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Excitons and plasmons in nanocrystals strongly interact via Coulomb and 
electromagnetic fields and this interaction leads to the characteristic interference effects 
observed in optical spectra [1-6]. An interaction between a discrete state of exciton and a 
continuum of plasmonic states gives rise to Fano-like asymmetric resonances and anti-
resonances [2,4]. These interference effects can strongly enhance visibility of relatively 
weak exciton signals and can be used for spectroscopy of single nanoparticles and 
molecules.  If a system includes chiral molecules, the exciton-plasmon interaction is able 
to alter and enhance circular dichroism (CD) of chiral components [5].  Strong CD 
signals also appear in purely plasmonic systems with a chiral geometry and a strong 
particle-particle interaction [6].  Along with the near-field interactions, we investigate the 
effect of plasmon-assisted carrier injection from metal nanocrystals to a semiconductor 
contact or to adsorbed molecules [7]. We treat the problem of optically-driven metal 
nanocrystal using the quantum-mechanical approach based on the equation of motion of 
the density matrix.  The energy distribution of optically-excited plasmonic carriers is very 
different in metal nanocrystals with large and small sizes. In large nanocrystals, most 
excited carriers have very small energies and the electron distribution resembles the case 
of a plasmon wave in bulk. For gold nanocrystal with small sizes (less than 20nm), the 
energy distribution of hot carriers has a large number of carriers with high energy. 
Therefore, smaller nanocrystals are preferable for injection of plasmonic carriers into 
semiconductors or into molecules on the surface. The physical reason for the above 
behavior is the non-conservation of momentum in a nanocrystal.  The geometry, type of 
metal, and orientation of the external electric field are important to obtain high quantum 
efficiencies of generation and injection of plasmonic electrons [7].  The results 
considered here can be used to design a variety of plasmonic and optical nanostructures 
for sensors, photocatalysis, and solar-energy applications.  
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