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Complex 3D plasmonic nanostructures represent a unique tool for accessing the physical, structural and
chemical properties of matter in a multidisciplinary context, ranging from physics to chemistry and from biology
to medicine. In particular, improving the sensitivity of infrared spectroscopy is a longstanding challenge that
promises to have a great impact on fundamental studies involving the interaction of such long wavelengths with
nanostructured materials (e.g. quantum dots, nanorods, nanotubes etc.) as well as biomolecules at extremely low
concentrations [1-3].

Here we would like to introduce novel lithographic methods, able to produce multipurpose “free-standing”
nanostructures/nanocavities, made of noble metals and endowed with various shapes and spatial arrangements
(see Figure 1). The proposed architectures can offer new and unconventional properties such as the realization of
high electric field confinement and enhancement, broad-band optical absorption, strong radial scattering and
well defined radiation pattern [4-6]. Moreover, the unique properties of these plasmonic nanostructures can be
exploited to improve the vibrational signal enhancement in antenna-assisted surface-enhanced infrared
spectroscopy (SEIRS and NETS) induced by electric hot-spot generation [6-8].

Concurrently, the optical manipulation of magnetic properties in nanostructured materials [9-10] is a very
promising research field with several implications in data storage and ultrasensitive detection. Recently, in the
field of metamaterials, split-ring architectures have been proposed for the excitation of spectrally narrow
magnetic resonances in the THz range [11]. However, the geometry of these devices strongly limits the field
localization to the size of the ring structure. Within this context, we developed and experimentally demonstrated
a plasmonic nanoarchitecture able to sustain a magnetic coil-type plasmonic mode induced in Fano resonance
condition. The proposed configuration compensates the ohmic losses with the intense displacement current
triggered inside small interparticle gaps. Furthermore, the plasmonic nature of these resonances induces the sub-
wavelength concentration/generation of magnetic hot-spots at optical frequencies [12-13].

Figure 1. Representative SEM micrographs of 3D plasmonic nanodevices and planar Fano coil-type resonators.
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