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Dimethylanilino Derivatives

A. L. Sobolewski
Institute of Physics, Polish Academy of Sciences, 02 668 Warsaw, Poland

W. Sudholt and W. Domcke
Institute of Theoretical Chemistry, Heinrich-Heine-Waisity, D-40225 Daseldorf, Germany

Receied: December 5, 1997; In Final Form: February 13, 1998

Minimum-energy paths relevant for intramolecular charge transfer (ICT) in 4-(dimethylamino)benzonitrile
(DMABN) and in 4-(dimethylamino)benzethyne (DMABE) have been theoretically investigated. They are
expected to characterize the “twisted”-ICT (TICT) and the “rehybridized”-ICT (RICT) photoprocesses.
Reaction paths for thé, and L, states and the RICT state have been determined at the CIS level. The
energy profiles along the reaction paths have been calculated with the CIS, CASSCF, and CASPT2 electronic
structure theory methods. It is concluded that stabilization ofLthstate along the TICT reaction path is
responsible for appearance of the CT emission in DMABN in polar solvents. The absence of CT fluorescence
in DMABE in polar solvents is tentatively attributed to fluorescence quenching by the RICT state.

1. Introduction SCHEME 1
4-(Dimethylamino)benzonitrile (DMABN) and its derivatives |)|(| .)|(| < X
have been the subject of extensive experimental and theoretical Cc C, c”
investigations since the discovery of the dual fluorescence of TICT /('31_ RICT
the parent compound in polar solvehtfespite this effort and < HC (FzH N
numerous papers devoted to this subject published over several HCé\C,CSH
decades, the mechanism of the intramolecular charge-transfer 74
(ICT) process responsible for the dual emission in polar solvents !‘!“ H C”’N1*C’H H C’N\CH
still is not well understood. H,CCH, s s 8 8
Among the conflicting interpretatiorfs/ the twisted-ICT cT LE cT
(TICT) concept (see Scheme 1) introduced by Grabowski et
al.23is nowadays most widely accepted. The potential-energy DMABN: X=N DMABE: X=CH

(PE) functions of DMABN versus the twist angle of the amino isolated DMABN did not provide, however, support for this
group were computed with semiempirical and ab initio methods vibronic-coupling mechanisit.
and with inclusion of solvent effects1®> These theoretical In previous work we have optimized single points on the
studies generally provide qualitative support for the original lowest excited singlet state PE surfaces which are expected to
TICT model. They indicate that under isolated molecule represent structures relevant for the ICT reaction in DMABN
conditions the charge-transfer (CT) configuration which may and related systeni§;18 see also ref 19. Besides the polar
be responsible for dual emission is higher in energy than the structure corresponding to a perpendicular conformation of the
“locally excited” (LE) S, state. Thus interaction with a polar  amino group (the “TICT"-like state), a second local minimum
solvent is necessary for the CT emission to appear. A limitation with sp—sg? rehybridized cyano group (the “rehybridized”-ICT,
of the above-mentioned investigations is that they have defined RICT state; see Scheme 1) has been localized on the PE surface
from the outset a reaction coordinate of the process (the twistingof the lowest excited singlet state in the CI singles (CIS)
of the amino group), while the other intramolecular degrees of approximation. In the case of DMABN the energies of both
freedom are kept frozen (in most cases at experimentally or structures (TICT and RICT), calculated at the CASPT2 level,
theoretically determined values for the ground state). Thus the were found to be higher in energy than the vertical (Franck
PE functions calculated versus the reaction coordinate cannotCondon) excitation to the LE state. If, however, the cyano group
generally be expected to follow closely the PE valley that of DMABN is replaced by the ethyne group, to give 4-(di-
connects the reactant (LE state) to the product (CT state) butmethylamino)benzethyne (DMABE), the RICT structure was
rather cut through a slope of the multidimensional PE surface. found to represent the global minimum on the PE surface of
An alternative proposal for the ICT reaction coordinate in the lowest excited singlet staté. This result suggests that
DMABN and related compounds has been put forward by DMABE may provide an opportunity to study the ICT reaction
Zachariasse and collaboratérs. According to this proposal,  under isolated molecule conditions. Recent experimentaldfork
vibronic coupling between the closely spactdand S; states motivated by this theoretical prediction did not find, however,
via the amino inversion mode is primarly responsible for the evidence of a secondary emission band in this compound, neither
ICT process in polar solvents. Recent ab initio calculations on in nonpolar nor in polar solvents. In view of this negative result,
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it has been concluded in ref 20 that no ICT occurs in DMABE
in either polar or nonpolar solvents.

In this work we report the results of a more systematic study
of reaction paths for the ICT process. In contrast to existing

calculations, where a single internal coordinate has been varied, g,

we have constructed the minimum-energy path (MEP) on the

PE surfaces of interest. The excited-state geometry optimiza- La

tions have been performed at the CIS level. PE profiles along

the reaction path have subsequently been obtained at higher

levels of the theory (CASSCF and CASPT2). Two reaction

paths are considered, which connect the vertically excited system

(the reactant) with the previously determined TICT and RICT
structures (the photoproducts), respectively. In addition to
DMABN, we have performed calculations for DMABE in order

to shed additional light on the apparent discrepancy between RICT

theoretical predictiori§ and experimental observatiéhfor this
system.

2. Computational Methods

2.1. Geometry Optimizations. The ground-state geometry
of DMABN and DMABE has been optimized with the use of
the HF and MP2 methods. At both levels of theory the
molecular systems are unstable at planar geomé&y fym-
metry). The MP2/6-31G(d) imaginary frequency (131 ¢rfor
DMABN and 151 cn1! for DMABE) represents the inversion
mode of the dimethylamino group. Relaxing the symmetry to
Cs stabilizes the systems by 178 and 285 énrespectively,
and the angle between the benzene plane and-ti¢-€C plane
of the dimethylamino group is 28.or DMABN and 32.2
for DMABE. This calculated (MP2) inversion angle for
DMABN is, however, larger than the value of 21Bstimated
from microwave spectroscopy. The force field and the normal
modes of the, state inCs symmetry also have been determined
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TABLE 1: Calculated Harmonic Frequencies (Unscaled) for
the S, La, and RICT States of DMABN and DMABE

state method frequency IR intensity assignment
DMABN
HF 2592 127 C=N
MP2 2204 12 C=N
CIS 2378 25 C=N
RICT CIS 1259 766 c-C=
1515 634 C—N<
1649 21 C=N
1770 946 quinoid stretch
DMABE
HF 2402 28 C=C
MP2 2157 3 Cc=C
La CIS 2023 89 C=C
CIS 1258 556 c-C=
1511 548 C—N<
1732 64 Cc=C
1775 863 quinoid stretch

a6-31G(d) basis seb.In cm™. ¢In km mol™.

have chosen the bond length of the CN(CC) group as the
reaction coordinate for the RICT proces€s symmetry is
retained in this case. Moreover, thgandLy States even retain
Cy, symmetry along this coordinate. The CN(CC) bond lengths
have been varied from 1.14(1.20) to 1.34(1.45) A.

Optimizations of the excited-state geometries were performed
in the CIS approximatio®? The 6-31G(d) basis set (with
polarization functions on heavy atoms) was used in the
optimizations and in the calculations of vibrational frequencies
at the local minima. These calculations were performed with
the GAUSSIAN94 program package.

Unconstrained optimization of the lowest excited singlet state
yields a nonplanar structur€{ symmetry) withr; = 48.%, 7,
= 19.1° for DMABN, and with 7; = 51.2, 7, = 15.6 for

at the MP2/6-31G(d) level. Here the pyramidalization mode DMABE when starting from the ground-state geometry. In the
of the dimethylamino group mixes strongly with other kinds of case of DMABN this corresponds to the structure optimized
out-of-plane motion; in both systems the lowest frequency mode py Scholes et a1 Optimization of the lowest CT state &’
with inversion character is comparable to the barrier for symmetry in theCs point group (with the symmetry and the
inversion. molecular planes coincident) stabilizes the systems in the RICT
We have adopted the MEP approach to construct the reactionconfiguration with bond length€;N = 1.2785 A andC,C =
paths for the TICT and RICT processes. According to this 1.3501 A, and with bond angle8:C;,N = 124.9 and C,C,C
method one defines one of theN3- 6 internal degrees of = 129.3 for DMABN and DMABE, respectively. Calculations
freedom as the reaction coordinate, while the remaining internal of the Hessian at the optimized geometry show that all
coordinates are optimized for each value of the reaction frequencies are real. The RICT state thus represents a local
coordinate. minimum in both systems at this level of theory.
The reaction coordinate associated with the TICT processis The characteristic feature of the RICT configuration is that

the torsional angl® of the dimethylamino group, defined és

= (t1 + 12)/2, wherers, 1, are dihedral anglest; = C3C4N;C'
and 7, = CsC4N;C" (see Scheme 1 for enumeration of the
atoms). The torsional anglhas been varied between 0 and
90° in steps of 15, and the remaining internal coordinates have
been optimized according to the MEP principle for bbtrand

L, states. To avoid variational collapse of tBestate to thes;
state during the optimization, the pyramidalization anjjle

(t1 — 12)/2 was kept frozen at®0 ThereforeC, symmetry is

it has no typical triple-bond stretching frequency. The frequency
of this mode is strongly reduced compared to Sgeand L,
states due to rehybridization of the cyano (acetyleno) group and
is embedded in the dense manifold of the aromatic ring modes
in the range 10082000 cnt! (see Table 1).

2.2. Energy Calculations. The CASSCF methé@was used
to calculate the energy and one-electron properties of the systems
in a given electronic state along the MEP reaction coordinate.
The active space was designed by maximizing the weight of

retained along the TICT reaction path, and both states canthe CASSCEF reference in the first-order CASPT2 wave function

individually be optimized since they belong to different sym-
metry speciesA and B, respectively. Calculations of the
reaction path on the lowest excited singlet state without any

(vide infra). Generally, we have found that an active space
comprising 12 electrons for th€,, and C, point groups, and
16 electrons for th€; point group, distributed over 12 molecular

symmetry constraints were done for comparison. More detailed orbitals, gives the best description of the electronic wave

investigations of the influence of amino group pyramidalization
on the TICT reaction pathway in DMABN will be described in
a forthcoming publication.

The intramolecular stabilization of the CT state associated
with the RICT proces$§-18 involves primarily bending and
stretching of the CN(CC) group in DMABN (DMABE). We

function at the variational (CASSCF) level. The active space
includes the (23ay, 2—9b,, 12—13by), (22—23a, 13—22b), and
(32—334, 1-104a") orbitals in theC,,, C,, andCs point groups,
respectively.

In the final stage, dynamic electron-correlation effects were
added with the use of multiconfiguration second-order perturba-
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Figure 1. Potential-energy functions of thke, (squares) and.,
(triangles) states of DMABN (left hand side) and DMABE (right hand
side) calculated along the twisting coordinate. (a, b) CIS energy
optimized withC, symmetry constraint (solid squares denote $e
energy optimized without symmetry constraint); (c, d) CASSCF energy,
calculated at the CI€%)-optimized geometry; (e, f) CASPT2 energy,
including CASPT2 energy of th® state calculated along thg reaction

Sobolewski et al.

ordering is in contradiction to experiment (cf., for instance, ref
20). In both systems and for both states the PE functions exhibit
shallow minima mostly at nonplanar geometéy=¢ 15° for Ly,
and6 = 30° for L) and maxima at the perpendicular geometry.
The energy profile of the lowest excited singlet state obtained
without symmetry restrictiond.¢., allowing pyramidalization

of the amino group) follows closely thie, energy, with the
largest difference at perpendicular geometry. This PE function
(curve with full squares in Figure 1) also exhibits a shallow
minimum nearf = 30° for both molecules (see discussion in
Section 2.1).

Figure 1c,d shows the energy profiles of theandL,, states
calculated at the CASSCEF level (recall that the geometries of
(c,d) are identical with those of (a,b); only the electronic-
structure method is different). It is seen that the ordering of
the states and the shape of the PE functions differs strongly
from the CIS result. The ordering of the CASSCF vertical
energies is correct, but the energy gap at 0° is significantly
too large. The shape of the CASSCF PE function of lthe
state is even qualitatively different from the CIS result: the
planar geometry corresponds to a maximum, while the perpen-
dicular conformation corresponds to a minimum of the CASSCF
PE function.

The energy profiles obtained at the CASPT2 level are shown
in Figure 1e,f. CASPT2 energies of tBgstate evaluated along
the L,-state optimized reaction path are also included. Now
the calculated splitting of the, and Ly states (the separation
of the 0-0 lines for transitions from the ground state), 4100
cm~1 for DMABN and 3800 cm! for DMABE, is in a good
accordance with experimental estimafgthe 0-0 lines are not,
however, directly observed in these systems). It is seen that
the effect of dynamical electron correlation again leads to a
gualitative change of the PE profile of thgstate: thd_, energy

path (circles). Energies are given with respect to the energy calculatedbecomes an extremely flat (on this energy scale) function of

at theC,, minimum of the ground state with the use of the HF (a, b),
CASSCF (c, d), and CASPT2 (e, f) methods.

tion theory, taking the CASSCF wave function as the reference
(CASPT2)?5 The value of the (normalized) reference weight
gives information on the quality of the perturbational approach.

For the active spaces used in these calculations the referenc

weights were generally in the range 6®.7. This is within

the TICT coordinate. This is in contrast to the PE functions of

the Ly and the& states, which show significant barriers for

rotation of the amino group. The CASPT2 PE function of the

L, state has a very shallow minimum aroufid= 45° for

DMABN and aroundf = 30° for DMABE. The planar and
erpendicular conformations now represent maxima on the PE
urves of the_, state in both molecular systems. Thgstate,

on the other hand, has its minimum close to the planar geometry

the limits of the applicability of the CASPT2 method for systems (within the C, symmetry constraint) and a barrier for rotation

of such a size, which can be estimated from the approximate

formula given in ref 25.

All the CASSCF/CASPT2 calculations were performed with
the MOLCASS program packadgé. The ANO-L(3s2p1d/2s)
basis set was employed, which is of similar quality as the basis
set used in the geometry optimizations.

3. Results

3.1. TICT Reaction Path. The energy profiles along the
TICT reaction path obtained at the CIS, CASSCF and CASPT2
levels are collected in Figure 1 for DMABN (Ihs) and DMABE
(rhs). The energy is given in electronvolts relative to the

of the amino group of about 1 eV. The PE curves of both states
intersect close to the minimum of theg state along the TICT
reaction path.

The CASPT2 results of Figure 1e are qualitatively consistent
with the PE functions of Serrano-Andrest al., which were
obtained as a function of the twist angle, keeping all other
internal coordinates frozen at the ground-state equilibrium
value!? In particular, the flatness of thie, state PE function
and a minimum at intermediate twist anglés £ 60°) is in
agreement with the present findings. One must keep in mind,
however, that in the approach presented here synchronous
rotation of the two methyl groups is allowed along t@e

ground-state energy calculated at the corresponding level ofreaction path, resulting, for example, in an energy lowering of

theory at theC,,-optimized ground-state geometry (MP2/6-31G-
(d) level). These energies are455.512 96,—455.761 20,
—457.037 95, and-439.452 35,-439.679 39,-440.940 40 (in
atomic units) at the HF, CASSCF, and CASPT2 levels for
DMABN and DMABE, respectively.

Let us first consider the CIS energy profiles in Figure 1a,b.
It is seen that thed., state lies above the, state for all twist
angles at this level of theory. At the planar geometry this

the ground state at 9Gn DMABN.

The dipole moments as a function of the reaction path
calculated in the CASSCF approximation for gLy, andL,
states of DMABN and DMABE are shown in Figure 2a,b,
respectively. Itis seen that in both systems the dipole moments
of the & andL,, states are very similar and are both decreasing

functions of the TICT reaction coordinate. The dipole moment

of the L, state is much larger, reflecting its CT character, and
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increases with the reaction coordinate. The dipole moments in 0,9/9 S, /,e/é/
DMABE behave similarly, but are altogether smaller than in 1$~o-o0--° Pmme—o—" 0
DMABN. Qualitatively, our findings for DMABN are very
similar to those of Serrano-Antseet al. for rigid twisting of 0 e e - - v
the dimethylamino group. CN Bond Length/A ~ CC Bond Length/A

3.2. RICT Reaction Path. PE functions along the RICT . . ) .

. . Figure 3. Potential-energy functions of the (squares)l, (triangles),
reaction path (stretching of the CN(CC) group) have been ;.4 ricT @y (diamonds) states of DMABN (left hand side) and
computed as described above. The resulting energy curves arg¢yaBE (right hand side) calculated along the CN(CC) stretching
shown in Figure 3. In addition to tHe, andLy, states, the energy  coordinate. (a, b) CIS energy optimized with, (La, Lv) andCs (A"")
of the RICT state is indicated in Figure 3. This state transforms symmetry constraint; (c, d) CASSCF energy, calculated at theQz)S(
according to thed, representation it€,, symmetry and thé\” or C)-optimized geometry; (e, f) CASPT2 energy, including CASPT2
representation irCs symmetry, respectively. At th& equi- energy of theS, state calculated along the reaction path of the RICT

S . : (A") state (circles). Energies are given with respect to the energy
librium geometry and along the TICT reaction path, this state calculated at th€,, minimum of the ground state with the use of the

is much higher in energy than the and Ly, states and thus  {F (a, b), CASSCF (c, d), and CASPT2 (e, f) methods.
irrelevant for the ICT process. The RICT reaction coordinate,

however, strongly stabilizes this CT state. In DMABE it correlation effects do not significantly affect the shape of the
becomes the lowest excited singlet state at its optimized pg profiles, again in contrast to the TICT reaction path. The
geometry’ energy of the RICT state &' symmetry is lower in DMABE
The PE profiles of the thred{, Ly, andA”) states calculated  than in DMABN, as predicted previously. In DMABN, the
at the CIS level along the RICT reaction path are shown in A" state is found slightly above the state at the PE minimum
Figure 3a,b for DMABN and DMABE, respectively. Asnoted of the latter: in DMABE, on the other hand, th&' state is
above, the ordering of the, andLy, states is incorrect in the  |gcated below the., state at the minimum of the latter. As
CIS approximation. It is seen that the energies oflthand  will be discussed below, this is expected to have significant
Ly, states increase along the reaction path, while the energy ofimplications for the fluorescence properties of these systems.
the A" state is significantly lowered. At this level of theory, |t should be stressed, however, that the apparent crossings of
the A" state becomes the lowest excited singlet state in both the PE functions in Figure 3 are not true crossings, as the three
systems already for relatively small stretching of the CN(CC) excited-state PE functions in Figure 3 correspond to three
bond. different reaction paths, that is, the optimized values of the
The energy profiles obtained at the CASSCF level along the remaining internal coordinates are different for each state. The
same reaction paths are shown in Figure 3c,d for both systems cASSCF dipole moments as a function of the RICT reaction
respectively. Near-degeneracy effects included in the CASSCF coordinate are shown in Figure 4a,b for DMABN and DMABE,
approximation stabilize the, and Ly states much more than  respectively. One can easily distinguish between the pslar
theA” state. The ordering of the, andLy, states is interchanged  and L, states, and the nonpolag, and § states. The dipole
with respect to the CIS approximation, but, as noted above, the moments in DMABE are systematically smaller than the dipole
La—Lp energy gap is too large in the CASSCF approximation. moments in DMABN as noted before. Although the dipole
The energy of the RICT state relative to theandLy, statesis ~ moment of theA” states decreases somewhat along the reaction
much higher than in the CIS approximation. In remarkable coordinate, it is still significantly higher than those of the

contrast to the TICT reaction path (cf. Figure-id) it is found nonpolar states.
here that the shape of the PE curves is practically the same in
the CIS and CASSCF approximations. 4. Discussion and Conclusions
The CASPT2 PE functions are given in Figure 3e,f. e 4.1. Electronic-Structure Aspects. The results of the

PE function included in these figures was calculated along the present study shed some light on the difficulties that are
reaction path of thé" state. Itis seen that dynamical electron- encountered in the ab initio calculation of photophysical reaction
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DMABN DMABE state. It possesses, contrary to the CIS result of ref 19, a large
164 dipole moment (Figure 2a). At this geometry there are actually
% ) (b) two close-lying excited singlet states in the CIS approximation,

L A the second of which belongs to tiAg representation and has

the oscillator strengtli = 0.4 at the CIS level. The lowest
CASPT2 energy of ar\; state is, however, by more than 1.5
eV higher than that of thie,(Ay) state at) = 90°. These facts
clearly demonstrate that it is impossible, on the basis of CIS
energy calculations alone, to develop a reliable picture of the

electronic states that are relevant for the spectroscopy and the
photochemical dynamics.

Energy calculations at the CASSCF level with a compact
active space (the choice of a restricted active space is a necessity
14 for molecules of the size considered here) are likewise insuf-

2

12 13 . 12 1.3
CN Bond Length/A  CC Bond Length/. ficient for the construction of reliable photochemical PE
Figure 4. CASSCF dipole moments of the (squares)L (triangles), functions. As shown in Figures 1 and 3, dynamical electron
and RICT Q") (diamonds) states of DMABN (a) and DMABE (b)  correlation has a large effect on vertical excitation energies. In
calculated at the CISk, or Cs)-optimized geometry of each electronic  the case of the TICT reaction path, the PE function oflthe

state along the CN(CC) stretching coordinate. Circles connected by astate changes even its qualitative shape upon inclusion of
dashed line denote the dipole moment function of the ground state electron correlation effects

calculated at the RICK')-state optimized geometry. . L
At present the CASPT2 method is the only ab initio method

pathways in polyatomic systems. The results demonstrate, inthat includes both near-degeneracy as well as dynamical
particular, how dangerous it can be to draw conclusions correlation effects and is feasible for molecules of this size. One
regarding the mechanism of a photoreaction on the basis of Should have in mind, of course, the limitations of the pertur-
approximate electronic-structure methods. The comparison of Pational method. This particularly concerns situations where

the CIS, CASSCF, and CASPT2 results clearly reveals the only a relatively small amount of electron correlation effects is
decisive role of both nondynamical electron correlation effects included at the variational (CASSCF) level. The quality of the

as well as dynamical correlation effects for excited electronic CASPT2 result is generally reflected by the weight of the
states. Both the vertical excitation energies and energetic CASSCF reference in the first-order wave function. For the
ordering of the states as well as the shape of the PE functions2ctive spaces used in this work (126 electrons correlated in

along the reaction paths are generally strongly affected by 12 orbitals) this value is well within the limits that one can
electron correlation. estimate on the basis of the formula given in ref 25 as being

appropriate for systems of such size. The weight of the
CIS approximation as far as the energetic ordering of the StatesCASSCF reference is characteristic for a given electronic state

and the qualitative shape of PE functions is concerned. Let ustt also showg some_ variation along the reac_tlon pgth.. ]
briefly discuss the pitfalls that are encountered when calculating It may be interesting to note that there is a significant
states, none of which can a priori be excluded from consider- Planar along the reaction path. Thus there is a natural recipe

ation. Neither the energies nor the dipole moments determinedfor the choice of the active space: include as mamybitals
at this level of theory are decisive in this respect. Only the as possible, which are relevant for the lowest electronic states

confirmation of these results at a more refined level of theory Of #7* character, and add sonseorbitals relevant for the RICT
can provide the basis for the selection of the relevant states. AState. Because the—x separation is conserved along the
typical example is thé, state of DMABN. This is the lowest ~ reaction path, convergence in the CASSCF cycle is efficient
excited singlet state in the CIS approximation (Figure 1a). and does not strongly depend on the starting orbitals. This is
Moreover, its dipole moment calculated at this level of theory Not the case for the TICT reaction path. Here the molecule is
(u = 8.9 D'9) is close to the experimental values reported for nonplanar, and there is a significant mixing of the “important”
the ground and thd_b(LE) state®’ As a result of this orbitals ofx Origin with relatively “Unimportant" orbitals ob
coincidence, this state has erroneously been identified as theorigin that belong to the same symmetry block. It often happens
locally excitedLy, state in ref 19. Within thec; point group ~ that at a given geometry the CASSCF iteration converges to
the L, andL,, states cannot be distinguished by symmetry, but different close-lying “local” minima of the energy functional,
they can be correlated adiabatically to the respedtiyd) and depending on the initial guess for the orbitals. In most cases
L,(B) states calculated within th€, symmetry constraint.  this can be recognized by comparing the CASSCF energy of
Decisive for the identification of these states is the oscillator Neighboring points as well as by checking the reference weight
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The results of Figures 1 and 3 reveal the unreliability of the

Strength for transitions from/to the ground State:(035 for in the CASPT2 first-order wave function. Benchmark calcula-
L. andf = 0.02 forLy, calculated at the ground-state optimized tions, at least at the most crucial points of the PE surfaces, with
geometry with the CASSCF metht)l The CIS value of = the use of MR-CI methods would be very helpful to confirm

0.5 obtained at the optimized geometry of the “lowest” excited the reliability of the CASPT2 resullts.

singlet stat® clearly indicates that this state correlates adiabati-  4.2. Photophysical Aspects4.2.1. DMABN. The present
cally to theLy(A;) state at planar geometry. The small value results for DMABN generally support the TICT hypothesis for
of the dipole moment of this state is an artifact of the CIS the ICT process. The torsion of the dimethylamino group leads
approximation. At the perpendicular conformation of the amino to a stabilization of the_, state which possesses pronounced
group, if one imposesC,, symmetry, thelL, state hasA; CT character. In contrast to the original TICT hypothésis,
symmetry and is thus forbidden in absorption from the ground however, twisting to the perpendicular conformation is not
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necessary for charge separation to occur. The charges are The dipole moment of thi, state is significantly smaller in
already significantly separated at the planar geometry oifhe  DMABE (cf. Figure 2) and thé., state of DMABE is thus less
state, but rotation of the amino group increases further the dipolestabilized in polar solvents relative to theg state. Whether
moment of this state (Figure 2). Moreover, the potential this difference in polarity of thé, state is responsible for the
minimum of thel, state along the TICT reaction coordinate is absence of dual fluorescence of DMABE in acetonifitannot
found atf = 45°, rather than ap = 90°. Our calculations be decided at present. A decision of this question has to await
show beyond any doubt that the polar CT state in DMABN accurate calculations of solvatochromic shifts with ab initio
must be thes; (L) state. Along the TICT reaction path there methods.

is no other CT state close enough in energy which could be With respect to the RICT reaction path there exists, on the
involved in the ICT process. This conclusion of the present other hand, a significant difference between DMABE and
work is in agreement with ref 12, where CASPT2 energies have DMABN (cf. Figure 3e,f). Even in the isolated molecule, the
been calculated as a function of rigid torsion. RICT state ofA” symmetry is located below tHe, state at the

In the isolated molecule, the, state is located above tig minimum geometry of the latter. We therefore have to expect
state at the vertical geometry and the two PE functions intersectfast intramolecular nonradiative relaxation frdm to the A"
upon twisting, cf. Figure 1e. This result is consistent with the State, which is very weakly fluorescetfit 0.0047). Moreover,
absence of ICT in the isolated molecule and in nonpolar the energy gap between ti# minimum and thes, PE curve
solvents. In polar solvents, the state is stabilized relative to s comparatively small, which is indicative of fairly rapid internal
the Ly (ands)) state as a consequence of its much h|gher d|p0|e conversion to the ground state. We may thus tentatively eXpIain
moment (cf. Figure 2a). This lowers the crossing point and the absence of dual fluorescence in DMABE in polar solvents
eventually leads to barrierless ICT. The increase of the dipole Via the quenching of the ICT fluorescence by the RICT state.
moment of thel, state with the twisting angle may resultina  Transient IR spectroscopy might provide a possibility to detect
shift of the L, PE minimum to higher twist angles in polar the RICT state as a short-lived intermediate in the ICT dynamics
solvents. The fluorescing state is thgstate (or thela-state of DMABE in polar solvents. A characteristic feature of the
component in the vibronically mixe®,—S, states) at its RICT state is the lack of a triple-bond CC frequency. The CIS
minimum geometry. Apart from the modifications mentioned Calculation predicts a CC stretching frequency of 1732°tm
above, the TICT model of ICT and dual fluorescence is forthe RICT state, which is very much lower than the acetylenic
supported by the present calculations. For quantitative conclu- CC stretching frequency in the electronic ground state (2402
sions, it is necessary to include solvation effects in the ab initio @nd 2157 cm* at the HF and MP2 levels, respectively; see
calculations. Table 1). While the intensity of the CC stretching line in the

As far as the RICT mechanism is concerned, the presentRICT state is only moderate (and is embedded into a dense

results indicate that this ICT process is not expected to competeman"cOId of_ar_omatlc ring modes), th(_a CIS cal_culat_|on predicts
with the TICT mechanism in DMABN. The RICT state Af a characteristic pattern of three very intense lines in the 000

symmetry is located above thg state at the minimum of the 2000 e range typical for stretching modes of aromatic
latter in the isolated molecule ( cf. Figure 3a). The-A" systems (see Table 1). These three intense IR bands may serve
crossing occurs at a bond length which-8.05 A larger than as a fingerprint of the RICT state and may possibly allow the

the equilibrium bond length of thke, state. Interaction with a identification of its role in the photophysics of DMABE.
polar solvent stabilizes thA"” state more than thé, state,
moving the crossing closer to thg minimum. It seems that
the RICT state in DMABN is just high enough in energy in
order not to interfere with the fluorescence from thestate.

A possibility of identification of the fluorescent state is
transient IR spectroscopy as reported in ref 28. In this work References and Notes
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