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Femtosecond Fluorescence and Absorption Dynamics of an Azobenzene with a Strong
Push—Pull Substitution
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The ultrafast photoisomerization of a pugbull substituted azobenzene (4-nitre(dimethylamino)azobenzene,

NA) is studied by means of femtosecond fluorescence and absorption spectroscopy. The fluorescence dynamics
is biphasic. The initial fluorescence with a narrow and intense spectrum decayB0ih fs. This decay is
accompanied by the rise of broad red-shifted and much weaker emission. The same time constants recur in
the transient absorption spectra which hold additional information on the ground-state dynamics. The ground
state recovers in 0.8 ps, demonstrating that only the longer time constant is associated with an internal
conversion process. Small spectral changes occurring thereafiegpg) point to vibrational cooling in the

ground state. The results are analyzed in comparison with the behavior of the parent compound azobenzene.
Though the pushpull substitution of azobenzene strongly alters the character of its excited states, the
photodynamics are surprisingly robust with respect to that substitution.

1. Introduction SCHEME 1

transAzobenzenes can be interconverted to their cis isomers HQ i
and vice versa by photoexcitation. Because of the prototypical N~ch, N~cH,
character of this isomerization, azobenzene and its derivatives Q
have become one of the “hydrogen atoms” of femtochemistry. N=N _N—N
Femtosecond absorption and more recently fluorescence studies
have established the time scale of this photoreaction to be of | o QI)/
the order of 100 fs to 1 ps (see, e.g., refs4). One central : z
issue of these studies has been the mechanism of the isomer- . . . .
ization (inversion versus rotation). A distinction between the fluorescenpe experiment exclusively monitors the transition from
two mechanisms based on spectroscopic results alone is difficultthe potential surface of the lowest excited state*jrio that of
if not impossible. Thus, such studies have to be supplementedth® ground state ¢S For azobenzene the energy gap of this
by quantum chemical calculations. Results of different calcula- transition depends strongly on the nuclear coordinates and
tions point to either mechanism, and the subject is therefore Should strongly decrease when moving along the reaction
still under debate (a very recent status report can be found incoordinate out of the FranekCondon range. Therefore, the
the introduction of ref 5). We recently focused dinetic motion pf the photoisomerizing azobenzene has alarge impact
differences in the photodynamics of the transcis versus the on the time resolved fluorescence spectra. Since the absorption
cis — trans direction by means of femtosecond transient CT0SS sections between the &d the m* surface are weak,
absorption spectroscopy and continuous wave (Cw) fluorescencdhe transient absorptlon S|gn_al is dominated by transition from
spectroscop§. For the trans— cis reaction the transient the rn*_state to higher excited states. Strong excited-state
absorption spectrum attributed to the excited state predominantly2Psorption may happen all over thernsurface. Roughly
decays with time constants of 0.34 and 3.0 ps which carry nearly SPéaking, the time dependence of the fluorescence emission
equal amplitudes. The opposite direction is faster (0.1 ps) and monitors the motion of the excited m_olecyle out of the F_ranck_
nearly single exponential. To determine the origin of the biphasic ondon region, whereas the absorption signal reports this motion
behavior of the trans form, a quantitative comparison of the @nd the decay of the excited state. Apparently, tians
cw-fluorescence of the trans form and the cis form was @zobenzene the motion out of the Fran@dondon range and
performed. This comparison led to the conclusion that only the the internal conversion to the ground state occur on different
0.34 ps component contributes significantly to the fluorescence time scales; in the cis form such a partitioning of time scales
emission. A time resolved fluorescence study indeed showeddoes not exist.

that the longer componenthough not completely absenhas In an attempt to investigate whether the biphasic behavior of
a much weaker amplitude in the time resolved fluorescence the trans— cis direction is rather general for azobenzenes or a
experiment as compared to the absorption measurehigme. peculiarity of the azobenzene parent molecule, we investigated

different signatures of the photodynamics of the trans form in @ Push-pull substituted azobenzene. Here results of a joint

the two spectroscopic techniques were attributed to the different fémtosecond absorption and fluorescence study on 4-riiro-4

radiative transitions predominantly detected by tifete  (dimethylamino)azobenzene (NA, see structure in Scheme 1)
are presented. Azobenzene substituted only by a dimethylamino

* Corresponding author. Fax-49-89/2180-9202. E-mail: Peter.Gich@ ~9roup has already been studied by femtosecond absorption
physik.uni-muenchen.de. spectroscopyand has been shown to undergo internal conver-
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T T T T T T polarizers. The Kerr gate is operated by a femtosecond NIR
laser pulse obtained from a two-stage optical parametric
amplifier again pumped by a portion (220) of the amplifier

output. Employing the NIR pulses at 1100 nm instead of the

3.0

w
[=)

25

N
(2]

20 20 g amplifier output has the advantage of opening the spectral region
> from 700 to 950 nm for fluorescence measurements and

1.5 1572 improving the temporal resolution. After passing the Kerr gate

ok 1.0 E the fluorescence light is dispersed bfy=a 300 nm spectrometer

(Acton Research, Spectra Pro 300i) equipped with a 150 lines/
05 mm grating blazed at 800 nm and detected with a liquid nitrogen

cooled CCD camera (Princeton Instruments, Spec-10:400B). The
recorded spectra were corrected for spectral sensitivity using a
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300 400 500 600 700 800 900 blackbody radiator as a reference. The duration of the instru-
Wavelength [nm] mental response function of the setup is 360 fs (fwhm).
Figure 1. Steady-state absorption and emission spectraanis4- The spectral dependence of time zero induced by the group

nitro-4-(dimethylamino)azobenzene (NA) dissolved in toluene. The velocity dispersion of the optical components was derived by
absorption spectrum dfans-azobenzene (dotted line) is included for recording the spectrotemporal behavior of a white light con-
comparison. tinuum generated at the sample location. When correcting for
this dependence, the contribution of the solvent was added using
suffice to decide upon a biphasic behavior. The substitution tabulated values of the linear dispersion of the solyent. For. the
pattern chosen here is expected to alter the electronic charactef@t@ presented here at every setting of the delay line the signal
and thereby the photodynamics more drastically than the aboveWaS accumulated fcb s or5000 laser shots; then signal traces
monosubstitution. The change of the electronic states becomef 20 scans of the delay line were averaged. To record steady-
evident when comparing the absorption spectrum of NA with state fluorescence spectra this same setup was used where the
that of azobenzene (see Figure 1). Azobenzene has one weal@ate pulses were bloqked and the analyzer of the Kerr shutter
electronic resonance in the visible at 440 nm which is attributed turned to a parallel alignment.

to an nr* excitation and strongerr* transition in the UV The absorption experiments were performed using a setup
around 310 nm (the spectroscopy of azobenzenes has beetased on a home-built Fisapphire laser chirped pulse amplifier
reviewed in ref 8). In NA these transitions nearly coincide and (CPA) system operated at 800 riifhA single-stage NOPA
overlap with a charge transfer (CT) transition absent in pumped by the Ti:Sa amplifier (1 kHz) provided excitation
azobenzen&Even in a solvent with a polarity as moderate as pulses at 490 nm. These pulses were compressed to a duration

sion within ~1 ps. The time resolution of this study did not

benzene this CT transition dominates the visible spectiihe of 40 fs by a prism compressor and focused onto the sample
strong CT character of the visible transition of NA was also cell (optical path length 1 mm). At the sample location the
inferred from its resonance Raman spectfinA detailed excitation light had a diameter of 50m and an energy of 0.5

analysis of this spectrum yielded the initial structural distortion «J. For the probing of the induced absorption changes, a white
of NA upon photoexcitation which is in line with a transition light continuum was generated by focusing a small portion of
from a neutral to a zwitterionic form as shown in Scheme 1. the amplifier output ortt a 2 mmsapphire plate monitoring the
The change of the electronic character also alters the ground-absorption changes. The white light was split into a probe and
state kinetic properties. While the thermal isomerization of a reference beam which both crossed the excitation beam at
azobenzene occurs within hours, nitroaminoazobenzenes refornthe sample location. The reference pulses arrived at the sample
their trans isomer on the time scale of minutes or even prior to the excitation pulse; the arrival of the probe pulses was
milliseconds depending on the solvent polatity. adjusted by a delay stage. Probe and reference pulses were
In this paper we will (i) demonstrate the importance of a detected by a multichannel setup allowing the simultaneous
simultaneous application of femtosecond absorption and fluo- acquisition of the transient absorption in a spectral range from
rescence techniques for the separation of excited- and ground-470 to 730 nm with a resolution of 6 nm. The time resolution
state dynamics in photoactive systems, (ii) present the influenceof the setup was determined by analyzing the coherent artifact
of a strong pushpull substitution on the photoisomerization of the neat solvent4 to be 100 fs. This artifact, which is
dynamics of azobenzene, and (i) show that the biphasic naturesomewhat smaller than the actual signal, was properly scaled
of the reaction dynamics ¢fans-azobenzene is maintained also  (considering the absorption of the solute) and subtracted from

in push—pull substituted azobenzenes. the raw signal to to obtain the pure response of the solute. For
) _ the data presented here at every delay setting the signals of 100
2. Experimental Section laser shots were accumulated and the results of three scans were

The setup for femtosecond fluorescence experiments has beefveraged. For special absorption experiments with higher time
described before in detail in ref 12. In brief: The experimentis resolution the white light probe setup was replaced by a single-
based on recording the fluorescence emission by a Kerr gateStage NOPA identical to the one used in the pump branch. That
driven by femtosecond NIR pulses. Excitation pulses were NOPA was tuned to 650 nm, and its output was compressed to
generated from the output-@00 uJ) of a femtosecond laser/ 28 fs (fwhm). For the NOPA/NOPA pump probe experiments
amplifier system (Clark CPA 2001 running at 775 nm with a 100 laser shots were accumulated and five scans were averaged.
repetition rate of 1 kHz) via a tWO_Stage noncollinear optica| The temporal resolution of this eXperiment was better than 40
parametric amplifier (NOPA) tuned to 480 nm. Compressed fS.

NOPA pulses with an energy &1 «J were focused onto the 4-Nitro-4'-(dimethylamino)azobenzene was synthesized ac-
sample cell. The emission generated by this excitation was cording to ref 15, purified by recrystallization, and characterized
collected with reflective optics and imaged onto the Kerr by NMR. Concentrations of NA in the toluene solutions were
medium (a fused silica plate) placed between two wire grid chosen to reach an optical density (OD) in the 1 mm sample



fs Fluorescence and Absorption Dynamics of NA J. Phys. Chem. A, Vol. 108, No. 20, 2004401

12 " trans | ' ' (a)

1.0
0.8

0.6

Absorbance [OD]

0.4

0.2

0.0 1 1
300 350 400 450 500 550 600
Wavelength [nm]

Figure 2. Absorption spectra of NA in toluene recorded after steady-

state illumination at time intervals of 10 s indicating the reformation 3000
of the trans isomer. -

=]
cell of ~2 OD and~1 OD for the fluorescence and the < 2000
absorption experiments, respectively. Sample solutions were g
circulated rapidly through the sample cell to ensure a replace- 2
ment of the sample after each laser shot. Large volumes of the = 4000

sample solutions of~10—100 mL were chosen to avoid

accumulation of the cis photoproduct. (The cis isomer thermally

reforms the trans isomer in70 s; therefore, the photostationary 0
concentration of the cis isomer is negligible here.)

3. Results

3.1. Steady-State SpectroscopyVhen the visible absorption
band of NA in toluene peaking at 464 nm is excited with a
NOPA pulse centered at 480 nm, a very weak fluorescence
emission is recorded (Figure 1). The emission spectrum features
a rather sharp rise to a maximum at 590 nm and a long tail
extending to the NIR. lllumination of NA in toluene leads to a
reduction of the absorption in the visible due to the cis formation
(note that for azobenzene itself an increase of the visible
absorption is observed). This reduction relaxes with a time
constant of 70 s, the time constant of the etstrans reaction

Intensity [a.u.]

(Figure 2).

3.2. Femtosecond Fluorescence Spectroscopy overview
of the fluorescence spectra recorded as a function of time is 500 600 700 800 900
given in Figure 3a. As expected for a chromophore with a small Wavelength [nm]

fluorescence quantum yield, the fluorescence of NA decays very Figure 3. Time resolved fluorescence spectra of NA in toluene. (a)
fast, within less than a few hundred femtoseconds (Figure 3). Overview. (b) Time traces at different wavelengths. (c) Time-dependent

A closer inspection of this decay at two wavelengths (Figure specira at the delay times given in the figure. The steady-state
3b) shows the emission dynamics depends on the detectionfluorescence spectrum is plotted as a dashed line.

wavelength. At the blue edge of the emission spectrum (530

nm) the time trace is nearly symmetric, indicating that the concerning inner filter effects is in place. The fluorescence light
fluorescence decay time is on the order of or below the which is generated close to the front window of the sample
instrumental response time which is equal to 150 fs (fwhm). In cell has to pass that cell before it is detected. Thereby, it could
the red wing of the emission (800 nm) a significantly slower be attenuated by either the static absorption of the sample (static
decay with a characteristic time of1 ps is observed. This inner filter) or its transient absorption (dynamic inner filter).
wavelength dependence of the fluorescence lifetime is equivalentThe shape of the fluorescence spectrum does not change upon
to a change of the emission spectra with time (Figure 3c). dilution; therefore, the static inner filter effect is not of
Immediately after photoexcitation the emission spectrum featuresimportance here. As will be shown in the next section, the
the sharp peak also present in the steady-state spectrum (brokefluorescence emission overlaps spectrally with a transient
curve). However, the tail in the NIR is by far less pronounced. absorption band which might distort the fluorescence signal
As the spectrum with the sharp peak decreases in amplitude, adynamic inner filter). However, by normalizing the fluorescence
very broad spectrum centered around 700 nm emerges whichexperiments to the excitation conditions of the absorption
then decays in-1 ps, thereby retaining its shape. This biphasic experiments, it can be shown that this effect does not surmount
decay of the fluorescence emission is the origin of the peculiar 10%. Therefore, considerations of dynamic inner filter effects
shape of the cw spectrum of NA (see Figure 3c). The peak stemswill be disregarded in the discussion of the fluorescence decay.
from a strongly emitting but very short lived species, and the  To extract dynamic parameters on the fluorescence decay,
tail is caused by the weak but longer lived emission centered atthe data were fitted globally using a multiexponential trial
700 nm. Prior to a numerical analysis of these results, a note function convoluted with a Gaussian. The Gaussian represents
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Figure 4. Decay associated spectra obtained by global analysis of the
time resolved fluorescene data presented in Figure 3. The insert gives

the time dependence of the “numerical” delay zero. o ! . :
the experimental response function; its width was determined ;;. 54

in an independent experiment @rtcarotene to be 150 fs (fwhm). @

The decay traces at all wavelengthb50 nm are nicely § 06

reproduced by a biexponential trial function using two time 5

constants. At the blue edge of the emission spectium 550 § 0.4

nm) the global fit was only successful if the delay zero was 8

treated as a free-fitting parameter (insert in Figure 4). Thistime 8 o2

zero shift is attributed to a molecular process occurring on a 5

time scale of~50 fs which is not accounted for in further 0.0

discussion since its dynamics are faster than the instrumental ' : '
response function of the emission experiment. The global fit 020 -0.10 0.00 0.10 0.20
yielded time constants of 80 fs and 0.8 ps. Most of the emission Delay Time [ps]

intensity decays with the 80 fs component, its amplitude being gigyre 5. Transient absorption measurements on NA in toluene. (a)
~10 times higher than that of the 0.8 ps component. The Overview. (b) Rise behavior of the transient absorption of NA at 645
spectrum associated with the 80 fs time peaks at 570 nm andnm (solid line) in comparison with the experimental rise determined
features the sharp maximum around time zero in the time from the measured cross correlation function (dashed line).

resolved spectra. Beyond 700 nm the spectrum of the 80 fs

015 T T T T
component is negative, indicating a delayed rise of the long-
wavelength emission. The signal that emerges during that rise 0.10
is strongly red shifted as compared to the 80 fs spectrum and 5
extends to 900 nm. The decay of this spectral signature with a o 005
time constant of 0.8 ps terminates the emission of NA in toluene. § -0.00
3.3. Femtosecond Absorption Spectroscopyhe results of % ' X
the femtosecond absorption experiments on NA covering a broad E 005
spectral region from 470 to 730 nm are depicted in Figure 5a.
The time resolution in these experiments (fwhm of the cross- -0.10
correlation function) was equal to 100 fs. Immediately after 0.5 . , 0.10 ps |
photoexcitation at 490 nm the bleach of the ground-state 500 550 600 650 700

absorption results in a negative difference absorption (bleach
of the NA absorption) for wavelengths smaller than 530 nm.
Toward longer wavelength a positive difference absorption
spectrum is detected with a maximum at 650 nm and a shoulder

at 580 nm. This transient absorption signal decays on the j ¢ time constant of 70 fs exists (obtained by fitting the time
picosecond time scale, leaving a tiny offset at long delay times. yace in Figure 5b) and determines the buildup of the absorption
In a second set of experiments the rise of the transient absorptionys g45 nm.

is investigated at 645 nm (solid curve in Figure Sb). In these  Thjs delayed rise is more difficult to identify in the transient
experiments the time resolution (fwhm of the cross correlation absorption spectra due to the limited time resolution of this
function) was equal to 37 fs. The rise of the transient absorption experiment. A global fit procedure exerted on the transient
of NA is fast but slower than the experimental limit, which is Spectra’ however’ recovers a time constant of the same order
represented by the convolution of the correlation function with (100 fs versus the 70 fs determined above). The resulting decay
an instantaneous rise (broken curve). A control experiment on associated spectra are depicted in Figure 6; the respective time
the stimulated emission of the laser dye rhodamine 6G constants are 100 fs, 0.8 ps, 4 ps, and infinity. The shortest
reproduces qualitatively the broken curve (data not shown). time constant of~100 fs is related to a negative difference
Apparently the signal rise in NA is delayed relative to the spectrum representing the delayed rise of the long-wavelength
instantaneous response; i.e., a molecular relaxation process witlabsorption. The dominant part of the positive signal (increased

Wavelength [nm]

Figure 6. Decay associated spectra derived from the toluene absorption
data. The corresponding time constants are given in the figure.
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absorption) decays withir0.8 ps. This decay is accompanied assign this decay to a large amplitude motion on the excited-
by a partial recovery of the ground-state absorption spectrum. state surface along the isomerization coordinate. This motion
The remaining part of the signal decays in some picosecondshrings the excited molecule closer to a conical intersection with
(4 ps) and changes sign around 520 nm. A very small offset the ground state. This 100 fs process is not associated with the
(absorption changes at late times) follows the steady state cis decay of the excited state: The disappearance of the intense

trans difference spectrum.

4, Discussion

The most prominent experimental observations are the
following: (i) Fluorescence emission has a strong contribution
decaying witht = 100 fs. (i) This fluorescence emission is
strongly red shifted and shows a narrow peak at 575 nm. (iii)
A weaker emission at still longer wavelengths (broad peak at
700 nm) decays withr = 0.8 ps. (iv) The transient absorption
changes display the same time constants. (v) The longer time
constant is related to the decay of strong absorption changes
(vi) The short time constant is mainly connected with the rise
of absorption changes.

We now want to present a molecular model which is able to
describe the experimental observations. The existence of
fluorescence emission decaying with the two time constants of

100 fs and 0.8 ps indicates that these processes must be

connected to reactions in the excited electronic state or to
internal conversion to the ground state. A very striking feature
which has to be explained first is the strong red shifted
fluorescence spectrum of NA observed immediately after
photoexcitation (Figure 3) peaking at 575 nm. The peak
wavelength corresponds to a Stokes shift, of 4200 cnt™.
This Stokes shift between absorption and fluorescence should
be related to the reorganization energyssociated with the
optical transition. If the excited-state lifetime is longer than the
vibrational and solvent relaxation times, the shifits should

be equal to 2. A resonance Raman study on NA in benZene
yielded a total reorganization energy of 2429¢énThis energy
was partitioned into a high-frequency intramolecular contribution
Ay of 1004 cnt! and a solvent portiois of 1425 cntl. The
solvent reorganization energy was subdivided into a fast
inertial part4; of 630 cnT! and slow diffusive parf, of 795
cm1. The Stokes shiffAvs observed here corresponds to an
effective reorganization energy of 2100 chwhich indicates
that the relaxation of the high-frequency contributigrand of

a major part of the solvent contributidig has occurred within
the instrumental response time of the femtosecond experiment,
i.e., within~100 fs. A residual dynamic signature of the buildup

emission around 575 nm goes along with the rise of a weak
and broad emission spectrum at 700 nm which demonstrates
that NA is still in its excited state after the 100 fs process. A
partial decay to the electronic ground state with 100 fs is
excluded by the absorption experiments. The time traces in the
spectral region of the ground-state absorption lack the 100 fs
contribution (see Figure 6); i.e., the ground state is not partially
recovered with 100 fs. The strong decrease of the emission
intensity within 100 fs is thus not a consequence of the depletion
of the excited state but is due to the change (decrease) of the
emission probability. The ground-state absorption only recovers
with a time constant of 0.8 ps as can be seen from the transient
absorption traces in Figure 5. The broad emission spectrum
associated with the 0.8 ps might be an indication that the
localized vibrational wave packet generated by the photoexci-
tation gets spread over the potential energy surface and does
not immediately find the conical intersection to the ground state.

From the transient absorption data we learn that optical
excitation initially populates a state, which shows very small
absorption changes. It is only with the decay of this state (within
80—100 fs) that the strong transient absorption of the excited
state (see Figure 5) is built up. Apparently the molecular
configuration of NA is changed with the 100 fs process in a
way to yield the broad increased absorption between 550 and
750 nm. The molecule has moved along the reaction coordinate
away from the FranckCondon region.

The strong excited-state absorption decays with the 0.8 ps
time constant. Very little absorption change is left afterward.
Thus the absorption of the ground-state NA molecules is
essentially reformed. This observation together with the transient
fluorescence emission signal clearly proves that the 0.8 ps
process is connected to the decay of the excited state and the
formation of a ground-state molecule (in the cis or the initial
trans form). The subsequent 4 ps dynamic process has a spectral
signature-absorption decrease on the long-wavelength side of
the NA absorption and an increase toward the absorption-peak
indicative for vibrational cooling. This behavior is well expected
since most of the excitation energy is still stored in the vibrations
of the NA molecule. The time scale for this cooling process is

of the Stokes shift is the time dependence of delay zero depictedtypical for molecules of that sizeand is comparable with values

in Figure 4, insert, which is equivalent to a red shift of the early
emission spectrum with time. This red shift presumably stems
from the slower contributions to the solvent reorganization
energy. An analysis of this dynamic Stokes shift is not possible
since its initial parts are extremely fast and since the slower
parts are truncated by the decay of the emission after 100 fs.

obtained for azobenzene (see beldWjhe weak absorbance
change remaining at later delay times shows the signature for
the formation ofcis-NA and can be assigned to the isomerized
molecules.

The absorption dynamics of NA are surprisingly similar to
those of the parent molecule azobenzene. Differences originate

These observations are in line with the resonance Raman resultsmainly from the changed character of the initially excited

The distortions of NA upon photoexcitation derived from this
Raman study can be completely assigned to the transition from
the neutral form of NA to the zwitterionic structure (see Scheme
1); no signature of a distortion due to the trans cis
isomerization was detected.

The onset of this isomerization may be connected to-th@0

state: an n* character for azobenzene and a CT character for
NA. Transient absorption measurementst@ns-azobenzene

in ethanol yielded biphasic time traces for the excited-state
dynamics with time constants of 0.32 and 2@shis compares
with the values of 0.1 and 0.8 ps reported here; i.e., a moderate
acceleration is observed in NA. The femtosecond fluorescence

fs decay of the intense fluorescence signal centered around 57%ignatures are again very similar. Ttrans-azobenzene fluo-

nm. This decay is most likely not associated with a transition
between different excited states. As shown by analysis of the
absorption spectrum of NAthe primarily excited state (the
CT state) is lowest in energy; thus a transition between this
state and for instance therhstate cannot occur. We, therefore,

rescence decay (in hexane) can be described biexponeftially.
A fast 200 fs component carries most of the amplitude and is
most dominant in the blue part of the fluorescence spectrum.
When moving to the red a longer lived contribution gains some
amplitude. This-apart from the numerical values of the time
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constants-exactly mirrors the temporal behavior found in NA. an inversion or rotation mechanism is not possible yet. However,
Thus the interpretation put forward for the behavior of fluo- the detailed time resolved fluorescence data should be much
rescence of azobenzene also seems to apply to NA. Aftermore accessible to a comparison with quantum chemical
photoexcitation a steep slope of the excited-state surface drivescalculations than absorption data, since only the ground-state
the vibrational wave packet out of the FrargRondon vicinity. surface andne excited-state surface have to be determined.
This movement occurring in~100 fs in NA reduces the

fluorescence emission probability drastically. After that rapid References and Notes

initial motion th_e wave packf_et “meanders_" on the excited-state (1) Lednev, I.; Ye, T.. Hester, R.; Moore,dl.Phys. Chem.996 100,
surface searching of the conical intersection to the ground state,1333s.

resulting in a strongly red shifted and broad emission. The (2) Nzgele, T.; Hoche, R.; Zinth, W.; Wachtveifl, Chem. Phys. Lett.
internal conversion to the ground state #0.8 ps partially ~ 1997 272 489. _

replenishes the trans ground state and forms the cis isomer. Th%lzg:’l)gfggho’ T Arzhantsev, S.; Tahara, I.Phys. Chem. 2001, 105
cooling of these nascent ground states seems to be somewhat (4) Ly, Y.-C.; Chang, C.; Diau, E. W.-Gl. Chin. Chem. Soc. Taip.
faster in NA than in azobenzene, for which values of 12 ps in 2002 49, 693.

DMSO® and ~10 ps in ethandl were reported. The faster (5) Diau, E. W.-G.J. Phys. Chem. 2004 108 950. L
cooling rate can be attributed to the polar character of NA which C(r?gniaézh%,e;‘ Féigﬁ'gfz’g%?t' C.; Wachtveitl, J.; Zinth, W.; Gilch,
might increase the solute solvent coupling and the larger number  (7) mayer, S. G.; Thomsen, C. L.; Philpott, M. P.; Reid, PChem.

of degrees of freedom due to the dimethylamino group and the Phys. Lett.1999 314, 246.
nitro group. (8) Rau, H. Azo Compounds. Iistudies in Organic Chemistry,
. . Photochroism, Molecules and System#rr, H., Bouas-Laurent, H., Eds.;
In conclusion, the combination of femtosecond fluorescence giseyier-verlag: Amsterdam, 1990; Vol. 40.

and absorption techniques allowed obtaining a detailed picture  (9) Biswas, N.; Umapathy, S. Raman Spectros€001, 32, 471.

of the excited-state dynamics of 4-nitro{dlimethylamino)- (10) Biswas, N.; Umapathy, 9. Chem. Phys2003 118 5526.
azobenzene. Three stages could be separated: (i) Inter- an%gﬂ) Gille, K.; Knoll, H.; Quitzsch, K.nt. J. Chem. Kinet1999 31,
intramolecular modes adapt extremely rapidiy1Q0 fs) to the (iz) Schmidt, B.: Laimgruber, S.; Zinth, W.: Gilch, Rppl. Phys. B

new charge distribution caused by the CT excitation. (ii) Within 2003 76, 809.
100 fs a large amplitude motion on the excited-state potential (|13) Eaigar, Eh IGiIch, IF’.; Zingh, W.;hdeI, M.; Harter, P.; von
; Feilitzsch, T.; Michel-Beyerle, MChem. Phys. LetR002 352 176.

?Way fr,?m the Fra}nck_(:ondon _reglon takes place. (iif A (14) Kovalenko, S.; Dobryakov, A.; J., R.; Ernsting, Rhys. Re. A
search” of the conical intersection to the ground state taking 199 59 2369.
~1 ps terminates the excited-state dynamics. The last two stages (15) Ulman, A.; Willand, C.; Kbler, W.; Robello, D. R.; Williams, D.
are very similar to what is observed in the parent compound J.; Handley, L.J. Am. Chem. S0d.99Q 112, 7083.
azobenzene, indicating that a pugtull substitution of azoben- (16) Seilmeier, A.; Kaiser, W. Ultrashort Intramolecular and Intermo-

. . ) L . lecular Vibrational Energy Transfer of Polyatomic Molecules in Liquids.
zene has little impact on the photoisomerization dynamics. Based,, Topics in Applied PhysicKaiser, W., Ed.; Elsevier-Verlag: Amsterdam,

on the spectroscopic results presented here, a distinction betweem993; Vol. 60.



