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Optical excitation of small plasmonic nanoparticle 
aggregates generates highly enhanced and localized 
electromagnetic fields that generally reside within the 
gap regions of the plasmonic nanoparticle aggregates. 
Local field strength at the nanoparticle junction hot-sites 
can be orders of magnitude higher than the incident 
electric field. [1] Field enhancement at the junction hot-
sites has been utilized in many analytical and 
nanophotonics applications such as sensing and a 
variety of surface enhanced spectroscoies with the best 
known example being the surface enhanced Raman 
scattering (SERS) phenomenon.    
Experimental measurements and theoretical calculations 
have shown the intricate dependency of LSPR on the 
geometrical arrangement of nanoparticle structures but 
few have the relative electric field strength at the 
various electromagnetic hot-sites. In this paper we 
investigate electric field at the junction hot sites in 
nanoparticle aggregates both by spectroscopic 
measurement and electromagnetic calculations. It is 
well recognized that the junction hot-sites in NP 
aggregates are of paramount importance in inducing 
strong SERS activity. This makes SERS an ideal 
technique for probing these junction hot-sites. Since the 
enhancement response in SERS is proportional to the 
fourth power of the local electric field, the molecules 
situated at the hot-sites will easily dominate the Raman 
spectrum of an adsorbate on NP aggregate. Observed 
variability of SERS strength between NP aggregates has 
often been portrayed as evidence of the irreproducibility 
of SERS on a NP substrate. However, this variation in 
SERS strength is actually a manifestation of the 
variability of electromagnetic field strength at the hot-
sites in the various nanoaggregates assemblies as shown 
in Fig.1. We have recently reported an experimental 
quantification of this SERS variability by correlating 
measured SERS signals of specific small NP aggregates 
with their geometric arrangements.[2-3] Experimental 
measurements of LSPR and SERS were obtained 
through dark-field microscopy and Raman spectroscopy 
while structural geometry of the NP aggregates was 
elucidated with scanning electron microscopy (SEM). 
We also carried out comprehensive electromagnetic 
calculations using the discrete dipole approximation to 
provide insights and guide our interpretations of 
experimental results. 
 
 

 
 

Fig. 1 (a). Calculated electric field strength (normalized 
to incident field E0) at the various junction hot-sites for 
3 to 6 nanocluster aggregates. (b). Calculated extinction 
spectra of the corresponding nanoclusters in a. (c) and 
(d). depict the field strength of the maximum and 
minimum junction hot-sites respectively.  
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