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Summary: Increased efficiency in the utilization of our energy resources in a carbon-constrained world will require efficient and ef
fective routes for energy conversion, separations, and carbon capture. We are currently exploring novel trapping mechanisms for
gas storage and separations, using a collaborative combination of experiment and theory. In one study, we are looking at how
carbon materials may be engineered to trap molecular hydrogen in tightly knit micropores, through catalyst addition (i.e. hydrogen
spillover), penetration under extreme pressures, and polymerization of polyaromatic hydrocarbons in the presence of molecular H2.
In the former, we are utilizing high-pressure in situ characterization techniques to identify the mechanism by which reversible
hydrogenation of the carbon substrate is possible. In the two latter cases, we believe hydrogen loading under extreme conditions
may lead to diffusion-limited hydrogen evolution from the materials, after simultaneous hydrogenation and carbon restructuring. In
a second study, we are exploring the kinetics of the novel ‘gate-opening’ (GO) phenomenon that has emerged for metal-Organic
Frameworks (MOFs) materials. GO is typically characterized by an unusual S-shaped isotherm that is thought to be due to activation
of a thermodynamic switch at a particular temperature and pressure that opens the structure, allowing for a significant increase in
porosity. The GO phenomenon remains poorly understood and relatively unexplored in terms of classic and emerging gas
separations. In our laboratory, we have demonstrated that the gas-surface interaction dictates the rate of diffusion into the
material, and this can be harnessed for kinetic separations. The two studies taken as a whole describe the diffusion-limited evolution
of gases, representing a shift from ‘traditional’ solid state adsorbents with thermodynamic limitations to a regime that is limited by
chemical kinetics. In this talk, I will discuss the original ‘inspiration’ behind our work in trapping, our recent use of in situ
spectroscopic techniques to identify active adsorption sites, the kinetics of gas trapping, and then propose a means by which to
utilize these phenomenon in gas storage and separations.
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