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Scheme 1

Knowledge of the energetics of metal-hydride (M-H) and ligand-hydride (L-H) bonds in solution can be useful in understanding stoichiometric and catalytic reactions involving the cleavage and formation of these bonds.  Models that could predict the thermodynamic properties of M-H and L-H would be useful in the design of new reactions and new catalysts.  Scheme 1 illustrates the three different bond cleavage reactions possible for an M-H bond and their relationship to oxidation and reduction processes for both the metal fragment and the hydrogen atom.  These relationships have been used to develop two methods for measuring the hydride donor ability or hydricity of transition metal hydrides.  In one method, the pKa of the metal hydride and two reversible oxidation potentials of its conjugate base are used to calculate the hydricity.  A second method uses the heterolytic cleavage of hydrogen in the presence of a base to determine the hydride donor ability of the metal hydride produced.  Values obtained by both methods are in good agreement.  The relationships shown in Scheme 1 also permit the determination of all three bond cleavage energies, if the free energy of one M-H bond cleavage reaction (deprotonation, homolytic cleavage, or hydride tranfer) and the appropriate redox couples can be measured.  Application of these relationships to polyhydride species can provide information on all three types of bond cleavage reaction as a function of oxidation state and the number of hydride ligands coordinated to the metal.  As an example, a nearly complete thermodynamic description of the M-H bonds in [H2Co(dppe)2]+ will be presented.  Initial attempts to build quantitative models for predicting the free energies associated with the three different bond cleavage modes will also be discussed.  Finally, two applications of thermodynamic data of this type will be presented.  In one case, thermodynamic data were used to design a system that can reduce coordinated CO to a formyl ligand using hydrogen under ambient conditions.  A second example is the development of a system that mimics hydrogenase.
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