Circular magnetoplasmonic modes in noble metal and hybrid nanoparticles
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The controlled and reversible modification of the optical response of plasmonic systems, -active
plasmonics- is a highly prized goal in today's research in materials science and nano-optics, due to an
attractive potential for high-tech applications, from ultrasensitive refractometric sensing, to switchable
plasmonic optical circuits. Magnetoplasmonics is the branch of active plasmonics that uses a magnetic
field to influence surface plasmon resonance. [1] Currently, great efforts are being devoted to fully
understanding the nature and effect of such interaction, with the ultimate goal of increasing its
magnitude through rational design.

I will show how ordinary gold nanoparticles' optical properties are modified by the magnetic field and
describe the origin of such magnetoplasmonic behavior. [2] Magneto-optical spectroscopy proved an
invaluable tool to study this effect, and to give an experimental comparison to theoretical model: using a
circular base to describe plasmons in fact, it is possible to relate the experimental behavior to a simple
and elegant quantitative model.

However, the effect of the magnetic field on non-magnetic plasmonic materials —such as gold or silver—
is rather small: building on our understanding of the phenomenon, in order to try and boost this effect
we have been working on colloidal hybrid nano-architectures in which a magnetic moiety flanks the
plasmonic one. Using a combined approach with the aid of magnetometry and magneto-optics at high
magnetic field, we investigated several routes to design magnetic-plasmonic hybrid nanoparticles
containing gold and iron oxides with different geometries, exhibiting different levels of conjugation, thus
a variable extent of interaction of the magnetic and plasmonic functions. We found that the chemical
composition of the magnetic part critically affects the synergy of the two moieties; this finding paves the
way to a largely rational design of material candidates for magnetoplasmonics.
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