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Excited state dipole moments of anisole in gas phase and solution

Mirko Matthias Lindic,a Matthias Zajonz,a Marie-Luise Hebestreit,a Michael Schneider,a W. Leo
Meerts,b and Michael Schmitt∗a

a Heinrich-Heine-Universität, Institut für Physikalische Chemie I, D-40225 Düsseldorf, Germany, E-mail:mschmitt@hhu.de.
b Radboud University, Institute for Molecules and Materials,

Felix Laboratory, Toernooiveld 7c, 6525 ED Nijmegen, The Netherlands.

Abstract

The excited state dipole moment of anisole has been determined in the gas phase from electronic
Stark spectroscopy and in solution using thermochromic shifts in ethyl acetate. Electronic excitation
increases the anisole dipole moment in the gas phase from 1.26 Debye in the ground state to 2.19
Debye in the electronically excited singlet state, leaving the orientation of the dipole moment prac-
tically unchanged. These values are compared to solution phase dipole moments. From variation of
the fluorescence emission and absorption maxima with temperature, an excited state dipole moment
of 2.7 Debye was determined. Several solvent polarity functions have been used in combination with
experimentally determined cavity volumes at the respective temperatures. Both gas phase and con-
densed phase experimental dipole moments are compared to the results of ab initio calculations at the
CC2 level of theory, using the cc-pVTZ basis set for the isolated molecule and using the COnductor-like
Screening MOdel (COSMO), implemented in Turbomole, for the solvated anisole molecule.
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1. Introduction1

The use of dipole moments as measures for the distribution of electrons in molecules has successfully2

be applied for more than 100 years. The earliest designation of the concept of molecular dipoles3

goes back to Debye’s paper of 1912 on a kinetic theory of insulators.[1] However, this concept is not4

uncontroversial, since for larger molecules higher terms of the multipole expansion may be needed5

to properly describe molecular electronic properties. The success of the model can be traced back to6

the fact, that the overall dipole moment can be constructed from atomic dipoles, which are centered7

at the atomic positions and point along the chemical bonds, the so called bond dipoles.[2] The main8

problem concerning the molecular dipole moments, however, results from the fact, that their experi-9

mental determination should preferably be performed in the vapor phase to avoid interaction with the10

surrounding solvent. Many substances of interest decompose thermally, before their vapor pressure is11

high enough to allow for the experimental determination of the dipole. In these cases determination12

of the molecular dipole in dilute solutions is the only possibility. For the ground state several schemes13

exist, to obtain vapor-phase dipole moments from solution measurements.[3] They can be applied14

to strongly dilute solutions with nonpolar solvents. For the excited state, the situation is much more15

complex, since mutual solvent-solute interactions are a prerequisite in many techniques used for the16

determination of excited state dipole moments in solution.[4]17

The knowledge of excited state dipole moments of molecules and of transition dipole moments18

connecting ground and excited states are important prerequisites for the understanding of resonance19
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