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The area of metal cluster chemistry holds interest for many reasons. First, clusters 
provide an observable surf ace for the study of catalytic processes, sometimes with different 
acaVity than the bulk metal. Second, understanding the bonding within clusters offers a 
Gballenge to chemists. Finally, clusters of large size are may also be regarded as an inter
mediate state of matter between molecular and bulk. The study of such systems can help 
determine the point at which metallic behavior is first observed as metal clusters grow in size. 

Gold clusters hold special interest within the realm of metal cluster chemistry. In 
terms of applications, gold clusters are being investigated as novel materials for electronics 
and nonlinear optics [1], and are used as labeling agents in biochemistry [2]. Recent work 
has also shown low nuclearity gold clusters catalyzing the decomposition of N20 [3]. 
Investigation of gold clusters using 197 Au Mossbauer spectroscopy and other techniques will 
hopefully define the transition from a molecular cluster of metal atoms to a nanoparticle with 
metallic characteristics [1,4]. Work on gold clusters bonded to bridging ligands may improve 
our understanding of the bonding of atoms to metallic surfaces. 

A knowledge of the lower nuclearity clusters (3-13 gold atoms) is essential to 
understand the activity and explain the structures of clusters such as Aus~ and larger. A 
notable feature of the bonding of gold has been identified, which is the unusually large 
.attraction between gold atoms, even with both gold atoms having a dlO configuration . The 
tenn uaurophilicity" was coined to describe this [5]. Aurophilicity has been suggested to 
contribute to the ability of Au(PPh3) fragments to induce hyperconjugation around first and 
second row main group atoms [6], as well as to contribute to the stabilization of clusters. In 
crystals of gold compounds, the aurophilic attraction affects the orientations of the molecules 
to maximize gold-gold contacts. Estimates for the bond strength vary from 25 to 46 kJ/mol, 
and the nature of the ligands on the gold atoms appear to alter the autophilic interaction 
strength [11]. An example of this is the twisting chain of chloro(trimethylphosphine)gold in 
crystalline form (Figure 1). The origin of aurophilicity has been actively investigated since 
its inception. It is generally understood that relativistic effects in the gold atoms cause the 
contraction and subsequent lowering in energy of the 6s and to a lesser extent the 6p orbitals. 
This causes a greater screening of the 5d electrons from the nucleus by the 6s, expanding the 
Sd orbital and raising its energy. The lanthanide contraction also serves to bring these two 
orbitals closer in energy . The relative energy levels of the 6s, 6p, and 5d orbitals are shown 
before and after these two effects (Figure 2). The consequence of the narrow gap in energy 
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levels between these orbitals is the mixing of 5d with 6s and 6p orbital character. though con
tribution from the 6p orbital is small [8]. The relativistic effects just described cause the 
propenies of gold to diverge from periodic trends. The cluster chemistry is also much dif
ferent than that of copper or silver, which are not affected to the same degree by relativistic 
effects. . 

Illustration of the unique cluster-fanning propenies of gold are the "toroidal" clusters 
formed as AuPPh3 units aggregate around a central gold atom in a belt, with additional AuPPh3 
units in some cases bonding to a triangular face of the belt rather than to the central atom [9]. 
"Spherical" clusters fonn with peripheral groups distributed around the surface of a sphere 
centered by a gold atom. The toroidal clusters have electron counts of 12n + 16, while the 
spherical cluster has an electron count of 12n + 18. where n is the number of perimeter AuPPh3 
groups. The toroidal belt may be hexagonal or octagonal, with the octagonal belt resembling a 
crown, such as [Au {P(p-4E40Meh) s](BF4)3 (Figure 3). The octagonal belt apparently has a 
soft potential energy surface between the crown structure (04,J an~ a the structure CDW of 
[Au9 (P(p-C61J4Me)3) s]cPF6h that resembles a hexagonal ring with two extra gold atoms on 
directly opposite sides (Figure 4). These two configurations are adopted because of a slight 
change in ligand. 
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The polyhedral skeletal electron count provides one approach for the prediction of some 
gold cluster geometries, but a molecular orbital approach can also be enlightening to understand 
lower nuclcarity clusters (3-6 gold atoms). For instance, to understand why Au5{PH3)5 fonns a 
pair of tetrahedra joined at the edge rather than an octahedral cluster, the molecular orbitals 
participating in the cluster bonding must be examined. The stabilization of such a cluster is due 
to the lowering in energy of the bonding molecular orbitals of the shared-edge tetrahedra versus 

those of the octahedral cluster. While electron 
counting or molecular orbital approaches can 
provide insight to the homometallic clusters, clusters 
centered with p-block elements are most easily 
explained wiih the isolobal analogy which follows. 

Figure 5 

The assembly of Au(PPh3) units around main
group elements has attracted interest not only because 
of the interesting hypercoordination observed, but 
because of the aurophilic attractions responsible for 
stabilizing the clusters, and in some cases deciding 
their geometry. This hypercoordination has been 
observed for boron. carbon, nitrogen, phosphorus, 
sulfur, and oxygen [7]. The gold phosphine units are 
isolobal with H [2,10], but it is "quite clear that the 
electronic situation is richer [lOa]." This is because 
of the low-lying p orbitals on gold. CH62+ is 
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unknown, contrasted with the real octahedral 
[(Ph3P)Au]6C2+ cation (F~gure 5). The distances . 
between perimeter atoms m these centered clusters 1s 
usually from 2.9 to 3.0 angstrom, indicating a 
significant bonding interaction. It is apparent, also, 
that in some cases the clusters form to permit this 
interaction. An example 
of a cluster forming to pcnnit such interactions is the 
structure of the square planar cluster of 
[(AuPPh3)4{µ4-CS(=0)Me2}](Cl04) 2 (Figure 6). In 
this structure, the gold units add to the same methyl 
group despite the steric crowding and more acidic 
protons on the other methyl groups [11]. 
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