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Abstract 
Heterogenseous distributions of ions and water at mineral interfaces leads to a range of phenomena with widespread 
consequences for natural and synthetic processes, including sequestration of solution species, heterogeneous nucleation, and 
growth of nanostructured materials via colloidal assembly. Using a combination of in situ imaging techniques and computational 
methods, we are investigating these phenomena and their relationship to interfacial strcuture for a number of systems including 
phyllosilicates, aluminum hydroxides, and iron and zinc oxides. For example, using high speed, atomically resolved AFM to 
directly observe gibbsite formation from AlCl3 solutions on muscovite mica, we quantify the ion adsorption, dynamics of sub-
critical clusters and the transition to stable gibbsite films. We compare these results to the predictions of classical nucleation 
theory and use DFT simulations and triple layer models to relate the behavior to the underlying ion distributions and surface 
interactions. In the iron oxide system, we combine high temperature in situ TEM with classical DFT simulations to investigate 
the impact of organics on the  transformation of ferrihydrite to hematite (Hm). We show that addition of oxalate induces 
interfacial gradients in ion concentration that cause nucleation to be restricted to an interfacial region about 1 nm away from 
any existing hematite particle, to which they then immediately attach. This process is repeated at a regular orientation-specific 
rates, leading to the formation of complex mesocrystals that are self-similar at all times. Finally, we show how we can directly 
image solution structure with sub-nm lateral and vertical resolution using AFM-based fast force mapping applied to mica- and 
boehmite-water interfaces. We separate the measured force gradients into long range dispersion interactions and short range 
solvation forces and compare the results to predictions from MD simulations to reveal how water is distributed amongst the 
various atomic sites on the surface. Taken together, these results begin to build a coherent picture of mineral-water interfacial 
structure and its control on ion adsorption, interface-driven nucleation and interpartcle forces.  
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