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Abstract. [-SrAl,0, (high-pressure form), ortho-
rhombic, Cmma, a=8-085(5), b=11-845(8), c=
4-407 (3)A, Z=4, D,=4-84, D,,=4-80 Mg m,
uMo Ka) = 13-20 mm~'. The B-SrAl,0, phase was
obtained by the hydrothermal preparation method
under high pressure, and the structure was determined
from three-dimensional X-ray diffraction data (R =
0.047 for 324 observed reflections). The crystal lattice
consists of a three-dimensional (Al,0,),, network of
Al(1)O4 octahedra, and Al(2)O, and Al(3)O, tetra-
hedra; the Al—O bond lengths are 1:795 to 1-968 A for
the octahedra and 1-449 to 1-537 A for the tetrahedra.
These distances in AlO, units are considerably shorter
than those in the other aluminates. Each Sr atom is
surrounded by ten O atoms with interatomic distances
from 2-503 to 2-664 A.

Introduction. Some of the alkaline-earth borates, alumi-
nates and gallates are transformed into high-pressure
phases, anion units changing from triangles to tetra-
hedra or from tetrahedra to octahedra (Muller & Roy,
1974). The calcium metaaluminate, CaAl,O,, has been
found to give various forms by high-pressure treat-
ments (Reid & Ringwood, 1969; Ito, Suzuki, Inagaki &
Naka, 1980). The structures of a-CaAl,0, and a-
SrAl,0, (atmospheric-pressure form) consist of a
three-dimensional (Al,0,), network of AlO, units
(Boyko & Wisnyi, 1958; Goodwin & Lindop, 1970;
Lindop & Goodwin, 1972). Consequently these alumi-
nates can be expected to give a new high-pressure form
of which the structural framework consists of AlOg
octahedra. A new high-pressure phase was obtained as
a by-product for runs in which single crystals of
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SrAl,O, were grown using water as a solvent at 3-5—5-0
MPa and 1273-1573 K. Its chemical composition was
found to be SrAl,O, from X-ray analyses, and thus we
termed it §-SrAl,O,. In this paper we report the crystal
structure of f-SrAl,O,.

The polycrystalline sample of SrAl,0O, was pre-
pared with a cubic-anvil-type apparatus (Shimada,
Ogawa, Koizumi, Dachille & Roy, 1979) from a
mixture of a-SrAl,0, and water maintained at a
pressure of 5:0 MPa and 1473 K for 60 min. In
trials in which water was not included in the prep-
aration, §-SrAl,O, could not be obtained up to 5-0
MPa and unknown phases were formed. Powder X-ray
diffraction and density measurements were made on the
above-mentioned polycrystalline sample. The single
crystals used for X-ray measurements were grown
from a mixture of SrAl,O, and water by cooling to
1073 K at a rate of about 2 K min~! after maintaining
at 4.0 MPa and 1573 K for 60 min. Their Weissen-
berg photographs showed the following systematic
absences: h+k=2n+1 for hkl;, h=2n+1 and
k = 2n + 1 for hkO, which correspond to space
group Cmma. The crystal data of f-SrAl,0, are
presented together with those of the a form in Table 1.
The cell parameters were refined by the least-squares
treatment of the X-ray powder diffraction pattern
calibrated with high-purity Si as an internal standard.

The intensity data were measured on a Rigaku Denki
automated four-circle diffractometer with Mo Ka
radiation monochromated by a graphite plate. Indepen-
dent reflections within 260 = 60° were collected using
the w-26 scan technique and among them, 324
reflections with |F,| > 30(I1F,l) were regarded as
observed. The intensity data were corrected for Lorentz
and polarization factors, but no correction was made
for absorption.
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Table 1. Crystal data for a- and f-SrAl,0,

(a) a form! ‘
M,.=307.54 c=5-536 3)A
Monoclinic B=106-12°

Space group C2/c V=624.9 A}
a=13-039(9) A Z=4

b= 9.011(5) D, =3-268 Mg m™>
(b) fform

M, =307-54 1=0-71069 A

Orthorhombic
Space group Cmma

u#(Mo Ka) = 1320 mm~!
D, = 4-80 Mg m~

a= 8-085(5A D,=4-84
b=11.845(8) Z=4
c= 4.407(3) F(000) = 584

v =422.0(5) A? Crystal size

0-16 x 0-13 x 0-08 mm

(i) Lindop & Goodwin (1972).

Table 2. Final positional and thermal parameters for
B-SrAl,O, with e.s.d.’s in parentheses

x y z B (AY
Sr i } 0 0-34 (1)
Al(1) 0 0 0 0-26 (5)
Al(2) 4 0 } 1112(7)
Al(3) 0 0-136 (4) 0-454 (4) 1-30 (5)
o(l) 0 i 0-335(10) 0-45(14)
0(2) 0 0-128 (7) 0-782 (7) 0-39 (9)
0(@3) 0-144 (5) 0-073 (5) 0-302 (5) 0-33(6)

The coordinate of the Sr atom was determined by a
three-dimensional Patterson function, and the re-
maining Al and O atoms were located on successive
Fourier maps. The O(3) atom is located at the general
position [16(o) site] while the other atoms occupy the
special positions: Sr, 4(e) site; Al(1), 4(c) site; Al(2),
4(b) site; Al(3) and O(2), 8(m) site; O(1), 4(g) site.
Isotropic refinements were made on all atomic param-
eters by the block-diagonal least-squares method with
HBLS-V (Ashida, 1979) to give R =0-047 and
R,=0-061. The atomic scattering factors for Sr, Al
and O atoms were those listed in International Tables
Jor X-ray Crystallography (1974). The weighting
scheme w = (F,/F,)? for F,> F, (=10-0) and w=
1.0 for F,<F, (=10-0) was employed. The final
positional and thermal parameters are listed in Table
2.*

Discussion. The interatomic distances and angles in
p-SrAl,O, are summarized in Table 3. The co-
ordination number for a quarter of Al atoms increases
from 4 to 6 by the high-pressure treatment, and hence

* Lists of structure factors have been deposited with the British
Library Lending Division as Supplementary Publication No. SUP
36385 (2 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CHI 2HU, England.
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there are two types of aluminate units, Al(1)Oq
octahedra, and Al(2)O, and Al(3)O, tetrahedra. These
units are appreciably distorted from the regular
octahedron and tetrahedron, the Al—O bond lengths
and O—AIl—O bond angles being 1-795-1.968 A and
72.5-107-5° for the Al(1)O4 unit and 1-449-1.537 A
and 98-5-115.0° for the Al(2)O, and AI(3)O, units.
It is noticeable that the Al—O distances for
the tetrahedral units are considerably shorter than
those in some aluminates (atmospheric-pressure
phases), e.g. 1.718-1.808 A for a-SrAl,0, (Lindop &
Goodwin, 1972) and 1.728-1.779 A for CaAl,0,
(Horkner & Miiller-Buschbaum, 1976).

A projection of the #-SrAl,Q, structure viewed along
the ¢ axis is shown in Fig. 1. The Al(1)O, and Al(3)O,
units can be seen to have mirror symmetry on the
(100) or (200) plane and the Al(2)O, tetrahedron
shows the symmetry of twofold rotation around an axis
parallel to the ¢ axis. The structure consists of a
three-dimensional (Al,0,),, network of octahedral and

Table 3. Interatomic distances (A) and angles (°) in
B-SrAl,O, with e.s.d.’s in parentheses

(a) The (Al,0,),, network
Al(1) octahedron

Al()-0(2)  1:795(7)(x2) OQ2)-AI(1)—-0(3)  89-5(3)(x4)
—0(3)  1-968 (5) (x4) 90-5 (3) (x4)
O(3)-Al(1)-0(3)  72:5(2)(x2)
107-5 (2) (x2)

Al(2) tetrahedron
Al(2)-0(3)  1-498 (5) (x4) O(3)—-Al(2)—0(3) 108-7(3)(x2)

109-5 (3) (x2)
110-2 (3) (x2)

Al(3) tetrahedron

Al(3)—O(1)  1.449(11) O(1)—Al(3)-0(2) 115-0(5)
—0(2) 1-449(8) O(1)—AI(3)-0(3) 107-2(5) (x2)
—-0@3)  1:537(6) (x2) 0(2)-AI(3)-0(3) 113-8(4) (x2)

O(3)-AI(3)-0(3) 98:5(3)
(6) Sr—O distances

Sr—0(1) 2:503 (10) (x2)
—0(2) 2:664 (7) (x4)

Sr—0(3)  2:627 (5)(x4)
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Fig. 1. A projection of the §-SrAl,O, structure viewed along the ¢
axis.
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tetrahedral units with shared corner O atoms, which is
appreciably denser than the structural framework of
a-SrAl,O,. This reflects the observation that the density
of SrAl,O, drastically increases with the phase trans-
formation from a to f (see Table 1).

The structure viewed along the a axis is illustrated in
Fig. 2. The units of Al(1)O4 and Al(3)O, are linked
together to form a kind of layer on the (100) or (200)
plane, which is three-dimensionally connected with the
other layers by Al(2)O, tetrahedra. The Sr atoms are
located in tunnels of (Al,0,),, network running parallel
to the a axis.
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Fig. 3. Schematic illustration of the SrO,, polyhedra in the SrAl,0,
polymorphs. The numerical values represent the Sr—Q distances
between nearest neighbors (A).
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The anion environments around Sr atoms in a- and
B-SrAl,O, are illustrated in Fig. 3. The Sr atoms are
surrounded by seven and ten O atoms for the a and
B phases to form SrO, and SrO,, polyhedra respec-
tively. The Sr—O distances are closely similar to each
other (mean values: 2-618 A, a form; 2.617 A, B
form). The symmetry of SrO,, is seen to be high
compared with that of SrO, polyhedra, because the
SrO,, polyhedra have the symmetries of mirror and
twofold rotation but the SrO, polyhedra show only that
of twofold rotation around the Sr—O(1) axis.
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