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Abstract:

Molecular engineering for NLO has experienced a first revival from the early nineties to this day,
when its scope was enlarged from a more restricted earlier blueprint of donor-acceptor dipolar
entities, to encompass the broader pool of multipolar molecules, with octupoles as a new tensor
symmetry guided template for quadratic effects (1,2). In the wake of the development of
nanotechnologies and nano-sciences, the field of nanoplasmonics appeared, more recently as a
further enlarged playground for molecular engineering, with the early proposition of octupolar
associations of nanoparticles showing the way towards up-scaled and enhanced nonlinear optical
entities, in both 2-D and 3-D arrangements (3). Over recent years, the concept of « meta-molecules
» has emerged, by way of associating « meta-atomic » building blocks in the form of either metallic
nano-cavities or nanoparticles down to a typical 200nm and less. This second revival has been
guided, like the previous one, by combining fundamental group symmetry and tensor arguments,
applied now in the different physical frame of plasmonics, entailing the additional challenge of non-
local interactions. The interplay between localized plasmons and propagative ones has lead to
interesting associations from nano-particles (4) and nano-cavities (5), onto meta-molecular
associations of these (6,7), all the way to meta-arrays (8). The implementation of chirality is further
leading to interesting possibilities towards high-density data encryption (9). Polarization resolved
nonlinear confocal microscopy stands-out in the toolbox that we have conceived and developed
over the last decade towards nonlinear optical characterization down to single nano-scale nonlinear
entities (10). We will review the different steps of this ongoing story, from theoretical, experimental
and technological viewpoints, covering basics all the way to current advances in our laboratory.
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