Electron Density Distribution: A Guide for Understanding Bonded Interactions and Chemical Reactivity of Earth Materials
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The electron density distribution is one of the most robust tools for evaulating the bonded interactions and the chemical reactivity of a material. In an evaluation of the bond critical properties of electron density distributions for more than 50 earth materials, the bonded interactions were found to be highly correlated with the electronegativity factors of the M-cations, the bonded radii of the oxide anion and the observed bond lengths.  As the value of the electron density at the bond critical point increases and the distribution at the point is locally concentrated perpendicular to the bond path, the bonded radii of the oxide anion and the observed bond lengths both decrease in a regular way. In a study of chemical reactivity, sites of potential electrophilic and nucleophilic attack were found in a mapping of the (3,-3) and the (3,+3) stationary points of the negative Laplacian of the electron density distribution. The locations of the potential electrophilic and nucleophilic sites displayed by the Si2O7 dimers were found to conform with the pathways of attack of silica by H2O and HF molecules as predicted by transition state calculations. Domains of localized electron density in the lone pair electron region of the oxide anions displayed by a mapping of the electron localization function conform with the location of the protons determined in a recent spectroscopic study of a H-doped coesite crystal. As observed for molecular materials (Bader and MacDougall, 1985; J. Am. Chem. Soc., 107, 6788-6795), it is anticipated that electronic descriptors of the type used in this study will lead to a theory of chemical reactivity of earth materials based on electron density distributions. 

