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“Chevrel phases”, MxMo6Q8 (Q ) S, Se, Te), possess structures
in which Mo6Q8 clusters are tightly cross-linked by Mo-Q bonds
into a 3-dimensional network. In the 1970s and 1980s these
compounds attracted intense interest because they exhibit diverse
physical and chemical properties, such as high-critical-field (Hc2)
superconductivity,1 magnetic ordering,2-5 fast ion conductivity,6

and catalytic activity for hydrodesulfurization.7

There has been considerable recent interest in preparation of
molecular Mo6Q8 complexes. Such preparative work has involved
the Q/Cl exchange, starting with [Mo6Cl8]4+,8 or synthesis from
smaller cluster fragments.9 In a distinct departure from these
approaches, Fedorov’s group has recently discovered that the bi-
nary Chevrel phase compound, Mo6Se8, serves as a precursor to
discrete [Mo6Se8(CN)6]6/7- clusters when reacted with molten
KCN.10 Though the reactivity and ligand field strength of cyanide
make it an attractive nucleophile for such a “cluster excision”
process,11 it is remarkable that the Mo6Se8 seems to be extricated
intact from the tightly cross-linked Chevrel phase structure.
Molten cyanides are also effective in excising Re6Q8 (Q ) Se,
Te) clusters from less tightly crosslinked Re6Q8-based solids.12-15

Intrigued by the opportunities offered by the redox active
[Mo6Se8(CN)6]6/7- clusters, we have investigated this system
further. Here we report the synthesis, structure, and characteriza-
tion of the first example of an extended structure, K6Mo6Se8(CN)5
(1), in which hexanuclear clusters are bridged by cyanide ligands.
We also show that the KCN melt can serve as a medium for the
synthesis of Mo6Se8 clusters from simple starting materials.

Scheme 1 shows that there are several synthetic routes to1.
Although the binary Chevrel phase precursor, Mo6Se8, works
well,16 it is not necessary to begin with a compound containing
clusters.1 is the major phase obtained in all these reactions, but
more unreacted starting material is observed in XRD powder
patterns when Mo6Se8 is not used. The formation of Mo6Se8

clusters in a direct reaction of the MoSe2 and Mo metal at
relatively low temperatures is especially remarkable given that
the binary Mo6Se8 is commonly prepared by direct solid-state
reaction at 1200°C for 24 h.17,18 Fedorov and co-workers have
recently reported the synthesis of compounds containing Re6Q8

(Q ) S, Se) clusters by reaction of ReQ2 in molten KCN.19

The formation of [Mo6Se8(CN)6]6/7- clusters from1 is a
somewhat subtle process (Scheme 1). As noted by the Fedorov
group, the direct dissolution of the cyanide melt in aerated water
yields [Mo6Se8(CN)6]6/7- clusters. However, when the wash water
is deoxygenated,1 remains insoluble and can be isolated. If the
filtrate (A) is removed, the insolubility persists even if1 is added
to an aqueous KCN solution in the presence of oxygen or if the
[Mo6Se8(CN)6]6- ion is added in hopes of catalyzing dissolution.
The clear implication of these observations is that there are species
in the filtrate that are air-oxidized and those oxidized species are
necessary to facilitate the dissolution of1. We have not identified
minor products formed when Mo6Se8 is reduced to form
[Mo6Se8(CN)6],7- though cluster disproportionation is a plausible
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explanation. Similar uncertainties apply, for example, when ReS2

is reduced in cyanide melts to give compounds with the [Re6S8]2+

core.10,19

The body-centered tetragonal structure of K6Mo6Se8(CN)5 was
determined by single-crystal X-ray diffraction;20 a cell packing
diagram is shown in Figure 1. The molybdenum atoms in the
basal plane of each [Mo6Se8]- cluster are bound to four terminal
CN- ligands, and clusters are linked by cyanide ligands into linear
chains, [Mo6Se8(CN)4(CN)2/2

6-]n, that propagate up thec-axis.
The basal plane in each Mo6 octahedron is contracted so that the
Mob-Mob distances (2.6711(4) Å) are shorter than distances
between the apical and basal molybdenum atoms (Moa-Mob )
2.7193(4) Å). The Mo6Se8 cluster is otherwise fairly regular:
(dh(Mo-Se)) 2.5763 Å, range: 2.5683(3)-2.5873(3) Å). Mob-
CN distances to terminal cyanides (2.204(3) Å) are only slightly
shorter than the mean distance involving bridging atoms (dh(Moa-
C/N) ) 2.217(4) Å). We found no evidence for long-range order
of the bridging cyanides; neither systematic absence violations
nor superlattice reflections can be detected.

Theoretical treatments indicate that Mo6Q8 clusters accom-
modate up to 24 e in M-M bonding orbitals, and for the ideal
Oh-symmetry case, the HOMO has eg symmetry.1,21-25 For
[Mo6Se8]-, there are 21 cluster bonding electrons and an eg

1

electron configuration (2Eg state) is expected. In the observed
tetragonal environment (nominallyD4h), the eg (Oh) orbital set
splits such that the a1g (D4h) descendent is the SOMO (singly
occupied MO) and the b1g (D4h) orbital is unoccupied (Figure
2d). In an extended Hu¨ckel band structure calculation performed
on a single [Mo6Se8(CN)4(CN)2/2

6-]n chain, the orbital splitting,
∆E(b1g - a1g), is calculated to be 0.10 eV. The splitting is an
evident consequence of the differential stabilization conferred on
the a1g orbital by the shortening of the basal Mo-Mo bonds.

Magnetic susceptibility and EPR measurements (Figure 2) are
fully consistent with the electronic description given above for
this extended chain compound. The EPR spectrum (T ) 10 K) is
characteristic of an axial system; averaging ofg⊥ (2.4425(1)) and
g| (1.9822(1)) gives ag value of 2.2891(1). Over the temperature
range 1.8-400 K, magnetic susceptibility data are well described
by the Curie-Weiss relation,ø ) ø0 + C/(T + θ); ø0 ) 1.216×
10-5 emu/mol,C ) 0.497 emu‚K/mol, andθ ) 2.74 K. Magnetic
ordering was not observed at any temperature. The magnetic
moment obtained from the Curie constantC is 1.99µB (µeff )
2.828C1/2), in close agreement with the moment calculated using
theg value obtained from EPR and assuming a doublet state for
the clusters (S ) 1/2; µeff ) g[1/2(1/2 + 1)]1/2 ) 1.98 µB).

Cyanide ligands would provide significant antiferromagnetic
coupling if theirπ or π* orbitals had a nonzero overlap with the
cluster SOMO. The conspicuous absence of coupling (ferro- or
antiferromagnetic) in the magnetic data means that overlap
between the CNπ* orbitals and the cluster SOMO is virtually
zero. This is consistent with the claim that the odd electron resides
in one of the eg (Oh) orbitals (we argue for the a1g (D4h) descendent
on structural grounds). For any open-shell Mo6Q8 cluster (21-23
cluster bonding electrons), it is the eg (Oh) orbitals that will be
partially occupied. This must be borne in mind as we seek to
more systematically synthesize cyanide-bridged Mo6Q8-cluster
networks; electronic coupling of the clusters by conjugation
through the CNπ* orbitals is precluded by symmetry.
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Figure 1. Cell packing diagram of [Mo6Se8(CN)5]6-. Thermal ellipsoids
are shown at the 90% probability level; chains in the foreground and
background were omitted for clarity.

Figure 2. (a) Molar susceptibility versus temperature for K6[Mo6Se8-
(CN)5]. (b) Reciprocal molar susceptibility (corrected for temperature
independent terms). The line is the linear regression fit. (c) X-band EPR
powder spectrum at 10 K. (d) eg orbitals for the Mo6Se8 cluster.
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