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Abstract

Leadership class computing has made it possible to advance our understanding of solution phase chemistry through simulations that approach realistic approximations to the complex compositional and phase space encountered within a variety of important industrial processes. From catalysis to separations, the organization, dynamics, and physical properties of complex multi-component solutions often sets the stage for a successful chemical process. Herein we discuss an alternative means by which to understand the physicochemical properties of complex, non-ideal solutions, referred to as Intermolecular Network Theory (INT). This approach, when coupled with massively parallelized electronic structure and classical molecular dynamics methods, has been employed to study three important chemical processes using the OLCF: 1) liquid:liquid separations of complex mixtures of metal ions relevant to the nuclear fuel cycle and environmental remediation at waste storage sites, 2) separations enabled through selective adsorption by nanoporous materials, and 3) quantum nuclear effects in solutions and – eventually – in solution excited states
