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“Computational Design of New Materials for Energy
Efficient Separations”
Abstract

It has been estimated that chemical separation technologies such as distillation account for 10-15% of the world’s
energy consumption. As a consequence, the National Research Council has called for the development of alternatives to
distillation to meet the Energy Intensity of Chemical Processing Grand Challenge. There are two approaches that can be
taken. First, chemical transformations can be made more selective, so that little to no downstream separation is required.
Second, separations can be affected by materials instead of heat. Examples include membranes, sorbents, or solvents.
To develop new materials capable of achieving these objectives, a detailed understanding of the thermodynamics,
reactivity and transport properties of the molecules to be separated and the catalysts and mass separating agents used is
needed.
In this talk I will focus on how we are developing and applying advanced molecular simulation techniques to study
how new membranes and solvents can be developed to enable more energy efficient separations. In the first part of the
talk, I will focus on ionic liquids designed to preferentially separate CO2 from air, methane and hydrogen.
Permeabilities / separation factors are computed for ionic liquids confined in membranes and in nanoporous media. The
solubility of chemically reacting ionic liquids is computed directly using a combination of quantum and classical
modeling approaches. A new reactive Monte Carlo (RxMC) method is described that enables the direct calculation of
the reactive absorption isotherm as a function of pressure. The underlying structure of these reactive ionic liquids is
described via simulations; quantitative agreement with experimental x-ray scattering structure functions is obtained, but
the simulations also provide three-dimensional information on the organization in the liquid that is not available from
the experiments. In the second part of the talk, I show how the RxMC method can be used to predict how the condensed
phase or local environment shifts the equilibrium distribution of products for other reactions. Extreme nanoconfinement
(such as that present in zeolites or other porous catalysts) can shift the equilibrium distribution of reacting xylene
isomers to the desired products.
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