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Abstract

The potential of high-resolution electron microscopy
(HREM) is demonstrated by the investigation of
complex oxides with a general formula [U,M,,0]-
[M,0;,,1], M=(Mo, W). The HREM structure
images of B-UMo,0; agree well with the model
derived from X-ray data. It is found that the 7-
U3Mo2004, sample considered earlier as a monophase
appears in fact as a set of isostructural phases. The
structure of these phases with MoO; octahedral block
width varying within p = 1-7 is derived from electron
microscope images. Both regular and irregular substi-
tution of cations and the formation of uranium vacan-
ciesin M-O rows are detected in y-U;M0,,05,4. Inter-
stitial sites in the structures are detected, which can
be occupied by extra U and W cations. The electron
microscope images of vacancy rows give evidence for
the finite length of some M-O rows. In this case
oxygen dangling bonds at the ends of rows are sup-
posed to be saturated by interstitial tungsten atoms.

1. Introduction

Complex oxides were the first objects in which the
great possibilities of high-resolution electron micros-
copy (HREM) for structure investigations became
apparent. On the one hand, this progress can be
explained by the appearance of electron microscopes
with point-to-point resolution high enough to distin-
guish single cations in a structure projection and to
obtain unique information about structure defects
and phase composition (Hashimoto, Endoh, Takai,
Tomioko & Yokota, 1979; Horiuchi, 1979). The great
success in HREM would not have been possible
without the development of the multislice method,
which was proposed by Cowley & Moodie (1957,
1959) as a tool for EM image interpretation. Practical
approaches of this method to computer simulation
were suggested by Goodman & Moodie (1974) and
Ishizuka & Ueda (1977). The possibilities of X-ray
analysis are limited in the case of complex oxides,
because synthesis of sufficiently large monocrystals
is still a challenging task.
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We have applied the HREM method to the investi-
gation of a number of oxides of the general formula
[U.M,.0][M,0;,.,], M = (Mo, W), that are isostruc-
tural with 8-UMo,04. According to Mahe-Pailleret
(1970) and Kovba (1971) the structure of the latter
has the orthorhombic space group Pncb with lattice
parameters a =7-4, b=20-08 and c=4-115A. It is
built up of MoO; octahedral blocks extending
infinitely in the ¢ and a directions and joined by U-O
rows, elongated in the ¢ direction (Fig. 1). Each block
is p=2 octahedra thick in the b direction and the
neighbouring octahedra are linked by corners to form
an ReOs-type structure. § 3.1 presents some results
of EM investigation of B-UMo,0; that agree well
with this model.

It was established by means of X-ray analysis that
some oxides - members of a specified series - differ
from each other both in block width p and degree of
partial substitution of uranium atoms by molybdenum
or tungsten, The latter results in the formation of
cation vacancies (Serezshkin, Kovba & Trunov, 1973,
1974). However, one should take into account that
X-ray data provide the information averaged over the
whole volume of the crystal. In order to obtain more
detailed information (phase compositions, point
defects and their ordering) two oxides, y-U;M0,50¢4
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Fig. 1. Structural model of the 8-UMo,05 oxide in (001) projec-
tion. Open circles represent U; MoO; octahedra are represented

schematically.
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