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In order to interpret geological and environmental processes such as ore formation, mineral solubility, waste transport etc. it is necessary to have an adequate understanding of the properties of very non-ideal aqueous solutions. Conventional simulation approaches are difficult to apply to solutions containing highly charged ions or reactive species, because molecular interaction models that capture the important chemistry created by the strong many-body forces between the particles are not available. In this talk we will briefly introduce first principles based methods of simulation and discuss their implementation, accuracy and efficiency. In these methods interactions at the molecular level are calculated on the fly via an accurate solution to the electronic Schrödinger equation. Processes that are difficult to model such as the effects of many body polarization and reactive transfer are, therefore, automatically taken into account. 

The objective of the calculations reported will be to describe aqueous solutions containing Al3+ ions. Our results agree well with the measured octahedral structure of the first solvation shell. The properties of the second solvation shell are poorly understood and difficult to measure. Our calculations (still in progress) suggest that in contrast to the second shell of singly charged ions, this shell for the Al3+ ion is stable with waters hydrogen bonded to each other and anchored by the inner shell. The number of waters in the second shell fluctuates from 12 to 18. Calculated structural data and angular distribution functions will be presented.

Hydrolysis reactions are central to the water chemistry of Al3+ ions. While various hydration species (Al(OH)n(3-n)+) have been postulated as part of the fitting processes for modeling solution solubility data, there is little direct evidence of their existence (except for n=0 or 4). In an effort to justify the commonly assumed presence of these species in water solutions, we are simulating their stability and structure. At this point our results suggest that the Al(OH)4- species is stable with coordination number 4 consistent with experimental data. Calculations of the structure of this and other hydrolysis species are in progress and will be reported.

Al3+ solute ions polarize neighboring solvent water molecules leading to important changes in the stability of the OH bonds in the solvation shell and ultimately to large hydrolysis constants. Simulation of proton transfer equilibria is difficult with our present methods. However, we have simulated the transfer of protons on picosecond time scales. Our results suggest that such processes are relatively frequent in the strongly polarized solvation shell of the highly charged ions. Consistent with the Grotthuss mechanism proton transfer depends on the coordination of the ion and of the accepting water oxygen. Transfer is more probable in low coordination environments.

