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Abstract. Electron transfer (ET) occurring in or after
electronic excitation in flexibly bonded donor-acceptor
(D~-A) molecules are accompanied by structural relaxation.
In singly bonded D-A molecules often the "twisted"
intramolecular charge transfer (TICT) structures are
formed. Evidence for the TICT hypothesis is presented.
In some compounds behaviour deviating from the original
TICT model is observed; strict applicability of that
hypothesis seems to be limited to rather simple D-a
molecules. Most deactivation processes involve back ET.
Kinetic data on the fluorescence rise and decay seem not
always to correspond to the real population kinetics in
the case of forbidden transitions in emission; a hot
luminescence emitted along the reaction path may distort
the curves at short delay times. Contrary to neutral D-2
molecules, photophysics of ET in the molecular ions, D-A%,
are much less understood: most often, unexpectedly fast
radiationless processes (back ET ?) quench the emission.

PHOTOINDUCED ELECTRON TRANSFER AND THE STRUCTURAL RELAXATION

Electron transfer (ET) in the excited state, limited in the present paper
to the intramolecular case, is accompanied or followed by relaxation of
the neighbouring solvent [1,2], and of the molecular structure of the
solute itself [3]. Jablofiski described a supramolecular system: excited
solute + its solvent environment, as a "luminescent centre" [4]; usually
the relaxation of the luminescent centre as a whole is observed. Under
selected conditions (temporal resolution; inert nonpolar solvent; gas
phase; rigid molecular structure of the solute) one can recognize the
features of each contribution.

Solvent relaxation is similar to the other ET processes [5], except for
specific excited state interactions, e.g., hydrogen bonding at specific
positions [6], or those leading to solute-solvent exciplexes [7].

If the ET occurs between a donor (D?) and acceptor (AY) subsystems of the
solute molecule (D--A)2*Y (where "--" denotes any type of intramolecular
bridge), the relaxation of the solute structure, on the excited state
level, ends in an intramoclecular charge-transfer (ICT) excited state.
This structural relaxation in the reaction: (D%--AY)* -=-— (D3*l--py~1y*
can be described as determined by three main factors:

(i) adaptation of the molecular structures of the original subsystems,
D? and AY, to those resulting from the ET, i.e., resembling the free
radicals or radical ions D?*! and AY"l. A< an example a simple alifatic
amine can be shown, where NR; is pyramidal, while NR3+ flat and trigonal;
it seems to be similar in ICT states with -NR, as the donor [8,9];
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(ii) interaction of two moieties, DZ*1 ang aY? , specially pronounced in
neutral molecules (z=y=0) where the ET leads to a separatlon of charges,
radical ions of opposite charge, D' and A~, appearing as sub-systems in
the ICT state, mutually attract by coulombic force (so-called "harpooning
effect” [10]). In flexible or semi-flexible molecules this can bring
them close together, as in the intramolecular sandwich exciplexes formed
from polymethylene~chain-linked D--A molecules {11], or in the remarkable
case of a chair-to-boat conversion of the piperidine ring on ET [12,13].
Along with a coulombic interaction, the conformation of an ICT state is
determined by both, stabilizing and destabilizing interactions - with
higher excited states, and with the ground state, respectively [14];

(iii) interactions with the solvent. Both, the specific interactions
mentioned above, and the general (non-specific) interactions with the
polar and/or polarizable medium, differentiate the excited states: the
ICT states are preferentlally stabilized in polar solvents [15], the n7*
states are destabilized in protic solvents [16], etc. As a result, the
interactions between the electronic states change, affecting the ICT
state conformation (e.g., the "proximity effects" [17]).

In flexible molecules the structure of an ICT state depends on all these
factors. Cognition of the structure is usually easier for the theory
than for the experiment [18,19,3]. Much evidence is gained by using
appropriate model compounds with some conformations fixed - or excluded -
for structural reasons.

Specially interesting are the cases with limited
flexibility, represented by singly bonded D-A
molecules; roughly, they have only one internal
degree of freedom for conformational change: that
of internal rotation.

D-A MOLECULES AND THE T.L.C.T. STATES
TICT hypothesis and proof

Discovery by Lippert et al. [15]) of the dual fluorescence of 4-N,N-
dimethylamino-benzonitrile (DMABN) stimulated a long controversy on the
origin of the phenomenon. DMABN exhibits two fluorescence bands, whereby
one is a '"normal" band (often denoted as "b"), while the long-wave band
("a") appears only in polar solvents, growing with the polarity and
shifting strongly to the red. Rotkiewicz et al.[8], basing on anisotropy
of transitions and on steric effects of substituents, suggested the a
band to correspond to the 90° twisted rotamer, for which sometime later
the term "twisted ICT excited state" (TICT) has been coined [20,21], and
is widely in use [22]. This general term was introduced when it became
evident that it fits not only to DMABN, but to a variety of different D-A
molecules as well.

The excited state dipole moments well correspond to the full charge trans-
fer from the centre of D to the centre of A [23]; the thermodynamic [24]
or quantum chemical calculations [25] fit to the observed data; also the
steric effects give a strong evidence for the 90° twist of D vs. A.

The best evidence comes from comparison of several series of rather
simple compounds. If some energetic and kinetic conditions [9,24] are ful-
filled, only the derivatives with a rotable dialkylamino group exhibit two
fluorescence bands in moderately polar solvents. Those with an amino group
immobilized in a 5-membered ring and conjugated with the aromatic system,
emit the primary fluorescence b only; those with the amino group deviating
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much from coplanarity with the aromatic system - by a steric effect of
substituent, or in a rigid cage amine structure (Fig.l) - are character-
ized by a single emission band aonly, from a highly polar emitting state,
independent of the solvent.

The examples belong to the 4-dialkylamino-derivatives of benzonitrile
(Fig.1), of benzaldehyde (Fig.2), and of pyrimidine (Fig.3). 1In the
case of 4-dimethylamino-benzaldehyde quantum chemical calculation made
equally probable two highly polar structures: this with the -NMe,, or
that with the -CHO rotated by 90°; the experiment with suitable
model compounds (Fig.2) gave an unmistakable answer that the first
alternative is true [26].

Very pronounced steric effect appears also in
the luminescence of these compounds in the
supersonic molecular jets (Fig.4). One ortho
methyl group is needed to f£find a red shifted
band on excitation of a Van der Waals cluster
of the molecule with 1 or 2 polar molecules
[28]. In the strongly sterically hindered
molecules (with two o-methyl groups), both in
the gas [22,29] and in the jet [30], only the
red shifted fluorescence a is observed, and
the emitter is strongly polar [31].

A, ?f“j 2600cr' | Additional evidence, which can be considered
Fig.3. Emission of 4-NMe,- @ proof of the TICT state molecular and
pyrimidines in CH,0H [32]. electronic structure, consists in following
peints: (i) radiative transition in emission
is forbidden by a factor 1073 - 1072 [19] as
expected for a zero orbital overlap of the mutually orthogonal D and A;
(ii) transient absorption spectra (in the visible) of the polar excited
state of DMABN [33] or of p-NMe,-benzaldehyde [34] match the absorption
spectra of the respective radfcal anions, A~ (the absorption of the
radical cation (—NMe2+) is outside of the studied spectral range).

Doubts and limitations

The TICT hypothesis seems to describe well the behaviour of simply
substituted benzenes, pyrimidines (like those in Figs.1-4), and probably
pyridines [36]. Doubts are arising when larger aromatic systems are
involved. 1In the case of p-(9-anthryl)-N,N-dimethylaniline (aDMa), which
in the excited state relaxes to a highly polar structure, apparently a
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Fig.4. Results of study in supercooled jet [30]

TICT state [20], the transient absorption spectra of the siglet state are
more complex than expected for a two-state system [37]. Recently Herbich
and Kapturkiewicz, in their thorough study of a long series of ADMA, its
derivatives, and other large aryl p-substituted N,N-dimethyl-anilines
[38], found that both the allowed character of emission and the energetic
considerations indicate the molecules relax to a state deviating from the
90° conformation. With increasing orbital overlap, the interactions with
upper states may stabilize a partial CT state, both local and delocalized
MO's contributing to the transition moment.

We find also deviations from a TICT behaviour in a series of acridines,
substituted in position 10 by an alicyclic amino nitrogen, or by 4-N,N-
dimethylaniline: their picosecond transient absorption spectra in polar
solvents differ from both acridine radical anion and acridine excited
singlet state [39].

Specially intriguing are the highly polar excited states of symmetric
biaryls (nonpolar in their ground and primary excited states), the best
known of which is 9,9'-bianthryl [40,41]. They were supposed to belong
to he TICT states [9,22], but never it has been proved, e.g., by means
of the model compounds. For 1,1'-bipyrene the excited state dipole
moment appeared less than expected for a full ICT state [42].

The highest stabilisation energy of the

TICT state was expected for 3,3'-

biperylene [42]. Biperylene undergoes

M indeed in polar solvents a relaxation to

' — the highly polar state, but its dipole

< moment is much less than that (=41 D)

— which would correspond to a charge

f- separation over a centre-to-centre

distance in the 1large molecule [43]

M S 2 (Fig.5). The exc1ton1c splitting is

here large (~M Mz/R ) and should be

little dependent on the twist angle (M,

] , , and M, are large, parallel, shifted

Fig.5. Biperylene excited state nearly along the vector M [44]), Most

dipole moment is half as large probably, the ecitonic state allows a

as expected from the centre-to- nonpolar component to the ICT state even
centre distance [43]. at an orthogonal conformation.
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FLUORESCENCE VS. POPULATION KINETICS

Most information on the very fast kinetics of the intramolecular ET and
of the accompanying relaxation processes is known from the time-resolved
rise and decay of the fluorescence signal, usually measured at a constant
wavelength. Nonexponentialities are often reported, and the kinetics of
the fluorescence b decay seem to differ from those of the rise of a [45].

In particular, for dimethylamino-indanone (upper right formula in Fig.2)
in butyronitrile the rise of a is found to be markedly faster than the
decay of the primary fluorescence b. We suspect that the fluorescence
signal may not always be proportional to the real population of the
emitting state. During the initial period of the reaction (t<r,) the
hypersurface minimum of the reaction product (Flg 6) is nearly empty. If
(1) the fluorescence of the reaction product is forbidden (and such are

\ most often the TICT emissions [19]), (ii)

i the temporal resolution of the measurement
is comparable to the average time of passage
through the reaction path, (iii) the
emission rate along the reaction coordinate
is higher by orders of magnitude than in the
final minimum - the observed signal may
originate on the reaction path. This hot

LSk
va!
v

Fig.s. Scheme of a hot
emission from the reaction
path to tbe initially empty
minimum A* (from which the
emission is forbidden) . The
reaction can be barrierless
as well.
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from the neutral molecules.

fluorescence signal will not be proportional
to the population of the product state. The
proportonality factor will be a function of
time. One can test the real population
kinetics by using parallelly an independent
method; the picosecond time--resolved
absorption spectra reveal in the case of
dimethylamino- 1ndanone the rise time of the
populatlon of A" to be equal to that of the
decay of B* [46].

The remarkable feature of the D-A'" ions -
whenever D and A' can rotate, and the ET
between them is energetically feasible -~
is their lack of fluorescence (e.g., I or
II [32]) or, exceptiocnally only, very weak
emission (as IIXI and IV [47]) . Radiation-
less deactivation is much faster than in
analogous zwitterionic TICT states, formed
As most deactivation paths of any ICT state

are ET processes - the specificity seems to be searched in the kinetics

of ET of the charge shift vs. charge recombination (e.g.,

states of D-A'
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