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R factor = 0.064

wR factor = 0.170

Data-to-parameter ratio = 31.6

For details of how these key indicators were

automatically derived from the article, see

http://journals.iucr.org/e.

# 2005 International Union of Crystallography

Printed in Great Britain – all rights reserved

The title compound, dicaesium gold(I) gold(III) hexabromide

or dicaesium dibromoaurate(I) tetrabromoaurate(III),

Cs2[AuIBr2][AuIIIBr4], has a distorted perovskite-type struc-

ture which is isotypic with its chloride and iodide analogues,

Cs2AuIAuIIIX6 (X is Cl or I). The structure contains

compressed and elongated [AuBr6] octahedra stacked alter-

nately along the [001] and [110] directions by sharing all the

corner Br� ions. The compound is also characterized by the

assembly of the gold complex ions [AuIBr2]� and [AuIIIBr4]�.

Structural parameters indicating the mixed-valence distortion

of AuI and AuIII due to displacement of two crystallographi-

cally independent halide (X) ions from the mid-point between

the two adjacent Au ions, expressed by (Au—X)/(Au� � �X), are

0.738 (2) along the c axis and 0.799 (1) in the ab plane. These

values show that the mixed-valence distortion of the title

bromide is intermediate between those of the chloride and the

iodide. The distortion of the title bromide from the cubic

system to the tetragonal system, expressed by 21=2a/c =

0.9704 (1), is also intermediate between those of the chloride

and the iodide.

Comment

The title compound, Cs2Au2Br6, (I), is a member of the family

of mixed-valence compounds with perovskite-type structures.

A systematic investigation of the relationship between the

physical properties and the crystal structures of the group of

compounds M2AuIAuIIIX6 (M is Rb or Cs, and X is Cl, Br or

I), to which (I) belongs, has been reported (Kojima, 2000). We

have already reported in detail the crystal structure of

Cs2Au2I6, which is also a member of this family and which is

isotypic with (I) (Matsushita et al., 1997).

Cs2Au2Br6, in particular, has attracted much interest

because it exhibits a photoinduced phase transition under high

pressure (Liu et al., 2000). Very recently, a structural and

electronic phase transition of (I) under high pressure was

reported, using powder X-ray diffraction data from synchro-

tron radiation and with a diamond-anvil cell as the high-

pressure source (Sakata et al., 2004). An X-ray single-crystal

analysis of (I), however, has not yet been reported, even

though the atomic coordinates and interatomic distances are

indispensable for band calculations and analysis of the

physical properties. One probable reason for this is the diffi-

culty in obtaining suitable single crystals of (I).

In the structure of (I), atom Au1 is coordinated by four Br1

ions in a perfectly square-planar arrangement, as shown in

Fig. 1. The Au1—Br1 distance of 2.436 (3) Å is in good

agreement with that for the [AuBr4]� anion in another mixed-

valence compound, Rb2[AuBr2][AuBr4] [2.438 (4) Å; Strähle

et al., 1979] and is somewhat longer than that found in the
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trivalent gold compound Cs3[AuBr4]2Br3 [2.422 (1) Å; Lehnis

& Strähle, 1981]. On the other hand, atom Au2 is linearly

coordinated by two Br2 ions, as also shown in Fig. 1. The

Au2—Br2 distance of 2.400 (4) Å is in good agreement with

that for the [AuBr2]� anion in the mixed-valence compound

Rb2[AuBr2][AuBr4] [2.402 (8) Å; Strähle et al., 1979] and is

longer than that found in the monovalent gold compound

[n-Bu4N][AuBr2] [2.376 (3) Å; Braunstein et al., 1986], where

[n-Bu4N]+ is tetra(n-butyl)ammonium. Therefore, the formal

oxidation state of the Au1 ion is trivalent and that of the Au2

ion is monovalent in (I), as well as in the other Cs2Au2X6 (X is

Cl or I) compounds. The structure is built up from three

species, namely square-planar [AuBr4]� anions, linear

[AuBr2]� anions and Cs+ cations. Thus Cs2Au2Br6 may be

described as Cs2[AuIBr2][AuIIIBr4].

Both atoms Au1 and Au2 are surrounded by six Br� ions

when the second-nearest neighbours are included. The

[Au1Br14Br22] unit is an octahedron elongated along the c

axis, while the [Au2Br14Br22] unit is an octahedron

compressed along the c axis (Fig. 2). The volume of the

octahedron around the higher oxidation state AuIII ion

[25.76 (7) Å3] is smaller than that around the lower oxidation

state AuI ion [29.78 (7) Å3]. Therefore, the breathing-mode-

type atomic distortion of AuBr6 octahedra is present in (I), as

well as in Cs2Au2I6 (Matsushita et al., 1997).

As shown in Fig. 1, two kinds of –Au—Br—Au—Br– chains

are formed in the crystal structure of (I). One is the chain

� � �Au1� � �Br2—Au2—Br2� � �Au1� � � along the c axis and the

other is the chain � � �Au2� � �Br1—Au1—Br1� � �Au2� � � along

the [110] and [110] directions (in the ab plane). The Br� ion in

the former chain is located closer to the Au cation with the

lower oxidation state. On the other hand, the Br� ion in the

latter chain is located closer to the Au cation with the higher

oxidation state. The latter type of chain is similar to the chains

observed in one-dimensional halogen-bridged mixed-valence

platinum complexes (Keller, 1982). The ratio of the shorter

Au—Br distance to the longer Au—Br distance in the chains

along the c axis, (Au2—Br2)/(Au1—Br2), is 0.738 (2), and that

in the chains in the ab plane, (Au1—Br1)/(Au2—Br1), is

0.799 (1). The ratios of (I) are intermediate between those of

Cs2Au2Cl6 [0.722 (1) along c and 0.763 (1) in ab] and Cs2Au2I6

[0.747 (1) along c and 0.824 (1) in ab].

The ratio of the unit-cell dimensions 21=2a/c denotes the

level of distortion of the perovskite structure from the cubic

system to the tetragonal system. When 21=2a/c = 1, a crystal is

in the cubic system. The ratio 21=2a/c in (I) [0.9704 (1)] is

intermediate between those of Cs2Au2Cl6 [0.9743 (3)] and

Cs2Au2I6 [0.9689 (2)], which implies that the tetragonal

distortion increases in the order Cs2Au2Cl6 < Cs2Au2Br6 <

Cs2Au2I6.

Experimental

The title compound was prepared as described previously by Kita-

gawa et al. (1991). Single crystals of (I) were recrystallized by a

diffusion method, using an H-type glass test tube and acetonitrile for

the solvent. One leg of the H-tube was kept at 320 K and the other at

room temperature. Single crystals suitable for X-ray analysis were

obtained in a few weeks.

Crystal data

Cs2[AuBr2][AuBr4]
Mr = 1139.17
Tetragonal, I4=mmm
a = 7.7592 (8) Å
c = 11.3079 (13) Å
V = 680.79 (13) Å3

Z = 2
Dx = 5.56 Mg m�3

Mo K� radiation
Cell parameters from 25

reflections
� = 10.4–14.6�

� = 44.35 mm�1

T = 296 K
Plate, gold
0.23 � 0.18 � 0.08 mm

Data collection

Rigaku AFC-5S diffractometer
!/2� scans
Absorption correction: Gaussian

(Coppens et al., 1965)
Tmin = 0.011, Tmax = 0.088

949 measured reflections
474 independent reflections
335 reflections with I > 2�(I)

Rint = 0.003
�max = 35.0�

h = 0! 12
k = 0! 8
l = 0! 18
3 standard reflections

every 100 reflections
intensity decay: none
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Figure 1
A view of the crystal packing of (I), with the atomic numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level.

Figure 2
The arrangement of the elongated [AuIIIBr6] octahedra and compressed
[AuIBr6] octahedra in (I).



Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.064
wR(F 2) = 0.170
S = 1.04
474 reflections
15 parameters
w = 1/[�2(Fo

2) + (0.1105P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 5.19 e Å�3

��min = �6.01 e Å�3

Extinction correction: SHELXL97
(Sheldrick, 1997)

Extinction coefficient: 0.0014 (4)

Table 1
Selected interatomic distances (Å).

Au1—Br1 2.436 (3)
Au1—Br2 3.254 (4)

Au2—Br2 2.400 (4)
Au2—Br1 3.050 (3)

Powder X-ray diffraction patterns have shown that Cs2Au2X6

phases (X is Cl, Br or I) are isotypic, as reported by Brauer & Sleater

(1970). Single-crystal X-ray analysis of Cs2Au2Cl6 (Tindemans-v.

Eijndhoven & Verschoor, 1974) and Cs2Au2I6 (Matsushita et al.,

1997) showed that they have space group I4/mmm. Therefore, we

have also chosen the space group I4/mmm for Cs2Au2Br6. The highest

peak in the difference map is located 1.01 Å from Au2 and the

deepest hole is located 0.74 Å from Au1.

Data collection: MSC/AFC Diffractometer Control Software

(Molecular Structure Corporation, 1988); cell refinement: MSC/AFC

Diffractometer Control Software; data reduction: local program F2-

AFC (Matsushita, 1998); program(s) used to solve structure:

SHELXS97 (Sheldrick, 1997); program(s) used to refine structure:

SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP3

(Farrugia, 1997) and DIAMOND (Brandenburg, 2005); software used

to prepare material for publication: SHELXL97.
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