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The crystal structure of SrBr: was found by single-crystal X-ray cht’fractlon techniques to be consistent with space group

P4/n (no. 85).

The tetragonal unit cell (¢ = 11.630 = 7,¢ = 7.146 = 54A; d. = 4.25g cm~™

#) contains 10 formula units.

One strontium atom is located uniquely in position 2¢ (1/,, /s, =0.848), in contrast to previous reports that this atom either

randomly occupied this position and another (!

/s, Y/4, ©=0.36) or was entirely in the second position.

The structure is char-

acterized by seven- and eight-coordinate Sr atoms and trigonally and tetrahedrally coordinated bromine atoms and may be

considered a hybrid of the SrCl; and Srl. structure types.

The bromine atoms form parallel to the ¢ axis a chain of antiprisms

which are alternatively vacant and occupied. The Sr-Br bond distances vary from 3.106 to 3.593 A with an average value of

3.2 A,

Introduction

In 1963 Sass, Brackett, and Brackett,! reviewing
earlier work, claimed that the structure proposed for
SrBr; by Kammermans? on the basis of single-crystal
X-ray investigation did not correctly explain the powder
pattern reported by D¢ll and Klemm.® Sass, ef al., on
the basis of intensity data for SrBr, taken with a powder
diffractometer proposed a structure which located
eight Sr atoms in a general position and distributed two
Sr atoms randomly between two twofold positions. On
the basis of comparably collected powder intensity data,
Haschke and Eick* (HE) claimed that these latter two
Sr atoms are not randomly distributed but rather totally
occupy one of the twofold positions. However, they
could not determine which position was occupied.
This work was undertaken to solve definitely the SrBr,
structure by single-crystal X-ray techniques and
thereby settle the question of the Sr occupancy.

Experimental Section

Strontium dibromide was prepared as described previously*
by dissolving strontium hydroxide (reagent grade, J. T. Baker
Chemical Co., Phillipsburg, N. J.) in 489, HBr and dehydrat-
ing the solution under vacuum at a maximum temperature of
800°. Single crystals of SrBr: were obtained by vapor trans-
port; powdered SrBr; confined in an evacuated quartz tube was
heated at approximately 1000° for 36—-48 hr.

The space group was determined from Weissenberg and rota-
tion photographs. Intensity data were collected using a mul-
tiple-film technique with a Charles Supper Weissenberg camera,
and intensities were measured by visual comparison with a cali-
brated film strip. Nickel-filtered Cu Ka radiation was used to
collect hkl, I = 0-5, level intensity data (406 observed inde-
pendent reflections) which were corrected for Lorentz and polar-
ization effects. Absorption corrections, based on the crystal’s
approximately rectangular prismatic shape (about 100 ¢ X 100
X 180 u), were made using Busing and Levy’s method for a general
polyhedron® (x = 461 cm™!). Lattice parameters determined
at 25° from a Guinier powder photograph with Pt,a = 3.9237 =
0.0003 A, as an internal standard and Cu Koy radiation area =
11.630 £ 0.007 A, ¢ = 7.146 = 0.005 A; Z = 10 (see below);
dx =4.25gcm™3,

Structure Determination

The indices of the observed reflections were found to
obey the following condition for reflection: k%0, 2 + &
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= 2n. This requirement is consistent with two centro-
symmetric space groups: P4/n or P4/nmm.

The positional parameters reported by HE were used
as the starting model which was refined by full-matrix,
least-squares calculation with the computer program
oRFLs.” The scattering factors® for both Sr and Br
were corrected for anomalous dispersion® according to
the relationship f = fo + Af" + 0.5(Af"")2/(2(fo + AS")),
where fi, Af’, and Af’' are the scattering factors uncor-
rected for anomalous dispersion and the real and imagi-
nary parts of the anomalous correction, respectively.!
In the structure proposed by HE for SrBr; there are 10
formula units per unit cell in space group P4/# (no. 83)
with three atoms in general eightfold (8g) positions,
four atoms in two twofold (2a, 2b) positions, and two
atoms in a twofold (2¢) position. In addition to the
ten corresponding positional parameters, six scale fac-
tors and six independent isotropic temperature factor
coefficients were refined. The overdetermination of
the structure was thus greater than 18-fold.

When in the least-squares refinement two Sr atoms
were randomly located in the two 2c¢ positions as sug-
gested by Sass, et al., the occupancy factor for the Sr
atom situated at = (1/4 /4, =0.36) and its isotropic
temperature factor refined toward zero and an unrea-
sonable high value, respectively. However, the occu-
pancy factor for the atom at =(1/4, 1/4, =>~0.86) refined
to 0.250, the value expected for an atom in this posi-
tion, and its isotropic thermal factor refined to a re-
asonable value. Accordingly, the structure was refined
further with an Sr atom occupying fully the latter site,

The weights, w, were taken as unity for all reflections.
The quantity Zw(|F,] — |F,)? was minimized in the
least-squares procedure. An unweighted R factor of
0.099 was obtained after several cycles of refinement.
Additional cycles did not yield further refinement of the
structure, and all parameter variations were <19 esd’s
of the parameters. The parameters which are presented
in Table I refer to the origin at 1 at 1/, 1/4, 0 from 4.
The Sr-Br atom distances implied by these parameters
were calculated using a computer program DISTAN'' and
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CRYSTAL STRUCTURE OF SrBr;
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Since SrBr; manifests many of the characteristics of
the SrCl!? and Srl,!* structures, it is both helpful and
(13) G. Brauer and O. Muller, Z. Anorg. Allg. Chem., 298, 218 (1958).

bonding, serve to stabilize the structure by holding the
(14) E. Th. Rietschel and H. Baerninghausen, i5/d., 868, 62 (1969).

two different kinds of chains together.

Packard

A projec-
— radii proportional to

respectively, is

The final difference Fourier
A

tion of the structure, drawn with a Hewlett
(12) J. C.Slater, J. Chem. Phys., 41, 3199 (1964).

indicated random peaks less than 1 e=/A3,
9125 plotter with Sr?+ and Br
Goldschmidt’s values,? 1.27 and 1.96

are listed in Table II.
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meaningful to discuss them briefly. The SrClp struc-
ture is of the familiar fluorite type: each Sr atom is
located in a body-centered-cubic environment of Cl
atoms, and each Cl atom is in a tetrahedral configura-
tion of Sr atoms. The structure of Srl, is in many re-
spects quite different, since the Sr atom is sevenfold
coordinated by iodine atoms located in essentially two
planes on either side of the Sratom. Four of the iodine
atoms form a slightly deformed square with the remain-
ing three atoms describing a triangle. The two I atoms
in Srl; are structurally different. One iodine atom is
coordinated to three Sr atoms in the form of a triangular
face; the other is tetrahedrally coordinated by four Sr
atoms, reminiscent of the coordination polyhedron about
the anion in SrCle.

The sevenfold Br atom coordination of the Sr(1) atom
is comparable to that observed for Sr atoms in the Srl,
structure. The Br(l) and Br(2) atoms are found
trigonally and tetrahedrally coordinated to metal atoms,
respectively, as are the two I atoms in SrI,. However,
the coordination polyhedra around the Sr(1), Br(1),
and Br(2) atoms are not quite as regular as are their
counterparts in the Srl, structure.

The presence of tetrahedrally coordinated Br atoms,
namely, Br(2), Br(3), and Br(4), and an eightfold co-
ordinated metal atom, Sr(2), in SrBr; is indicative of
the similarity of this structure to that of SrCl; although
in SrCl, the coordination about the Sr atom is cubic
while in SrBr; it is square antiprismatic. The exis-
tence of the sevenfold coordinated Sr atoms and the
trigonally coordinated halide atom in both SrBr, and
Srl. establishes the similarity between these two struc-
tures. Therefore, this SrBr, structure may be con-
sidered a hybrid which incorporates features of both
the SrCl, and the Srl; structures.

In addition to the above-mentioned common struc-
tural characteristics of SrBry, SrCly, and Srl;, a unique

CHARLES B. THAXTON AND ROBERT A. JACOBSON

feature of this structure is the alternation of Sr atoms
and vacancies along the chain of antiprisms. At 25°,
the temperature at which the work was done, the two
kinds of antiprisms, one containing an Sr(2) atom and
one containing a void region, are clearly different. The
antiprism containing the Sr(2) atom exhibits signifi-
cantly shorter distances from the metal atom to the
bromine atoms at the corners of the surrounding poly-
hedron, namely, 3.115 and 3.165 A, than analogous dis-
tances for the empty antiprism with the vacancy hypo-
thetically located halfway along the ¢ axis from the
Sr(2) atom, in this case, 3.181 and 3.333 A. This
difference is precisely what would be expected since
Sr(2) is bonded to Br(1) and Br(2) while obviously the
vacancy is not bonded to anything. However, at
higher temperatures, it could be suggested that indeed
the lattice would relax and allow partial occupancy of
the Sr(2) atom in the two twofold positions with the
two types of antiprism becoming structurally more
similar to if, indeed, not identical with each other.

On the basis of certain similarities in powder pho-
tographs, earlier workers':® have reported that SrBr,,
SmBr,;, and EuBr, are isostructural. In view of the
considerable amount of controversy due in part to the
insensitivity of the powder method to permit a deter-
mination of the occupancy parameter of one Sr atom in
SrBr,, we suggest that in SmBr; and EuBr; partial oc-
cupancy may well occur at 25°, to say nothing at all
about the situation at higher temperatures. Only when
single-crystal X-ray studies currently in progress have
been completed can definitive statements be made about
the isostructural character of these dibromides.!®
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The Crystal Structure of H,[Ta:Cl;s]-6H,O!
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The structure of Hy[TasClis) - 6H,0 has been determined by three-dimensional single-crystal X-ray analysis.

Iowa State UNIVERSITY, AMES, lowa 50010

The compound

crystallizes in the cubic space group Fd3m(047) with a unit cell dimension at 23 = 3°of o = 19.92 (1) A, The derived struc-

ture was refined by least-squares methods to a conventional R index of 5.3%.

The unit cell is composed of eight distinct and
/

regular octahedral TasClis?™ anion clusters (O symmetry) with centers at (}/s, 1/s, 1/s), (}/s, 3/5,8/s), (8/s,%/s, 1/s), and (%/s,

1/e 8/5), and the four others related to these by the center of symmetry.
The terminal Ta—~Cl distance of 2.507 (9) A is significantly longer than the bridging Ta—Cl distance of

tion, is 2.962 (2) A
2414 (5) A.

Introduction
A number of compounds have been reported of the
type (MeXp)Y,Le—p,® ™™+ where M = Nb, Ta; X =
halogen; Y = halogen; L = neutral electron-donating
ligand such as HyO; m = number of Y groups; and n =
charge on the MX;, unit. Structural information on a

(1) Research carried out at the Ames Laboratory of the U. S. Atomic
Energy Commission. Ames Laboratory Contribution No. 2791.

The Ta—Ta distance, uncorrected for thermal mo-

number of M¢X;," t-containing compounds?~7 has shown
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