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The domain structure, observed in the low-temperature phase of Ag,Te by means of electron diffrac-
tion and conventional electron microscopy, is interpreted on the basis of the crystallographical rela-
tionship between the low- and high-temperature phases. Diffuse scattering effects associated with the

B — « transformation are also discussed.

1. Introduction

Silver chalcogenides have been the sub-
ject of detailed experimental studies for a
long time because of the superionic proper-
ties they exhibit at relatively low tempera-
tures. Among these compounds silver tellu-
ride has been studied the least. Most of the
work on that compound has been devoted
to its phase transformations and to the cor-
responding crystal structures, but as far as
is known from the literature, very little
work has been done on the domain struc-
ture of the low-temperature phase.

It is the aim of this work to determine the
structural variants and the interfaces which
constitute this domain structure. A brief
survey of the literature data concerning the
structure will initially be given.

2. Structural Aspects

Silver telluride appears in three modifica-
tions, encountered at room, intermediate,
and high temperatures. Only the first two
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phases will be discussed here, denoted as
B- and a-Ag,Te, respectively. The phase
transition temperature, as determined by a
variety of experiments, varies from 132 to
157°C (1-5).

The structure of a-Ag,Te, as reported by
Rahifs (6), is fcc, with lattice spacing a =
6.572A at 250°C and the space group Fm3m
— 0. The tellurium atoms are in a cubic
close-packed arrangement with the silver
atoms distributed in various proportions on
the tetrahedral, octahedral, and triangular
interstices.

With regard to 8-Ag,Te, different investi-
gators have reported that its lattice is
monoclinic or orthorhombic. A review of
the literature data concerning the reported
unit cells of B-Ag,Te is given in Table I with
the following remarks:

1. The unit cell given by Tokody (7) is
wrong, as already discussed by Frueh (10).

2. The orthorhombic cell given by
Rowland and Berry (9) was derived from a
crystal growth above the transition temper-
ature and does not therefore correspond to
the low-temperature form.
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TABLE I
CRYSTALLOGRAPHICAL DATA OF 8-Ag;Te ACCORDING TO THE LITERATURE

Unit cell Lattice parameters (A) Space group Ref.
Monoclinic a=657,b=6.14,c=6.10,8=61°15  Pm, P2, P2im 7)
Orthorhombic a = 13.0, b = 12.7, ¢ = 12.2 — 8)
Orthorhombic a = 16.28, b = 26.68, ¢ = 7.55 Immm (2]
Monoclinic a=28.09b=448, c =896, 8 = 123200 P/ (10, 11
Monoclinic a=28.15b=447¢=28.09 8=112°40 P2/n (12)

3. The unit cell given by Terao and
Berghezan (12) (a', b', ¢') can be trans-
formed to the cell of Frueh (a, b, ¢) by the
relation: @’ = —(@ + ¢), b’ = b, & =a.

A complete analysis of the structure of 8-
Ag;Te has been carried out by Frueh (10).
The model suggested by him is shown in
Fig. 1. As he has noted, tellurium as well as
silver atoms in this model are very close to
their appropriate crystallographic positions
in the fcc structure.

3. Specimen Preparation

Silver telluride was synthesized by heat-
ing a stoichiometric mixture of the constitu-
ents in an evacuated, sealed silica tube at
700°C. Single crystals were grown by melt-
ing the material, following by slow cooling
to room temperature.

FiG. 1. Structural model for B-Ag,Te after Fruech
(10).

Specimens. suitable for electron micro-
scopic observations were prepared by slic-
ing the crystal, forming disks of 3-mm di-
ameter, mechanical thinning, and final thin-
ning by ion bombardment.

4. Observations and Results

4.1 a-Ag;Te

The heating of the specimen was done in
situ in a JEM-100CX electron microscape
by using the heating goniometer specimen
holder. The use of this specimen holder al-
lowed us to locate the transition tempera-
ture at 150 x 2°C.

Fi16. 2. Diffraction patterns along various sections of
the reciprocal lattice of a-Ag,Te: (a) 010, (b) 110, (c)
111, and (d) 211 section.
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Fig. 3. Diffraction patterns corresponding to vari-
ous sections of reciprocal lattice of 8-Ag,Te. Circled
spots show the fundamental fcc reflections: (a) and (b)
correspond to the 100 section, (c) and (d) to the 110
section, and (€) to the 111g, section.

The diffraction patterns from different
sections of the high-temperature phase (a-
Ag,Te), some of which are reproduced in
Fig. 2, disclose that this phase exhibits an
average fcc structure with unit-cell parame-
tera = 6.6 A.

Apart from the diffraction spots, strong
diffuse scattering appears in these diffrac-
tion patterns, revealing disordering of silver
atoms among the interstitial sites of tellu-
rium sublattice. The diffuse scattering is
concentrated mainly on curved surfaces
close to the 200 cubic reflections. Never-
theless, weaker diffuse scattering exists be-
tween the spots along the four equivalent
{111] cubic directions, with a maximum in-
tensity midway between the fundamental
spots.
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FiG. 4. Reciprocal lattice of 8-Ag,Te. Large and
small circles correspond to fundamental and super-
structure reflections. Crossed circles show the forbid-
den superstructure reflections. The reciprocal unit cell
corresponding to the Frueh’s monoclinic unit cell is
outlined by dashed Iines.

4.2 B-Ag:Te

By cooling the specimen through the
transition temperature the diffuse scatter-
ing vanishes and new reflections appear in
the diffraction patterns. Repeated heating
and cooling cycles through the transition
point reveal that the same section of the
reciprocal lattice of the a-phase may pro-
duce different patterns of the reciprocal lat-
tice of B-phase. Such sections of the g-
phase are reproduced in Fig. 3.

On the basis of these diffraction patterns
the reciprocal lattice of B-Ag,Te can be
constructed (Fig. 4). It consists of the fun-
damental and superlattice and of forbidden
reflections, represented by large, small, and
crossed circles, respectively.

In the original reciprocal lattice the unit
cell shown by dashed lines can be chosen.
It corresponds to a primitive monoclinic
real unit cell with constants a = 8.094, b =
448 A, c =896 A, and B = 123.4° i.ce., it
corresponds to the Frueh’s unit cell (10).
Indexing of the reciprocal lattice on the ba-
sis of this unit cell also leads to the P2,/c
space group.

The relationship between the monoclinic
unit cell and the fundamental fcc one, as
deduced from the common in the two recip-
rocal lattices reflections, is
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a; a; as being the fcc base vectors.

Assuming that, in first approximation, the
Te atoms retain their positions in the two
phases, the latter relationship between the
two unit cells may be illustrated as in Fig. 5.

4.3 The Domain Structure of B-Ag;Te

4.3.1 Orientation variants. Since in the a
— B transition the symmetry of the struc-
ture is reduced from m3m of order 48 for
the a-phase to 2/m of order 4 for the g-
phase, formation of 48/4 = 12 orientation
variants is expected in the latter phase.
They can be deduced from the elements of
the variant generating group (V.G.G),
which in the present case is 23 or 3 2/m
13).

Among these variants there exist ‘‘simi-
lar’’ ones, i.e., variants related by similar-
ity operations of the V.G.G. They can be
distingnished by further breaking the
V.G.G. into simpler point groups, i.e.,

{23} = {3} - {m} - {m'}.

Each of these point subgroups produce
“similar’’ orientation variants. The first
one, {3} = {E, C}, C3}, yields the orientation
variants having the monoclinic [201] direc-
tion parallel with each cubic edge (see Fig.
5); the second one, {m} = {E, m}, gives rise
to those interchanging the directions of the
monoclinic b and ¢ axis, and the last one,
{m'} = {E, m'}, to those differing in the ori-
entation of the monoclinic a-axis.

FI1G. 5. Crystallographic relation between the unit
cells of a- and B-Ag,Te.
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Frc. 6. Typical pattern of two {3}-type orientation
variants. The monoclinic [201] directions are mutually
perpendicular in adjacent domains and the boundaries
between them coincide with the set of mutually per-
pendicular planes, bisecting the angles between the
former directions.

Orientation variants of the {3} type are
shown in Fig. 6. As deduced from the dif-
fraction patterns taken across the bound-
aries between them (Fig. 7), the monoclinic
[201] directions are mutually perpendicular
in adjacent domains. Moreover, the bound-
aries coincide with the set of mutually per-
pendicular (110)g. planes which bisect the
angle between the two [20]1] directions.
They are actually the zero-strain interfacial
planes between these variants.

Orientation variants of the {m} type
cannot be distinguished from diffraction
patterns as easily as the former ones. A
combination of diffraction and contrast
observations was applied in order to verify
their occurrence. A typical pattern of such

FiG. 7. Diffraction patterns taken across the bound-
aries between two {3}-type variants shown in Fig. 5.
Note that the splitting of spots is perpendicular to the
plane of the corresponding boundary.



STRUCTURE OF o~ AND g-Ag;Te 5

s

~uh 3
B
b

F1G. 8. {m}-type orientation variants in coexistence with {3}-type ones. The three patterns have been
taken under different diffraction conditions. Arrows indicate the [201] directions in the different

domains.

variants is shown in Fig. 8. The three im-
ages have been taken under different con-
trast conditions and disclose that each {3}-
type variant may be further broken into two
{m} type ones, the boundary between them
generally being an arbitrary plane.
Because the reciprocal lattices for such
variants completely coincide, a distinction
by diffraction observations between the
{m'}-type variants is not possible. Only dif-
ferences in contrast arising from the differ-
ences in the structure factor of coinciding
reflections would permit their distinction.
Such orientation variants have intentionally
been looked for, particularly in dark field
images made in superlattice diffraction

F1G. 9. Antiphase boundaries (A) in 8-Ag,Te. Ar-
rows indicate the trace of one more antiphase bound-
ary which is almost in extinction. Boundaries between
orientation variants (D) are also visible.

spots; however, no evidence for their oc-
currence has been found.

4.3.2 Translation variants. Aside from
the orientation, translation variants are also
expected in the B-phase (Fig. 9). Since the
ratio of the volumes of the primitive unit
cells of the two phases is 4, there must also
be four translation variants and, therefore,
three different types of antiphase bound-
aries between them (13). The correspond-
ing translation vectors are

R, = ¥201], R, = }[001], R5 = #[111];

the indices refer to the monoclinic unit cell.

5. Discussion

In first approximation we can assume
that the diffuse scattering in a-Ag,Te is due
to the static and dynamic disorder of the
silver atoms within a rigid fcc lattice formed
by tellurium atoms. The similar case of dif-
fuse scattering in the bce a-AgySe has been
discussed by de Ridder et al. (I14) on the
basis of the same assumption. They have
further postulated that disorder causes
small displacements of the silver atoms
from their crystallographic positions which
lead to the diffuse scattering. An alternate
discussion of the diffuse scattering in the
fast ion conductors can be done on the basis
of the “‘liquid-like model”’ (I5) using com-
putational methods. This work is in pro-
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gress; the results will be published else-
where.

Concerning the ordered B-Ag,Te, our
electron diffraction data confirm the struc-
ture model suggested by Frueh (10). Fur-
thermore, the crystallographic orientation
relationship between the lattices in the two
phases emerges from our results, so that
one can easily determine the corresponding
crystallographic positions of the silver at-
oms in the fcc lattice, as well as the dis-
placements of the atoms from their ideal fcc
positions.

The domain structure which 8-Ag,Te ex-
hibits as a result of ordering of the silver
atoms consists theoretically of 12 orienta-
tion and 4 translation variants.

Apart from the orientation variants due
to the different orientation of the mono-
clinic a axis, the other variants have been
identified by our observations. The reason
for the absence of variants differing in the
orientation of the a axis is not clear. Pre-
sumably, they do not exist separately from
the other orientation variants, and this
makes their distinction difficult.
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