ACTA CRYSTALLOGRAPHICA, VoL. B32, 1976—GO0O0ODMAN AND MCLEAN PLATE 16

Il

(a)

Fig. 1. Scanning electron micrograph of a typical single-
crystal lath, showing stepwise changes in thickness parallel
to the long edge. The region enclosed by a black line is
shown at higher magnification in the inset, indicating a
250 A edge thickness.

(b)

Fig. 2. 100 kV transmission micrographs from an edge region
similar to that shown in Fig. 1. In (a) the objective stigmator
has been adjusted so that some asymmetry remains parallel
to the lattice fringes, thereby enhancing the signal-to-noise
ratio. The inset shows a projected charge-density calcula-
tion, made for a vacancy-plane structure according to a
model with screened K* ions occupying the hexagonal tun-
nel of the structure. The thin-crystal region of 200-300 A
extends only about 100 A in from the edge, which occurs at a
potential vacancy plane. (b) Shows an edge region in-
cluding a surface step, illustrating the tendency of the crystal
to terminate on superlattice planes (superlattice spacing is
indicated by arrows).
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Fig. 3. 100 kV electron micrograph from a partially oxidized
crystal. Black-line brackets indicate two regions of inde-
pendent nucleation of the superlattice. The two regions are
mutually out of phase.

Fig. 4. An out-of-focus micrograph showing only the super-
lattice with 26 A spacing from an oxidized tungsten-bronze
crystal. The superlattice is coherent throughout this region;
however, a local variation in contrast indicates a variation
in the occupation density of the superlattice planes which
is generally slight but locally quite marked.
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subcell dimensions appreciably, it is suggested that
model 2, with K* ions electrostatically bonded to the
host lattice, is the most probable. In this model, as
oxidation proceeds some of the negative lattice charge
is captured by O atoms, which then occupy sites with-
out radically changing the electrostatic environment.
Finally, a brief study was made of the original black,
and reduced, tungsten bronze to see if any type of
ordering could be detected by electron diffraction,
other than the doubling of the ¢ axis reported originally
by Magnéli & Blomberg (1951). Samples of this
material were ground and examined by selected-area
diffraction. Most of the crystals examined had the
hexagonal structure. The patterns from these showed
no measurable diffuse scattering but a twofold super-
lattice was recorded in upper layer lines from at least
some of the crystals. However, no extra reflexions were
visible in the zero layer of [001] projection. It is there-
fore feasible that the twofold ¢ axis is the same as re-
ported by Magnéli & Blomberg, and thatitis associated
with a doubling of the a axis; this doubling may be very
difficult to detect by X-ray diffraction. The observed
superlattice shown in Fig. 7 is different in character from
the one described here for the oxidized structure, since
the fatter has a strong contribution in the 400 line.

7. Conclusions

From this study we conclude that: (a) superlattice
formation occurs in the oxidized tungsten bronze as a
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result of two almost independent processes; (b) oxida-
tion (and reduction) occurs continuously without ap-
preciable dimensional disturbance of the host lattice.

In conclusion, it would be of interest to investigate
the reduced bronze more thoroughly, and to examine
consequences of the evident mobility of O in the struc-
ture.
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Lattice images from vapour-grown crystals of K,WQO; , ,, with x~0-27 and y~ x/2 show that long-range
ordering of 26 A periodicity perpendicular to the (#00) planes is consistent with a two-dimensional
ordering of vacancies amongst the K+ ion sites. The independent nucleation of long-range order in
neighbouring crystal regions during the process of oxidation is shown in the micrographs.

Crystals of K, WO, ,, with x~0-27 and y~ x/2 grown
from the vapour phase at above 1300°C give electron
diffraction patterns which exhibit two superstructures,
one arising from the W and one from the K lattice
(Goodman, 1976). The diffraction evidence shows that
the K* structure has a planar ordering, but the nature
of the ordering cannot be definitely established from
diffraction evidence alone. For this purpose high-reso-
lution electron micrographs were taken, from the 400
systematic reflexions. The crystals used were taken

directly from the vapour-grown preparation. To assist
with the interpretation of the transmission micrographs
a series of scanning electron micrographs was taken
from crystals typical of the specimens used for trans-
mission study. These micrographs showed approxi-
mately plane-parallel lamellae, with discontinuous
changes in thickness (Fig. 1). Thin regions frequently
occurred along the edges, and these regions were typ-
ically 200-300 A thick.

Fig. 2(a) shows a typical region near an edge, with



