
The reaction of a Rh2
5+ cationic radical salt, 2,2-cis-[Rh2-

(acam)4(H2O)2]ClO4 (Hacam = acetamide), with sodium halides
in aqueous solution gave crystals of [Rh2(acam)4Cl]n·7nH2O and
[Rh2(acam)4Br]n, both of which consist of zigzag chain of
(–Rh–Rh–X–)n, which is supported by hydrogen bond between
amidato–NH and amidato–O atoms for the chain of the bromide
and between O atoms of amidato bridges through interstitial
water molecules for the chloride chain.

Interaction between metal–metal bonds across ligand or
directly is interesting from view points of material science, and
some recent efforts have been reported for construction of low-
dimensional arrangements of paddlewheel-type rhodium(II) dinu-
clear complexes.1,2 Compounds with interactions between
metal–metal bonds would be interesting especially when they
have open-shell electronic structure.3 Baranovskii and his co-
workers examined oxidation of 2,2-cis-[Rh2(acam)4] (1) with
halogens.  Based on elemental analyses and IR spectra, they
reported isolation of Rh2(acam)4Br·Br2,4 Rh2(acam)4Br,4

Rh2(acam)4Br·0.5H2O,
5 Rh2(acam)4I,4 Rh2(acam)4I·H2O5 and

Rh2(acam)4Cl.5 Initially a chain structure with bridging bro-
mides at axial sites was proposed as a possibility for Rh2(acam)4-
Br·0.5H2O.4 However, a discrete structure with non-equivalent
rhodium atoms and a bromide coordinated to only one of them
was suggested as the most probable structure on the basis of its
X-ray photoelectron study.5 Since chain structures with bridging
halide cannot be ruled out for this type of complexes, we pre-
pared chloride and bromide salts of the cationic radical of 16 and
examined their structures by using X-ray diffraction method.
Both of the halides have zigzag chain structures bridged by
halide ions (Scheme 1) and assisted by hydrogen bond.  These

chain structures are the first example for the paddlewheel-type
Rh2

5+ complexes to our best knowledge, although (–M–M–Cl–)n
infinite zigzag chain structure has been known for chlorides of
Ru2

5+ carboxylates and amidates.7 

Upon reaction of 2,2-cis-[Rh2(acam)4(H2O)2]ClO4 (2)4 (100
mg, 0.17 mmol) with NaBr (50 mg, 0.48 mmol) in water (20 mL)
at 40 °C, dark brown crystals precipitated out slowly in 48 h

(yield 96%).  The elemental analysis of the precipitate shows that
it has the composition of [Rh2(acam)4Br]n (3).8 The same materi-
al precipitated out when 2 reacted with NaBr in the mole-ratio
range of 1 : 3 to 1 : 0.5, which shows that the precipitate with the
present composition is a stable solid phase formed from 1+ and
Br– in water.

The crystal9 consists of infinite zigzag chains of
(–Rh–Rh–Br–)n (Figure 1) which are arranged mutually parallel.
The Rh–Rh bond length is 2.4302(5) Å which is longer than those
of a neutral compound, [Rh2(acam)4(H2O)2]·3H2O (4), (2.415(1)
Å)10 and the cationic radical, 2, (2.399(1) Å).4 Most probably this
is due to enhanced σ-donation of the axial bromides into σRhRh*
orbital in comparison to the axial water ligands of the latter two
complexes.  The centers of the Rh–Rh bonds are located at crys-
tallographic inversion centers, and the bromide ions are present on
two-fold axes.  All the Rh atoms are equivalent as are the bromide
ions.  A neighboring pair of [Rh2(acam)4]

+ units bridged by a bro-
mide ion is supported doubly by hydrogen bonds.  The hydrogen
bond is formed between an N–H moiety of an acam ligand of a
Rh2

5+ unit and an O atom of an acam ligand of the other unit.  The
N···O hydrogen-bond distance is 3.138(4) Å.  No hydrogen-bond
was found between the chains.

A chloride-bridged polymeric crystalline compound,
[Rh2(acam)4Cl]n·7nH2O (5), was obtained in 85% yield by react-
ing 2 with NaCl in aqueous solution at room temperature.  This
compound loses solvate water molecules quickly upon exposure
to air at room temperature.  The 1 : 1 constituent ratio of the Rh2
unit and Cl ion was confirmed by the elemental analysis of the
compound freed from the solvate molecules.11 The X-ray diffrac-
tion data of a freshly prepared crystal of 5 was collected at –80
˚C at which the crystal was stable.12
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Crystal 5 also consists of infinite zigzag chains of
(–Rh–Rh–Cl–)n (Figure 2).  The chains are arranged mutually par-
allel in the crystal.  There are two types of Rh2

5+ units, which dif-
fer 0.0015(8) Å in their Rh–Rh bond lengths each other.  These
two types of units are connected alternately by chloride ligands at
axial sites.  All the water molecules in the crystal of 5 are involved
in extensive hydrogen-bond network: N···O(water) hydrogen-
bond lengths are in the range of 2.931(6)–3.038(6) Å, and
O(water)···O(water or acam) in the range of 2.591(9)–2.855(6) Å.
Most notable hydrogen bonds are those of O5 and O6 in Figure 2.
Each of these two H2O molecules bridges as a hydrogen donor
between two acam–O atoms of a neighboring pair of Rh2

5+ units
in a chain.  The intra-chain acam–O···O(water) hydrogen-bond
distances are in the range of 2.752(5) – 2.855(6) Å. 

A frozen aqueous solution of [Rh2(acam)4Br2]
– (6), generated

by mixing a dilute solution of 2 with a concentrated solution of
NaBr, gave an axially symmetric ESR spectrum with gparallel =
1.93 and gperpendicular = 2.12.  This shows that the singly occupied
molecular orbital (SOMO) of 6 is δRhRh*.13 The Rh–N and Rh–O
bond lengths of 3 and 5 are shorter (0.025(10)–0.043(8) Å) than
those of 4 and similar to those of 2.  These geometric character-
istics are consistent with that the SOMO of the Rh2

5+ unit in 3
and 5 is also the δRhRh* orbital.14

Both of the electrical conductivities of powdered crystals of 3
and 5 were less than 2 × 10–7 S cm–1 (room temperature, pellets;
the sample of 5 had lost some of its hydrate molecules during the
measurement).  The magnetic susceptibility of 3 measured at 1 T
is shown in Figure 3.  The molar magnetic susceptibility was cor-
rected for the diamagnetic term calculated from the observed dia-
magnetic susceptibility of 1 and Pascal’s constants.  The
Curie–Weiss plots of the corrected susceptibility in the tempera-
ture range of 20 – 60 K gave parameters of µeff = 1.78 µB and θ =
–6 K for χmol corr = (NA µeff

2)/{3k(T – θ)}.  Compound 3 is para-
magnetic with weak antiferromagnetic interaction between neigh-
boring Rh2

5+ units.  The non-linear arrangement of
Rh2

5+–Br––Rh2
5+ in 3 formally allows the δRhRh* SOMOs of the

neighboring dirhodium units to interact each other through lone-
pair orbitals of the bridging bromide.  We suppose these orbital
interactions would be one of origins for the weak antiferromagnet-
ic interaction. 
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