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Abstract:

Porous materials are used in various ways throughout modern technology. Traditional applications include catalysis and adsorption separations, while more recent applications include membrane separations and low-k dielectrics for microelectronics. The development of new porous materials with controlled pore structure that can be tailored for specific applications is a very active area of materials research. In several applications, such as adsorption, catalysis and membranes, the behavior of fluids confined in the porous material is of central importance. Indeed one of the primary tools for porous material characterization, nitrogen adsorption, essentially measures the density of nitrogen under confinement relative to that of the bulk state. When the pore size is in the mesopore range (roughly 2 to 50 nanometers in diameter) confined fluids can exhibit behavior reminiscent of phase transitions in the bulk (e.g. vapor to liquid condensation) but modified by confinement. In addition hysteresis can occur between adsorption and desorption, an indication of failure by the system to reach thermodynamic equilibrium during condensation and/or evaporation processes. Understanding these phenomena requires consideration from both thermodynamic and dynamic perspectives.

Recent years have seen dramatic progress in the modeling the thermodynamics of adsorption and desorption for fluids in mesoporous materials based on density functional theories. In this paper we discuss an approach to modeling the relaxation dynamics that is also consistent with the thermodynamic picture from density functional theory. We discuss the application of this dynamical theory to fluids in simple pore geometries and pore networks. In addition to providing quantitative information about the adsorption/desorption dynamics, the theory also yields visualizations of condensation and evaporation processes associated with the filling and emptying of porous materials by fluids.
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