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These are What We Want!
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Small polyoxocations [Figure 1] are wonderful models for the sites at the surfaces of minerals.  The molecules shown in Figure 1 are nearly colloidal in size but remain solutes, so that the tools of solution spectroscopy can used to determine the pathways are rates of reaction at specific site.  The steady rates of oxygen-isotope exchange into the various sites in these molecules has been measured using 17O-NMR and we have even determined the rates by which other ligand (such as fluoride) replaces oxygens in the molecules.  The results provide the key molecular-scale information to extend prediction models about the aqueous-mineral interface and the chemistry of the shallow Earth.

Research on small nanoclusters achieves several goals for Earth scientists.  First, these are molecular models for structural sites at the surfaces of aluminum (hydr)oxide solids in water and allow rates to be constrained for the key oxygen sites at the molecular scale.  Reactions can be followed at individual oxygens in these molecules and we have documented both similarities and enormous differences in reactivities that could not have been anticipated from bulk studies of metal-oxide solids in water.  Secondly, these results provide clear test cases for models that predict of rates of molecular reactions in aqueous geochemistry.  Geochemists can be expected to explain the extraordinary differences in rates of oxygen exchange within a single (-Keggin (a factor of 107), among the set of metal-substituted polyoxocations (105 for bridging hydroxyls in the Al13, GaAl12 and GeAl12), and between the various Al(III) monomers (104).  

The importance of this work is clear when one considers the ubiquity of aluminum (hydr)oxide solids in the shallow Earth and the role that they play in our daily lives.  Aluminum hydroxide solids account for much of the reactive properties of soils, the metal cycling in streams and are also used in cosmetics, foods, as reagents for eliminating pollutants, and in vaccines and medicines.  
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Figure 1: Aqueous aluminum nanoclusters.  Left: The smaller molecule has a (-Keggin-like structure with the stoichiometry: MO4Al12(OH)24(H2O)127+/8+(aq) with M=Al(III) (Al13), Ga(III) (GaAl12) or Ge(IV) (GeAl12).  The structures contains a central tetrahedral M(O)4 unit surrounded by twelve Al(O)6 octahedra and the reactivities are dramatically affected by metal substitutions into the central M(O)4 sites.  Right:  The Al30 (Al30O8(OH)56(H2O)2418+) molecule is similar to dimers of the (-Keggin structures, which have one trimeric group rotated so that its Al(O)6 polyhedra share corners with the rest of the molecule, not edges, as in the (-Keggin structure.  











