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Advances in electron microscopy have enabled the study of metal nanoparticles with subnanometer spatial
resolution, providing a powerful tool for characterizing plasmonic excitations [1]. Most theoretical works
describe the nanoparticles as spherical objects, although electron energy loss spectroscopy (EELS) which is
sensitive to the shape of the target, reveals the influence of atomic scale features and faceted boundaries in
the loss spectra.

We performed calculations of the EEL probability in isolated icosahedral clusters composed of 380 Na atoms
using both and an efficient atomistic ab-initio TDDFT code [2], and a continuous classical BEM [3] method
within a local dielectric framework. Three different shapes were considered for the latter (radius~2 nm),): a
sphere, a regular icosahedron, and a smoothed irregular icosahedron resembling the electron density
landscape obtained within atomistic TDDFT.

The results prove a high dependence of localized surface plasmons (LSPs) on the shape of the particles and
the particular trajectory of the electrons and the failure of the classical description to address the spectral
structure of confined bulk plasmons (CBPs). We use an additional spherical hydrodynamic model [4] to
analyze the CBP excitations obtained in the TDDFT calculations. These findings bear out the importance of a
proper consideration of the atomic-scale shape of nanoparticles in EEL spectroscopy, while highlighting the
strengths and limitations of classical approximations to nanophotonics.
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Figure 1. EEL spectra calculated for a) a Na380 cluster with TDDFT and b) an smoothed irregular icosahedron with BEM.



