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Exploring the field of binary halogen oxides has always been
a task of particular intricacy. Except for I;Os, which is well
established,! all oxides of the halogens are thermodynamically
unstable. Therefore, it is not surprising that, in spite of almost
200 years of investigation, our knowledge about this important
class of inorganic compounds remained rather fragmentary.
Recently, significant progress has been achieved in understand-
ing the chemistry of the oxides of chlorine and bromine.? In
contrast, the situation for the oxides of iodine has barely
improved, so far.

In the literature® or even in textbooks numerous oxides of
iodine are mentioned which in general are not properly
confirmed. In many instances the compositions given are
questionable because of preparative problems, and the proposed
structures are speculative because of the lack of reliable and
unambiguous experimental spectroscopic or X-ray data. Iodine
oxides are usually prepared from complex mixtures, are
polymeric in structure, and are thermally labile. Many experi-
mental parameters have to be controlled precisely, and the
formation of well-defined solid phases is often ruled by
solubility differences. Thus, reproducible syntheses of iodine
oxides as crystalline, pure samples are a real challenge.

During our efforts toward the preparation and characterization
of binary oxides with iodine in an oxidation state higher than
+V, a procedure for the synthesis of pure bulk iodine trioxide
was developed. Its preparation by thermal decomposition of
HsIOs* or by dehydration of an equimolar solution of HsIOg
and HIO; in 95% H,SO4 by oleum’ has been described
previously in the literature. However, all samples obtained via
these routes were contaminated with side products or H,SO4.
Furthermore, a previously proposed structure, consisting of
(I0,), chains and IO4~ groups,’ was suspect.

Our improved method for the synthesis of iodine trioxide
yields for the first time pure, coarse crystalline samples in gram
amounts.’ Single-crystal X-ray analysis’ reveals the structure
illustrated in Figure 1. In contrast to the earlier proposal,’ the
structure consists of molecular subunits of composition 1,01,
(Figure 2) which are linked through iodine—oxygen bridges.
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Figure 2. ORTERP representation of the L;O1, unit with two intermo-
lecular contacts and bond lengths in picometers.

The basic molecular unit 1404, can be viewed as being
constructed by two IOg octahedra that have one edge in common
and two pyramidal IO units that share two of their vertices
with the axial positions of the double octahedron. By their
peculiar coordinations, two octahedrally coordinated iodine
atoms per unit are clearly identified as being in the oxidation
state +VII, while the two remaining trigonal pyramidal ones
are in the +V state. Thus, the 140, unit can be regarded as
the mixed anhydride of two molecules each of HsIOg and HIO;.
The site symmetry of [;0;; is C;, and within the experimental
error the point symmetry is Co.

Strong intermolecular connections between the terminal
equatorial oxygen atoms attached to IVl and the pentavalent
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iodine atoms give the crystal structure of iodine trioxide a
polymeric character. The intermolecular bonds are longer than
the intramolecular bridging bonds by 18% and shorter by 35%
than the van der Waals contact distance of iodine and oxygen.
These additional bonds increase the coordination of IV toward
a y-octahedron. This tendency seems to be intrinsic to the
crystal chemistry of iodine(V)—oxygen systems,? but the
intermolecular bonds in IO; are remarkably short. Regarding
the terminal I—O bonds in one I40;; unit as double bonds and
the intramolecular bridging I—O bonds as single bond, the IV
parts have the formal charge of —1, and the IV parts, +1. The
short intramolecular I—O bonds compensate this formal electron
defiency on IV and the electron surplus on IVL, respectively,
The sterically active lone pair of IV occupies the site opposite
to the terminal oxygen atom. This is proved by the distance of
338.4(10) pm of IV to O(1) of the adjacent layer.

These results and our knowledge about the related compounds
1,0s,! 1,04,° (10)2804,'° and I304HSO4!! give an insight into
the underlying principles of the iodine—oxygen chemistry: we
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encounter a strong tendency to form mixed odd-valency states
of iodine and polymeric networks. These features explain the
vast variety of possible structures and the complexity of these
systems.
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