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Abstract

LiZnTa,0, crystal is rhombohedral, a, = 5-24 (1) and
¢, = 1403 (1) A in the hexagonal system, Z = 2, D,, =
7-61 g em™. Its space group, determined by conver-
gent-beam electron diffraction, is R3c.

Technologically important ferroelectric LiNbO, and
LiTaO, crystals have been the subject of intensive
study (Abrahams, Reddy & Bernstein, 1966; Abrahams
& Bernstein, 1967). Study of compounds related to the
lithium niobate and lithium tantalate family has been
hampered by the difficulty of obtaining good quality
single crystals. Polycrystalline LiZnTa,0,, which is
related to LiTaO,, has been prepared by Kutolin,
Revzina & Naschina (1967). Recently, single crystals
of LiZnTa,0, have been grown in our institute (Shu,
Xia, Chen, Jiang, Zhang & Yu, 1981). A con-
vergent-beam electron-diffraction (CBED) study has
been undertaken to determine its space group. It is well
known that CBED is a very useful technique for the
determination of point groups and space groups
(Goodman, 1975; Buxton, Eades, Steeds & Rackham,
1976). In CBED, higher-order Laue-zone (HOLZ)
effects, which are usually neglected in the projection
approximation or zero-order Laue zone, become very
important. HOLZ  diffraction provides three-
dimensional information which facilitates the deter-
mination of lattice parameters and crystal symmetry.
Specimens of LiZnTa,0, were obtained by grinding
a bulk crystal into small crystallites ranging from 0-5 to
S5 um. The crystallites were supported on carbon film
on copper grids for observation in a Philips EM 400
electron microscope. The microscope, fitted with a
STEM pole piece, was operated in the TEM mode and
a probe size of about 40 nm was used.
Convergent-beam zone-axis patterns (ZAPs) ob-
tained can be readily indexed in the trigonal or
rhombohedral system. Figs. 1 and 2 show the 3m
symmetry. This is the [0001] ZAP. It is the highest
symmetry pattern. Other ZAPs are of lower symmetry,
for instance, the symmetry of the [1101] ZAP is m
(Fig. 3a). It should be pointed out that the symmetry of
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the patterns is not perfect. A close examination of Fig.
| shows that there is some variation in the intensity and
the shape of the HOLZ lines in the bright-field disc.
Fig. 3(a) also shows signs of asymmetry along the
mirror plane. There are clear differences between the
upper pair reflections and the bright-field mirror is also
not perfect. These CBED patterns were obtained from
small crystallites ground from the bulk. Such crystal-
lites are not parallel-sided slabs and they are seldom
defect free. CBED from such crystallites will inevitably
show signs of slight asymmetry. Therefore, care must
be exercised in determining the symmetry of the
patterns. CBED patterns from different zone axes
should be considered for self-consistency. The lattice
parameters of LiZnTa;0,, obtained from combined
CBED and conventional electron diffraction, are a, =
5.24 (1), ¢, = 14.03 (1) A, where h refers to the
hexagonal system. In the rhombohedral system, the
lattice parameters are a = 5:57 (1) A and a =
56-12 (17)°.

Fig. 1. [0001] ZAP of LiZnTa,O, at 120 kV. Both the central
bright-field disc and the whole-pattern symmetry are 3m.
However, the symmetry is not perfect. The HOLZ lines in the
bright-field disc show signs of variation in intensity and
sharpness.
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The bright-field and whole-pattern symmetry of the
[0001] ZAP (Figs. 1 and 2) are both 3m. According to
Buxton et al. (1976), this implies that the diffraction
group can be either 3m or 6,mm, corresponding to
point group 3m or 3m, which can be distinguished by
their dark-field symmetry. Consider the [1101] zone
axis, the diffraction groups for 3m and 3m are m and
2,mntg, respectively. Fig. 3 shows that the bright-field
and whole-pattern symmetries are both m, and the
+(1120) dark-field symmetries are also m, the dark-
field mirror being parallel to that of the bright field.
Here we have neglected the slight asymmetry of the
patterns arising from imperfect crystals. In fact, the
dark-field mirror is derived from the symmetry element
mg. The +(I1 120) dark fields are related by 2,.
Therefore, the crystal has an inversion centre so lhe
point group must be 3m. The same result can also be
obtained from the +(1120) dark field of the [0001]
ZAP.

Furthermore, systematic-extinction rules obtained by
indexing diffraction patterns are —h + k + [ = 3n for
general reflections, and / = 2n, h + k = 3n for hhO!
reflections. These rules are consistent with space group
R3c. The presence of the glide plane is confirmed by the
extinction line in the (8801) disc along the mirror plane
in Fig. 4 (Gjennes & Moodie, 1965; Steeds, Rackham
& Shannon, 1978). Fig. 4 is obtained by rotating the
specimen about a (1120) axis from the [0001]
orientation. The extinction line is due to a glide plane in
the ¢ direction. The space group of LiZnTa,0, is
therefore R3c.

It is interesting to note that the space group of
ferroelectric LiTaO, is R3c and that of paraeleclnc
LiTaO; is R3c. The Curie temperature of LiTaO, is

Fig. 2. [0001] ZAP of LiZnTa,0, showing HOLZ rings. Note that
the symmetry of the first-order Laue-zone ring is 3m.

DETERMINATION OF THE SPACE GROUP OF LiZnTa,0, BY CBED

(a)

(b)

(c)

Fig. 3. [1101] ZAP of LiZnTa,0,. (a) On axis ZAP showing the m
symmetry of the bright-field and the whole patterns. (b) and (c)
+(1120) dark-field patterns. The internal symmetry is m. The
conjugate +(1120) dark-field are related by 2,. We note that
there are signs of slight asymmetry in the ZAP\ arising from
imperfections in the specimen.



Fig. 4. Excitation of the 8801 reflection. showing an extinction line
along the mirror plane of the whole pattern. The extinction in this
case is due to a ¢ glide.

938 K. By analogy with LiTaO,, we conclude that
LiZnTa;0, at room temperature is paraelectric and
that the addition of Zn to LiTaO, lowers its Curie
temperature. The density of LiTaO,, D, is 7-4564
g cm~*. There are six molecular units per hexagonal
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unit cell. For LiZnTa,0,, D,, = 7-61 gecm~*and Z = 2
per hexagonal unit cell (Shu et al., 1981).

We are grateful to Mr Q. M. Shu for providing us
with single crystals of LiZnTa,0,.
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Abstract

A discussion is given on simple grounds, not explicitly
involving the dynamical deformation formalism, of the
implications of having the outer part of the electron
distribution vibrating significantly differently from the
core. The use of a lattice dynamical shell model to
represent this effect is examined in some detail, with
particular reference to the framework within which
such a model gives meaningful results. Predictions are
given from the 14-parameter shell models and the
11-parameter valence-shell models for the difference
between Debye—Waller B values of the shells and cores
and also for the effective Debye—Waller factors for the
deforming ions in 14 zinc-blende-structure compounds.
It is concluded that the effective X-ray Debye—Waller
B at very small sin §/4 is typically several percent
smaller than the core B value, owing to a very
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substantial reduction in the mean-square displace-
ments of shells compared with cores. Results are also
given for the 15-parameter deformation-dipole models
for eight materials. These show effects broadly compar-
able in magnitude to the shell models but more varied in
detail. Notably, some models show for the first time a
larger rather than smaller Debye—Waller factor for the
deforming ion.

Introduction

At least in the past decade, the accurate measurement
of Debye—Waller factors has involved concern that not
all of the electron distribution of an atom vibrates by
the same amount. On the theoretical side one is also
concerned that accuracy in calculating the core
Debye—~Waller factor is wasted if there are moderately

© 1983 International Union of Crystallography



