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Colloidal metal and semiconductor nanoparticles have been intensively studied because of their many potential and current applications in a broad range of science and technology areas, particularly as sensor and imaging agents in biological systems. Many of the technology applications rely on efficient fluorescence from the nanoparticle upon light irradiation; others take advantage of the unique symmetry properties in nonlinear optical scattering. 
Recently, we have reported the detection of Second Harmonic Generation (SHG) from colloidal silver nanoparticles.  It was shown that the majority of the observed SHG signal can be assigned to originating from the surface layer of the nanoparticles since it can be quenched by addition in the silver colloid of thiol molecules that are known to form S-Ag bonds. Thiol-metal bonding causes a decrease of the hyper-polarizability of the metal surface. The decrease in the SH light caused by thiol addition provided convincing evidence that the majority of the SHG signal is from the surface atomic layer of the silver nanoparticle. With the surface origin of the SHG signal established, it was demonstrated that SHG can be used to probe thiol bonding mechanism and energetics at the silver nanoparticle surface. 
Surface bonding may also affect other optical properties of nanoparticles.  While SHG from the silver colloid decreases upon thiol addition, the luminescence induced by two-photon excitation, on the other hand, is greatly enhanced (by more than 2 orders of magnitude!). This luminescence enhancement observed during thiol modification of the surface can be quantitatively related to the thiol coverage and is due to the reduction of the surface defect sites: annealed by the formation of strong S-Ag bonds at the particle surface. The surface modified nanoparticles with high luminescence efficiency will much enhance their functions as sensor or imagining agents.  
The nonlinear optical phenomenon SHG, due to its unique symmetry properties, enables differentiation between molecules adsorbed at the cell membrane and the ones dissolved in the solution. Consequently, we are now able to make time-resolved probe of molecular transport through membranes of living biological cells.  
In this presentation, the following topics will be discussed:
1. Effect of Surface Defects on Luminescence Quantum Efficiency 
2. Modification of Nanoparticle Surface to Improve Luminescence Efficiency
3. Nonlinear Light Scattering (Second Harmonic Generation) from Metallic Nanoparticles
4. Hyper-Raleigh Scattering vs Second Harmonic Generation
5. Effect of Surface Modification on SHG from Nanoparticles
6. Probing Reaction Kinetics at Nanoparticle Surface
7. Symmetry Properties in SHG and Its Application in Interface Specific Detection
8. Application of SHG in Time-Resolved and Surface (Membrane) Specific Studies of Living Biological Cells
