
Dependence of the Non-Linear Electric Permittivity on 
System Size and Temperature 

Motivation:  
Similarly to the macro-world, also in the nano-world the 
interaction between electromagnetic fields and metallic 
nanostructures can induce dissipation, namely heating 
processes. Therefore, the capability to predict the 
temperature reached by a system can be crucial when 
dealing with electronic, medical, biological or chemical 
applications [1,2].  
Here, we present a temperature dependent dispersive 
model for the dielectric function of a metallic medium. 
Since temperature, in turn, depends on the intensity of the 
electromagnetic source and on the optical response of the 
medium itself, the model expresses non-linearity features.  
The model, which does not require any fitting parameter, 
can be utilized whenever the impact of temperature on the 
optical response of a system needs to be clarified and/ or 
when non-linearities might play a major role. 
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Conclusion: we have introduced a model for the optical and 

thermal description of plasmonic systems. The result was 
obtained through the deep analysis of the macroscopic media 
parameters, such as complex conductivity and dielectric 
function. In particular, the damping factor was modified in order 
to take into account the electron-electron, the electron-surface 
and the electron-phonon scattering rates. The latter, was in fact 
found responsible for any temperature dependence of the 
analyzed plasmonic systems. 
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1. Power dependence 
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Gold nano-sphere (R=10nm) 
embedded in silica 

• Far from resonance: overlap 
 
• At resonance: different 
behaviours 
 
 
 
 

  Temperature effects rise! 
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Gold is considered 

Gold nano-sphere R=10nm 

The modelled dielectric function: 


