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Inorganic clusters continue to attract considerable attention
because they represent the bridge linking molecular and solid
state chemistry and because they are useful tools for under-
standing the size-dependent physical properties of electronic
materials.1 While the metal chalcogenide (E, E) S, Se, Te)
cluster chemistry of the main group2 and transition metals3 is
now firmly established, the analogous chemistry of the lan-
thanides (Ln) is virtually undeveloped. Structures of Ce5Te3-
(TeSi(SiMe3)3)94 and (C5Me5)6Sm6Se115 have been determined,
but synthetic difficulties have inhibited systematic studies of
structure-property relationships. The recent descriptions of
molecular Ln chalcogenolate (Ln(ER)x: E ) S, Se, Te; R)
organic;x) 2, 3) complexes,6 coupled with the well-understood
properties of LnEx/2 solids, have set a foundation for interpreting
the properties of cluster compounds. In this paper, we outline
two new synthetic approaches to lanthanide chalcogenido
(E, E ) S, Se) clusters: C-Se bond cleavage by low-valent
Ln and the reaction of Ln(SePh)3 with elemental S.
The conventional synthetic route to compounds containing

Ln-chalcogenide bonds involves reduction of E or EPR3 with
a Ln(II) complex.7 Accordingly, we initially prepared green
“Sm(SePh)2”8 by reacting Sm with PhSeSePh in THF and then
reacting the mixture with elemental Se. From this, deep orange
crystals were obtained, and the air-sensitive product was
identified as Sm8Se6(SePh)12(THF)8 (1) by low-temperature
single-crystal X-ray diffraction.9 Cluster1 (Figure 1) contains
eight seven-coordinate Sm(III) ions at the vertices of a cube,
while the Se2- atoms cap each of the six faces. The 12 Se
atoms from the SePh ligands each bridge one of the 12 edges,

and each metal atom is also coordinated to a THF ligand. The
compound has a UV-vis absorption maximum in the visible
spectrum at 341 nm, which is attributable to a ligand (SePh-

or Se2-) to Sm(III) charge transfer.6b,e,g Subsequent syntheses
implicated “Sm(SePh)2” as the source of Se2- in 1, and this
was confirmed by preparing Sm(SePh)2 in THF and allowing
the divalent compound to decompose thermally at room
temperature. This chalcogen-free route10 gives the largest
and cleanest yield of cluster1. While there are examples of
(C5Me5)2Sm(II) cleaving C-O,11 C-Sb,12 or C-Bi13 bonds to
yield molecular products, this is the first example of such
reactivity in the less-reducing chalcogenolate compounds.
Preliminary results suggest that the non-redox-active Ln will
form similar cluster products.
While Ln clusters of the heavier chalcogens (Se,5 Te4) are

rare, the corresponding sulfido clusters are unknown. Such
clusters are particularly interesting as models for Ln ions doped
into sulfide-based semiconductors14 and fiber optic materials.15

In the course of rationalizing heterometallic Ln/group 14 metal
chalcogenolate structures,16 we found reference to thermochemi-
cal bond strengths17 that implied S would insert into Ln-Se
bonds, which we thought could then lead to the preparation of
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Figure 1. Molecular structure of Sm8Se6(SePh)12(THF)8 (1) with the
C and H atoms removed and the O atom labels omitted for clarity.
The Sm-Se2- bond lengths range from 2.847(2) to 2.971(2) Å and
average 2.93 Å, while the Sm-Se(Ph) (labeled Se′) bond lengths range
from 2.916(2) to 3.015(2) Å and average 2.98 Å. Thermal ellipsoids
are shown at the 50% probability level.
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chalcogen-rich reagents for subsequent cluster syntheses. Slow
addition of sulfur to Sm(SePh)318 (prepared by reducing
Ph2Se2 with Sm/Hg amalgam) in dimethoxyethane (DME)
dissolved the precipitate, and the orange solution turned light
yellow, before a yellow solid precipitated. When less than a
full equivalent of S was added,19 light yellow air-sensitive
crystals of [Sm7S7(SePh)6(DME)7][Hg3(SePh)7]‚DME (2) were
isolated and characterized by low-temperature single-crystal
X-ray diffraction (Figure 2).20 The six seven-coordinate and
one eight-coordinate Sm(III) (Sm3) ions in cluster2 form two
square pyramids that share one Sm3 face with fourµ3-S2- (S1,
S4, S6, S7) and twoµ5-S2- (S2, S5) capping the external faces
of the cluster, and oneµ4-S2- (S3) bridging two reentrant Sm3
faces. Each Sm coordination sphere is saturated with a chelating
DME ligand. The Hg3(SePh)7 anion has no structural precedent,
but SePh abstraction from Ln by Hg(SePh)2 has been noted pre-
viously.16,21 In contrast to1, the visible spectrum of2 is

featureless, which suggests that the visible absorption in1 results
from a Se2- to Sm(III) charge transfer. Chalcogenido displace-
ment of chalcogenolate appears to be a general reaction: both
the redox inactive Ln22 chalcogenolates and more covalent metal
selenolates (i.e. Hg(SePh)2

23) react similarly.
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Figure 2. Molecular structure of the cation in [Sm7S7(SePh)6-
(DME)7]+[Hg3(SePh)7]- (2) with the C and H atoms removed and the
O atom labels omitted for clarity. The Sm-S bond lengths range from
2.66(2) to 2.93(2) Å (average 2.79 Å), and the Sm-Se bond lengths
range from 2.930(9) to 3.12(1) Å and average 3.03 Å. Long “bonds”
(3.4 Å) from Sm4-S5 and Sm6-S2 are also included in the figure.
Thermal ellipsoids are shown at the 50% probability level.
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