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Molecular dynamics studies of the influence of cation charge on its hydration structure and dynamic properties are reported. We used a model for simple cation MZ+ called primitive cation, which was introduced in order to elucidate the influence of ion charge. A wide variety of aquo, hydroxo-aquo, hydroxo, oxo-hydroxo, and oxo hydrated-hydrolyzed forms of primitive cation was found. A transition between these forms is regulated by a value of cation charge Z. Self-diffusion coefficients and spectral densities of hindered translation motions of primitive cation and oxygens of first hydration shell demonstrate a strong correlation with hydrated-hydrolyzed structure of cations.
More realistic models for aqueous solutions of Al3+ and (UO2)2+ cations were also studied. One have found a strict octahedral arrangement of neighbors in hydration shell of Al3+ ions with the tendency to hydrolysis. For the uranyl case a bipyramidal pentacoordinated arrangement of hydration shell of (UO2)2+ ions is observed. It is shown that the influence of pH level can modify uranyl hydration from (UO2)2+(H2O)5 to (UO2)2+(OH-)5. Finally, the mechanisms of formation of polynuclear uranyl clusters are discussed. We provided an analysis for possible uranyl-uranyl cluster configurations and built lifetime distributions for the alkaline, neutral and acidic conditions. One can conclude that the alkaline environment intensifies such uranyl clustering.
