~ to the reactions,  ribbons. The remaining iodate anion is monodentate and
diminishing the need for product separation. This reaction forms long ionic contacts through its two terminal oxo
can also be successfully carried out using K[giOz)] as ligands to the Cscations, which separate the ribbons from
the source of chromyl iodate. In this casg/(K/O2)(CrOy)- one another as depicted in Figure 2. As found #(180,)s-
(103)7] is isolated, and while not isostructural with it (103)40] (A =K, Rb, TI)***and AE[(UQ)(103),0,]-H,0O
contains nearly identical uranyl chromatoiodate structural (AE = Sr, Ba, Pb);*15the iodate anions terminate the edges
features. of the one-dimensional chains. It is interesting to note that
The structure ofl is quite unusual and consists of one- the vast majority of one-dimensional U(VI) compounds are
dimensionall[(UO,)(CrO,)(I03),]2~ ribbons separated by found to containCs, ligands such as seleniteAmong the

Figure 2. A view down thea-axis showing the Cscations separating the one-dimensiohfgUO,)(CrOs)(103)2]2~ ribbons ini.
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new uranyl iodate compounds that we have recently preparedrespectively. TerminaHO bond lengths vary from 1.781(4)
10 are one-dimensional, and the remaining two compounds,to 1.792(5) A, whereas the bridging distances are universally
UO(103)2(H-0) and Ag(UO,)4(103)2(104),,¢ both contain longer and range from 1.835(4) to 1.842(4) A. The ©
two-dimensional uranium oxide topologies. This demon- bond distances to the terminal oxo ligands of the uranyl unit
strates the tendency of compounds that incorporate anionsare 1.776(4) and 1.791(4) A, which are normal for a U(VI)
with stereochemically active lone pairs of electrons to adopt compound. Bond valence sums for the U(VI), Cr(VI), and
low-dimensional architectures. (V) are 6.02, 6.02, and 5.05 and are consistent with the
The C—O and HO bond distances show standard formula provided for this compourdd.2*
variations based upon whether they are terminal or coordinate In conclusion, we anticipate that the use of molecular
to the U(VI) centers, and these are summarized in Table 1.transition metal iodates and selenites may be useful precur-
The two terminal and two bridging €10 bond lengths are  sors for synthesizing mixed-metal uranium compounds.
1.587(5) and 1.604(5), and 1.691(4) and 1.703(4) A, Future reports will detail these ongoing studies.
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