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Xe---F(1') 3:27 A and Xe---F@4") 3-26 A, where I
and II refer to atoms symmetry-related to those in
Table 1 by the operations (1 +x,y,z) and (x,1 -y, +2)
respectively, are only slightly shorter than the non-
bonded Xe---F contact in XeF, (3-42 A; Levy &
Agron, 1963). The crystal structure therefore consists
of fluorine-bridged molecules with weak intermolecular
forces rather than of ions.

The authors thank the S.R.C. for financial support.
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Abstract. CaTa,O,,, hexagonal, P6,22, a=62173 (3),
c=12:271 (2) A, Z=2, D.=7-60 g cm~3. Colourless
transparent crystals of CaTa,O,, were synthesized
from a 1:2 mixture of CaCO; and Ta,Os by the float-
ing-zone technique [Akashi, Matsumi, Okada & Mizu-
tani. JEEFE Trans. Mag. (1969). 5, 285-289]. One of the
two independent Ta atoms is surrounded by seven oxy-
gen atoms in the form of a pentagonal bipyramid with
the average distance 2:06 A. The remaining Ta and Ca
atoms are coordinated to six and eight oxygen atoms
with average distances 1-97 and 2-52 A, respectively.

Introduction. The systematic absence observed on
Weissenberg photographs was 00/ for / odd. The space
group was uniquely determined to be P6;22 from the
systematic absence and the Laue symmetry of 6/mmn:.
Cell dimensions were determined by the least-squares
method from 11 reflexion data. For intensity measure-
ments, a specimen was roughly ground into a sphere
with average radius 0:04 mm. Intensities were collected
on an automated four-circle diffractometer with Mo Ku
radiation monochromated by a graphite plate. The
w-26 scan technique was employed with a scanning
speed of 0-5° min~! in w. In all, 291 independent re-

flexion data, whose |F|’s were larger than 3c(]F]), were
obtained within the range 26 < 75°. The intensities were
corrected for Lorentz, polarization and absorption
factors.

The structure was solved by the heavy-atom method.
The positions of the Ta atoms were obtained from the
Patterson maps. Those of the remaining atoms were
found on Fourier maps phased with the Ta atoms. The
structure was refined with the full-matrix least-squares
program LINUS (Coppens & Hamilton, 1970) by as-
suming anisotropic temperature factors for Ta and Ca
atoms and isotropic for oxygen atoms. At the final
stage of the refinement, the isotropic secondary-extinc-
tion parameter was included in the calculation. The
final R value was 0-032 for the 291 observed reflexions. *
Unit weight was given to all the reflexions. The atomic
scattering factors used were those given by Tokonami
(1965) and Cromer & Waber (1965) for O*~ and Ta’+,

* A list of structure factors has been deposited with the
British Library Lending Division as Supplementary Publica-
tion No. SUP 30782 (3 pp.). Copies may be obtained through
The Executive Secretary, International Union of Crystallog-
raphy, 13 White Friars, Chester CH1 1 NZ, England.
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respectively, and the values for Ca’* in International
Tables for X-ray Crystallography (1968). The final at-
omic parameters are given in Table 1. The interatomic
distances and bond angles are given in Table 2.

Fig. 1. The structure of CaTa,0,, viewed along the a axis.
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Discussion. A synthesis and crystallographic study of
CaTa,0,; were reported by Gasperin (1963). On the
basis of the Patterson function Gasperin gave a prob-
able arrangement of Ta atoms. The present investiga-
tion was undertaken to elucidate the details of the
structure and its relationship to the structures of the
other members in the CaO-Ta,0; system.

The structure viewed along the @ and ¢ axes is shown
in Figs. 1 and 2, respectively. In Fig. 2, Ta(2) at ,4,%
and Ca at %,%,2 are omitted to avoid complexity.
There are two independent Ta atoms. Ta(l) atoms lie
on the planes at z=0 and z=1 and are surrounded by
seven oxygen atoms in the form of a pentagonal bi-
pyramid. The coordination polyhedra of Ta(l) are
joined to each other by edge-sharing, forming two-
dimensional networks parallel to (001). Ta(2) and Ca
atoms are on the planes at z=% and z=4. Ta(2) is
octahedrally surrounded by six oxygen atoms, whereas
Ca is surrounded by eight oxygen atoms in the form of
a distorted cube. These two kinds of coordination
polyhedra also form two-dimensional networks par-
allel to (001) by sharing edges. The layers of the
Ta(1)O, pentagonal bipyramids alternate with the
mixed layers of Ta(2)O4 and CaOg polyhedra in the ¢
direction. The former is linked with the latter by shar-
ing edges with CaOg polyhedra to construct the whole
structure. In the Ta(1)O; polyhedra the shortest edges
are those shared by the neighbouring pentagonal bi-
pyramids owing to the strong repulsion between Ta®*
cations with large positive charge. The edges shared by
the neighbouring CaQOjg polyhedron are also shorter
than the unshared edges. In the Ta(2)Os and CaQq
polyhedra the shared edges are also significantly
shorter than the unshared ones.

Besides CaTa,Oy,, the following three phases have
been reported in the CaO-Ta,0; system: CaTaQO,,
CaTa,O4 and Ca,Ta,0,. The structure of CaTaO; is of
the perovskite type (Gasperin, 1958) and that of
CaTa, O, is known to have a close relation to the
perovskite structure (Jahnberg, 1963). Ca,Ta,0O, is
supposed to have a pyrichlore type structure (Ismail-
zade, 1958). In all these compounds, Ta atoms have
octahedral coordinations of oxygen atoms. Pentagonal
bipyramidal coordinations around Ta atoms have been
found in the low-temperature form Ta,Os (Stephenson
& Roth, 1971a) and in a series of compounds in the

Table 1. Positional and thermal parameters for CaTa, Oy,

The anisotropic temperature factors are in the form exp [—(Buh?+ Brk?+ Bssl? + 2B hk + 2Bkl + 2B53k1)]. The following
constraints are required from the symmetry: f;, =/, and fi3= — B,3 for the Ta(l) atom, and f;,=F2=2x fi; and B3 =F,3=0
for the Ta(2) and Ca atoms.

B x10°
x y z or B(A?)  fnpx105 B3 x10° P2 x 105 Piax 105 B3 % 10%
Ta(l) 0-3589 (2) 0-3589 3 360 (24) 360 67 (4) 240 (26) 1(8) -1
Ta(2) P 1 2 P 3 354 (44) 354 76 (10) 177 0 0
Ca 2 % P s 790 (242) 790 78 (47) 395 0 0
o) 0-371 (3) 0-430 (3) 0-344 (1) 0-3(2)
0(2) 0:750 (3) 0-750 3 0-5()
0Q@3) 1 3 0:538 (2) 07

AC31B-18
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Table 2. Interatomic distances (A) and bond angles (°) with their estimated standard deviations in parentheses

Ta(1) pentagonal bipyramid

Ta(1)-O(1) 1-96 (1) 2x
o@2v 1-98 (3) 2%
0o(3) 2:05 (1) 2%
0Q) 243 (1)
0(1)—O0(2) 291 (2) 2%
o2 3:06 (3) 2%
02" 277 (2) 2%
0o(3) 2:86 (3) 2%
o(3") 2:64 (2) 2x
0(2)—0(3) 2:41 (2) 4x
0(2)-0(2") 270 (4)
0O(2M)-Ta(1)-0(2") 859 (9)
O(2)—Ta(1)-0(3) 647 (6) 2%
0(2")—Ta(1)-0(3) 735 (6) 2%
0(1)—Ta(1)-0(2) 824 (4) 2%
O(1)—Ta(1)-0(2") 89-2 (6) 2%
O(1)—Ta(1)-0(2") 102:0 (5) 2x
0(1)—Ta(1)-0(3) 91-2 (9) 2x
O(1)—Ta(1)-0(3") 82:3 (9) 2x

Ta(2) octahedron

Symmetry code

None x y z
i 1—-y 1-x i-z
ii 1—-y 1+x—y z
iii 1+y—-x 1—x z

system of Ta,0;~WO; with low WO; contents (Ste-
phenson & Roth, 19715, ¢, 4, e).

The authors wish to express their gratitude to Pro-
fessor Y. Sasaki who kindly allowed them to use the
diffractometer at the Department of Chemistry,
Faculty of Science, University of Tokyo. They are also
grateful to Dr A. Kobayashi for her kind help in inten-
sity collection. This research was aided by a Scientific
Research Grant from the Ministry of Education, to
which the authors’ thanks are due.
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