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Infrared spectra of the ground, charge transfer (CT), and locally excited (LE) states of isotope-labeled 4-(dimethyl-
amino)benzonitriles (DMABNS) in the region between 1700 and 900 cm™! are reported. The isotopomers measured are
normal DMABN, NC-C¢H,—'*"NMe, (dimethylamino nitrogen labeled DMABN), and NC—-C4H,D,~NMe, (3,5-dideuter-
ated DMABN). The infrared spectrum of the excited CT state of DMABN-d, is consistent with the previous band as-
signments for normal DMABN and DMABNSs isotopically labeled on dimethylamino group. For the LE state of normal
DMABN, three bands are observed at 1481, 1415, and 1399 cm™'. This is in contrast with a previously reported tran-
sient infrared spectrum, where positions of bands due to the transient do not shift from the ground state ones. The band
at ca. 1481 cm™! is observed for normal and N labeled DMABN, but not for DMABN-d,. Except for this point, the
band positions are almost identical for the three isotope-labeled species. The vibrational transitions observed at ca. 1415
and 1398 cm™! are hence attributed to modes with atomic displacements localized on methyl groups and/or the part of
the benzonitrile moiety adjacent to the cyano group or the cyano group itself. Quantum chemical calculations of the vi-
brational spectra for the CT and LE states of DMABN at present do not correctly reproduce the experimental spectra,
which means that more accurate calculations are needed for a reliable analysis of these spectra.

4-(Dimethylamino)benzonitrile (DMABN) is a representa-
tive of molecules having an electron donor (D) and acceptor
(A) group at both ends of a conjugated m-electron system.
Such D/A-substituted molecules sometimes show dual fluores-
cence in sufficiently polar solvents, and DMABN has attracted
much attention as a prototype of such compounds. The dual
fluorescence of DMABN is considered to originate from two
emissive excited states: the locally excited (LE) state and the
charge transfer (CT) state.'™ The LE state is generated imme-
diately after very rapid relaxation from the optically excited
(S,) state, whereas the CT state is formed as the intramolecular
charge transfer reaction proceeds.*® The molecular structure
of the CT state involved in this reaction, twisted or planar, is
still under discussion.'®!'" In the charge transfer reaction of
DMABN, the LE state is the precursor of the CT state. The
molecular structure of the LE state, as well as that of the CT
state, is an essential factor in the mechanism of the charge-
transfer reaction.®”

Recently, several research groups have investigated the ex-
cited state geometry of the LE and CT states of DMABN by
using vibrational (infrared and Raman) spectroscopy.'*"® We
previously discussed the molecular structure of the CT state of
DMABN'*!® and of molecules with related structures,'® by pi-

cosecond infrared spectroscopy in the fingerprint region. In
one of those publications,'8 we recorded transient infrared
spectra of DMABNS isotopically labeled in the peripheral (i.e.,
dimethylamino and cyano) groups. In this paper, we report in-
frared spectra of the ground, CT, and LE states of three
DMABN and two isotope-labeled DMABNS, including a ring-
deuterated species which was not measured previously.'*!8
The present results show that some of the experimental data
and/or their interpretation reported for DMABN in the litera-
ture are questionable, especially for the LE state.!>1316

Experimental

The experimental apparatus for measuring picosecond infrared
spectra in the fingerprint region (1700-900 cm™') was basically
the same as that described elsewhere.?**! The spectral data were
taken at 4 cm™! intervals. We made use of a method based on op-
tically heterodyned detection of absorption anisotropy
(OHDAA),?! in order to detect very small infrared absorbance
changes. Because of the characteristics of this OHDAA method,
the transient species gives a positive induced band when the vibra-
tional transition moment is parallel to the electronic transition mo-
ment, while it gives a negative induced band when the transition
moments are perpendicular to each other. If the angle between the
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transition moment is the magic angle (54.7°), it gives no transient
absorption band. In addition, of course, bleached absorption
bands give peaks with the opposite signs to the induced bands.
For molecules of C,, symmetry, totally symmetric vibrational
modes (a; species, in-plane) give positive transient absorption
peaks, whereas non-totally symmetric modes (b; species, out-of-
plane; b, species, in-plane) give negative peaks. Vibrational
modes of a, species (out-of-plane) are not infrared active. This
characteristic can help assignments of transient vibrational bands.
In the conventional transient infrared absorption method, all the
induced transient bands give bands with a common sign. This
point must be recalled when transient absorption data obtained by
OHDAA method is compared with those obtained by the conven-
tional method. Static infrared spectra of the ground state mole-
cules were recorded by a JASCO FT/IR-420 Fourier transform in-
frared spectrophotometer.

The isotopomers of DMABN measured in this study are the
natural isotope-abundance sample (hereafter called “normal”), the
dimethylamino nitrogen labeled compound (DMABN-*N), and
the 3,5-dideuterated molecule (DMABN-d,). The chemical struc-
tures of these isotopomers are shown in Scheme 1. The normal
and "N samples were synthesized as described previously.*?
DMABN-d, was obtained by refluxing DMABN (Aldrich) in D,O
containing D,SO,. The percentage of deuteration is larger than
95%, as determined by 'H and '*C NMR in comparison with
DMABN. Acetonitrile and cyclohexane were used as solvents for
the infrared measurements. These solvents (liquid chromatogra-
phy grade) were purchased from Wako Pure Chemicals and used
as received. The sample concentration was 7 X 1072 mol dm™*
for acetonitrile solution and 2.7 X 1072 mol dm~? for cyclohexane
solution.

Results and Discussion

1. Ground Electronic State. Static ground state infrared
spectra for acetonitrile solutions of three isotopomers of
DMABN (Scheme 1) are presented in Fig. 1. The spectra for
the normal and "N species shown in this Figure are the same
as those given in the previous papers.'®?> The spectrum for
DMABN-d, has a quite different spectral pattern as compared
with those of the other two species. For the three isotopomers,
the band frequencies, the results of the normal coordinate anal-
ysis, and the vibrational assignments based on this analysis are
summarized in Table 1. In the case of the normal and "N spe-
cies, the results are the same as those reported previously.?’
The method and the force field of the normal coordinate analy-
sis employed in the previous work reasonably explain the vi-
brational bands observed for the d, species. Consequently, the
infrared spectrum of the ground state of DMABN-d, obtained
here confirms the validity of the our earlier vibrational analy-
sis.??

2. CT State. Transient infrared spectra of three isoto-
pomers of DMABN in acetonitrile solution are shown in Fig.
2. The delay time between the pump and probe pulses was set
at 16 ps. The transient species observed at this delay time is
considered to be the CT state. The spectra for the normal and
15N species are identical to those reported earlier,'® as shown in
Table 2.

The data for DMABN-d, are essentially consistent with the
previous band assignments for normal DMABN and
DMABN:Ss isotopically labeled on dimethylamino group. A
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Fig. 1. Static infrared spectra of DMABN and the two iso-

tope-labeled derivatives DMABN-d, and DMABN-N in
the ground state, in acetonitrile solution at room tempera-
ture (concentration 0.07 mol dm™>). Bands due to solvent
have been numerically removed.

positive induced band at 1370 cm ™! of the d, species is consid-
ered to have an origin similar to that at 1425 cm™' of normal
DMABN (assigned to mode 18a/19a of Wilson notation®),
which shows a low-frequency shift upon deuteration. Since
the band at 1274 cm ™! of the ground state is due to an asym-
metric vibrational mode, it gives a negative bleached absorp-
tion in the transient spectra. (As mentioned in the experimen-
tal section, negative peaks are coming from non-totally sym-
metric vibrational modes.) The sign of the peak is the same as
that of a positive induced band due to the excited state.'s?!
The bleached band is clearly observed in the transient spec-
trum in cyclohexane solution (see Fig. 4). The positive tran-
sient band at 1277 cm ™! may include some contribution from
the ground state asymmetric vibrational mode. However, from
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Table 1. Infrared Band Frequencies (in cm™!) of the Ground State of DMABN Isotopomers in Acetonitrile (see Fig. 1)

Normal 5N d, Assi »
i i i ssignment
Obsd Calcd? Obsd Calcd? Obsd Calcd?
1609 1608 1609 1608 1598 1596 8a
1529 1517 1524 1512 18a,19a
1512 1506 Me-ad
1449 1457 1448 1457 Me-sd
1431 1433 Me-sd,18a,19a
1372 1353 1359 1336 1364 1344 Crine—NMe,
1274 1269 3,14
1229 1237 1216 1223 N-Me
1192 1174 Ciing—CN,184; 3,195
1180 1170 1180 1170 9a,Cing—CN
1171 1161 1171 1161 Me-rc,1
1174 1171 Me-rc,1
1154
1068 1050 9a,12; Me-rc
1066 1051 1062 1047 Me-rc
1005 986 1005 986 12,19a
954 938 N-Me
944 932 938 926 N-Me,1
919 897 10b
846 834 18a,9a
823 799 822 799 11

a) Based on normal coordinate analysis in Ref. 22. Calculated frequencies by B3LYP/6-31G(d) level. Abbrevia-
tions: 8a etc., Wilson notation for the benzene ring vibration; Me-ad, methyl group asymmetric deformation;
Me-sd, methyl group symmetric deformation; Me-rc, methyl group rock.

b) Consists of two overlapping vibrational bands.

its very strong band intensity, it is obvious that the principal
part of this band is coming from absorption by the CT state.
This positive band due to the CT state may be attributed to the
Ciing—NMe, single bond stretch, with a frequency almost the
same as that observed for the normal species (1276 cm™').
However, the benzene-ring vibrational modes, 18a and 19a,
and the C,,,—NMe, stretch (see Fig. 3) are considered to be
mutually hybridized to some extent. The low-frequency shift
of the mode 18a/19a mentioned above (1425 cm ™! in the nor-
mal species to 1370 ecm™! in d,) makes the frequency differ-
ence between the ring mode and the Cy;,,—NMe, stretch small-
er, which may promote the hybridization among these modes.
As a result, the mode hybridization in the d, species may be
quite different from that in the normal species for the Cpe—
NMe, stretch, although the frequency locations are apparently
very close to each other.

In normal DMABN (and in DMABN-"N as well), a band
attributable to the ring mode 12 (Fig. 3) is observed at 959
cm™'. In the d, species, no band corresponding to this mode is
observed. This may be explained by hybridization of several
vibrational modes as will be discussed in the following. For
normal DMABN, vibrational oscillator strength may be con-
centrated on the mode giving the 959 cm™! band. However,
deuteration of the ring and consequent change of mode hybrid-
ization may cause dissipation of the vibrational oscillator
strength into several vibrational modes. The intensity of each
vibrational mode, to which the oscillator strength of mode 12
is distributed, may be lowered so significantly that they be-
come virtually unobservable in the transient spectrum.

In the normal and N species, strong bands are observed at
1220 cm™!; these are attributed to the Ciing—CN stretch (and/or
mode 9a of the ring). This vibrational mode is expected to
shift to ca. 1200 cm™' on deuteration, by analogy with the
ground state. We can unfortunately not clearly observe the
corresponding band in the transient spectrum of the CT state of
the d, species. The ground state molecule gives bleached ab-
sorption bands around 1200 cm™!, which possibly overlap with
the C,;—CN stretch of the CT state. The absence of the band
is therefore consistent with the assignment of the band of the
normal DMABN at 1220 cm ™.

Kwok et al. have concluded that the CT state of DMABN
has a twisted geometry,'” since the observed frequencies of the
Ciing—NMe; stretch and the C=N stretch agree well with those
of the CASSCF calculations.?* However, it is necessary to ex-
amine the performance (i.e., accuracy) of the method of calcu-
lation, when molecular structure is discussed based on a com-
parison of experimental and quantum chemically calculated vi-
brational spectra. Previously, we have pointed out several seri-
ous disagreements between the observed and the calculated in-
frared spectra for the CT state of DMABN,'® although the ob-
served Cy,,—NMe, stretching frequency has been well repro-
duced by the calculation. For example, the calculation fails to
reproduce the band at 1425 cm ™! arising from a ring vibration-
al mode. In our opinion, the accuracy of the CASSCEF calcula-
tions may have to be reexamined. The CT state spectrum of
DMABN-d, observed in the present study may give useful data
for that purpose. It is desirable to compare experimental infra-
red spectra observed for the CT state of various isotopomers of
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Fig. 2. Transient infrared spectra of DMABN and the two
isotope-labeled derivatives DMABN-d, and DMABN-*N
in acetonitrile solution at room temperature (concentration
0.07 mol dm™?) at 16 ps after excitation. Bleached bands
arising from the ground state are indicated in parentheses.
Negative bands due to non-totally symmetric vibrational
modes (for both the ground and the excited states) are
marked with asterisks.

DMABN with those obtained from quantum chemical calcula-
tions, not only for the Cy,,—NMe, stretch and C=N stretch but
also for other bands, such as ring vibrational modes. The de-
termination of the structure of the CT state based on calcula-
tions can be satisfactory only if a good agreement is obtained
between the entire observed and calculated infrared spectra for
the various isotope-labeled species investigated.

In our previous study,'® it has been concluded that, in the CT
state, (1) the Cjns—NMe, bond is of single bond character, and
(2) the ring moiety is suggested to possess some quinoidality.
The present result on DMABN-d, is consistent with that con-
clusion. A planar structure with the Cy,,~NMe, bond of a dou-
ble bond character is consequently not likely for the CT state
of DMABN. Either one of the following two possibilities may
be the right answer: the C,,—NMe, bond is of single bond
character due to torsional displacement, or, it retains single
bond character for some reason despite a (nearly) planar struc-
ture. When an advanced theoretical calculation predicts accu-
rately, in the future, the observed vibrational spectra including
the ring modes, and/or if other kind of infrared data (men-
tioned in later section) are accumulated for the CT state, it will
be well understood which possibility of the two is more realis-
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Table 2. Infrared Band Frequencies (in cm™!) of the Excited
(CT and LE) States of DMABN Isotopomers in Acetoni-
trile (see Fig. 2) and Cyclohexane (Fig. 4)”

Normal 5N dy Assignment
CT state
1425 1426 18a,19a
1370 18a,19a,Cin,—NMe,
1276" ~1280" 3,14
12779 Ciing~NMe,,18a
1276 1262 Ciing—NMe,
1220 1220 Ciing—CN
1048"
1021 9a?
959 960 12
LE state
1481" 1481"
1415 1415 1416
1399" 1398" 1398"

a) Negative peaks arising from non-totally symmetric
vibrational modes are indicated by asterisks.

b) See notes to Table 1 for abbreviations.

¢) A bleached absorption band due to the ground state lies
at very close frequency (1274 cm™").

ﬁ

18a 9a
\{ e
Cnng—NMez
Fig. 3. Vibrational coordinates of DMABN.
tic.
3.LE State. The optical transition from the ground state

to the LE state of DMABN is associated with a transition mo-
ment perpendicular to the long molecular axis, and results in a
relatively weak absorption band.”® In solution, the LE state of
DMABN is predominantly generated via relaxation from the
S, state that has a larger oscillator strength than the transition
to ;.8 The molecular structure of the LE state is an important
factor in the mechanism of the intramolecular charge separa-
tion reaction. The following publications have appeared con-
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Fig. 4. Transient infrared spectra of DMABN and the two
isotope-labeled derivatives DMABN-d, and DMABN-*N
in cyclohexane solution at room temperature (concentra-
tion 0.027 mol dm™%) at 4 ps after excitation. Bleached
bands arising from the ground state are indicated in paren-
theses. Negative bands due to non-totally symmetric vi-
brational modes (for both the ground and the excited
states) are marked with asterisks.

cerning the LE state molecular structure.

In the gas phase, selective direct excitation from the ground
state to a single vibronic level of the LE state is possible,?*™!
and the molecular structure has been discussed based on the
band contour analysis. Kajimoto and coworkers have conclud-
ed that the dimethylamino group is planar and is twisted by
30° relative to the benzene plane (but the barrier height at 0° is
found to be very small) in the gas phase, based on a rotational
envelope analysis of the laser induced fluorescence spectrum.?’
Comparable results have been obtained in a recent study by
Lommatzsch and Brutschy.?’ From a similar analysis, Salgado
and coworkers have reached the conclusion that the amino
twist angle is approximately 0°, whereas the planarity of di-
methylamino group was not clearly established.*® Although
there are minor differences, the results of the gas phase
experiments?®~! agree on the point that the twist angle of the
dimethylamino group is rather small.

In solution, a determination of the LE state structure is diffi-
cult, but several attempts have been made. Zachariasse and co-
workers have proposed that inversion of the amino nitrogen is
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an important reaction coordinate in the relaxation process from
the LE state to the CT state, based on an analysis of the fluo-
rescence behavior of DMABN and related compounds in vari-
ous solvents.®® They explain the experimental results by as-
suming that the dimethylamino group is weakly pyramidalized
in the LE state, similar to what has been found for the ground
state. Kummrow and coworkers, on the other hand, have con-
cluded that the LE state has a planar structure, based on com-
parison of observed and quantum chemically calculated infra-
red spectra.'*'® Kwok et al. have supported the idea of a pla-
nar LE state from the observed Raman band frequencies.'®
However, the arguments concerning the LE state structure of
DMABN in solution seem to be somewhat ambiguous and
questionable, as will be discussed later in this section.

In Fig. 4, transient infrared spectra of the three isotopomers
of DMABN in cyclohexane solution at a delay time of 4 ps are
shown. Since these spectra were recorded shortly (4 ps) after
photoexcitation, the transient species should be a singlet excit-
ed state. In cyclohexane solution, the CT state of DMABN is
not formed and hence the transients observed in the spectra
originate from the LE state. In the picosecond transient infra-
red spectra obtained, two (for DMABN-d,) or three (for nor-
mal DMABN and DMABN-'’N) absorption bands due to the
LE state are observed. In the normal and "N species, we find a
negative peak at 1481 cm ™', which may be attributed to a non-
totally symmetric vibrational mode (see the experimental sec-
tion). This band is not observed (or at least not clearly observ-
able) for the d, species, possibly because of the strong
bleached absorption band due to the ground state molecules.
Except for this peak, the two other band positions (ca. 1415
and 1398 cm™") are almost identical for normal DMABN and
the two isotope-labeled species. This clearly shows that the vi-
brational modes giving rise to these bands do not involve dis-
placements of the amino nitrogen and of the 3- or 5-hydrogen
or deuterium atoms of the benzene ring. It also indicates that
the Cy;,,—~NMe, single bond stretching vibration of the LE state
is not observed in these spectra, because none of the bands
shows a low-frequency shift upon 'N-substitution in the dime-
thylamino group. We therefore attribute the bands at ca. 1415
cm™! (positive peaks: totally symmetric mode) and ca 1398
cm™! (negative peaks: non-totally symmetric mode) to vibra-
tional modes with atomic displacements localized on the meth-
yl groups and/or on the part of benzonitrile moiety adjacent to
the cyano group (1-, 2-, or 6-carbons, 2- or 6-hydrogens of the
ring or the cyano group itself).

Kwok et al. found a Raman band due to the LE state of nor-
mal DMABN at 1423 cm™! in cyclohexane.”® They have as-
signed this band to the Cy;,,—NMe, stretch, and from the vibra-
tional frequency they concluded that the bond between the ring
and dimethylamino group has considerable double bond char-
acter and that consequently the dimethylamino group is co-pla-
nar with the benzene ring. However, the only evidence they
have shown for this band assignment is its ‘strong intensity’.
The infrared band at 1415 cm™' we have found in the present
measurement possibly arises from the same vibrational mode
as that giving rise to the Raman band at 1423 cm ™!, taking into
account the facts that the Raman spectral data of Kwok et al.
were obtained at intervals of 10 cm ™' and that the band is quite
broad."”® Our present transient infrared data for the '>N species
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show that the band at 1415 cm™! is not due to the Ciing~NMe,
stretch, as discussed above. If this infrared band (1415 cm™!)
corresponds to the Raman band at 1423 cm™, it would follow
that the argument given by Kwok et al. for the planarity of
dimethylamino group is not correct. Further discussion is
needed on this point.

Chudoba et al. have reported the transient infrared spectrum
of the LE state of DMABN in the wavenumber range between
2230 and 1270 cm ™~ '.!*!® However, there seem to be question-
able points concerning the LE state spectrum (at 1 ps delay)
they have obtained, when we compare their spectrum with that
presently recorded. In the spectrum of Chudoba et al., the LE
state absorption bands between 1700 and 1400 cm™ appear at
the same frequencies as those observed for the ground state ab-
sorption bands. No bands have been found outside this wave-
number region. The three bands we have found here (1481,
1415, and 1399 cm™, see Table 2) were not observed. If they
have failed to detect these three bands because of their weak
intensities, then the “LE state bands”, which they have found at
the same positions as the ground state bands, must be very
strong. In that case, we should observe strong transient infra-
red bands due to the LE state in our transient spectra, at the
same frequencies as the ground state vibrational transitions,
with signs of the peaks opposite to them. We do not find, how-
ever, such bands in the spectra shown in Fig. 4. Chudoba et al.
obtained the infrared spectrum of the LE state of DMABN by
numerical subtraction of the ground state contribution from the
transient spectrum including the bleached absorption bands.
In this method of obtaining the LE state spectrum, parameters
such as the pump power density at the sample point are need-
ed, but these are sometimes difficult to estimate accurately.
Even if these parameters were accurately known, the problems
of nonlinear effects such as depletion and generation of hot
molecules still remain; such difficulties were not taken into ac-
count. They mentioned'® that ‘multiphoton absorption’ was
actually observed at very short delay times. Furthermore, ef-
fects of transient absorption anisotropy for polarized light were
not considered. The ‘infrared bands’ of the LE state they have
found at the same position as the ground state bands are proba-
bly due to artifacts coming from the numerical treatment of the
spectra.

Kummrow et al. have performed vibrational analysis and in-
frared intensity calculations for the LE state of normal
DMABN, based on the ab initio CASSCF method.!*!6** They
have reported the results of the vibrational analysis for pyrami-
dal and planar geometries of the dimethylamino group (with
the twist angles fixed at 0°). For the pyramidal dimethylamino
geometry, no strong band other than the C,.—NMe, stretch
was predicted around 1400 cm™ ', and this result is not consis-
tent with the infrared spectrum observed here. As for the pla-
nar geometry of the dimethylamino group, on the other hand,
several strong bands have been calculated in the region be-
tween 1500 and 1400 cm™! (there is no description about de-
tails of the mode and symmetry species in Refs. 13, 16, and
24). In our transient spectra in Fig. 4, data could not be ob-
tained in the region around 1450 cm™! because of interference
from strong absorption by the solvent cyclohexane. For that
reason it is difficult to compare the results of the calculation by
Kummrow et al. with the transient infrared spectrum obtained
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in this work. It may be said that the observed spectrum is a lit-
tle closer to the calculated result for the planar geometry than
to that for the pyramidalized geometry, for they give a few in-
frared bands in 1400’s of cm™'. It is almost impossible, how-
ever, to make use of this fact as a criterion for determination of
the structure in the LE state. At least from a quantitative point
of view, the calculated vibrational frequencies and intensities
are not in good agreement with the observed transient spec-
trum. The results described in this section show that accuracy
of the CASSCF calculation'*'%** is not sufficient for the pur-
pose of determining the LE state geometry of DMABN from
the experimental vibrational spectra. A decision on the geom-
etry of the LE state of DMABN can therefore not be made at
present.

Concluding Remarks

In several previous studies, conclusions on the molecular
structure of the LE and CT states of DMABN have been de-
rived from only partial agreement between observed and calcu-
lated vibrational spectra. If a calculation does not well repro-
duce the entire observed spectrum, however, this may indicate
that the method of calculation is not fully satisfactory. The ex-
cited state structures which follow from such calculations must
therefore be considered to be ambiguous. In the fingerprint re-
gion between 1500 and 900 cm ™', hybridization of vibrational
modes is often substantial, and small cross terms of the force
field sometimes have sizable effects on vibrational modes and
frequencies. This is indeed the case for the ground state
DMABN,? and probably also for the excited states. This
means that the partial agreement between observed and calcu-
lated frequencies may be accidental in some cases. It is there-
fore essential that the overall feature of the observed spectrum
is well reproduced by the calculations, before conclusions on
excited state structures can be made. For the CT and LE states
of DMABN, this criterion is unfortunately not fulfilled at
present. Vibrational analysis based on more accurate quantum
chemical calculations is hence desired.

In order to investigate the structure of excited DMABN by
transient infrared spectroscopy, one may try a different method
as described in the following. In transient infrared absorption
experiments, two transition moments are involved in the opti-
cal process: an electronic transition moment for the pump pro-
cess and a vibrational transition moment for the probe process.
The angle between the two transition moments can be deter-
mined by polarization dependence measurements with linearly
polarized pump and probe light (or qualitative information is
obtained in a simple way by optically heterodyned detection of
absorption anisotropy,?' the method adopted in this study).
Consequently, if we can observe a non-totally symmetric vi-
brational mode of the dimethylamino group of the excited mol-
ecule, such as the anti-symmetric N-Me stretch, and if we can
photoexcite the molecule with a transition moment perpendic-
ular to the molecular axis, then the twist angle of the dimethy-
lamino group of the excited molecule can be estimated. Simi-
larly, we can obtain an approximate value of the wagging an-
gle, if the molecule is excited with an electronic transition mo-
ment parallel to the molecular axis and a vibrational mode
such as the symmetric N-Me stretch is observed. To achieve
this goal, observation and assignment of suitable vibrational
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bands is necessary, and appropriate pump wavelengths must be
available. The method would require a very high sensitivity of
transient absorption measurements and a wide wavelength tun-
ability for the pump light source. To obtain such a very high
sensitivity is not easy at present; it may need extremely high
stability of the light source. As for the tunability of the pump
light, it may be already feasible if we adopt a modern Ti:sap-
phire based laser system. The geometric structure of the CT
and LE states of DMABN could be determined without ambi-
guity, when this method would become possible in practice.

We thank Mr. H. Inishi and Ms. Y. Nakamura of Kanazawa
University for their help in preparation of normal DMABN
and the >N species and Mr. W. Bosch of the Max-Planck-Insti-
tut for synthesis of the d, species. Mr. R. Machinek (Gottingen
University) is thanked for carrying out 'H and '*C NMR mea-
surements with DMABN and DMABN-d,. M. K. also thanks
Prof. T. K. Miyamoto of Kitasato University for his kind en-
couragement. This research was supported in part by Grants-
in-Aid for Scientific Research (Nos. 09640597 and 11440171)
from the Ministry of Education, Science, Sports and Culture,
and by a grant from the Morino Foundation for Molecular Sci-
ence to H. O.

References

1 E. Lippert, W. Liider, F. Moll, W. Nigele, H. Boos, H.
Prigge, and 1. Seibold-Blankenstein, Angew. Chem., 73, 695
(1961).

2 N. Nakashima and N. Mataga, Bull. Chem. Soc. Jpn., 46,
3016 (1973).

3 K. Rotkiewicz, K. H. Grellmann, and Z. R. Grabowski,
Chem. Phys. Lett., 19, 315 (1973).

4 7. R. Grabowski, K. Rotkiewicz, A. Siemiarczuk, D. J.
Cowley, and W. Baumann, Nouv. J. Chim., 3, 443 (1979).

5 W.Rettig, Angew. Chem., Int. Ed. Engl., 25, 971 (1986).

6 U. Leinhos, W. Kiihnle, and K. A. Zachariasse, J. Phys.
Chem., 95, 2013 (1991).

7 W. Schuddeboom, S. A. Jonker, J. M. Warman, U. Leinhos,
W. Kiihnle, and K. A. Zachariasse, J. Phys. Chem., 96, 10809
(1992).

8 Th. von der Haar, A. Hebecker, Y. II’ichev, Y.-B. Jiang, W.
Kiihnle, and K. A. Zachariasse, Recl. Trav. Chim. Pays-Bas, 114,

Bull. Chem. Soc. Jpn., 75, No. 5 (2002) 963

430 (1995).
9 Y. V. II'ichev, W. Kiihnle, and K. A. Zachariasse, J. Phys.
Chem. A, 102, 5670 (1998).

10 W. Rettig, B. Bliss, and K. Dirnberger, Chem. Phys. Lett.,
305, 8 (1999).

11 K. A. Zachariasse, Chem. Phys. Lett., 320, 8 (2000).

12 M. Hashimoto and H. Hamaguchi, J. Phys. Chem., 99,
7875 (1995).

13 C. Chudoba, A. Kummrow, J. Dreyer, J. Stenger, E. T. J.
Nibbering, T. Elsaesser, and K. A. Zachariasse, Chem. Phys. Lett.,
309, 357 (1999).

14 H. Okamoto, J. Phys. Chem. A, 104, 4182 (2000).

15 W. M. Kwok, C. Ma, D. Phillips, P. Matousek, A. W.
Parker, and M. Towrie, J. Phys. Chem. A, 104, 4188 (2000).

16 A. Kummrow, J. Dreyer, C. Chudoba, J. Stenger, E. T. J.
Nibbering, and T. Elsaesser, J. Chin. Chem. Soc., 47, 721 (2000).

17 W. M. Kwok, C. Ma, P. Matousek, A. W. Parker, D.
Phillips, W. T. Toner, M. Towrie, and S. Umapathy, J. Phys. Chem.
A, 105, 984 (2001).

18 H. Okamoto, H. Inishi, Y. Nakamura, S. Kohtani, and R.
Nakagaki, J. Phys. Chem. A, 105, 4182 (2001).

19 H. Okamoto and M. Kinoshita, J. Phys. Chem. A, in press.

20 H. Okamoto and M. Tasumi, Chem. Phys. Lett., 256, 502
(1996).

21 H. Okamoto, Chem. Phys. Lett., 283, 33 (1998).

22 H. Okamoto, H. Inishi, Y. Nakamura, S. Kohtani, and R.
Nakagaki, Chem. Phys., 260, 193 (2000).

23 E. B. Wilson Jr., Phys. Rev., 45, 706 (1934).

24 J. Dreyer and A. Kummrow, J. Am. Chem. Soc., 122, 2577
(2000).

25 J. Herbich, K. Rotkiewicz, J. Waluk, B. Andresen, and E.
W. Thulstrup, Chem. Phys., 138, 105 (1989).

26 V. H. Grassian, J. A. Warren, E. R. Bernstein, and H. V.
Secor, J. Chem. Phys., 90, 3994 (1989).

27 O. Kajimoto, H. Yokoyama, Y. Ooshima, and Y. Endo,
Chem. Phys. Lett., 179, 455 (1991).

28 B. D. Howells, J. McCombie, T. F. Palmer, J. P. Simons,
and A. Walters, J. Chem. Soc., Faraday Trans., 88, 2595 (1992).

29 U. Lommatzsch and B. Brutschy, Chem. Phys., 234, 35
(1998).

30 F. P. Salgado, J. Herbich, A. G. M. Kunst, and R. P. H.
Rettschnick, J. Phys. Chem. A, 103, 3184 (1999).

31 R. Daum, S. Druzhinin, D. Ernst, L. Rupp, J. Schroeder,
and K. A. Zachariasse, Chem. Phys. Lett., 341, 272 (2001).



