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Nanoporous solids, including microporous, mesoporous and hierarchically structured porous materials,
are of scientific and technological interest because of their high surface-to-volume ratio and ability to
impose shape- and size-selectivity on molecules diffusing through them. Large efforts have been put
into the mechanistic understanding of diffusion—reaction relationships of nanoporous solids, such as
zeolites, with the ultimate goal of developing materials with improved separation, adsorption, and
catalytic performances. Single-molecule fluorescence microscopy can be used to explore the pore
space via the trajectories of individual molecules. This ensemble-free perspective directly reveals
heterogeneities in diffusion and diffusion-related reactivity of individual molecules, which would have
been obscured in bulk measurements. In this lecture, I will discuss the latest developments in the
spatial and temporal characterization of nanoporous solids using single-molecule localization
microscopy. This will be done by illustrating various aspects of this approach and showcase, using
examples from our own research work, how it can be used to follow molecular diffusion and reaction
behaviors in nanoporous solids.
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