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Confinement of solvents and solutes within nanoporous media frequently leads to the emergence of unique mass transport behaviors of relevance to chemical catalysis and separations. We have been exploring the diffusion of fluorescent dyes dissolved in binary alcohol/water mixtures confined within 5, 10, and 20 nm diameter commercial anodic alumina nanopores.  Confocal fluorescence correlation spectroscopy (FCS) studies of Rhodamine B diffusion have been performed to probe the fastest dye diffusion dynamics in bulk and nanoconfined mixtures. Unique composition- and pores-size-dependent trends are observed within the nanopores, reflecting the participation of long-range interactions in governing fast (i.e. near-bulk-like) diffusion while solvation-related dye-surface interactions and pore surface chemistry control the dynamics of distinct slow dye diffusion mechanisms.  Widefield fluorescence microscopy and single-molecule tracking methods better reveal the origins of slow dye diffusion on long time scales, suggesting the latter may actually involve three distinct mechanisms classified as “hopping”, “crawling”, and “wiggling”.  In our latest work, we have begun studying diffusion by Rhodamine B in alumina nanopores filled by partially-miscible n-butanol/water mixtures as the miscibility boundary is approached.  Confocal Raman spectra reveal mixture composition within the pores closely follows that of the bulk solution, up to the miscibility boundary, but that pore surface chemistry is also critically important and highly dependent on pore size and mixture composition.  Confocal FCS studies reveal similar diffusion dynamics for Rhodamine B in both ethanol/ and n-butanol/water mixtures, and demonstrate that pore surface chemistry plays a significant role in observed pore-size-dependent variations in the rate of slow dye diffusion in both solvent mixtures.  


 



