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Abstract:
Polarized two-photon fluorescence excitation spectroscopy has been applied for the first time to the
study of indole, the chromophore of the amino acid tryptophan. Investigations of three nine-membered
ring systems, benzimidazole, benzimidazole cation, and indole have emphasized the utility of the
experimental technique and revealed that the overlapping La and Lb states of indole have very different
two-photon polarization ratios. Substituted indoles, with their varying La-Lb energy gaps, were studied
in cyclohexane and n-butanol to explore the usefulness of the polarization ratio difference. The results
of this study have directly confirmed the previously deduced La-Lb energy gaps in these compounds,
the greater sensitivity of La to polar solvation, La-Lb level inversion, the role of La in producing broad
red-shifted fluorescence, the existence of ground state complexes, and the importance of hydrogen
bonding in the ground state complexes. The La Lb polarization ratio difference was also exploited to
investigate the influence of charge on the La and Lb states. Experiments with tryptophan,
5-methoxytryptophan and yohimbine revealed the great sensitivity of the La state to a positive charge
in the vicinity of the 5-ring of indole. The results with tryptophan also hint at a role of the Lb state in
the dual exponential decay of tryptophan fluorescence. Two-photon spectra of all the aromatic amino
acids and a comparison of the strength of their signals show tyrosine to be comparable to phenylalanine
for two-photon excitation. Unlike the situation in one-photon spectroscopy, it may be possible to
observe phenylalanine residues in proteins with two-photon spectroscopy. Finally, the first ever
two-photon excitation spectrun of a small protein, melittin, shows that it is possible to observe a
two-photon signal from a protein. 
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