Acta Cryst. (1992). B48, 1-11

Structure and Twinning of Sr;CuPtOj

By J. L. Hopeau, H. Y. Tu,* P. BorDET, T. FOURNIER,T P. STROBEL AND M. MAREZIO}

Laboratoire de Cristallographie, CNRS, associé a I'Université J. Fourier, 166X, 38042 Grenoble CEDEX,
France

AND G. V. CHANDRASHEKHAR
IBM Research Division, T. J. Watson Research Center, Yorktown Heights, NY 10598, USA

(Received 12 March 1991; accepted 21 August 1991)

Abstract

SryCuPtO4 was obtained during the investigation of
the Bi—Sr—Cu-O system in Pt crucibles. The reaction
with Pt gives rise to large platelets of mixed phases.
The new phase Sr;CuPtOq reported here has a well
defined composition and its structure is related to
that of other Pt** compounds. The solution and
refinement of the structure were based on single-
crystal X-ray diffraction data at room temperature.
The symmetry is monoclinic, space group C2/c with
Z=4,a=9317(4), b=9.720 (4), c = 6.685(3) A, B
=91.9512)°, V=605.18)A*>, M,=61749, D =
6.778 gcm 3, wu =282.1cm "', F000) = 1076, room
temperature. Monochromatized Ag Ka radiation (A
=(.56083 A) was used. The final refinement gave an
R factor of 0.048 for 582 independent reflections.
Owing to the presence of more than one pseudo-
symmetry in the lattice of Sr;CuPtOs, all the crystals
were heavily twinned. The possible twinning laws
were investigated and a correction which eliminated
the effect of twinning was applied. The structure
contains chains alternating a PtO¢ octahedron and a
CuO, ‘square’ which share edges. They are connected
by Sr sites in eightfold coordination. The Pt cations
are surrounded by a nearly perfect O octahedron and
Cu cations by six O atoms arranged as a distorted
trigonal prism with four short and two long Cu—O
distances. The Cu cations are displaced towards one
of the rectangular faces of the prism and can be
considered to have square coordination. The struc-
ture of SryCuPtOg is related to that of trigonal
SryPtO¢. Chemical analysis of various platelets
indicated the presence of intergrowth between
Bi/Sr/Cu and Pt/Sr/Cu phases. However, no Bi/Pt
substitution occurs in any phase. The microanalysis
revealed that the surface of the crystal studied by
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X-rays did not contain any Bi. All Sr;CuPtOq crys-
tals are twinned either by reticular pseudo-
merohedry with a pseudo-orthorhombic cell and/or
by pseudo-merohedry with a pseudo-rhombohedral
cell. A detailed twinning analysis is given; it allows
comparison of the symmetry of Sr;CuPtO, with
those occurring in other M3 * PtO; compounds.

Introduction

The Bi-Sr-Ca—Cu-O system has been studied exten-
sively because it includes the series of the super-
conductors Bi,Sr,Ca,_,Cu,O, (Maeda, Tanaka,
Fukutomi & Asano, 1988; Akimitsu, Yamazaki,
Sawa & Fujiki, 1988; Michel, Hervieu, Borel,
Grandin, Deslandes, Provost & Raveau, 1987; Roth,
Rawn, Burton & Beech, 1990q). Various phase-
diagram studies showed that a large number of
intermediate compounds exist in the Bi,O;-SrO-
CuO triangular composition (Roth, Rawn, Burton &
Beech 1990a,b; Saggio, Sujata, Hahn, Hwu, Poeppel-
meier & Mason, 1989; Ikeda, Ito, Shimomura, Oue,
Inaba, Hiroi & Takano, 1989; Roth, Rawn &
Bendersky, 1990). In addition, crystal growth
attempts in Pt crucibles showed that at high tempera-
tures a reaction with the container could occur,
giving rise to Pt-containing compounds (Strobel,
Kelleher, Holtzberg & Worthington, 1988). It is this
chemical attack on the Pt crucibles which led to the
investigations of the possible reactions between Pt
and the alkaline-earth oxide (Randall & Katz, 1959;
Randall & Ward, 1969). Generally, Pt-based oxides
contain either Pt>" in fourfold planar coordination
or octahedral Pt** cations. For example, the oxides
M ,Pt;0, contain square-planar PtO, groups with
Pt?*—OQO distances of about 2.00 A (Schwartz &
Prewitt, 1984; Schwartz, Prewitt, Shannon, Corliss,
Hastings & Chamberland, 1982). Several Pt** oxides
with formulae M, PtO; and M2*PtOg can also be
synthesized; the octahedrally coordinated PtOq
groups share faces, edges or can be isolated (Randall
& Katz, 1959; Schwartz & Prewitt, 1984; Ben-Dor,
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Strobel et al., 1988), the (¢) and (d) phases were
identified as the Bi,Sr;Cu,Og (lkeda et al., 1989;
Roth et al, 1990a) and Bi,Sr,CuO, compounds
(Saggio er al., 1989; Roth et al., 1990). Nearly all the
‘crystals’ contained the (b), (¢) and (d) compositions
(Fig. 2), but the X-ray precession patterns of these
multiphased ‘crystals’ were similar to those of ‘pure’
Sr/Cu/Pt/O samples. For example, their lattice
parameters were equal (within experimental errors)
to those of the Sr/Cu/Pt/O samples and they seemed
to belong to the trigonal system. Probably, only the
Pt compound is well crystallized while the Bi phases
are present in these platelets as amorphous inclu-
sions. As shown in Fig. 1, Bi, sSr,sCu,;0, and
Bi,Sr,CuO, are distinct, intimately mixed phases,
which probably grew simultaneously with Sr;CuPtO,
from the high-temperature liquid phase.

Symmetry and twinning

Guinier powder patterns (Table 1) are indexed with a
C-centered monoclinic cell with parameters q,=
9317 (4), by=9.720(4), ¢, =6.685(3)A, Bo=
91.95(2)° (Tu, Hodeau, Bordet, Chandrashekhar,
Fournier, Strobel & Marezio, 1990). As these
‘crystals’ can contain either Bi-based or Pt-based
phases, the powder pattern reported in Table 1 was
obtained by grinding only one ‘crystal’ containing Pt.
This cell indexes 56 of the 59 observed reflections
(I>5%1I,.,,, R=0.1%), with absences suggesting
C2/c space-group symmetry. The three unindexed
reflections (d = 3.455, 2.697 and 2.526 A) have rela-
tive intensities less than 10% of the maximum inten-
sity in the pattern and are ascribed to impurities.
Investigations of several crystals with a precession
camera and Mo Kea radiation (Fig. 3) indicate that
the crystals of Sr;CuPtO, have pronounced pseudo-
rhombohedral metric symmetry as shown by the
equivalent cell parameters in Table 2 (a,=6.716 A,
a,=91.7°), and is also remotely pseudo-cubic,
owing to a rhombohedral angle of roughly 92° (a, =
6.713 A). The above rhombohedral cell can also be
described with the corresponding hexagonal cell (a
=9.638, ¢;=11.281 A) or its equivalent orthohexa-
gonal cell (a;=9.599, b,=16.776, c,= 11281 A, B,
=90.84°, C-centered orthorhombic). Pseudo-
orthorhombic, pseudo-rhombohedral and pseudo-
cubic indexings of our powder pattern are also given
in Table 1. Since the crystal lattice of Sr,CuPtO, is
consistent with several pseudo-symmetry sublattices,
multiple twin formation is very probable.

Since B, is almost 90°, the C2/c¢ lattice (ay, by, co,
Bo) is consistent with the pseudo-orthorhombic
lattice (aq, bo, o). This gives rise to the possibility of
twinning by pseudo-merohedry (Friedel, 1964),
controlled by the mmm pseudo-symmetry of lattice
Cmcm. The twin laws predicted by the theory are

2/m, 2/m. The two mirror planes are parallel to the
(100), and (001), planes and the normals to these
planes are the two pseudo-twofold axes. Since the
operations of the twofold axes are indistinguishable
from the operations of the corresponding equivalent
planes, only the planes will be considered in the
following discussion.

The pronounced rhombohedral pseudo-symmetry
is also a pseudo-symmetry from the structural point
of view, as will be shown in Description of the
structure. Accordingly, the missing rhombohedral
symmetry elements can be twin operations, probably
with domain formation and are indeed seen on most
samples. For those twins by pseudo-merohedry
(Friedel, 1964) all reflections due to the different
individuals are nearly superimposed because
twinning approximately restores all lattice nodes
with a slight obliquity of ~0.8°. The twin laws
predicted by the theory are the pseudo-threefold axis
[001]3*° {which corresponds to <—>[111]3** and
@[101](',20 in the ((12, bg, Cz) and (ao, bo, CO) lat-
tices}. This twin law produces spot splittings which
are observed in the precession pattern (see Fig. 3a).

The (ay, by, co, Bo) lattice is also consistent with the
pseudo-orthohexagonal sublattice (a4, b4, ¢4, as =
89.93, B,=89.88, y,=190.84°), which has a triple
unit-cell volume; the corresponding possibility of
twinning is by reticular pseudo-merohedry (Friedel,
1964). The twin laws predicted by the theory in
this case are the symmetry elements of this
lattice, namely 2/m, 2/m, 2/m [100,<>(112),,
(010), <> (132),, (001),<=>(101), are the mirror
planes and the normals to these planes are the
pseudo-twofold axes]. Since two angles of this lattice
are very close to 90°, the most probable twinning
would be controlled by pseudo-symmetries of the
monoclinic lattice (ay, by, ¢4 as =90, B, =90, y, =
90.84°). The precession patterns given in Figs. 4(a)
and 4(b) show this pseudo-orthorhombic cell (a =
9.599, b=16.776, c=11.281 A, @ =90, B =90, y=
90.84%). The two twinned individuals controlled by
the (001), twin law can be observed in Fig. 4(a).

Intensity data collection

Since all ‘crystals’ were multi-twinned those with the
fewest number of twin individuals were selected by
the use of a precession camera for the X-ray data
collection. A large fraction of the twin individuals
were eliminated by grinding the ‘crystals’ into
spheres. Owing to the habit and the anisotropic
hardness of the original crystals, the samples had
ellipsoidal shapes after grinding. The size of the
ellipsoid used for the intensity data collection was r,
=0.16, r,=0.12, r; = 0.07 mm. A chemical analysis
performed on the surface of this ellipsoid gave a
composition close to Sr;CuPtO,, i.e. without Bi.
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Table 3. Positional and thermal parameters for SryCuPtOg

X y z B or By, Bxn By Bu Bu B
Pt H . 3 0.00076 (9) 0.00047 (8)  0.0012 (2) 0.0001 (1) 0.0001 (2) 0.0004 (2)
Cu 0.0 0.2987 (4) i 0.0012 (3) 0.0029 (3) 0.0015 (6) 0.0 - 0.0005 (8) 0.0
Sr(1) 0.0 0.8968 (2) H 0.0005 (2) 0.0006 (2) 0.0018 (4) 0.0 0.0002 (5) 0.0
Sr(2) 0.3145 (2) 0.0727 (2) 0.1211 (2) 0.0009 (1) 0.0008 (1) 0.0012 (3) —0.0007 (3) —0.0001 (4) 0.0001 (4)
o) 0.288 (1) 0815 (1) 0.285(2) 0.4 (2)
) 0.058 (1) 0.341 (1) 0.537 (2) 0.6 (2)
0O(3) 0.141 (1) 0.073 (1) 0.427 (2) 0.7(2)
Table 4. Thermal data for SryCuPtOq Tables for X-ray Crystallography (1974, Vol. IV).
Angles (°) with The anomalous-dispersion coefficients of Cromer &
ngles () wi . . . .
Rms. (A)  x & y . Liberman (1970) were used. Various weighting
Pt " 0.059 29.6 69.4 69.7 schemes were tried and the unit-weight scheme was
" PO ‘o a v found to give the best results as it took into account
Cu " o118 o o0 00 the weak deformation from the trigonal average
; 0.055 674 90.0 226 structure. o
Sr(l) " P o o3 ol Although the reflections related by the monoclinic
n 0.049 63 917 96.1 symmetry had the same intensity, structural
Sr2) g oo e 1328 ’5a refinements with a triclinic pseudo-cubic cell (a,, b,
" 0.048 416 4238 953 ¢,) were tried and yielded R =0.053, wR = 0.058 for
88; . 83;2 - _ B the 1086 independent reflections. The atomic posi-
op) r 0.091 - - : tions related by the 2/¢ symmetry elements and

transformed in the (ao, bo, ¢o) cell were within the

respective standard deviations. Very weak reflections

From the A/B intensity ratio for the non- with I<107°[_,,, at low Bragg angles, were not
overlapped reflections (/# 3n), it was determined taken into account by this cell. Refinements in a
that the two individuals occupied 78.7 and 21.3% of
the crystal volume, respectively (R =0.27). All the
reflections, included in the entire Ewald sphere for 0
<sinB/A<0.61 A ' (h —12—12, k —21-21, 1 - 14
—14), were measured. The large pseudo-
orthorhombic cell (a4, by, ¢4) controlling the twinning
was used. From 10 627 measured reflections, 3517
had 7> 20(I) and were considered as observed. Of
these observed reflections, 766 belong to both indivi-
duals while 1513 do not overlap and belong to the
larger A4 individual. The average difference (2.1%) in
intensity between Friedel pairs was found to be
larger than expected. This was due to either the
absence of the symmetry center from the structure or
to an inaccurate absorption correction. As stated
above, the shape of the sample was an irregular
ellipsoid containing two individuals whose domains
are distributed at random, thus the absorption varied
with the orientation. We believe that the most prob-
able cause of the difference between the intensity of
Friedel pairs was due to the inaccuracy of the
absorption correction. After averaging in the mono-
clinic point group 2/m, the total number of
independent reflections was 582 and the agreement

. . 2 e I @ St
factor of averaging among equivalent reflections was o ON123)
2.6% O Cu S Sn2y

The structure was determined by the use of three- Fig. 5. Projection of the structure along the [001], or (010},
dimensional Patterson series as well as direct direction, showing the coordinations of Pt and Cu sites in
methods. Refinements were carried out using the Sr;CuPtO,. Only the O—O bonds belonging to the PtO, octahe-

X dra and CuO, trigonal prisms are drawn. Pt black full circles;
SDP package (Enraf-Nonius, 1979). The f curves for Cu grey full circles; Sr(1,2) hatched circles; O(1,2,3) small open

neutral Sr, Cu and Pt were taken from International circles.
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Table 5. Distances (A) and angles (°) in Sr;CuPtO,

Pt—0O(1) 2.028 (14) x2 Cu—O(1) 2.007 (14) x 2
Pt—O(2) 2,016 (15) x2  Cu—O() 2,017 (14) x 2
P1—O0(3) 2.046 (15) x2  Cu—O0(3) 2.800 (15) x2
O(1)y—Pt—0(2) 98.40 x 2 O(1)—Cu—0(2) 96.10 x 2
O(1)y—Pt—0(2) 81.60 x 2 O(1y—Cu—0(2) 82.08 x2
O(1)—Pt—O(3) 91.81 x2  O(1)—Cu—O(3) 117.61 x2
O(1)y—Pt—0O(3) 88.19 x2 O(1)»—Cu—0(3) 70.07 x2
O(2y—Pt—0(3) 92.10 x2 O(2—Cu—0(3) 131.87 x2
O(2)—Pt—0(3) 87.90 x2 02 —Cu—0(3) 69.48 x 2
Se(1)y—0(1) 2.798 (14) x2  Sr(2—0(1) 2.751 (14)
Se(1)—0(2) 2.775 (15) x2  Sr(2—0(1) 2.502 (14)
Sr(1)—0(3) 2.443 (15) x 2 Sr(2)—0O(1) 2.622 (14)
Sr(1)y—0(3) 2.585 (15) x2 Sr(2)—0(2) 2.775 (15)
Sr(2)—0(2) 2.503 (15)
Sr(2—0(2) 2.676 (14)
S1(2)—0(3) 2.646 (15)
Sr(2—0(3) 2.480 (15)
Table 6. Bond strengths and valences
Total
o) 02) O3) valence
Pt 2 % 0.669 2 x 0.690 2x0.637 3.992
Cu 2% 0412 2 x 0.401 2% 0.048 1.7122
Se(l) 2x0.159 2 x0.169 2 x(0.415 + 0.283) 2.052
Sr(2) (0.181 +0.354+0.256) (0.169 + 0.353 + 0.221) (0.240 + 0.376) 2.150
Total valence 2.031 2.003 1.999 12.066

face-centered triclinic space group with a larger cell
were tried but the results were not conclusive. The
refinement of the average structure in the space
group R3¢ with the rhombohedral cell, (a,, b,, ¢,) or
(as, by, ¢3) (R=24%), was totally inconclusive. The
best refinement was carried out with the monoclinic
cell (ao, bo, ¢o) and the space group C2/c. The final
full-matrix least-squares refinement (based on F) was
carried out with the space group C2/c¢ and 582
independent reflections. The scale factor, 14 posi-
tional parameters, 20 anisotropic thermal parameters
for the cations, three isotropic thermal parameters
for the anions and the isotropic secondary-extinction
parameter [g=3.0(3) x 10”7] were varied simul-
taneously. The R factors were R =0.048, wR=
0.054, with maximum 4/0 = 0.01. The corresponding
positional and thermal parameters are given in Table
3. The maximum peak height in the difference
Fourier maps was 1.57 ¢ A~ 2. The chemical formula
was found to be Sr;CuPtO,,.

When occupancy factors were varied during the
refinement, only those of Pt and Cu decreased to
0.90 and 0.95, respectively, but the R and wR factors
decreased only slightly to 0.047 and 0.052. The
difference Fourier maps calculated after the
refinements with isotropic thermal factors in
space group C2/c showed weak peaks (2 e A %) very
close to the Cu position at (0.0, 0.23, 0.25). After the
final refinement whose results are reported in Table
3, the Cu atoms exhibited the largest anisotropic
thermal factors, with the major axis along the b
direction (Table 4). These results indicate that some

disorder and/or cation substitution could exist in the
sample which would induce an additional distortion.
The disorder is probably related to the trigonal
twinning which affects mainly the Cu positions (see
below). The additional distortion would be respon-
sible for the few very weak reflections which were not
taken into account by using the C2/c cell.

\

[001]g

[-101Jp

(b)

Fig. 6. Projection of the structure of Sr;CuPtO, along the [0T0], or
{101], direction, showing isolated [111], rows of PtO4 octahedra
and CuOg trigonal prisms. Only the O—O bonds belonging to
these cations are drawn: (a) all atoms with 0 < y < 1/2 and (b)
all atoms with 1/2 < y < 1. Pt small black full circles; Cu small
grey circles; Sr(1,2) large grey circles; O(1,2,3) small open
circles.
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Description of the structure

A projection of the Sr;CuPtOg structure on the aycq
plane is shown in Fig. 5. The positional parameters
together with the unit-cell dimensions determined
from the X-ray powder data gave the interatomic
distances and angles reported in Table 5. The Pt
atoms are in the special positions 4(d) of the space
group C2/c, at the symmetry center. The PtOq octa-
hedra are quite regular with Pt—O distances ranging
from 2.02 to 2.05 A, in agreement with previously
observed Y'Pt**—O distances. For example, the

(br)

Fig. 7. Projections of the Sr;CuPtOg structure. Only the Pt—O bonds belonging to the PtO, octahedra are drawn. (a) Along the [001],

(<=>[111]; or «<>{201]),) direction, with the pseudo-threefold axis perpendicular to the projection plane, going through Pt cations.

One trigonal prism around one of the Cu cations is drawn and the corresponding displacement is indicated by an arrow. Two

pseudo-symmetric cells are outlined. (b) Along the {101], direction. Only the atoms corresponding to two layers perpendicular to the

projection are shown: (b,) corresponds to the layers indicated by #, in Fig. 6 and in (a), and (b,) corresponds to the layers indicated by
b2 in Fig. 6 and in (a). Pt small black full circles; Cu small grey circles; Sr(1,2) large grey circles; O(1.2.3) small open circles.

VIpt—O distances in Sr,PtOg and in MPt;0¢ (M =
Mn, Co, Zn, Mg, Cd) vary between 2.00 and 2.03 A
(Randall & Katz, 1959; Schwartz et al., 1983). The
VIPt—O angles in the title compound are closer to
90° [4(O—Pt—O) < 8.4°] than in these other com-
pounds [A(O—Pt—O0) = 11-13°]. The rigid nature of
the PtO, squares and PtOg octahedra is a common
feature of most Pt** or Pt** oxides.

The Cu cations are in the special positions 4(e) on
the twofold axis. They are surrounded by six O
atoms arranged as a distorted trigonal prism. Since
they are displaced from the pseudo-threefold axis of
the pseudo-trigonal cell (a,, b,, ¢»), towards one of
the rectangular faces of the trigonal prism (Figs. 5, 6
and 7), there exist two types of Cu—O distances:
four ranging between 2.01 and 2.02 A and two at
about 2.80 A. These four shortest distances are still
too long for "Cu?* cations. An additional dis-
placement (as indicated by the large thermal param-
eters of the Cu cations) of about 0.2 A towards the
prism square would result in four shorter Cu—O
distances (1.99-2.00 A) which would be more reason-
able for 'VCu?* cations.

The structure of Sr;CuPtOq contains edge-sharing
chains of alternating PtOg octahedra and CuO,
‘squares’ along the [111], pseudo-threefold axis (Fig.
6). The chains are linked together by Sr—O bonds.
The Sr cations are in eightfold coordination with the
Sr—O distances varying between 2.44 and 2.80 A.

The size of the 4(e) sites is such that Pt*>* cations,
if they existed, could be easily located in these sites.
The square coordination with four short Pt—O dis-
tances (1.94-2.00 A) would be quite reasonable for
Pt** cations (Randall & Katz, 1959; Schwartz &
Prewitt, 1984; Schwartz er al., 1983; Schwartz,

—

- J
O

(b,)



10 Sr;CuPtOg¢

Parise, Prewitt & Shannon, 1982). On the other
hand, the Pt** cations of the 4(d) sites could be
replaced either by Cu?* cations with a small distor-
tion and a contraction of the cation—O distances or
by Bi®" cations with a small increase of the site size.
If the occupancy parameter of the 4(d) site
indicated that the first substitution was not probable,
the second is not easy to reveal because Bi and Pt
cations have similar scattering factors. For this
reason we checked the structural electroneutrality by
calculating individual bond strengths.

The cation—anion bond strengths can be estimated
from empirical formulae which are the extrapolation
of the Pauling rules. The relationship of Brown &
Altermatt (1985) was used: s = exp[(d, — d)/B], where
s and d are the bond strength and bond length,
respectively, and d,, and B are two constants for the
given cation-anion distance. The sum of the bond
strengths, X s(cation—O,), must be equal to the
cation valence, and the sum of the bond strengths,
2., s(cation,—O0), must be equal to the O valence. The
B constant was taken as 0.37 and the d, distances
used were dy(Pt*"—0)=1.879, dy(Cu?®'—0)=
1.679, dy(Sr**—0)=2.118, dy(Pt**—0)=1.772,
dy(Bi**—0)=2.02 and dy(Bi*'—0)=2.094 A. A
good agreement is only obtained for the composition
Sr;CuPtO, i.e. with only P on the 4(d) site and only
Cu on the 4(e) sites. Calculated bond strengths and
valences are given in Table 6.

The structure of Sr;CuPtO, described in mono-
clinic C2/c¢ can be related to that of other M,PtOq
compounds:

(i) Sr,PtO, has R3c symmetry with hexagonal
cell parameters [a=9.740 (2), c¢=11.900(2) A],
which are very close to those of the (a3, b, ¢3) unit
cell for Sr;CuPtQ,. The main difference between the
structure of Sr;CuPtOg and that of Sr,PtO, concerns
the stacking of octahedral PtO, groups which takes
place via the Cu sites in the former and via the Sr
sites in the latter. The change in shape of this site
(Cu or Sr) corresponds to a change in symmetry and
consequently different crystal symmetries are
obtained. In the structure of Sr,PtOq the Sr cations
are surrounded by regular trigonal O prisms
(Randall & Katz, 1959; Ben-Dor et al., 1983).

(i1) Ba,PtOg is isostructural with the previous com-
pound [R3c, a=10.2102 (2), ¢ = 12.6172 (2) A]. The
BaOq trigonal prisms are also quite regular (Wilkin-
son & Cheetham, 1989). During the course of this
study, Wilkinson and coworkers pointed out the
close relationship between Sr;CuPtO, and Ba,PtO,
(Wilkinson & Cheetham, 1989; Wilkinson,
Cheetham, Kunnmann & Kvick, 1991).

(iii) Ca4PtO, has been reported to exist with two
polymorphs, one trigonal (R3¢, a=9.18, c=
11.25 A) (McDaniel, 1972) and one orthorhombic
(Cmem, a=9.18, b=9.24, c=6.50 A) (Czaya, 1970).

The latter cell is similar to the monoclinic (ao, by, co)
cell of Sr;CuPtOq.

The space group C2/c¢ of Sr;CuPtOgis a sub-group
of Cmcm, which itself is derived from the space
group R3c with an adequate cell transformation.
These examples show the close structural rela-
tionships among the M,PtO, compounds. The
pseudo-lattices are related to the unit cell with the
highest symmetry by means of the transformation
matrices given in Table 2.

As shown in the [001]; projection in real space (see
Fig. 7a), the main difference between the monoclinic
C2/¢ structure of Sr;CuPtO and the R3¢ structure is
the position of the Cu cations, which are displaced in
the former compound by 0.41 A towards one face of
the CuQq trigonal prism and nearly have a square
coordination (see Fig. 7a). When, in the space group
C2/c, isotropic thermal factors were used, weak
peaks at the position (0.0, 0.23, 0.25) close to the
center of the trigonal prism were observed in
difference Fourier maps. As rhombohedral twinning
mainly affects the Cu position, these peaks were due
to the different twin individuals. Consequently, the
refinement would have resulted in a Cu position
which is too close to the center of the trigonal prism,
corresponding to an underbonded Cu cation. Calcu-
lated Cu valences for the Cu cation either placed at
the center of the trigonal prism or at the center of the
‘square’ face are 1.43+ and 1.77+, respectively.
Unlike the Sr** cations, the Cu®* cations prefer the
‘square’ coordination, so that the C2/c symmetry is
intrinsically due to the presence of Cu in Sr;CuPtOq
and the trigonal symmetry is intrinsic to the Sry,PtOq
compound.

Usually the crystals of Sr;CuPtOg have a hexago-
nal platelet-like habit corresponding to the (a;, bs, ¢3)
pseudo-rhombohedral lattice. This indicates that this
lattice, which is responsible for twinning, also con-
trols the crystal morphology. Nearly the same crystal
shape is obtained for the R3¢ Ca,PtO¢ compound
(Ohsato, Sugimura & Kageyama, 1981).
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Abstract

The structure of the intermetallic compound Al;Zr
has been studied at 293 K by single-crystal X-ray
diffraction (Mo Ka radiation, A =0.71069 A),
powder neutron diffraction {A[Ge(711)] = 1.0867 A}
and convergent-beam electron diffraction (CBED)
(200 keV, A =10.0251 A). The structure of Al,Zr
comprises four close-packed metal sub-lattices and
has the tetragonal space group I4/mmm with a=
39993 (5), c=17.283(2) A, V=27643(6) A3, Z=
4, D,=4.136 gcm ®, u=4511cm~'. The new z
coordinates of four Al and four Zr atoms on the e
position [z, and zz,,] were determined by single-
crystal X-ray diffraction: z4.,=0.37498 (5) and

0108-7681/92/010011-06$03.00

Zzrey = 0.11886 (1). The results from single-crystal
X-ray diffraction were confirmed by powder neutron
diffraction, although they differ considerably from
previously reported data [Brauer (1939). Z. Anorg.
Chem. 242, 1-22] and differ in parts from the CBED
work. The structure was refined to R =0.016, wR =
0.021 for 304 unique observed reflections for single-
crystal X-ray diffraction, while it was refined to R =
0.064, wR = 0.095 for 43 resolved peaks for powder
neutron diffraction. A large anisotropic effect for the
temperature factor of the Al atoms on the e position
[Al(e)] was found by single-crystal X-ray diffraction,
which may have both thermal and non-thermal ori-
gins. For the newly proposed CBED technique, a
wide cone of incident rays was used to obtain inten-
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