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The structure of CeCo;; can be described as twinned pyrochlore. The twinning operation creates
layers with the Ru;B;-type structure in the twin planes.

Pyrochlores

Hexagonal tungsten bronze (HTB), which
is a well-known structure type, can be de-
scribed in terms of nets (/). In that context
an HTB layer is a 3.4.6.4. net of corner-
connected octahedra.' In the structure of
HTB itself these nets are stacked on top of
each other which gives a structure with par-
allel hexagonal tunnels running perpendicu-
lar to the layers. The HTB layer is a com-
mon building element in crystal structures.
Usually, maybe always, the octahedra are
tilted around axes in the plane of the layer.
The octahedral framework of pyrochlore
can be thought of as a cubic arrangement of
HTB layers, i.e., four intersecting layers
arranged with tetrahedral symmetry, which
means a stacking of HTB layers along each
body-diagonal of a cube. In this structure
the hexagonal tunnels are intersecting and
running in the [110], [011], and [101] direc-
tions. In a consideration of different kinds

! Strictly, it is not possible to have a net of polyhe-
dra. However, if we only consider the corners of the
octahedra common to more than one octahedron, they
describe a 3.4.6.4 net.
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of pyrochlores, we described the structure
of CrsAl,3Sis (F43m, a = 10.917 A) as the
octahedral framework of pyrochlore (with
empty octahedra) (2). Twelve of the thir-
teen Al atoms in the formula make up the
framework. The tunnels are occupied by al-
ternating large AlSi, tetrahedra and small
Cr, tetrahedra. The tetrahedra can be made
a second framework interpenetrating the
octahedral framework by letting the Cr, tet-
rahedra become Cr,Si, stellae quandrangu-
lae (SQs). A stella quandrangula is a tetra-
hedron with a cap on every face (2). A
projection of the structure of CryAl;Sis is
shown in Fig. 1.

It is possible to insert trigonal prisms be-
tween the AlSi, tetrahedra and the central
octahedron of every second pyrochlore
unit. (A pyrochlore unit is an octahedron
sharing four of its faces (tetrahedrally) with
other octahedra.) The prisms share triangu-
lar faces with both the tetrahedra and the
octahedra. In the lower left part of Fig. 1
are shown four prisms around one octahe-
dron. Due to the size of the AlSi, tetrahe-
dra, the prisms become slightly tapered in
this particular compound. That means that
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FiG. 1. The structure of Cr,Al;3Si, projected along [001]. In the upper right the octahedral pyrochlore
framework is fitted to the Al atom array. Parts of the interpenetrating AlSi,—Cr,Si, “‘stuffing’” are
shown in the upper left and lower right. The possibility of using Al;Si; trigonal prisms in the description

of the structure is indicated in the lower left.

the ‘‘stuffed’’ pyrochlore, Cr4Al;;Siy, can
be described in two different ways: either
as a framework of Alg octahedra interpene-
trated by another framework of corner-con-
nected Cr,Siy SQs and AISI, tetrahedra or
as an edge- and corner-connected frame-
work of Al;Si; trigonal prism with isolated
Alg octahedra and Cr,Si; SQs in its cavities.
(The isolated octahedra arise from the fact
that only every second of the pyrochlore
units participates in forming the prisms.)
Figure 2 shows two different projections
of an idealized ‘‘stuffed pyrochlore’ struc-
ture in hexagonal setting (the SQs are left
out for clarity). In the left part of the figure
an octahedral framework with isolated tet-
rahedra in its cavities (only one tetrahedron
is shown in hatched lines) is fitted to the
atomic array. This corresponds to the Alg
octahedra and AlSi, tetrahedra of CrsAl 3Si4
mentioned above. The same atomic array
can also be described as a framework of
trigonal prisms with isolated octahedra

(only one shown) in its cavities as shown in
the right part of Fig. 2, corresponding to the
AliSi; prisms and the Alg octahedra of
Cr4Al|3Si4.

The framework of prisms is actually
3.4.6.4 nets of connected prisms oriented in
the same way as the HTB layers in pyroch-
lore mentioned above. We call these nets of
prisms Ru,B; layers, because the structure
of RusB; (3) is a simple stacking of these
layers on top of each other (Fig. 3). Of
course, in this case the prisms are centered
by B atoms.

The left part of Fig. 2 also shows that the
pyrochlore structure can be thought of as
HTB layers separated by layers of isolated
octahedra.

Several cases where this octahedral
framework is collapsed are known. One
way to collapse the framework is to take
away a layer of isolated octahedra and (by a
rotation of 60°) let the two opposing HTB
layers share corners as in HTB itself. The
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F1G. 2. Two projections [on (1 120) and (0001)] of an ideal pyrochlore framework drawn with hexago-
nal unit cell. X-Circles represent position 48 (f) (Fd3m) of the pyrochlore structure, which creates the
octahedral framework. A-Circles represent the “‘stuffing’’ of the cavities with tetrahedra. The right
half of the figure shows the alternative description of the structure; edge- and corner-connected A;X;
trigonal prisms with isolated X, octahedra in the cavities. The shaded part is one HTB layer /efr and
one Ru,Bs-layer right.
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F16. 3. The structure of Ru;B; projected on (1120) and (0001).

HTB layers can also collapse further to
share edges, thereby necessarily distorting
the edge-sharing octahedra. Examples of
these types of collapses are found in several
types of oxides (4-8).

Another way to collapse the pyrochlore
framework is to remove an HTB layer, ro-
tate one of the two remaining parts 60°
around the three-fold axis, and let the two
opposing  ‘‘isolated-octahedra’ layers
share faces. That is the way pyrohlore is
collapsed in the structure of CeCoy;.

CeyCoyy

The X-ray structure determination of
Ce,Coy; was done by Larson and Cromer
in 1962 (9). The structure is hexagonal,
P6mc, with a = 9.587 A and ¢ = 21.825 A,
and is shown in Fig. 4. The figure shows
that in this structure too, it is possible to
use two different frameworks to describe

the atomic array; either a framework of
empty Ceq octahedra (left part of Fig. 4) or
a framework of CoCeg prisms (right part of
Fig. 4).

When we collapse the pyrochlore frame-
work, in the way described above, by pull-
ing out every second HTB layer, the effect
on the trigonal-prism framework (the right
part of Fig. 2) is that of taking away every
second of the isolated, upright-prism lay-
ers. After rotating the remaining pieces and
connecting them together we end up with
the framework shown in the right part of
Fig. 4.

If we look at the octahedral framework of
Ce»Coy (Fig. 4, left) it is obvious that it is
twinned pyrochlore. Slabs of pyrochlore
are sharing faces with each other in mirror
planes. The right part of Fig. 4 shows that it
is also possible to describe the structure as
an intergrowth of the Cr;Al3Sis structure,
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F1G. 4. Two projections [on (1 120) and (0001)] of the structure of Ce»Coy,. The left and right halves
of the figure show two alternative ways to describe the structure (as in Fig. 2). The shaded parts in the
(1120) projection are a lamella of pyrochlore, left, and a lamella of Ru;B;, right.

with Ru;B; double layers created in the
twin planes. The cavities in the prism
framework are occupied in the same way as
in the structure of CrsAl3Siy, i.e., with SQs

and Ceg octahedra. The SQs in Ce;4Co,; are
centered by a Ce atom so they become
Co,4Ces SQs. One such CosCes SQ (with its
central atom indicated by a crossed circle)
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and one Ceg octahedron are shown in
hatched lines in the right part of Fig. 4. To
summarize: in the structure of Cr,Al,;Si, (=
“*stuffed’” pyrochlore) the framework is un-
collapsed, the prisms are empty, and the
tetrahedron, face-sharing with the prisms,
is occupied. In the structure of Ce»sCoy, the
same framework is collapsed, the prisms
are occupied, the tetrahedron is empty but
the center of each SQ is occupied.

Pu-Ce-Co

In the ternary system Pu-Ce—Co some
interesting phases have been found (10).
One phase (Pu,Ce),Co; was reported to be
hexagonal (a = 9.358 A, ¢ =5.986 A) and
isostructural with Th,-Fe; which has the
Ru;B;-type structure. Another phase, with
the same total composition (Pu,Ce),Co;
was said to be face-centered cubic with a =
13.49 A and containing 10 formula units per
unit cell.

A projection of a face-centered cubic
cell, with a = 13.49 A, along a three-fold
axis gives a hexagonal cell with apx = a
cube/V2 = 13.49/V2 = 9.539 A. That value
is to be compared with the a axes of
CexCo;y and the hexagonal (Pu,Ce);Co;
which are 9.587 and 9.358 A, respectively.
The similarity in the aye values could mean
that the structure of the cubic form of
(Pu,Ce);Cos is built of the same Ru;B; lay-
ers as the two other structures are. If that is
the case, a probable structure for the cubic
(Pu,Ce);Co; could be modeled. We start
with a trigonal-prism framework as in
**stuffed’” pyrochlore (Fig. 2). The unit cell
is going to contain 16 prisms (a hypothetical
structure of that kind was mentioned in our
paper about pyrochlores (2)). The stoichi-
ometry of the framework is (Pu,Ce)4Co1s,
with the prisms centered by Co atoms. By
filling the cavities of the prism framework
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in the same way as in the structure of
CexCoy, i.e., with isolated (Pu,Ce)Co, tet-
rahedra (or (Pu,Ce)sCo4 SQs if we connect
them to the prism framework) plus isolated
(Pu,Ce)s octahedra, we get a total stoichi-
ometry of (Pu,Ce)Cos + 4(Pu,Ce);Co, +
4(Pu,Ce)Cog = (Pu,Ce)¢Co3,. This is to be
compared with 10 formula units of
(Pu,Ce);Co; per unit cell mentioned by El-
linger et al. (10). So, the cubic (Pu,Ce);Co;
could have a *‘stuffed’’ pyrochlore struc-
ture, the hexagonal (Pu,Ce);Co; has a com-
pletely collapsed ‘‘stuffed’” pyrochlore
structure, and the structure of Ce,Co,; is a
partly collapsed ‘‘stuffed’’ pyrochlore.

Finally, it is very hard to resist quoting
from the paper by Larson and Cromer (9):
**. . . for there is no place in the present
structure [Ce,4Coy;] where a structural unit
such as that of Ce;Ni; exists.”” CesNi; is
isostructural with Ru;B;.
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