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Plasmonic alloy nanoparticles have been widely studied due to their unique as well as useful
optical properties based on localized surface plasmon resonance (LSPR). The resonance
wavelength of LSPR is known to depend on the size and shape of the nanoparticle, and also on the
dielectric functions of the metal element in the nanoparticles. While the resonance can be
continuously changed by the geometry, the dielectric function is fixed to the material, and the
resonance wavelength cannot be freely tuned by the material.

In this study, we purposed to control the optical properties of nanoparticles by tuning the
dielectric function through alloying of the multiple metal elements, such as Au, Ag, and Cu. For
the fabrication, we employed a dewetting method, which is suitable for the production of
thermodynamically stable nanoparticles with well-controlled chemical composition. To analyze the
fabricated nanoparticles, we employed transmission electron microscopy (TEM) with electron
energy loss spectroscopy (EELS) to visualize the LSPR.

We fabricated nanoparticles of pure Ag, Ag-Cu binary alloy, and Au-Ag-Cu ternary alloy and
investigated their optical properties. The fabricated alloy nanoparticles had various structures
depending on the alloy compositions and exhibited optical properties related to their structures. In
the Ag-Cu system and for the certain compositions in Au-Ag-Cu system, phase-separated
nanoparticles were found and revealed optical properties which could not be obtained with
single-phase particles. Furthermore, the interface between the separated phases in the
nanoparticle were straight or complex, resulting in Janus-type or marbled nanoparticles,
depending on the heat treatment condition and their elemental composition. For the Au-Ag-Cu
nanoparticles, localized ordered structures of a few atomic layers were found at grain boundaries
in the phase-separated composition. For the solid solution system, single Ag atom segregations
were found in the incoherent grain boundaries.

In conclusion, we have shown through TEM analysis that the microstructures as well as the
optical properties of the alloy nanoparticles are controllable by composition and thermal
treatment in the dewetting method, meaning that the nanoparticle structure and the optical

function are engineerable while tuning the macroscopic dielectric functions.
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