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Redetermination of Tristrontium Uranate(VI). A Rietveld Refinement of Neutron
Powder Diffraction Data
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Abstract. Sr;UQ,, M, = 596.89, monoclinic, - P2,/n.
At room temperature, a=6.0126 (2), 56=6.2138 (2), ¢
=8.6139 (3) A, B =90.239 (2)°, ¥ =321.82(3) A3, Z
=2, D,=6160()Mgm~3, uR=012, A=
2.57155 (3) A, R,,=3.19%. The structure has been
refined by Rietveld analysis of neutron powder dif-
fraction data for 147 reflections. The structure is of a
monoclinic GdFeO;-type perovskite. The octahedra
are in complete order.

Introduction. Since strontium is an important fission
product in nuclear technology the compounds and
phase relations in the system Sr—U-O are a common
subject of research. The crystal structures of
B-SrUQ0,, Sr,UO;s and Sr;UO4 have been reported
(Loopstra & Rietveld, 1969) and recently the struc-
ture of Sr;U;,05 was determined (Cordfunke, van
Vlaanderen, Onink & IJdo, 1991). Sr;UOs is
reported by Loopstra & Rietveld (1969) to adopt a
monoclinic deformed perovskite-like structure with
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space group P2,. In relation to other substituted
perovskites, this space group seems improbable (van
Duivenboden & 1Jdo, 1986) and a redetermination of
the structure is reported here.

Experimental. Sr;UQg was prepared from a stoichio-
metric mixture of SrO and U;O; which was kept in a
gold crucible at 1250 K in oxygen for a week, with
repeated grindings and then annealed for one week
at 1073 K. X-ray powder diffraction patterns were
obtained with a Guinier camera; no other phases
were observed. Systematic absences suggest the space
group P2,/n. Since no single crystals were available,
Rietveld’s (1969) method was used for refinement of
the neutron powder diffraction data. Experimental
details were given earlier in the paper describing the
structure determination of Sr,CaUQ¢ (Groen &
IJdo, 1987). This structure was used as a trial model
and refinement used the program DBW3.2S version
8802, with correction for multiplicities of Laue group
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P2/m (Young & Wiles, 1982). 34 parameters were
included in the refinement: a scale factor, three half-
width parameters defining the Gaussian-like shape of
the reflections, the counter zero errors, six back-
ground parameters, unit-cell parameters, atomic
positional parameters, isotropic thermal parameters
and an asymmetry parameter. Coherent scattering
lengths were: Sr 7.02, U 842 and O 5.805fm
(Koester, Rauch, Herkens & Schroeder, 1981). 4/c
< 0.3 in the final cycle. Maximum absorption correc-
tion is 5%; wR =0.12 (Weber, 1967). Refinement led
to R,, = 3.19, Rexp, =2.13%, $=1.50, D-wD = 1.17.
The largest correlation-matrix element for structural
parameters was 0.45.
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Fig. 1. Observed (dots) and calculated (full line) neutron diffrac-
tion profile of Sr;UQg at room temperature; positions of nuclear
lines and /I, — I, are indicated.

Fig. 2. Section of the structure of Sr,;UO, projected along the ¢
axis.
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Table 1. Fractional atomic coordinates and thermal
parameters (A?) for Sr;UOg at room

temperature
x y z B
Srl 0.5128 (4) 0.5490 (2) 0.2440 (5) 1.05 (5)
Sr2 0.5 0 0 0.28 (1)
U 0 0.5 0 0.74 (9)
Ol 0.1731 (6) 0.2242 (5) 0.9283 (4) 1.32(9)
02 0.2823 (5) 0.6759 (5) 0.9484 (4) 1.02 (8)
03 0.3857 (4) 0.9415 (3) 0.2728 (4) 1.23 (8)

Table 2. Atomic distances (A) and angles (°) in
Sr;UQg at room temperature

Sr10g bicapped prism

Sr1—0lI 2.514 (5) Sr1—02 2.937 (4)
—O01 2,789 (5) —02 2.498 (4)
—01 3.230 (5) —03 2.568 (2)
—02 3.000 (5) —03 2.491 (3)

Sr20; octahedron

Sr2—01 2.485 (3) 01—Sr2—02 90.3 (1)
—02 2.441 3) 01—Sr2—03 95.5 (1)
—03 2478 (3) 02—Sr2—03 95.7 (1)

UOQ, octahedron

U—O01 2.100 (3) 01—U—02 923 (1)

Uu—02 2.069 (3) 01—U—03 91.6 (1)

Uu—o03 2.103 (3) 02—U—03 91.5 (1)

Discussion. Atomic parameters are given in Table 1
and selected atomic distances and angles in Table 2.
The agreement between the observed and calculated
profile is shown in Fig. 1.* The projection of the
structure along the ¢ axis is shown in Fig. 2. The
structure can be described as a perovskite with nearly
regular Sr204 and UQg¢ octahedra. Each UOQg octa-
hedron shares corners with six Sr20¢ octahedra and
vice versa. The Srl atoms are in bicapped trigonal
prisms between the octahedra. All octahedra are
rotated around a fourfold axis parallel to [001] and a
twofold axis parallel to [110] of the aristotype
(Megaw, 1973). As a result of these rotations, the
coordination of Srl is changed from 12 in the
aristotype to 8 in the present structure. The new
neutron diffraction experiments have removed many
of the anomalies in the structure of Sr;UO, deduced
previously (Loopstra & Rietveld, 1969); in particular,
the bond lengths and bond angles presented in Table
2 show that the UQOq octahedra are more regular
than the earlier work suggested. As a result, the UQq
octahedra are very similar in size to those found in
Ca;UOQq¢ (van Duivenboden & 1Jdo, 1986) and in
Sr,CaUQOg and Ba,SrUQg¢ (Groen & 1Jdo, 1987).

* Primary diffraction data have been deposited with the British
Library Document Supply Centre as Supplementary Publication
No. SUP 55742 (12 pp.). Copies may be obtained through The
Technical Editor, International Union of Crystallography, 5
Abbey Square, Chester CHI 2HU, England. [CIF reference:
MU0289]



652

The author is indebted to Dr E. H. P. Cordfunke
for supplying the sample, Mr P. van Vlaanderen for
the collection of the X-ray data, and Dr W. G. Haije
for the collection of the neutron diffraction data at
the Petten High-Flux Reactor of the Netherlands
Energy Research Foundation ECN.

References

CorDFUNKE, E. H. P., VAN VLAANDEREN, P., ONINK, M. & 1JDO,
D. J. W. (1991). J. Solid State Chem. 94, 12-18.

Acta Cryst. (1993). C49, 652-654

TRISTRONTIUM URANATE(VI])

DuUIVENBODEN, H. C. vaN & 1Ipo, D. J. W. (1986). Acta Cryst.
C42, 523-525.

GrOEN, W. A. & Dpo, D. J. W. (1987). Acta Cryst. C43,
1033-1036.

KOESTER, L., RaucH, H., HERKENS, M. & SCHROEDER, K. (1981).
Report 1755. Kernforschungsanlage Jiilich, Germany.

LoopsTrA, B. O. & RIETVELD, H. M. (1969). Acta Cryst. B2S,
787-791.

MEecaw, H. D. (1973). Crystal Structures — A Working Approach,
ch. 2.1. Philadelphia: Saunders.

RIETVELD, H. M. (1969). J. Appl. Cryst. 2, 65-71.

WEBER, K. (1967). Acta Cryst. 23, 720-725.

YOUNG, R. A. & WiLss, D. B. (1982). J. Appl. Cryst. 15, 430-438.
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Abstract. Dibarium cerium antimonate, Ba,Ces.,-
SbOg, M, = 597.52, tetragonal, I4/mmm. At room
temperature, a =8.4562 (1), ¢=17.0002 (4) A, V=
1215.64 (2) A, Z=8, D, =6.5297 (1) Mgm >, uR
=0.15, A=25717(1) A, R,,=2.85%. The struc-
ture has been refined using Rietveld analysis of
neutron powder diffraction data recorded for 106
reflections. The structure is a perovskite with com-
plete order of CeOg and SbOg¢ octahedra. Ordered
vacancies in the cerium sublattice give rise to a
superstructure.

Introduction. In a research project concerned with
investigation of uranium perovskites, the structures
of 4,BUQq, 4= Ba, Sr, Ca and B = Sr and Ca, were
determined (Groen & IJdo, 1987; 1Jdo, 1993). Also,
perovskites with vacancies on the B site are known
(Rauser & Kemmler-Sack, 1980); some examples are
Bazsm2/3UO6, BaZCe3,4Sb06 and B322r3/4sb06.
Ordering of the vacancies is indicated by the occur-

rence of superstructures, but details of these struc- .

tures are unavailable at present. Because SbY and UY
in oxides sometimes give rise to isomorphous com-
pounds (Cordfunke & 1Jdo, 1988), the study of the
structure of Ba,Ce,,,SbOy is attractive in relation to
the perovskite phases in nuclear fuel elements. This
paper deals with the crystal structure of Ba,Ce; -
SbOg.

0108-2701/93/040652-03$06.00

Treiber & Kemmler-Sack (1980a) reported an
ochre-coloured compound with a tetragonal super-
structure of the perovskite type [a=11.954 A=
2a,\/2, ¢ = 17.000 A=4q,, PA/mmm, where a, is the
lattice parameter of a simple cubic perovskite 4B0;].
A model structure was given suggested by X-ray
powder diffraction data; however, the positions of
the O atoms could not be determined accurately.

Experimental. AR starting materials BaO,, CeO, and
Sb,0; were thoroughly mixed in an agate mortar in
the appropriate ratios. The mixture was heated in an
alumina crucible in air at 973 K for 1d, at 1273 K
for 1d, and at 1523 K for 7 d with repeated grinding.
In addition, the compound was annealed at 1273 K
for 1 d and cooled in air to room temperature.
X-ray diffraction patterns were obtained at room
temperature with a Philips' 1050 diffractometer by
step scanning in the range 5 < 26 < 90°, with A(20)
=0.05° r=3s per step. All calculations were made
with the program DBW3.2S version 8804 (Young &
Wiles, 1982). Electron diffraction data were collected
with a Siemens Elmiskop 102 electron microscope:
double tilt; lift cartridge; 100 kV. The electron dif-
fraction patterns showed a tetragonal unit cell with
a=2a, and c=4a, with systematic absences for 4 + k
+1=2n+ 1, indicating the space group /4/mmm or
a lower one. Refinement of the X-ray powder diffrac-
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