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Abstract:
The effects of basis and method on the calculated ground and lower excited state properties of indole,
3-methyl indole, and 5-methyl indole are investigated.

Ground state calculations are performed primarily at the Hartree-Fock (HF) level while the excited
states are examined mainly with the Configuration Interaction-Singles method (CIS). Basis sets range
in size up to triple-ζ valence with polarization functions and diffuse functions on each atom for the
ground state, and up to double-ζ with polarization functions on each atom and diffuse functions on
heavy atoms for the excited states. In general, little or no improvement is obtained in the calculated
properties by increasing the size of the basis set.

The calculations show pronounced differences in polarity between 1La and 3La indole, thereby
accounting for the comparative resolution of tryptophan’s fluorescence and phosphorescence in polar
environments. The difference arises in theory from large 3La off-diagonal CI dipole matrix elements
that are negligible in the 1La state. It is also shown that the indoles’ lower electronic manifold is
qualitatively reproduced with a drastically truncated CIS wave function. Methyl indole torsion barriers
calculated at this theoretical level are in qualitative agreement with observation. The calculations also
reproduce the 60° change in methyl group phase accompanying 1Lb excitation of 5-methyl indole and
predict pronounced vibronic coupling and the existence of two conical intersections near the 1La
minimum of 3-methyl indole.

The intermolecular potential energy surface of water complexed to indole in its ground electronic state
shows a global minimum resulting from the interaction with the N-H group and a local minimum
arising from the interaction with the π cloud above the indole ring. The corresponding two-dimensional
vibrational wave functions of the first ten bound states are localized entirely in the global minimum.
Calculations at the Hartree-Fock and CIS level on the 1:1 and 1:2 complexes between indole or
3-methyl indole and water discourage an exciplex interpretation of the indoles’ solvatochromism.
Binding energies are typically less than I kcal/mol greater in the excited states for the 1:1 complexes,
and 2 to 3 kcal/mol greater for the 1:2 complex. The results are in accord with jet-cooled spectra, where
π-complex formation is observed to cause the smallest red shift in the complex origin and 1:2 complex
formation causes the largest red shift. 
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