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The drive to characterize chemistry, structure and bonding with high spatial resolution has driven the
exciting developments in electron energy-loss spectroscopy (EELS) in the scanning transmission
electron microscope (STEM) over the last two decades. This has been achieved with the development
of high-performance electron monochromators, improved spectrometer electron optics and introduction
of new detectors with a high detector quantum efficiency (DQE). [1] For example, using a STEM
equipped with a thermally assisted field emission source enables EELS to be performed with an energy
resolution (AE) in the range 0.5-0.8eV as measured by the full width half maximum (FWHM) of the
zero-loss peak in the spectrum. Introduction of a commercially available monochromated instrument at
the turn of the century enabled AE<0.2eV. [2]. While subsequent improvements in electronics and
electron optics delivered incremental advances, it was the introduction of the a-design that resulted in
step change in performance. [3] This groundbreaking design initially delivered AE in 10-20meV range,
but improvements in electron optics and detectors have enabled 4-6 meV to achieved on a number of
instruments around the world. [1] This level of performance is opening up new opportunities for the
study of both electronic and vibrational excitations using high resolution EELS in the scanning
transmission electron microscope (STEM). One of the most exciting, and challenging, research
opportunities for high resolution STEM-EELS is to probe the spatial distribution of functional groups in
organic/ biological systems. In this contribution, I will discuss recent results in high resolution STEM-
EELS from the literature as well as from my own research activities, focusing on how these capabilities
have the potential to provide new insights in the study of organic, hybrid (organic-inorganic) and
biological materials [4].
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