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Most properties of plasmonic nanostructures follow from the tunability of their optical response
as a function of their shape and dimensions [1-3]. The accurate description of the optical properties
of the nanoparticles is crucial for a theoretical understanding of the physical phenomena occurring
at the plasmon resonance frequency [4]. In this context, we have recently presented an atomistic,
yet classical, approach to predict the optical properties of nanostructures of complex shapes. The
approach, which is called wFluctuating Charges Fluctuating Dipole(wFQFu), is based on the Drude
model for conduction in metals, classical electrostatics, quantum tunneling [5] and introduce an
atomic polarizability to model interband effects [6]. The model is able to reproduce all typical
“quantum” size effects arising in noble metal nanoparticles, such as the sign and the magnitude of
the plasmon shift, the progressive loss of the plasmon resonance for gold, the atomistically detailed
features in the induced electron density, and the non-local effects in the nanoparticle response.
Moreover, the approach has shown a qualitative and quantitative agreement with full ab initio
calculations [5]. The classical nature of wFQFp allows for the treatment of systems composed by
thousands of atoms [6-7]. However, in order to be applied to even more realistic cases (with size of
tens/hundreds nm), its computational cost needs to be further decreased. In this contribution, we
present a step forward in this direction by coupling wFQFp with the well-known Boundary Element
Method (BEM) [8-10], which models the nanostructure as a homogenous continuum through its
dielectric function. In the resulting wFQFu/BEM approach [11], the core of the nanoparticle is
described at the BEM level, whereas the surface retains its atomistic nature. In this way, finite size
and edge effects are preserved in a simple and affordable computational way. Here, the theoretical
method is presented and applied to selected test cases, demonstrating the reliability of the approach.
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