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Surface complexation plays an important role in the equilibria and kinetics of processes controlling the compositions of soilwaters and groundwaters, the scavenging of metals in the ocean, the chemical evolution of low-temperature and deep high-temperature fluids, and the fate of contaminants in groundwaters.  However, there is no currently-available model of surface complexation that can be used to analyze these processes by predicting surface charge and adsorption of metals and anions for the wide range of fluid compositions, solids and temperatures of interest for both natural and industrial processes.

Recent progress in developing a predictive model for surface protonation, and metal and anion adsorption in electrolyte solutions will be summarized.  By analyzing extensive sets of experimental data, it has been possible to develop internally-consistent sets of the parameters characteristic of surface complexation models such as site-densities, surface protonation constants, electrolyte adsorption constants, and integral capacitances.  Crystal chemical and electrostatic theory can be used to rationalize and explain how these parameters vary from one solid to another.  This internal consistency has been extended to analysis of the dependence of metal and anion adsorption on ionic strength and surface loading. Finally, recent efforts have focussed on the need for a better definition of the standard states used for surface species.  A standard state commonly used for surface sites and surface species is the hypothetical 1.0 molar standard state, which is implied by the use of molarity-based equilibrium constants.  Theoretical examination of this standard state yields the practical consequence that such equilibrium constants depend on the BET surface areas and site densities for different samples of the same solid.  Application of the theory shows that many apparently different equilibrium constants in the literature can be simply expressed in terms of a single equilibrium constant independent of surface area and site density.  Such new equilibrium constants are consistent with the definition of more general and useful standard states.

