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Surface Enhance Raman Spectroscopy (SERS) strongly increases the Raman Signal from 
molecules by exploiting the strong plasmonic enhancement of optical fields, which originates 
from the oscillations of the free electrons of metallic particles. The enhancement, that can 
reach 8-12 orders of magnitude and is thus large enough to observe SERS from single 
molecules[1], is typically explained by using a simple semi-classical model that only considers 
the excitation and emission from point-like molecules excited by smooth plasmonic particles.  

 We discuss in this talk how, as more sophisticated and better controlled plasmonic 
systems are fabricated, the presence of well-controlled, atomically-sharp protusions can have 

profound effects on the Raman signal that are not 
revealed by  simpler former descriptions. Notably, 
an atomistic lighting-rod effect induced at sharp 
atom-sized features at the metal surfaces 
concentrate the plasmon into subnanometer 
regions[2,3], making sub-molecular Raman 
resolution possible[4]. Furthermore, the very strong 
gradient fields at such hot-spots allow to selectively 
excite Raman-dark vibrational modes , and thus to 
drive efficiently particular vibrations.  

Additional unexpected effects, such as non-
linearities of the Raman signal and interesting 

photon correlations can be revealed by describing 
SERS as a molecular optomechanical process[5,6], 
characterized by extremely large coupling strengths 
due to the strongly confined subnanometric fields. 

Beyond the interest for optimization of Raman experiments, our results indicate that SERS 
systems are a novel alternative to explore uncommon  quantum optomechanical 
configurations. 

 Last, we discuss how by considering all these effects , (atomistic field concentration, 
active modification of the selection rules and optomechanical description) allows to interpret 
drastic changes in the experimental Raman spectra of nanocavities and relate them to the 
presence of  atomic protusions formed by light-activated atom wandering[7]. This 
configuration reveals a remarkable degree of control of the pumping of vibrational modes of 
single molecules,  thus driving SERS experiments to the atomic scale and opening a plethora of 
new possibilities for new  applications in molecular microscopy and spectroscopy. 
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Vibrations of single molecules can be 
selectively excited at subnanometer 

plasmonic hot-spots induced by atomistic 
protuberations 


