Unveiling atomic-scale features in plasmonic nanoparticles using light
and electron beams
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Plasmonic nanoparticles (NPs) are known to produce Ilocalization and enhancement of
electromagnetic fields, providing nanometer- scale effective mode volumes. Atomistic quantum
calculations based on Time-Dependent Density Functional Theory (TDDFT) reveal the effect of
subnanometric localization of optical fields due to the presence of atomic-scale features at the surface
of metallic NPs and interparticle gaps [1]. Using classical electrodynamics (Boundary Element
Method, BEM), we explain this effect as a non-resonant lightning rod effect at the atomic scale that
produces an extra enhancement over that of the plasmonic background [2]. We have further studied
this effect for plasmons excited with fast electrons and calculated the electron energy loss spectra
(EELS) of electron beams passing nearby and through the same atomistic structures [3]. The results
reveal great influence of the atomic-scale features on the localized surface plasmons (LSPs), and the
failure of the classical description to address the confined bulk plasmons (CBPs) observed in the
TDDFT calculations (Fig. 1). The latter are similar to CBPs observed within the spherical
hydrodynamic model [4]. These findings bear out the importance of a proper consideration of the
atomic-scale shape of nanoparticles in EEL spectroscopy.
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Figure 2: a) Electron energy loss spectra for the Na icosahedral cluster calculated using TDDFT for electron

trajectories penetrating the NP through different atomic-scale features. b) Charge density isosurfaces
corresponding to the main excited plasmon modes for each trajectory.
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