Probing nanographene phonons with electron energy-loss spectroscopy
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Abstract

Electron energy-loss spectroscopy (EELS) performed on transmission electron microscopes (TEMs) is widely used
for the characterization of optical excitations with atomic resolution [1,2]. The energy of the electrons ~100 keV's
makes it difficult to resolve very low frequency excitations, such as phonons. High-resolution EELS (HREELS) offers
an alternative that is capable of resolving molecular adsorption [3] and surface vibrations [4] using less energetic
electrons, although this technique lacks spatial resolution below a few nanometers. Recent developments in TEMs
have pushed the energy resolution down to ~10 meV [5], thus enabling the study of optical phonons with atomic
resolution.

Stimulated by these experimental advances, we theoretically study the high frequency vibrational modes of
nanographene structures and extended graphene layers. We discuss both loss spectra and spatially resolved maps
for different structures and compare them with the local density of acoustic (or vibrational) states (LDAS), showing
how optical phonons can be sampled and studied by means of the new electron microscopes (see Fig. 1). We
further discuss the origin of the different features in the spectra, as originating from specific vibrational modes of the
structures. The limit of extended graphene is smoothly recovered for large structures. We predict large inelastic
signal intensities due to the divergent character of the electron-sample interaction at low frequencies, thus
anticipating that phonon losses will produce observable signals down to samples of molecular size.
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Fig. 1. EELS spectrum (solid curve) and map (top inset) for a 100 keV electron passing near a triphenylene
molecule. The electron arrow in the inset shows the impact parameter considered in the spectrum. The color plot
corresponds to the energy loss of the 0.19 eV phonon indicated by an arrow in the spectrum. The spectrum has
been broadened with a zero-loss peak (ZLP) full width at half maximum of 10 meV.
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