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Abstract: 4-(N,N-Dimethyl-amino)benzonitrile (DMABN) is a prototype molecule for dual fluorescence. The
anomalous emission has been attributed to an intramolecular charge-transfer (ICT) state, and the structure
of the latter is still subject to some controversy. We applied a recently developed analytical gradient code
for the approximate coupled-cluster singles-and-doubles method CC2 in combination with accurate basis
sets to address this problem. Fully optimized excited state structures are presented for the ICT state and
the so-called locally excited state, and recent transient IR and Raman measurements on the excited states
are interpreted by means of calculated harmonic frequencies. Strong evidence is found for an electronic
decoupling of the phenyl and the dimethyl-amino moiety, resulting in a minimum structure for the ICT state
with a twisted geometry. In contrast to previous findings, the structure of this state is, at least in the gas
phase, not C2v symmetric but distorted towards Cs symmetry. The distortion coordinate is a pyramidalization
of the phenyl carbon atom carrying the dimethyl-amino group. The results from the CC2 model are supported
by single-point calculations using more elaborate coupled-cluster models (CCSD, CCSDR(3)) and by
CASSCF calculations.

1. Introduction

4-(N,N-Dimethyl-amino)benzonitrile (DMABN) is probably
the most prominent representative of a class of donor-acceptor
substituted benzene derivatives with unusual fluorescence
properties. More than 40 years ago, Lippert and co-workers1

observed that in solutions of DMABN, apart from the expected
fluorescence band, a second strongly red-shifted band appears
which shows a marked dependence on solvent polarity and
temperature. This phenomenon was termed “dual fluorescence”.
The “normal” fluorescence band was assigned to a1Lb-type state
(B band), and the “anomalous” band was attributed to a1La-
type state which was expected to have a large dipole moment.
Grabowski et al.2,3 suggested a mechanism that involved, in the
electronically excited state, a charge transfer from the dimethyl-
amino group to the benzonitrile moiety accompanied by a 90°
twist of the dimethyl-amino group relative to the ring plane of
the remainingπ-system. The two subunits were assumed to be
thus electronically decoupled (principle of minimum overlap4).
This model was termedtwisted intramolecular charge transfer
(TICT). Later it was shown that the ICT state cannot be
populated through direct absorption of a photon.5 Rather, first

the Lb-type state, also termed locally excited (LE) state, is
populated which on a picosecond time scale can convert into
the anomalously fluorescing state. Zachariasse et al. have also
pointed out that a small energy gap (between the1La and 1Lb

states) in the Franck-Condon region is another important
prerequisite for the occurrence of dual fluorescence.6 Above
that, the assumption of electronic decoupling between the
dimethyl-amino and the benzonitrile moiety was criticized,7,8

and an alternative reaction coordinate was put forward: the
planarization of the dimethyl-amino group and a coupling of
the nitrogen lone pair to theπ-system in the sense of a quinoid
electron system.7,8 For this model, the term “planar intra-
molecular charge transfer” (PICT) was coined.8,9 Further
alternative reaction coordinates10-12 have been discussed too,
but there is nowadays common agreement that these are not
primarily involved in the ICT process.

Only recently, while the manuscript of this article was being
revised, a new paper appeared13 in which the occurrence of ICT
was reported for 1-tert-butyl-6-cyano-1,2,3,4-tetrahydroquinoline
(NTC6), a “planarized” molecule in which the twisting motion
is considered as sterically hindered. This has been taken as
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