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Molecular Nonlinear Optical Susceptibilities in Condensed Phases
Final Technical Report
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Period 11/15/92 to 11/14/95

Summary

A microscopic theory for the nonlinear optical response and susceptibilities of
molecular materials with localized and delocalized electronic states (e.g. molecular assemblies,
conjugated polymers, aggregates and monolayers) was developed. The theory, which properly
accounts for many-body effects, is based on the derivation of coupled reduced equations of
motion for the material variables, which determine the optical response. The present
formulation maps the calculation of optical nonlinearities onto solving the dynamics of coupled
nonlinear oscillators and overcomes the difficulties associated with the local-field
approximation. An operational definition of the nonlinear coherence-size N, which controls
the cooperative enhancement of the optical response is developed. A real-space representation
of the optical response of conjugated polyenes is developed by using the Wannier
representation to derive equations of motion for coupled two-site oscillators representing
correlated electron-hole pairs. The resulting elementary excitations are shown to be
intermediate between the molecular (Frenkel) and the semiconductor (Wannier) excitons, and
clearly resemble charge transfer excitons. Theoretical analysis of resonant and off-resonant
femtosecond pump-probe absorption experiments on polydiacetylene-para-toluene sulfonate
(PTS) was carried out using a 3-mode Brownian oscillator model for the nuclear dynamics.
The role of spectral diffusion process was explored.

This grant resulted in 46 publications (which are listed below). In addition, a graduate

level textbook entitled "Nonlinear Optical Spectroscopy: The Density Matrix Perspective" by



.

S. Mukamel is being completed. The book develops a unified theoretical microscopic treatment
of the optical nonlinear response of molecular, conjugated-polymer, and semiconductor

materials.
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