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The bromo-bridged one-dimensional chain structure of
[AuBrz(DBS)] is revealed by X-ray analysis. The bromo-bridged
skeleton of the one-dimensional chain of [AuBrCl(DBS)] is
identified by comparing its unit cell parameters, visible
absorption spectrum on nujol mull, and Br K near-edge X-ray

absorption spectra with those of [AuBrz(DBS)].

Halogen-bridged one~dimensional (1~d) mixed-valence complexes have been

attracted much attention from the viewpoint of low-dimensional compounds.l)
The gold complexes with an empirical formula, [Auxz(DBS)] (X =halogen), are
known to be a limited examples of the halogen~bridged 1-4 Au(I)-Au (II)

2,3)

mixed-valence complexes. Though detailed structural information of
these DBS-gold complexes have been required to study correlations between
those 1-d chain structures and physical properties, only the crystal struc-

4)

ture of [AuClz(DBS)] has so far been determined. Thus structural studies
of the DBS-gold complexes are much to be desired. In our previous study on
optical properties of the DBS-gold complexes, the 1-d chains of [AuBrz(DBS)]
(%) and [AuBrCl (DBS)] (%) were presumed to be a bromo-bridged type similar

to the chloro-bridged 1-d chain of [AuClz(DBS)], based on the analogies
among those crystal shapes, dichroic behaviors of light absorption, etc.
In this study, we have analyzed the crystal structure of % by X-ray diffrac-

tion method in order to reveal the bromo-bridged feature and the structural

5)

parameters of its 1l-d chain. The crystals of % were too small to analyze
its structure by the X-ray method. The structural information of % have
been acquired by comparing its unit cell parameters, visible absorption
spectra, and X-ray absorption spectra with those of 1.

% was prepared by the literature method.3) Deep brown dichroic needle

crystals were obtained by recrystallization from a CHCl3—BrCHZCH2Br(5 vol%)
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solution. Brown dichroic needle crystals of % were obtained by slow evapo-

ration of solvent of the mixed solution of a CHCl3 solution (15 ml) of

[au’c1(0Bs)1®) (1 ) and a cc1, , (180 mg) at 0 °C.
The crystals of %, which looked just like good single crystals, were

severely twinned crystals, and were cleaved along the needle direction. The
8)

solution (5 ml) of Br 7)

crystal used in this X-ray study was chosen among the cleaved crystals.
Crystal data of %; 14 l4SBr Au; FW=571.1; monocllnlc, P2y/n; a=5.720(2),
b=13.544(1), ¢=20.116(4) A; B=97.63(2)°, V=1544.6(9) A3; 7 Z=4; D+ Dc—2.5,
2.45 gcm—3; crystal size=0.05x0.08x0.20 mm3. The bromo-bridged 1-d chain
structure and the crystal structure of % are shown in Fig. 1 (a) and (b),
respectively. The 1-d direction is parallel to the g-axis, and to the
needle direction of the crystal. The alternate arrangement of the two com-
ponent complexes, [AuIBr(DBS)] and [AuDIBr3(DBS)], can not be identified due
to the positional disorder of the bridging bromide (Br(l) and Br(2) in Fig.
1 (a), they slightly deviate from the Au-Au’ vector). Neither diffuse scat-
tering nor Bragg reflection indicating a superstructure along the g-axis was
discerned on X-ray oscillation photographs. It should be noted that the
structural features of this bromo-bridged chain described above are essen-
tially the same as those of the chloro-bridged chain of [AuC12(DBS)].4) The
average distance (2.41 A) of Au-Br(l) and Au-Br(2) is almost equivalent to
the lengths of the three Au-Br coordination bonds (2.41-2.43 &) of the mono-
nuclear complex, [AuDIBr3(DBS)] (%).9) Hence, the significant interatomic
distances in the 1-d chain skeleton, i.e., Aunq——Br and AuI---Br, can be
estimated to be 2.41 and 3.34 A, respectively, where the latter is the
average value of Au---Br(1)” (3.30(1) A) and Au---Br(2)’ (3.37(1) A). As
seen in Fig. 1 (b), the pairing of the two 1-d chains (interchain distance =
3.30 A) is observed. The constituent complex entities in each chain stack
into a face to face like fashion. Similar chain pairing is observed in the
[AuClz(DBS)] crystal.4)
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Fig. 1. (a) View of a fraction of the 1-d chain structure of 1. The bond
distances(A) and angles(°) are entered in the right and the left fragments,
respectively. Occupancy factors of Br(l) and Br(2) are assumed to be 0.5.
Benzyl groups are omitted for clarity. (b) Crystal structure viewed along
a-axis. Br(l) and Br(2) are omitted for clarity.
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The unit cell parameters of the three small crystals of % were detgr—
mined. The approximate unit cell dimensions of these crystals are: a=5.7,
b=13.5, ¢=20.1 A, and B=98°. These values and the values of FW (526.7) and
Dm (2.3 gcm_3) lead to Z=4. The unit cell parameters of % are similar to
those of %. The crystal structure of % may be analogous to that of %.

Figure 2 shows the visible absorption spectra of.% and % on nujol mull,
and that of % in CHCl3. In the solid spectra, two absorption bands are
disginctly observed around 19X103 cm"l (abs. max.: % 18.4><103 cm—l, % 19.2
x10

solution, where the solution spectra of % and % in CHC13 are the same as and

cm_l) and 22><103 cm_l (shoulder). The lower energy band is absent in

similar to that of %, respectively. By these observations, % and % are

ascertained to be a lattice compound of Au(I)
and Au(Il) component complexes, and the lower
energy band can be attributed to a strong

charge transfer (CT) interaction from Au+ to
Au3+ through the 1-d chain skeleton. From the
dichroism of the crystals of % and % for visible
light, we have already confirmed the fact that
this CT is highly polarized along the 1-d chain

5)

direction. The shoulder in solid spectra is

assignable to the ligand to metal (Br7+Au3+) CT

Absorbance (arbitrary units)

band,lo) since a very broad band is observed
d 23x10% cm™! in the solid tra of 3 o 20 Z o
aroun X cm in the solid spectra o 3. Wavenumber /103 an ™

The polarized Br K near-edge X-ray absorp- ) .
. Fig. 2. Absorption spectra
tion spectra of the needle crystals of % and % of the powdered samples of
are given in Fig. 3.1 gach crystal shows a 1 and 2 on nujol mull, and

similar dichroism, which is consistent with that of 3 in CHCL,.

that for visible light. When the polarization
direction of an incident X-ray is parallel to
the needle direction of the crystal, a sharp

12) is observed at

peak so-called white line (WL)
the absorption edge in each spectrum (peak energy:
% 13.477 kev, % 13.476 keV). This WL is attrib-
uted to an electronic transition from le orbital
to a partially unoccupied molecular orbital

generated from 4p orbital of a covalently bound

Absorbance (arbitrary units)

Br atom (briefly termed "the 4p state of Br"),

and is expected to disappear in the case of Br B0 1B.4%0 13.510 13.5%0
alone with a fulfilled subshell, 4p6.l3) The Photon energy / keV
intensity of the WL is directly related to the Fig. 3. Polarized Br K
near-edge X-ray absorption

spectra of the needle
reflects magnitude of a CT through a chemical crystals of % and %.

electron density of the 4p state of Br, and
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bond. 13) The 4p state of the bridging bromide of l is expected to be par-
tially unoccupied, because this ligand is the pathway of the strong Au'->Au3+
CT through the 1-d4 chain. It can be deduced from these interpretations that
the intense WL in the spectra of % and % arises from the bridging bromide in
those 1-d chains. A very weak peak of the WL is observed at 13.477 keV in
the spectrum of % when the polarization direction of the X-ray is perpendic-
ular to the needle direction. This may be due to less covalent (more ionic)
nature of the bromide trans to DBS than that of the bridging bromide. 1In
the case of %, no peak corresponding to the WL is observed in its spectrum.

The above spectroscopic results suggest that the bridging ligand in the
1-d chain of % is substantially bromide. The chloride in % seems to be the
trans ligand of DBS.

We are grateful to Drs. Masaharu Nomura (KEK Photon Factory) and
Hiroyuki Oyanagi (Electrotechnical Laboratory) for their helpful advice

for the measurement of X-ray absorption spectra.
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