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The influence of nanoparticle microstructure and morphology on chemical behavior can be explored by coupling atomic-scale characterization (e.g., high-resolution transmission electron microscopy (HRTEM)) with analytical chemical methods. Techniques like electron energy loss spectroscopy (EELS) in the transmission electron microscope can be used to probe chemical reactivity by characterizing materials after adsorption and dissolution by molecules with specific surface and redox activity. For example, vitamin B-12 analogues (which are soluble in aqueous solutions, have carboxylic acid functional groups, and have a Co center) can serve as probes for chemical reactivity because Co-EELS peaks are sharp and do not overlap with peaks common to environmental nanomaterials (e.g., O, S, Fe, Si, and Al). Such "EELS-loud" labels can be used to explore chemical reactivity at the sub-nanometer length-scale. More specifically, quantitative adsorption and qualitative microscopy results involving the adsorption of 5, 10, 15, 20 tetrakis-(4-carboxyphenyl)-porphyrin-Co-(II) on anatase nanoparticles will be presented. Furthermore, results involving the adsorption of fluorinated hydrocarbons, such as perfluorooctanyl sulfonate (PFOS), to synthetic and naturally occurring nanomaterials will be discussed. This method provides a novel and direct route to assessing reactive surface area, at the sub-nanometer length-scale, in the heterogeneous nanomaterials typically found in the environment
