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Abstract

Abstract

Since their first structural characterization in solution in the 1950s in Pauling’s
laboratory, edge-bridged octahedral cluster compounds of general formula
[(MgX12)L6]™ (M=Nb,Ta) have attracted considerable experimental and theoretical
studies. Recently, due to the use of octahedral cluster [(MXi2)Ls]" (M=Nb,Ta) as
building block to prepare hybrid inorganic-organic materials through self-assembly
processes, these clusters attracted considerable attention. In 2004, Weller and
co-workers described a family of hydride rich late transition metal clusters of the type
[Rhﬁ(PRg)ﬁle]2+ (R= iPr3 or Cy) , with a valence electron count of seventy-six
electrons. These clusters show a remarkable structural similarities and the same
valence electron count for early transition metal halide octahedral clusters(e.g.
[NbsCl12(CN)s]*), and can be considered to bridge the gap between early and late
transition metal clusters. Because these [Rh(,(PR3)6H12]2+ clusters have good potential
applicability in synthesis and hydrogen storage, it is very important that the
systematic theoretical studies about these clusters by using quantum chemical
methods.

For these early transition metal clusters with w-acceptor ligands(e.g.
[NbsCl12(CN)6]*), Wade’s rules and Polyhedral skeletal electron pair theory (PSEPT)
have been widely applied. In this paper, in order to describe metal-metal bonding in
these hexanuclear octahedral transition metal clusters, we take the idea of constructing
molecular orbitals which was described by Mingos and Lin.

In the present study, we investigate a series of hexanuclear binary M/Rh
(M=NDb,Ta) mixed clusters by density functional theory (DFT). DFT calculations are
used here to explore the structures, bonding, Mulliken population, and electronic
structure of these clusters. So we can find that the chemical bonding and electronic
structure of early and late transition metal clusters are the common effect of d orbital
of transition metal and ligand. The main conclusions are as following:

(1) We get a series of hexanuclear binary M/Rh (M=Nb,Ta)mixed clusters by
substituted a Rh atom (d’) for a M (M=Nb,Ta) atom (d°) of [M¢Cli2(CN)e]*. In
[(MgX12)L6]™ (M=Nb,Ta) clusters 8 bonding orbitals are filled and 16 antibonding

orbitals are vacant, so the net gain electrons of M/Rh mixed clusters will occupy the

I



Abstract

antibonding orbitals (non-bonding orbitals). The geometries of mixed clusters are
distorted from octahedral. The symmetry of mixed clusters are low (C; or Cs) except
for [MoRh4ClL{H(CN)s]* (Cay or Cap) clusters.

(2) There is the same point between mixed metal clusters and pure metal clusters:
the outermost molecular orbitals are occupied by metal skeletal orbitals, and they are
composed of Nb (or Rh) d orbitals. There is a different point: From
[M5sRhCl,0Ho(CN)6]* to [MRhsCLH,o(CN)s]* (M=Nb, Ta), as the number of Rh atom
increasing, the contribution of Rh increases, but the bonding strength of Rh-Rh is
weak. The bonding strength of M-M changes little, and the number of M-M bond
decreases, so the contribution to the stable configuration decreasing, and the M-Rh
bond become stronger,

(3) For the edge-bridged ligand, the Mulliken charge of Cl is negative, the
Mulliken charge of H is positive. These results confirm that the porcess of charge
transfer from Nb to CI, however, for H it is a process of transfer charge to Nb (or Rh).

(4) In all hexanuclear binary M/Rh mixed clusters, the HOMO-LUMO gap are

small.

Key words: Transition metal clusters; DFT; chemical bonding; electronic structure.
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Fig. 1.1 Molecule orbital diagrams for face- and edge-bridging octahedral
clusters"®!,
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