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THE STRUCTURE OF 4-UO,
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Abstract—The proposed structure for 6-UQO; has been confirmed by powder neutron
diffraction. Data collected from a sample of good crystallinity, by time of flight neutron
diffraction techniques, are consistent with the previous description of §-UQ; as having the
ReQ; structure, with an unusual regular octahedral environment for U(VI).

The uranium(VI)--oxygen system is one of great
complexity ; at least six polymorphs of the stoi-
chiometry UO; have been described.! This struc-
tural diversity of uranium(VI) reflects its ability to
eX(sT 1 a variety of (0w symuucicy, aigt caor-
dination environments with similar energies. The
majority of these materials have been studied using
powder or single crystal X-ray diffraction with sub-
segnent powder nepiron Gifirachon syndies jor ine
accurate determination of the oxygen atom
positions. However, the structure proposed for 4-
UO; by Wait? is based solely on powder X-ray
diffraction data with visual estimation of the reflec-
tion intensity. The technique is very insensitive to
oxygen positions and relatively large distortions of
the structure could be accommodated within the
accuracy of this refinement. For example tilting of
the octahedra with displacement of oxygen off the
U—O—U direction would be very difficult to
observe using X-ray techniques. However neutron
diffraction techniques are ideally suited to the
observation of any such distortion. As part of an
investigation of uranium oxides and their insertion
compounds we have recently completed a structural
study of 6-UQ; using powder neutron diffraction.

EXPERIMENTAL

0-UO; was prepared by the method described by
Wait? using AnalaR grade UO,(NO,),*6H,0 as
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the starting material. Uranyl nitrate was converted
to y-UO; by controlled thermal decomposition in a
flowing oxygen atmosphere. Hydrothermal reac-
tion of y-UQO; at 190°C in a sealed apparatus led to
tie formation of crystafiine F-GO,(TUHY,,” fre-
quently described in the literature as f-UQ;-H,0.

Thermogravimetric studies of p-UQ,(OH), in
association with powder X-ray diffraction have
Spowp 102X DecomposINon peenrs 2 330 vk e
formation of 8-UQ;: above 410°C 5-UO; under-
goes a transformation to other polymorphs of
UOQO,.* In this work B-UO,(OH), was heated at
375°C for 24 h, resulting in decomposition to brick-
red 6-UO;. The products from decomposition at
higher temperatures or longer heating times were of
slightly higher crystallinity but had a considerable
degree of contamination with other polymorphs of
UO,.

Powder X-ray diffraction data showed an almost
pure material, which could be indexed on a cubic
cell of dimensions 4.146(12). Two very weak lines
(with intensity ~ 2% that of the 6-U0,;{100>
reflection) were assigned to the strongest peaks
from the powder X-ray pattern of a-UQ;. It was
found impossible to prepare a sample of §-UQO,
totally free from this contaminating polymorph.

Neutron diffraction studies were carried out
using the instrument GPPD at the IPNS, Argonne,
Chicago; a full description of the diffractometer is
given elsewhere.® The sample, 10 g, was contained
in a vanadium can and data were collected over a
period of 20 h. Neutron puises scattered from the
samnle were callected in the faur time-tacussed
detector arrays. The higher resolution back scat-
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Table 1. Calculated and observed intensities for §-UO,

h k l Iobs Iea!r_‘
100 150.8 157.3
110 10.0 12.2
111 41.0 71.22
20 0 4632 479.6
21 0 631.2 588.2
21 1 342 276
22 0 849.2 878.9
30 0

> 5 ) } 664.0 687.2
2 2 2 385.0 359

tered data (150°) and that from the 90° and 60°
banks were considered for the refinement. Although
the higher angle data is generally better resolved
and is used in profile refinements, for this material
the line widths were such that an increase in reso-
lution at the higher scattering angle was only weakly
apparent. As a result it was decided to use the higher
intensity 60° data for the refinement. This also had
the advantage of allowing the (100} reflection to
be included in the refinement ; peaks with large d-
spacings are beyond the maximum time of flight
for the higher angle detector banks. The data were
corrected for the distribution of wavelength inten-
sities, and instrumental and geometrical factors con-
trolied the scattered intensities by comparison with
a spectrum obtained from a standard vanadium
sample. The resultant diffraction profile showed
nine well resolved peaks and some additional
incompletely resolved low d-spacing peaks which
could be indexed on the cubic unit cell of §-UO,.
A refined lattice parameter of 4.165(8), in good
agreement with the powder X-ray data, was deter-
mined. Three additional very weak features in the
diffraction profile were assigned to reflections from
a-UOs, but these were sufficiently resolved from the
6-UO; peaks and could be ignored. No peak that
would indicate a larger unit cell for §-UO; was
observed.

The background under the peaks was determined
by linear extrapolation of that on either side and
the intensity of the nine well resolved peaks deter-
mined by summing the counts under each. Cal-
culated intensities based on the perfect ReO; struc-
ture were generated for the peaks observed in the
experimental pattern and scaled to give the best fit
to the experimental data. Reasonable temperature
factors of 0.3 and 1.0 were assigned to uranium and
oxygen, respectively taken from previous neutron
diffraction work on uranium oxides.® The results
are shown in Table 1 and the atomic coordinates
summarized in Table 2. A reliability index of 5.3%
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Table 2. Atomic coordinates for §-UQ,
(Space group Pm3m No. 221 International Tables)

Scattering  Wyckoff

Atom  length® symbol x y z B
U 0.850 la 0 0 0 03
o 0.5807 3d 10 0 10
“10-'2cm.
®Not refined.

was calculated using the expression
R =100 x Z (Iobs— ca]c)/zlobs %.

Weak features apparent in the profile at the pos-
itions expected for the 310 and 311 reflections were
of an intensity consistent with that calculated for
these peaks.

DISCUSSION

The experimental neutron diffraction data are
consistent with a description of §-UO, with the
ReO; structure. The agreement of the calculated
and experimental intensity data coupled with the
ability to index all the observed reflections on the
simple unit cell suggests that there is no deviation
from the perfect cubic structure. The sensitivity of
neutron diffraction to scattering from oxvgen, sup-
ports the model suggested by Wait with an unusual
regular six-fold coordination for uranium. The
derived uranium—oxygen single bond length of 2.08
A is in good agreement with that found in other
uranium(VI) oxides with low uranium coordination
numbers such as «-UQ;.°
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