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Abstract

In the last years fundamental advances have been achieved in the fields of molecular electronics [1]
and plasmonics [2]. In particular, the optical properties of plasmonic dimers with different shapes have
been deeply studied and explained using exact numerical calculations and hybridization models [3].
Recent experiments, such as the simultaneous measurements of electronic conduction and Raman
spectroscopy in molecular junctions [4], have suggested the possibility of sensing individual molecules,
connecting both fields.

Boosted by the recent interest in molecular switches [5], we have studied the optical response of a gold
nanoparticle (NP) dimer bridged by a molecular junction with an excitonic transition. The dielectric
response of the linker is characterised by a Drude-Lorentz model, which takes into account the
excitation energy E¢ of the bridging molecule. We connect the NPs with a cylindrical region of radius a
mimicking the molecules, and we observe the evolution of the optical properties of the whole system as
the bridge becomes wider. Electromagnetic fields and optical extinction cross-sections are obtained
from full electrodynamical calculations with a Boundary Element Method (BEM) [6].

Figure 1a) shows the evolution of the optical extinction cross-section of a gold NP dimer, with radius R =
50 nm and gap d = 1 nm between them, as the radius of the molecular junction is increased up to a = 25
nm. The excitation energy of the molecules is Eex = 1.51 eV (Ax = 820 nm). The Bonding Dimer
Plasmon (BDP) and the Bonding Quadrupolar Plasmon (BQP) resonances, arising respectively from the
hybridization of the dipolar and quadrupolar modes of the individual NPs, couple to excitons giving rise
to new coupled plasmon-exciton modes called plexcitons (see BDP* and BDP"in Fig. 1a)). Furthermore,
the Charge Transfer Plasmon (CTP) resonance, involving a net current through the junction, emerges
when the conductance G through the linker is above a threshold value Gerp [7,8].

The results have been generalized to consider molecular linkers presenting different resonances in the
range of E., = 0.62-3 eV (A; = 2000-413 nm). In particular, in Figure 1b) (above), where the radius of the
molecular linker is fixed to a = 3nm and its corresponding excitation energy is Ecx = 1.24 eV (Asx = 1000
nm), the splitting of the BDP plasmon resonance into BDP* and BDP' plexcitons is also observed.

Since the use of metallic NPs as sensors is one of the most promising applications of plasmonics, we
have explored the possibilities of the plexciton nanocavity for sensing. Figure 1b) shows the evolution of
the optical extinction cross-section of a NP dimer bridged by a molecular linker with radius a = 3nm and
excitation energy Eo, = 1.24 eV (Aex = 1000 nm), as the dielectric response of the embedding medium g4
is varied. The BDP" plexciton mode red-shifts and gains intensity as ¢4 is increased, indicating that it is
adequate for standard shift-based sensing. In contrast, the BDP" plexciton is hardly red-shifted while its
intensity is dramatically increased. This indicates that the sensitivity of the BDP™ plexciton might be
exploited in an alternative way to shift-based sensing, involving the variation of the intensity of the
spectral peaks.

We believe that the study of this kind of spectral changes in plasmonic nanocavities might lead to a
deeper knowledge on plasmonic structures for active devices.
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Figure 1. a) Optical extinction cross-section of a gold NP dimer bridged by molecular linkers with an
excitonic transition of energy E=1.51 eV (Aex = 821 nm), as a function of the radius a and conductance
G of the linker. b) Optical extinction cross-section of a dimer bridged by a molecular linker with radius a=

3nm and excitation energy Ec = 1.24 eV (Aex = 1000 nm) as the dielectric response of the embedding
medium g4 is varied.




