










sum is∼ 1/10of the hexamer dipole moment induced at the RM0, mainly contributed from the
weakly-radiative large trimer. We can say that the overall hexamer LSP behaves as abinarydark
plasmon mode since formed by a dark (large trimer) and a bright mode (small trimer) that have
collinearantiparallel dipole moments at SM, which decreases the overall dipole moment of the
system. Thus the hexamer mode is subradiant. In Fig. 2(d), we can observe the reversal of the
polarity of the trimer plasmons in coincidence with the spectral dip SM (blue line). The spectral
dip reflects the minimum of total dipole moment of the hexamer. Therefore, the opposite dipole
moments, induced on average on both trimer plasmons, produce a minimal charge density on
the NP surfaces forming the gapg34 (nearly neutral). This produces an apparent decoupling
between the trimers despite their close proximity (g34 ∼ 1 nm) responsible for the damping of
the field ing34. This mechanism is therefore at the origin of what we term dark hot-spot in the
interjunction between the trimers [Figs. 2(b) and 2(c)]. Although being a relative maximum of
near-field, it is surprisingly weak if compared to the bright hot-spots that the very same NPs on
the side ofg34 create with the next NPs of the chain.

At this stage, we explored the influence of the coupling also varying the size of the gap.
Fixed f = 1.56, we explored the rangeg34 = 0.6−2.0 nm leaving unchanged the other geo-
metric parameters of the chain. Please note that sincef = 1.56 all parameters rescale, so that
g34 = 0.936−3.12 nm in the rescaled structure. We find that the contrast reaches a maximum
for g34 = 0.8 nm (i.e. 1.248 nm after rescaling). In fact, as shown in Fig. 2(e), it is possible
to have a scattered field exactly equal to the background field,|Es/Eo| = 1. In this case, the
maximum contrast (near field enhancementg23 : g34) becomes equal to 228/1 (i.e., 2.7×109 in
the SERS enhancement factor). Since the field enhancement is now totally quenched, the dark
hot-spot more properly may be indicated as dark spot [Fig. 2(e)]. Changing the value ofg12

from 1.5 nm reduces the optimal quenching (we explored the range 1.2 - 1.7 nm).
In case of polarization perpendicular to the chain axis, shown in Figs. 2(f) and 2(g), the cou-

pling between adjacent NPs gives rise to multipolar splitting of the charge density close to the
gaps. As a consequence, also in this case, gap-hot spots can form. Therefore, it is not possible
to quench the near-field in the gaps simply rotating the incident polarization. These hot-spots
are characterized by two distinct, symmetric maxima in each gap. AGmax= 4.4×106 is found
at 365 nm (wavelength of maximum near-field) [Fig. 2(g)].

Conclusion

We have theoretically investigated the optical response of mismatched silver nanoparticles
forming a slowly scaling linear chain. Our study sheds light on novel phenomena that may arise
into plasmonic systems. Patterns of local field gain can be deterministically excited in the gaps
of the chain. The local field gain can be totally quenched in association to a dark chain plasmon
with internal antiparallel dipole components along the chain, despite the close proximity (∼ 1
nm) between NPs. In principle, this effect could be used to manipulate the emission properties
of quantum emitters in close proximity to the bright and dark gaps. Addressable spatial control
of field localization might be employed for novel nanophotonic devices. These results have
potential impact for plasmon-enhanced spectroscopies, nanosensing and plasmon-induced loss
or plasmonic-force devices.
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