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This presentation will summarize results to date of our multidisciplinary, multi-institutional effort, which is focused on achieving a quantitative understanding of the structure and properties of the interface between aqueous solutions and the surfaces of metal oxide nanoparticle and macrocrystal surfaces over a wide range of temperatures and solution chemistries for several oxide types.  This research impacts a broad range of DOE mission areas, including catalysis, nanoscience, waste migration, energy production, and biological processes.  The pH- and temperature-dependent charging of oxide surfaces by reaction with water, and the association of solution counterions with the charged surface, form an interfacial domain termed the electrical double layer (EDL), which results from a complex interplay of electrostatic and van der Waals forces, lattice strain, ion hydration and hydrogen bonding, and specific binding of solute ions with the surface and one another. The experimental studies in this project are intended to quantify every aspect of the EDL for the selected solid phases and aqueous species, including degree of surface protonation and the total concentrations of counterions within the EDL, mineral surface structure, detailed geometrical information on ions and water molecules, and local bonding environments using non-perturbing, in situ measurements wherever possible.  These are coupled with advanced “classical” multisite models, ab initio calculations and molecular dynamics simulations.  The experimental and modeling studies are divided into five parts:  

1) Surface pH titrations and ion adsorption studies to 300(C using oxide powder suspensions, coupled with temperature-dependent multisite complexation modeling;

2) Electrokinetic measurements on oxide powders to 250(C;

3) X-ray standing wave, absorption and reflection studies on single crystal surfaces into the hydrothermal regime;

4) Ab initio and molecular mechanics calculations, and large-scale molecular dynamics simulations of the EDL structure, integrating the results of all experimental approaches;

5) Developmental studies of the use of neutron scattering and reflection for probing the EDL structure using existing neutron sources and detectors, and advanced facilities under construction.

Integration of a variety of macroscopic and microscopic experimental results with molecular theory and simulation will permit scaling and transfer to a wide range of disciplines and applications, and will yield new conceptual models and fundamental understanding of interfacial phenomena.

