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The crystal structures of SrgMggs and SrMg, are described by using ‘‘y-brass clusters.”” This descrip-
tion gives a rather simple relationship between the two structures.

In an earlier paper (/) we showed how to
obtained the ‘‘y-brass cluster’ (2) by cap-
ping all the edges of a stella quadrangula
(SQ). The final product of the capping is a
distorted cube-octahedron surrounding 14
atoms. In the same paper we also described
the Mn atom arrangement in the structure
of the ThgMnyy as an array of connected
partly capped SQs. However, the Th atoms
can also be thought of as caps of the SQ and
thereby completing the ‘‘y-brass cluster.”
The different sizes of Mn and Th atoms
distort the ideal ‘‘y-brass cluster’” in a way
to make the outer shell, the distorted cube-
octahedron, slightly bigger than ideal (3).

The structure of SrgMg,s (4) is isostruc-
tural with ThgMn,3. A projection of the cu-
bic structure (a = 14.914 A, Fm3m) along
the [001] direction is shown in Fig. 1. In the
upper left part of Fig. 1 one partly capped
SQ is shown connected to a fully capped
SQ (right). If only the Th atoms are consid-
ered, the polyhedron in the lower left part
of Fig. 1 is the building unit. The unit is, as
mentioned above, a distorted cube-octahe-
dron (the atomic parameter for Sr is x =
0.2041; x = 0.25 should make the cube-
octahedron regular).

In their description of the structure of
SrgMg,s, Wang et al. (4) use the motif of an
octahedron of Sr atoms surrounded by 50
Mg atoms. Another way to look at the
structure is indicated in the lower right part
of Fig. 1. The Th atoms described a corner-
connected array of two different sized octa-
hedra, which means a distorted perovskite.
Elpasolite, NaK,AlFg (5), with xz = 0.219
is a perovskite distorted in the same way as
SrgMg,; with Na atoms centering the big
octahedra and Al atoms centering the small

F1G. 1. The structure of SrgMg,, projected on (001).
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F1G. 2. The structure of SrgMg,, projected on (111).

ones. That means that the structure of
SrgMg,, is an elpasolite with the small octa-
hedron empty, an Mg atom centering the
big octahedron and 14 Mg atoms in every
cube-octahedron. Because the latter share
all rectangular faces and have a Mg atom
in every such face, the content of the cube-
octahedron is reduced to 11 Mg atoms,
which gives the stoichiometry:

NaK2 AlFs = Mg(Mgu)z DSI‘G = SrsMgza .

Figure 2 shows the structure of SrgMgy,
projected along the [111] direction which
gives a hexagonal cell with

and

Aoy = ‘-‘ﬁg_ = 10.546 A

Chex = 32 @ome = 25.832A.
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F1G. 3. The structure of SrMg, projected along the ¢
axis.
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F1G. 4. The corner-connected array of Sr atom octa-
hedra in SrgMg,s. To the right, one cube octahedron is
indicated.

Three SQs at different levels are pictured,
one with some caps and two without caps.
The projection of the structure of SrgMg,s
along the [111] direction clearly shows the
similarity between Sr¢Mg,; and SrMg,
shown in Fig. 3. The structure of SrMg, (4)
is hexagonal (a = 10.511 A, ¢ = 28.362 A,
P63/mmc) and has the same building unit
the fully capped SQ, as SrgMg,;. However,
the arrangement of the units is different.
To simplify the pictures of the two struc-
tures we only look at the octahedral array
of Sr atoms, Figs. 4, 5. As can be seen from
Fig. 5, the octahedra in SrgMg,, are all cor-
ner-connected, but in SrMg, there is both
corner-connection and face-sharing be-
tween the octahedra. The relation between
SrgMg,; and SrMg, is the same as the rela-
tion between cubic BaTiO;, which has the
perovskite structure, and hexagonal Ba
TiO, (6). In the titanates the octahedra are
of only one size and the transformation
from the cubic form to the hexagonal one is

SrgMa23

SrMg,

FiG. 5. A projection on (0010) of the octahedral
arrangement in (a) SroMg,, and (b) SrMg,.



STRUCTURE RELATION BETWEEN SrgMg, AND SrMg,

only a change of stacking sequence of close
packed layers, from ¢ to hee (7). The opera-
tion is actually to insert two twin planes
perpendicular to the body diagonal of the
cubic BaTiOs. If the shaded part of the
structure in Fig. 5a is removed and a mirror
plane is placed at each cut, the structure
pictured in Fig. 5b is obtained. That is; the
structure of SrMg, is twinned SryMg,; with
twin planes at ¢ = 25 and ¢ = 75 (hun-
dredths of the ¢ axis). Of course the Mg
atoms are also affected by this twin opera-
tion. Fig. 6a shows the columns of face-
sharing octahedra and cube-octahedra in
Sr¢Mg,s. Identical columns occur around 0,
0,z;% 4, z; and 4, %, z, although at differ-
ent levels. The twin operation changes the
columns to the shapes shown in Fig. 6b,
i.e., alternating pairs of octahedra and pairs
of cube-octahedra, around %, 4, zand 4, %, z,
and the right column of Fig. 6b around 0, 0,
z. In both cases the columns share rectan-
gular faces with each other.

The analogy in the case of BaTiQj, is that
in the hexagonal (twinned) form of BaTiO,
one third of the cube-octahedra, all lying
along 0, 0, z, are ‘‘twinned.”’ (A ‘‘twinned
cube octahedron’ is the polyhedron of
nearest neighbors in hcp). Twinning of the
irregular cube octahedron in SrgMg,; gives
the elongated ‘‘twinned cube octahedron,”
shown in the right part of Fig. 6b, which,
due to the twinning, contains three addi-
tional Mg atoms, that is, *“14"” Mg-atoms
instead of ‘*11.”” In SrMg, both sizes of
octahedra are empty. Therefore, the stoi-
chiometry is:

BaTi03 = BaaTiaog
= (Mg,,); Mg, 00Sry = SrMg,.

By using fully capped stellae quadrangii-
lae, which is a very accurate description of
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SrgMgos

SrMg,

Fi1G. 6. A projection on (0010) of the different kinds
of columns in (a) SrgMg,; and (b) SrMg,.

the ‘‘y-brass cluster’’ (I), it is possible to
show that SrMg, is twinned SrgMg,;. In
contrast to 7y-brass, CusZng, where the
clusters are separate, and Cr,Si Al,3, where
they share corners (3), the connections be-
tween the clusters in SrgMg,; and SrMg,
are through common faces.

Note added in proof. Recently, the structure of
ThgMng; was described using the concept of *‘nested
polyhedra.’” That description also uses cube-octahe-
dra as building-elements. [B. CHABOT, K. CENZUAL,
AND E. PARTHE, Acta Crvstallogr. A37, 6-11 (1981).]
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