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Minerals and water are Nature’s primary materials.  While the properties and structures of water are still being unraveled, understanding the inherent complexity of the mineral-water interface remains a substantial challenge. The mineral-water interface is arguable one of the most important interfacial systems due to its deep and pervasive impact upon nature (including both abiotic and biotic systems) and technology, and is the principal site of low-temperature geochemical processes at and near Earth’s surface.  Chemical reactions occurring at the mineral-water interface are controlled by a ~nm-thick interfacial layer whose properties may deviate from the respective substrate and fluid components but whose molecular-scale structure is poorly understood.  Correlations between macroscopic phenomena and specific molecular-scale processes -- a important goal in interfacial geochemistry -- consequently often remain speculative.  

I will discuss our recent application of X-ray scattering techniques (e.g., crystal truncation rod scattering and X-ray standing waves) that incorporate various elemental, chemical and structural sensitivities with surface specificity and Å-scale resolution to reveal new insights into the structures and processes of the mineral-water interface.  Examples will include: the structure and ordering of water immediately adjacent to mineral-water interfaces and its sensitivity to the mineral surface structure and chemistry; direct mapping of ion adsorption sites with ‘X-ray standing wave imaging’ and direct comparison with ab-initio calculations and large-scale simulations; and the use of resonant-anomalous X-ray reflectivity to probe elemental- and chemical-sensitive structures of weakly adsorbed ions.  
