Electron Energy-loss Spectroscopy (EELS)
Electron energy-loss spectroscopy (EELS) is the analysis of the energy distribution of the electron beam after interacting with and traversing a thin (typically < 100 nm) specimen. The transmitted electrons may have lost no energy (elastic scattering) or experienced energy loss due to inelastic scattering. An EEL spectrum represents the scattering intensity as a function of the energy-loss of the transmitted electron beam. Several interaction processes can cause the incident electron beam to lose energy and the energy to be transferred to the electrons or atoms in the specimen. There are four types of scattering mechanisms by which electrons can lose energy. These are: phonon scattering; plasmon scattering; single electron scattering; and radiation losses. Studying the energy-loss experienced by the electrons provides a wealth of important information about the chemistry and electronic structure of specimens, revealing information such as the chemical composition, local bonding, valence state, nearest-neighbour atomic structure, bandgap, complex permittivity function and specimen thickness. 
Fig. 1 is an example of an EEL spectrum. The most intense feature in an EEL spectrum is the zero-loss peak (ZLP), arising from the elastically scattered electrons. Although elastic scattering is defined as interactions in which no exchange of energy between the electron beam and the specimen occurs, in practice interactions by which the beam suffers an energy-loss below the energy resolution of the TEM instrument are also included in the ZLP. 
[image: ]
Figure 1: (a) A schematic of an EELS spectrometer in a TEM. (b) a schematic showing the elastic and inelastic scattering events arising from the interaction of an electron beam with a thin specimen. (c) Typical low-loss and core-loss EEL spectra. The figure is adapted from https://eels.info/about/overview
[bookmark: _GoBack]The fast electron beam can lose energy by exciting electrons in the outer or inner atomic shells of atoms to higher unoccupied energy states. Outer-shell single electron excitations can be seen as peaks at energies up to ~ 50 eV in the energy-loss spectrum. At higher energies the scattering intensity decreases according to a high power of the energy-loss and inner-shell electron excitations are seen as edges superimposed on this smoothly decreasing background (marked as ionisation edge in Fig. 1). In addition, the energy-loss spectrum can contain peaks corresponding to plasmon excitations. Plasmons can be excited within the specimen, i.e. a bulk plasmon, or at an interface, i.e. an interface plasmon. Plasmons generally occur in the range 5 – 30 eV, at energies higher than the band gap of the material. The first 50 eV of an energy-loss spectrum is usually referred to as the low-loss region. Higher energy-loss regions containing inner-shell ionisation edges are usually referred to as the core-loss region.  
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