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Abstract:
The first polarized two-photon fluorescence excitation spectra of jet-cooled indole, 3-methylindole,
3-trideuterio-methylindole, and 5-methylindole were obtained. The 1Lb and previously unidentified
1La state were distinguished for the first time under vacuum excitation conditions, at medium
resolution (≈.2 cm-1) by measuring the ratio of signal intensity for circularly and then linearly
polarized light.

A number of transitions to both states were classified for these compounds. The transitions classified as
1La by two-photon excitation were not identified in earlier one-photon excitation experiments, because
of fast internal conversion (< 1 ns) to the 1Lb state prior to fluorescence.

Methyl rotor structure was apparent in one-photon excitation spectra for 3-methylindole and
5-methylindole, and was used to help assign some weak transitions as 1La or 1Lb based on a calculated
fit of the methyl rotor. Three new transitions were documented in the spectrum of 3-methylindole.
Two-photon data for 3-methylindole also exhibited methyl rotor structure that was helpful in making
assignments.

Evidence is presented which supports the assignment of +455 - 480 cm'1 transitions of indole as a split
1La origin. The lowest 1La transition of 5-methylindole is observed 1,424 cm-1 above the 1Lb origin,
and is proposed as the 1La origin. Two-photon experiments performed on the 3-methylindole water
complex, along with bare 3-methylindole, suggest that there is an avoided-crossing between the 1La
and 1Lb potential surfaces. The 1La origin of 3-methylindole appears to split into a number of
transitions in the region of +334 - 450 cm-1, possibly a result of the avoided-crossing.

Also included in this work are the polarized two-photon excitation spectra of indole and
3-methylindole in perfluorohexane, and indole vapor at 25°C 1 atm N2. Both states were observed in
these experiments.

This work is significant to protein spectroscopy because indole has been studied as a model to help
understand the spectroscopy of the amino acid tryptophan. Indole’s 1La and 1Lb states are sensitive to
the local environment, and may be useful as probes to protein structure. The detailed information of
this work will improve the possibility of using tryptophan as a probe. 
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