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The direct intercalation of iodic acid into the layered uranyl iodate,
UO2(IO3)2(H2O), has been observed to yield UO2(IO3)2(H2O)‚2HIO3

in crystalline form. This is the first example of this type of reaction
with iodic acid.

Uranyl iodates are known primarily for their ability to form
novel one-dimensional topologies.1 However, the importance
of these compounds is equally well addressed by their
potential formation during the oxidative dissolution of spent
nuclear fuel, where it is expected that some of the long-
lived â emitter,129I (t1/2 ) 1.7× 107 year), will be converted
to iodate, which can then bind solubilized uranium in the
form of UO2

2+ to form uranyl iodates. While the structural
chemistry of uranyl iodates is relatively mature, little is
known about the physicochemical properties of these com-
pounds, with the exceptions of UO2(IO3)2,2 UO2(IO3)2(H2O),2

and K[UO2(IO3)3].3 UO2(IO3)2 and UO2(IO3)2(H2O) have
been shown to interconvert in supercritical water, and their
thermal properties are well understood.2 K[UO2(IO3)3]
exhibits selective ion exchange of its K+ cations for Cs+

cations.3

Among iodate compounds in general, there are a small
number of acidic solids that are thought to possess iodate in
its protonated form, i.e., as HIO3. Examples of these
compounds include K3Am3(IO3)12‚HIO3

4 and 3La(IO3)3‚
HIO3‚7H2O.5 Given that these solids typically contain heavy
atoms, resolution of the H atom positions is challenging.
Iodic acid is a neutral molecule, and it is therefore possible
that some of these compounds are the result of the intercala-
tion of iodic acid into a preexisting structure. However, it is
likely that the iodic acid cocrystallizes along with the other
components of the system because these iodic acid molecules
are typically part of hydrogen bonding and iodate‚‚‚iodate

networks that are integral parts of the overall structures.
Herein we demonstrate the direct intercalation of iodic acid
into the layered structure of UO2(IO3)2(H2O).

When UO2(NO3)2‚6H2O is reacted with a 2-5-fold excess
of iodic acid under mild hydrothermal conditions, the only
compound that results is UO2(IO3)2(H2O). When the amount
of iodic acid is increased 10-fold, a mixture of UO2(IO3)2-
(H2O) and UO2(IO3)2(H2O)‚2HIO3 is found. When the
amount of iodic acid is increased 30-fold, pure samples of
UO2(IO3)2(H2O)‚2HIO3 can be prepared.6 More importantly,
if UO2(IO3)2(H2O) is reacted with large excesses of iodic
acid, UO2(IO3)2(H2O)‚2HIO3 is also found to form. There
has historically been controversy over the formula and
density of uranyl iodates. We have noted that crystals of UO2-
(IO3)2(H2O)‚2HIO3 are morphologically identical with those
of UO2(IO3)2(H2O), which may have created confusion.

The structure7 of UO2(IO3)2(H2O)‚2HIO3 consists of
neutral UO2(IO3)2(H2O) layers that are interconnected by
iodic acid molecules, as is shown in Figure 1. The individual
UO2(IO3)2(H2O) layers found in UO2(IO3)2(H2O)‚2HIO3 are
nearly identical with those found for the parent compound,
UO2(IO3)2(H2O), and consist of a UO22+ cation bound by
four bridging iodate anions and a water molecule to form a
UO7 pentagonal bipyramid. The terminal UdO bond dis-
tances of 1.778(5) Å (×2) and bridging U-O bond distances
of 2.335(4) (×2) and 2.349(4) Å (×2) deviate only slightly
from that of UO2(IO3)2(H2O), as does the longest bond
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distance to the terminal water molecule of 2.464(6) Å. The
similarities between the layers found in UO2(IO3)2(H2O) and
UO2(IO3)2(H2O)‚2HIO3 can also be expressed in terms of
the dimensions of the unit cells in the [ab] plane. For the
parent compound, these dimensions are 8.452(2)× 7.707-
(2) Å, whereas those for the intercalated product are 8.3347-
(7) × 7.6594(6) Å. Both compounds crystallize in the
orthorhombic space groupPbcn, and the differences in the
units cells are primarily found in thec direction, where UO2-
(IO3)2(H2O) is 12.271(3) Å and UO2(IO3)2(H2O)‚2HIO3 is
20.899(2) Å. Taken together, these metrics indicate that UO2-
(IO3)2(H2O)‚2HIO3 differs from UO2(IO3)2(H2O) only in the
intercalation of two molecules of iodic acid per formula
unit.

The iodic acid molecules located between the layers show
I-O bond distances of 1.787(4), 1.796(5), and 1.866(5) Å.
We have surveyed 28 high-resolution iodate crystal structures
to arrive at a value of 1.792(5) Å for terminal I-O bonds
(see the Supporting Information). In contrast, I-O bond
distances for bridging orµ2-O bonds from 32 different
structures show an average distance of 1.831(5) Å. Fortu-
nately, during the course of other studies, we were able to
prepare K2SeO4‚2HIO3,8 which contains a single protonated
I-OH moiety. Here the bond distance is 1.912(2) Å. On
the basis of these data, it can be concluded that the proton
is localized on O(4) with the longest I-O bond. There are
several short interactions of appropriate length for a hydrogen
bond between O(4) and O atoms within the layers. In addition
to hydrogen bonds, iodate‚‚‚iodate interactions play a critical
role in stabilizing many iodate compounds.9 In UO2(IO3)2-

(H2O), these interactions interconnect the layers and are
probably the origin of the crystallinity and low solubility of
this phase. These interactions also exist in UO2(IO3)2(H2O)‚
2HIO3. The intermolecular I‚‚‚O interactions range from
2.611(5) to 2.802(5) Å.

The IR spectrum of UO2(IO3)2(H2O)‚2HIO3 is particularly
rich in that it shows a characteristic I-OH stretch at 1138
cm-1.10 In addition, both asymmetric and symmetric uranyl
modes are observed at 902 and 872 cm-1, respectively. Iodate
stretches (ν1 andν3) are found at 810, 770, 759, 735, 718,
and 671 cm-1,11 and an iodate bending mode (δ) is found at
573 cm-1. Theν andδ modes for the bound water are found
at 3410 and 1587 cm-1, respectively.

A calorimetry study of UO2(IO3)2(H2O)‚2HIO3 reveals two
endotherms at 267 and 559°C. These features are similar to
those found for the parent compound and are ascribed to
the loss of water and thermal disproportionation of iodate,
respectively. Water loss occurs at a lower temperature for
UO2(IO3)2(H2O)‚2HIO3 than for UO2(IO3)2(H2O). The new
feature in the thermogram of UO2(IO3)2(H2O)‚2HIO3 is an
exotherm that immediately follows the loss of water at
299 °C. We suggest that this exothermic feature represents
the filling of the open-coordination site previously occupied
by water by an O atom from an iodic acid molecule in the
interlayer space, yielding UO2(IO3)2(HIO3)‚HIO3. Attempts
are ongoing to isolate this compound from higher temperature
reactions.

In addition to the intercalation of iodic acid, there are other
protonated oxoanions, which are of interest from the
perspective of the oxidation of spent nuclear fuel, that might
intercalate into UO2(IO3)2(H2O). Selenous acid is a high
priority in this regard.12 Future publications will detail
ongoing efforts to explore the intercalation of neutral
molecules into UO2(IO3)2(H2O).
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Figure 1. Depiction of the intercalation of iodic acid into UO2(IO3)2-
(H2O) (A) to yield UO2(IO3)2(H2O)‚2HIO3 (B). UO7 pentagonal bipyramids
are shown in green, I atoms in purple, and O atoms in red.
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