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in the liquid produced, and the XeO; decomposes.
When the deliquescing XeO; is in contact with copper,
the liquid acquires a pink color, and v drying a small
amount of dark residue remains. With nickel, a green
residue is left. When XeOs was added to dilute NHOH
a very little at a time, there was a reaction which re-
sulted in a residue when the solution was dried. This
residue was water soluble. The infrared spectrum of
the residue showed that NH,* was present, and in addi-
tion an ion absorbing at 790 cm.~!. This observation
was repeated once, but usually the XeO; exploded when
brought near the NH4OH solution.

Thanks are due to J. C. Horton for the mass spec-
trometry, and to H. Insley, Oak Ridge National Lab-
oratory, for the optical crystallographic examination
and to J. F. Emery, also of ORNL, for the neutron
activation analysis.

(2) This document is based on work performed at the Oak Ridge Gaseous
Diffusion Plant Operated by Union Carbide Corporation for the U. S.
Atomic Energy Commission.
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CRYSTAL AND MOLECULAR STRUCTURE OF XENON
TRIOXIDE!
Sir:

Hydrolysis of xenon tetrafluoride yields a solution
from which colorless crystals can be obtained by evap-
oration. By determination of the crystal structure
and by chemical analysis, we have identified this sub-
stance as xenon trioxide. The molecule XeO; is in the
shape of a trigonal pyramid with dimensions similar to
those of the isoelectronic iodate ion.

The crystals are stable for days in dry air, but readily
absorb water from humid air to form a concentrated
solution.!* The vapor pressure at room temperature is
too low to permit distillation to be observed under high
vacuum. Dry crystals react explosively with cellulose.

Violent detonation upon heating makes chemical
analysis by the direct measurement of the oxygen
and xenon difficult. By other experiments, the chem-
ical formula of XeO; has been confirmed. Iodine and
xenon were liberated when solid potassium iodide was
added to an acidified aqueous solution of the xenon
compound. The oxidation state of the xenon was de-
termined by means of the iodine to xenon ratio. Also
by means of this reaction, 5.12 mg. of the dry crystals
yielded 28.75 micromoles of xenon gas.

Anal. Caled. for XeO;: I/Xe, 6.00: Xe, 73.23.
Found: I/Xe, 6.06; Xe, 73.73.

Crystals were transferred in air to thin-walled glass
capillary tubes, where they were held to the walls by
whatever solution was on their surfaces. Preliminary
crystal data were obtained from oscillation and Weis-
senberg X-ray diffraction photographs. The structure
reported here is based on angles and intensities meas-
ured with a goniostat and scintillation counter with Mo
Ko radiation, A(Ka) = 0.70926 A. Ten crystals, in
the form of rods elongated in the direction of the b axis,
were examined. Because of decomposition, each crys-
tal survived only a few hours of exposure to X-rays.
Frequent adjustment of alignment was necessary.

Combination of measurements from three crystals
gave intensities for the 482 independent reflections
permitted by the space group with 4 less than 30°, of

(1) This work was done in part under the auspices of the U, S. Atomic
Energy Commission.

(1a) Note Appep IN Proor.——This substance should be handled with
greal caylion. Samples have detonated when undisturbed at room temper-

ature (¢f. N. Bartlett and P, R. Rao, Science, 189 (1963); S. M. William-
son and C. W. Koch, #bid., in press).
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which 16 were recorded as zero. Because the diffract-
ing power dropped with time, it was necessary to make
frequent adjustments of scale by comparison with
measurements of the (200) reflection. In the subse-
quent refinement, it was found that the agreement was
improved by adjustment of scale factors for 15 portions
of the data, grouped according to the sequence of meas-
urement.

The orthorhombic unit cell has dimensions ¢ =
6.163 £ 0.008, b = 8.115 = 0.010, ¢ = 5234 =
0.008 A. With 4 molecules per unit cell, the density is
4.55 g./ml. Systematic absence of odd orders of %00,
0k0, and 00! correspond to space group P212:2;.
Atoms are in the general sets 4(a): «x, ¥, 3, /s — x,
=y, Vet VodxVo—y, —z —x oty 1s—2

These crystal data resemble those of iodic acid,?—*
for which a = 5.89, b = 7.73, ¢ = 5.54 A. (axes per-
muted) and which has the same space group. The
atomic arrangement is very similar in the two crystals,
a fact which was helpful but not essential in the de-
termination of the structure.

Simple calculations yielded approximate codrdinates
for Xe, which tends to dominate the structure factors,
A projection down the ¢ axis revealed the three oxygen
atoms near the positions found in HIO;. Least-squares
refinement (starting with the z coérdinates reported for
HIO;) vielded the final structure. With adjustment
of 12 codrdinates, 4 isotropic temperature factors, and
15 scale factors, the conventional R = ZI||F| —
| Fe| |/ 2| Fo| was reduced to 0.098 with the parameters

% y z B, .
Xe 0.9438 0.1496 0.2192 1.3
0(1) 537 .267 .066 2.3
0(2) 171 .096 .406 2.2
0(3) .142 .454 .389 1.8

Standard deviations of coérdinates correspond to
0.002 A. for xenon and 0.03 A. for oxygen. The Xe-O
bond distances are 1.74, 1.76 and 1.77 A., each = 0.03

Bond angles O-Xe-O are 108°, 100° and 101°,
each =2°. We estimate that thermal motion affects
the bond distance less than 0.01 A. The deviations
from threefold symmetry are of doubtful significance.
The average bond distance, corrected for thermal mo-
tion, and the average bond angle are 1.76 A. and 103°,
respectively. In iodate ion® the angle is 97°, and the
bond distance, 1.82 A, is slightly longer as expected.

The shortest O-O distance between molecules is 2.91

As discussed by Wells® the corresponding contact
in HIOj; is unsuitable for hydrogen bonding. All other
intermolecular O-O contacts in XeO; exceed 3.02 A.
The absence of hydrogen bonding makes the formula-
tion HXeO; implausible in spite of the similarity of the
structure to that of HIO;. Another aspect of thislack
of bonding is that the unit cell volume is greater in
XeO; than in HIO; although the molecular dimensions
are smaller.

Each xenon atom has oxygen neighbors at 2.80,
2.89 and 2.90 A. in three adjacent molecules.

Crystals of xenon trioxide were first prepared at
Berkeley by Mr. K. A. Maxwell. We thank Prof. R.
E. Connick for bringing them to our attention and Dr.
C. W. Koch for assistance in the chemical analysis.
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