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ABSTRACT

Determination of the oxidation state and coordination geometry of iron in Fe-bearing minerals
expands our knowledge obtained by standard mineralogical characterization. It provides information
that is crucial in assessing the potential of minerals to interact with their surrounding environment
and to generate reactive oxygen species, which can disrupt the normal function of living organisms.
Aberration-corrected scanning transmission electron microscopy dual-electron energy-loss spectroscopy
(acSTEM Dual-EELS) has only rarely been applied in environmental and medical mineralogy, but it
can yield data that are essential for the description of near-surface and surface mechanisms involved
in many environmental and health-related processes. In this study, we have applied the energy loss
near-edge structure (ELNES) and L, ; white-line intensity-ratio methods using both the universal curve
and progressively larger integrating windows to verify their effectiveness in satisfactorily describing
the valence state of iron at amosite grain boundaries, and, at the same time, to estimate thickness in
the same region of interest. The average valence state obtained from acSTEM Dual-EELS and from
a simplified geometrical model were in good agreement, and within the range defined by the bulk
and the measured surface-valence states. In the specific case presented here, the use of the universal
curve was most suitable in defining the valence state of iron at amosite grain boundaries. The study of
ELNES revealed an excellent correspondence with the valence state determined by the L, ; white-line
intensity-ratio method through the use of the universal curve, and it seems that the spectra carry some
information regarding the coordination geometry of Fe. The combination of visual examination, recon-
struction of the grain boundaries through a simple geometrical model, and Dual-EELS investigation
is a powerful tool for characterizing the grain boundaries of hazardous minerals and foreseeing their
potential activity in an organism, with the possibility to describe toxic mechanisms in a stepwise fashion.
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