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The solvent effect on the appearance of a red-shifted twisted intramolecular charge-transfer (TICT) emission
is studied in molecular clusters. Using a supersonic expansion, dimethylaminobenzomethdetatitrile
(DMABME —(CH3CN),) clusters are studied by monitoring at the same time mass spectra and dispersed
fluorescence spectra as well as by lifetime measurements. For DMABRHE;CN), clusters, a clear red-

shifted fluorescence is observed readily when the cluster contains one solvent molecule and the fluorescence
decay becomes biexponential. Short-time evolution of the system has been monitored using a femtosecond
pump/probe technique and picosecond photoelectron spectroscopy. The femtosecond dynamics is solvent
dependent and is interpreted as a fast decay from the locally excited state to the TICT state reaching an
equilibrium between these two states. The equilibrium shifts to the TICT states as the cluster size increases.
The role of the triplet state in this process and in the biexponential character of the fluorescence is discussed.

Introduction has been the subject of many theoretical calculatiosysing
In this paper, we want to focus on solvent effects and different approaches (macroscopic, microscopic) to treat the

particularly on the dynamics regarding the formation of “twisted SOIVem' In particular, the work of Kato and AmatatSwhich
intramolecular charge-transfer” (TICT) states, from the isolated f2kes into account the solvent effect through Molecular Dynam-

molecule in the gas phase to solute/solvent clusters of increasingCS Simulations, suggests that the TICT state should be accessible
size. The TICT states are characterized by dual fluoreséence In sSmall water clusters.

comprising a red-shifted fluorescence as compared to the normal Many attempts have been made to evidence the appearance
fluorescence of the molecule in a nonpolar solvent. The conceptof a TICT state in the DMABN molecule within polar

of TICT states, first put forward by Grabowski et #i% clusterst’=27 None was successful, which seems to indicate
postulates the formation of an excited-state conformer of charge-that the clusters are too cold to really solvate the molecule; in
transfer nature with near perpendicular arrangement regardingDMABN, the separation between the first excited statél$)

one single bond. It can be applied to quite a number of different and the $ (L) state, which correlates to the TICT state, is too
solute families (for reviews see refs 3 and® ranging from large, so incomplete solvation does not stabilize thistate
aromatic amines, pyrroles, and carbazoles to biaryl compounds,enough to bring it below the;SLy) state.

the best knpwn being 9:dianthryl, and to charged species such In the dimethylaminobenzomethyl ester (DMABME) mol-

as rhodamine or triphenylmethane dyes. The concept of TICT o¢16 due to the stronger electron affinity of the methy! ester
states f|_nds its natural theoretical just|f|cat|or_1 within the theory (COOCH) group as compared to the cyano group in DMABN,

of biradicaloid stgtéslo a_nd can also b_e applied to_understand the S state is lower in energy and the TICT state is already
the polar solvent interaction on the excited-state twisting process parved in the liquid phase in a weakly polar solvent (ref 5

of_(lzlr(])uble bon%s |r; subs|t|tute(|j St'ltb.eﬁ;éé' wral fand references therein). It has been shown that clustering of
€ necessity ot a polar solvent IS a natural CONSequence olp,, Ag\E25-27 with a few polar molecules leads to the

the fact .that TICT.states are often higher in energy than the observation of a red fluorescence, which has been assigned to
first excited state in the free molecule and can be populated L

. NS . the TICT-state emission.
only after sizable solvent stabilization, since charge-transfer

states are more strongly stabilized than the other excited states N this paper, the early times of the dynamics, which leads

due to a higher dipole moment. to a red-shifted emission at the nanosecond time scale, have
The simplest molecule in which the TICT states are observed been studied by two methods.
in a polar solvent is DMABN (dimethylaminobenzonitrile). (1) In picosecond photoelectron spectroscopy, the ionization

Being the simplest molecule giving rise to a dual emission, it potential should change with the geometry of the molecule, and
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thus the dynamics of TICT formation should be reflected by DMABME-CH,CN lifetimes
the variation of the photoelectron spectrum. T T T
(2) In size selected femtosecond resonant multiphoton ioniza- 6 A=0.931=3ns A

tion spectroscopy, during the geometry change, the ionization
efficiency should change due either to the variation in the

Franck-Condon factor between the excited state and the ionic
state or to the change in the electronic character of the excited

. A,=0.07 ;=25 ns

state. This will lead to a variation of the ion signal as the delay 2 L = L. ,:
between the pump and the probe laser is changed. LT
The DMABME—CH3;CN system has been chosen because e " e
the absorption region (3800 nm) of the clusters is well or ]
separated from the absorption of the free molecule, and therefore A, =410 nm -

clusters can be excited without exciting the free molecule even
with broad-band lasers such as a femtosecond source.

-2 t t }
A=095t=3ns .
A,=0.05 7,=25 ns

Ln(If)

Experiment

Two experimental setups have been used. The setup in Orsay
has been described previously; it consists of a supersonic beam
coupled with a photoelectron or photoion time-of-flight spec- .
trometer?®> The frequency resolved fluorescence can be re- 2| oy d $erey
corded at the same time as the mass spectrum is acquired. In : .
this case, the laser is split into two beams. The first one crosses . -
the supersonic expansion a few millimeters downstream from 0
the nozzle, and the fluorescence is collected on the entrance .
slit of a monochromator (M 20 Jobin Yvon) set to a large 20 40 60 80
bandwidth (5 nm). The second part of the laser is sent between ns
the grids of the mass spectrometer to measure the Clustelig e 1. Fluorescence decays obtained after excitation of the
concentration. For lifetime measurements, a picosecond laselpMABME —CH:CN cluster at 305 nm. The fluorescence spectrum
was used but the photomultiplier time response leads to a pulseexhibits two distinct bands with maxima located at 330 and 410 nm,
width of 2.8 ns (fwhh). respectively. For both bands the fluorescence decay is biexponential

For photoelectron spectra, the DMABMECH:CN), clusters and the lifetimes are similar to those reported by Weersink and

orp _ _ 7 ; > : .
are ionized either by resonant nanosecond two-photon absorptlonwa"ace' The full lines represent the fit to the data obtained with the

or with a 1 pstwo-photon absorption pre-exponential factors and time constants indicated in the figure.

The second apparatus in Saclay consists of a supersonic beanTABLE 1: Pre-Exponential Factors and Time Constants
coupled with a time-of-flight mass spectrometer. In this Used To Fit the Fluorescence Decay

experiment, pump and probe femtosecond lasers are used. Th&yMABME—CH,CN Ti(ns) T (ns) A A
pump laser issued from a frequency-doubled dye la&er( 1330 nm 31 2505 095L003 0.05% 0.03
180 fs) at 305 nm excites the;SS; transition. Two probe 1222410 nm 311 2545 093L003 O0.07L003
wavelengths have been used; 395 nm is issued from the second  (ef 27 45 40.9 0.9 0.1

harmonic of a titanium sapphire femtosecond laser, and 347

nm is obtained by mixing the first harmonic of the titanium  The agreement between our experiment and that of Weersink
sapphire laser with the first harmonic of the dye laser. No and Wallac# is reasonable, taking into account that in both

attempts have been made to recompress the pulse after mixingxperiments the cluster concentration and temperature in the
or dOUinng Ieading to a cross correlation of the lasers of 280 Jet may not be exacﬂy the same, and this also shows that the
+ 20 fs measured in situ through the nonresonant ionization of flyorescence decay times are not very sensitive to the cluster

NHa. size, similar to the water cag®?6 When the cluster size
increases, the red/blue fluorescence ratio increases as in refs
Results 25-27.
1. Fluorescence Lifetimes on a Nanosecond Time Scale. It should be mentioned that there is no observable rise time
As we did for DMABME—water clusterd>2%we have repeated  of the red emission associated with a similar decay of the blue
the experiment of Weersink and Walldten DMABME—CHz- emission, which would be expected in the case of a simple

CN but using a frequency resolved fluorescence detection, andkinetic scheme where the; State, responsible for the blue
the results obtained are in very good agreement with theirs. emission (330 nm), would decay into the 410-nm-emitting TICT
Fluorescence decays and mass spectra were recorded simultsstate. The absence of a rise time for the red emission shows
neously to check that the one-to-one complex was the only that if this red emission is the result of some dynamical process
complex observable in the jet. (TICT formation or solvent movement), this dynamical process
For two observation wavelengths (330 and 410 nm), the is faster than the 2 ns resolution of the experiment and thus the
fluorescence decays are biexponential; the preexponential factoidecay observed in the blue and in the red band corresponds to
as well as the time constants is found to be the same within an equilibrated mixed [S1()/TICT] state. Such a fast process

experimental error (Figure 1). should be evidenced by comparing the photoelectron spectra
The fluorescence lifetimes have been fitted using a biexpo- obtained with lasers having different temporal widths. The
nential decay:I(t) = A; expt/Ty) + Ay exp(—t/Tz). The biexponential decay on the nanosecond time scale must then

values for the different parameters used in the fit are listed in come from the coupling of the mixed state to another long-
Table 1, together with the values of Weersink and Walfdce. lived state.
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Figure 2. Photoelectron spectra (lower axis represents the photoelec- i
tron kinetic energy in wave numbers and upper axis represents the wEW, . .
difference between total photon energy and electron energy in electron 0 2000 4000 6000 8000
volts) of (a) free DMABME molecule excited at 301.6 nm (the most At

intense absorption band), (b) DMABMECH:CN complex excited with 305/347 nm

a 1 ps laser at 301.9 nm (only the clusters absorb at this wavelength),Figure 3. Time evolution of the ion signal as a function of the delay
and (c) DMABME—CHsCN complex excited with a 10 ns laser at 301.9  between the pump (305 nm) and the probe (347 nm) laser for different
nm; no noticeable change between the picosecond and nanosecongluster sizes. The full lines are the fit obtained using eq 1 given in the
photoelectron spectra can be evidenced. Broad arrows indicate thetext.
thresholds. selectively the §— S; transition of the DMABME-(CHsCN),
. clusters. The absorption spectrum of these clusters is known

2. Photoelectron Spectra on the Nanosecond and Pico-  fom previous work®27and at 305 nm (32 790 cr, 4.06 eV)
second Time Scales.In Figure 2a is presented the photoelec- e excess energy in1Sas compared to the onset of the
tron spectrum obtained when the free molecule is excited on absorption band is about 600 cin Two ionizing probe
the most intense absorption band process<(301.6 nm)  \yavelengths have been used; with the first one at 347 nm
through a one-color two-photon absorption. The measured (28 800 cnT?, 3.57 eV) the total energy of the pump and probe
ionization threshold is in agreement with that reported in ref h4ton (7.63 eV) is larger than the ionization threshold of the
26. In Figure 2 parts b and c, photoelectron spectra are recorde luster, whereas the second probe wavelength used, 395 nm
under similar jet-expansion conditions, with cluster sizes ranging (25 300 e, 3.14 eV), leads to a total energy of 7.2 eV, smaller
from 1 to 5. The same one-color (301.9 nm) two-photon than the ionization threshold measured in nanosecond MPI
ionization scheme is used but with two temporal widths; Figure experiments. At this energy, the photoelectrun spectrum shows
2b is obtained with a ¥ 0.3 ps laser, whereas the photoelectron nat the one-photon ionization efficiency is very low: thus

spectrum 2c is obtained with a 10 ns pulse width. Within the jonjzation with a 395 nm photon should be dominated by two-
experimental error the two spectra are the same. photon absorption.

The ionization Fhrgshold measured here for the complex is Figure 3 presents the time evolution of the DMABMECHs-
7.25+0.1 ey, V.\IhIC.h is lower than the mass-selected two-color CN), ion signal as a function of the delay between the pump
two-photon ionization threshold measurement recorded on the(305i 1 nm) and the probe laser (347 1 nm) for different
DMABME —CH,CN mass that gives 7.34 eV. But in the jyster sizes. The transients observed are different for each
present experiment, not only the one-to-one complex but also ¢jyster size. They are characterized by a fast rise time, which
larger clusters might be present in the expansion, which may i jimited by the laser temporal width, a picosecond decay, and
explain this difference. Another element can account for the 5 pjateau that is less important as the cluster size increases. The
differences observed, namely the differences in the signal-to- signaj recorded on the free molecule mass is similar to the signal
noise ratio. Indeed, whatever the method, only a vertical recorded at the mass of the one-to-one complex. Since the free
ionization threshold is measured, and its determination dePendSmolecuIe does not absdtat the pump wavelength, the signal
crucially on the signal-to-noise ratio, which is certainly better pserved at this mass should come from the ionization of a larger
in the photoelectron experiment than in the mass-selected two-q|ster followed by the evaporation of a @EN molecule in
color two-photon experiment where the two-color signal is he ionic state.

always superimposed on a one-color signal, leading to a weaker The transients observed when the probe laser is set at 395
detection efficiency and thergfore to a higher value of the vertical i, gre presented in Figure 4. Surprisingly, as compared to
threshold. In the two experiments, photoe!ectron spectrum andFigure 3, the signal here increases when the delay between the
two-photon tvyo-color ion threshold, there is no sharp onset of pump and the probe laser increases. The signal changes with
the signal as in the case of the free molecule. The electron orihe clyster size; for small clusters an abrupt rise time corre-
ion yield increases slowly with energy, which induces a rather sponding to the laser temporal width is observed, whereas for
large uncertainty on the threshold. larger ones the rise time is longer. The signal for the free

The similarity between nanosecond and picosecond spectramglecule is similar to the one observed at 347 nm.
was not expected and will be explained in the light of the

femtosecond experiments. Discussion
3. Femtosecond Pump/Probe Experiments.In these Without going into the controver8y*28about which is the
experiments, a first laser of 180 fs width at 305 nm excites most important intramolecular coordinate responsible for the
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Figure 4. Time evolution of the ion signal as a function of the delay Figure 5. Scheme of the potential curves along the twist angle
between the pump (305 nm) and the probe (395 nm) laser; curves in coordinate. At time = 0 the femtosecond pulse prepares a wave packet

dashed lines represeni(8 as calculated from eq 1, detlash curves ~ (dark gray) atg = 0°, which diffuses to the TICT. After 5 ps, the

represent TICT] calculated from eq 2, and the curves in full lines are Wave packet is delocalized. This wave packet can be probed by a 347

the fit obtained using kinetic eq 3 explained in the text. nm photon in the vicinity ob = 0° (vertically shaded gray). The 395
nm photon can probe the wave packet at different angles but more

. fficiently at & = 90° (horizontally shaded .
appearance of a charge-transfer state induced by the solvent‘,3 iciently & (horizontally shaded gray)

we will discuss the results within the framework of the twisted
intramolecular charge-transfer model. In the TICT representa-
tion, the following dynamical process is expected, assuming a N o
two-dimensional reaction problem where one coordinate is the Another possibility is that the ionization threshold does not
twist angled around the Gy—N bond and the second is the change with the dyn_am|cs, i.e., the _vert|cal ionization potential
solvent coordinate. The excitation photon prepares the locally do€s not depend either on the twist angle or on the solvent
excited S state (L); in a concerted or sequential manner, the coorqllnate. Once again, t'he femtosecond experiments tha}t are
solvent molecules move to accommodate the new dipole Probing through the ionic state show that the ionization
moment of the excited state, which leads to a torsion of the €fficiency is time dependent.
molecule. A change in the ionization efficiency should be  The explanation for the absence of an apparent evolution in
observed during this evolution from the locally excited state the photoelectron spectra and the dynamics measured in the
toward the TICT state, since the ionization threshold of the femtosecond experiments is given in the framework of the model
twisted molecule has no reason to be the same as the ionizatiordepicted on Figure 5. Since the strong Coulomb interaction
threshold of the locally excited (untwisted) molecule. The that leads to the stabilization of the TICT state in the neutral
ionization event is a different process in these two limiting cases; molecule has disappeared in the ion, a strong destabilization of
ionization of the Iy state corresponds to the removal ofra the twisted configuration in the ion may be expected. Moreover,
electron from the delocalized system comprising donor and during the excited-state dynamics in going from the less stable
acceptor, while ionization of the TICT state corresponds to the locally excited state to the more stable TICT state (as pictured
photodetachment of an electron from the negative moiety of on Figure 5), from a classical point of view, a part of the
the charge-transferred molecule. potential energy is converted into kinetic energy during the

The main points to be discussed concern the photoelectronmolecular movement. As shown in small diatomic systéns,
spectra which stay identical in changing the time scale from 1 this kinetic energy must be conserved in the ionization process
ps to 10 ns, while the femtosecond experiments reveal aand therefore the effective ionization threshold at @@l be
dynamical process taking place on a few picosecond time scalehigher than the vertical threshold. On the basis of the hypothesis
as well as the long time behavior of the clusters observed in of an ionic potential more stable aroufd= 0° than atf =
the biexponential fluorescence decays. 90°, as shown on Figure 5, we assume that the ionization in

1. Photoelectron Spectra. The photoelectron spectra re- the locally excited $state is only efficient when the system is
corded using two-photon ionization with nanosecond or pico- in a geometrical configuration which is close to that of the
second pulses are similar. One should thus conclude that thereground state (FranekCondon approximatio® ~ 0°), while
is no time evolution from the locally excited state to the TICT the TICT state § ~ 90°) does not ionize as easily. In this
state. picture, the 1 ps experiment shows the: 0° Franck-Condon

If the TICT state is directly excited with the first photon, region before the evolution has started. In the nanosecond
then the photoelectron spectrum is characteristic of the TICT experiment, the wave packet is delocalized between locally
state and will not change with the time scale. This is in excited and TICT states, but ionization arouhet 0° is always
contradiction with the femtosecond experiments, which clearly predominant; the photoelectron spectrum shows éhis 0°
show an excited-state time evolution of a few picoseconds; this Franck-Condon region.

.
>

implies that the ionization efficiency changes with time and thus
with the nature of the excited state.
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2. Femtosecond Dynamics, Difference in Behavior for the TI.C.T
Two Probe Wavelengths in the Femtosecond Experiment. lLb
Let us first point out some general features of any femtosecond
experiment using as a probe the ionization of the excited state
prepared by the pump photon. In such experiments, the
dynamics of the excited state can be followed only if there is a
strong evolution of the ionization efficiency when the dynamical K,
process occurs. In the absence of such an evolution, the pump/
probe signal recorded as a function of the delay between pump Ko
and probe pulses will lead to a step function. This has been
clearly evidenced in diatomic molecul®s.On the contrary,
the observation of a time evolution of the ionic signal implies  /
that the ionization efficiency changes during the evolution of 0 T
the molecular movement in the initially prepared state. l | >

, , ) )
As stated above, since the same pump photon is used and 0 Twi 1 90
only the probe photon is changed, the same dynamical process wist angle
is probed here with the two different probe wavelengths. The Figure 6. Kinetic model reproducing both the nanosecond and the
differences observed between Figures 3 and 4 reflect thefemtosecond experiments with a set of time constants in agreement

differences of the ionization efficiencies. with the experimental observation for the DMABMEH;CN; com-

_ . plex; 1k, ~ 1/kz; ~ 6 ps; 1kz ~ 2 ns and Mz, ~ 10 ns; and My ~
Forl = 347 nm, as already stated, the photon energy is large g ' 24 H; ~ 100 ns.

enough to lead above the ionization threshold of the clusters.

Triplet
kK, States g, states

S, ===

At this probe wavelength, the signal is maximizedtat O, TABLE 2: Evolution of the Kinetic Constants with the
i.e., before any molecular rearrangement, and decays afterwardcluster Size Using Eq 1

in a few picoseconds; this implies that the locally excited state sizen Ty = 1/kyz (ps) To = 1k (pS)
is efficiently ionized at 347 nm and the TICT state is not. This 6+ 1 6+ 15
can also be deduced from the results obtained in the photoelec- 1 65+ 1 541
tron experiment; the absence of evolution from picosecond to 2 34 0.05 17+ 4
nanosecond implies that the TICT-state ionization efficiency is 3 15+03 15+5

very low as compared to that of the locally excited state. As | .

the cluster size increases the decay is faster, indicating that th¢hird state (state 3), which is coupled to state 2 through a
TICT state is reached faster and more efficiently (see the kinetic €versible process with rate constakis andks>. This state,
model). After a few picoseconds, the signal is lower for larger Probably a triplet state as it will be discussed below, does not
clusters and this again corroborates the low ionization efficiency €ad to any emission, and the rate constants involved are in the
of the TICT state. It should be stressed that no oscillatory N"@nosecond range. _ _
motion is observed, indicating that an equilibrium is reached ~ Since the kinetics measured in the femtosecond experiment

quite quickly. The decay of the 347 nm signal probes the (c_)n the order Ofa_feW picoseconds) is quit_e different from the
departure from the locally excited state to the TICT state. kinetics observed in the nanosecond experiments, rate constants

ki2, ko1, ks, andks, can be obtained separatelly, andky; are

ALL= 3.95 pm,_the total ph(?ton energy is slightly below the obtained from the femtosecond experiments whieand ks,
measured ionization potential; thus, two photons are necessary.

e . . - “are extracted from the fluorescence lifetimes.
to ionize thg ((:jlubsteLs.. ?l’g,'ss less r:)bVlousI to ulndersr:and Wh'ChI Femtosecond Kinetics The short-time behavior can be
state is probed by this nm photon. It is clear that a signa . . ; .
is observed at zero delay, which implies that the locallgtate ?fn?.lyzed eipproxw(;litely W_:EEOUIE.'WS ving (;hf .natrrl]osecond decay
may be ionized by this two-photon process. But a rise time on ifetimes (1kor and 1ki). € Kinetic modet 1s then
the order of 2 ps is also observed, close to the decay time Kpy
obtained with a 347 nm photon; this means that with two 395 31‘7'; TICT
nm photons, ionization of the TICT state is more efficient than
ionization of the $state. This can be related to the appearance The time evolution of the locally excited-statg(tis then given
of a new absorption from the TICT state in the 400 nm spectral py
region observed in the DMABN molecdftin a polar liquid

(CH:CN for example). This band is similar to the anion ) = {k,., exp(=(k ., + k,)t) + k(K ,+ k)
absorption ban@33 and has been ascribed to the anionlike S = oz expCllaz et +ad /oo F o)
absorption from the TICT state. The signal at long delay time, i.e., the height of the plateau, is

3. Kinetic Model. The results presented here can be fitted given by the ratioksi/(ki2 + ko1). The time evolution of the
using a simple kinetic model similar to the one developed for TICT state is then
the isomerization ofrans-stilbene3*

The model is depicted in Figure 6. At time= 0, the TICT() = {1 — exp((Ky, + ko) O} ki Ky, + kop)}
excitation promotes the system into the locally excitedtate
(Lp); this state leads to an emission in the 330 nm region (rate  The experimental data have been fitted using this model,
constankyy) as for the free molecule. The locally excited state taking into account the temporal widths of the lasers. For the
is coupled with a rate constakb to another state (state 2, which 347 nm probe laser, it has been assumed that only {lsta®
is assumed to be the TICT state). This process is reversiblecan be ionized and the results of the fit are given in Table 2.
with a backward rate constaki;. The TICT state leads to an From these values it clearly appears that:
emission in the 410 nm region (rate constia)t To reproduce (a) The rate constaRi, increases as the cluster size increases
the biexponential fluorescence decay, it is necessary to add a(the time necessary for the S> TICT transition decreases as
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the cluster size increases). The process is strongly reversiblethat the L, state and the TICT state lie at about the same energy

for small cluster sizes where the forward and backward rate in the one-to-one complex.

constants are equatg ~ kp1) and the equilibrium shifts toward No direct measurement of the relative position of theahd

the TICT state Ki> > kp1) when the cluster size increases. La (which correlates to the TICT state) states has been done in
(b) The time constants measured for the ion signal corre- the free molecule. It has been postulated that thetate is

sponding to the free molecule and to the one-to-one complex gjready below the § state in solutioff. In the free molecule,

are very similar. Since the free molecule is not excited at 305 the L, state is slightly above theLstate?> However, the

nm, the ion signal observed at this mass must come from thejnterpretation of the kinetic measurement implies that the two

dissociation of the one-to-one complex in the ionic state. states are quasidegenerate in the one-to-one complex and that

The temporal evolution of the signal recorded when the probe only in larger complexes the TICT state is well below the L
laser is set at 395 nm has been modeled using the same kinetigtate as observed in the liquid ph&s&

model. The kinetic constants obtained from the fit of the 347
nm probe laser experiments have been used in the simulations
The difference between the two wavelengths is in the relative
ionization efficiency of the TICT versus thg State. The data
have been fitted with the following (see Figure 4):

Role of the Triplet State In the nanosecond fluorescence
experiment, the biexponential decay observed in the DMABME
CH3CN complex lifetime implies that the TICT state is coupled
to a “dark state”, which can be assigned to a triplet state. It
should be noticed that in the free molecule as well as in the
homodimer DMABME, the fluorescence decays are monoex-
ponential. Evidence of the role of the triplet state induced by
the TICT state has already been established in the case of
DMABN in butanol by time-resolved infrared spectroscépy.
The intersystem crossing induced by the TICT state has been
explained by Grabovsky et at-the TICT state can be consid-
ered as a diradical ion pair, formed of two doublet states. As
state 3 times greater than that of thesEate at 395 nm. a result of the perpendicular arrangement, the system decouples

Nanosecond Fluorescence LifetimeShe biexponential into two subsystems; the interaction between the two electrons
fluorescence lifetimes observed cannot be modeled unless a darlon each radical should be small and therefore fHET and
state coupled to the TICT state with time constants in the the STICT states must be degenerate. In a classical time-
nanosecond range is included. We have seen above thai the Sdependent picture, when the system “oscillates” with a few
(Lp) state is in equilibrium with the TICT state, and on the picosecond “period”Ki> ~ k1 &~ 6 ps), between the TICT and
nanosecond time scale, it can be considered that these statethe locally excited state, the spins are uncoupled in the TICT
behave as a mixed state, which emits altogether in the blue (330and are coupled in theplstate. In the recoupling process, the
nm) and in the red (410 nm) regions. spin may flip from the singlet to triplet every1000 oscillations

Some reasonable assumptions have to be made in order tqnumber obtained from the ratio between the rate constants
fit the data: the radiative lifetime of theylstate is assumed to  kai/kaz &~ 1078/10711 ~ 108).

be the same in the cluster and in the free molecule, i/ In this simple interpretation, a biexponential decay would be
= 5 ns; the dark state does not decay radiatively or at least notexpected for all charge-transfer processes as, for example, in

in the hundreds of nanosecond time domain; the rate constant§ne formation of exciplexes such as the one observed for the
ki and k1 are the ones deduced from the femtosecond ppmABME dimer25-27 In this case, the fluorescence consists

experiment. _ _ of a red-shifted band (no locally excited emission) and the decay
A good agreement between the experimental data (Figure 1)is purely monoexponential (35 ns). But in the simple picture

and this kinetic scheme is obtained with the set of rate constantsyescribed above, an equilibrium between the locally excited state

given in Figure 6. and the CT state is necessary in order to see this spin-recoupling
With these assumptions, the total decay time of the TICT phenomenon. In the case of the DMABMEonly one

state can be deduced to be on the order of 100 ns, which is infiyorescence band corresponding to the CT state is observed,

agreement with th_e charge-transfer character of this stgte andyhich indicates an irreversible process fromi@the CT state,

the 1ks» and 1ks; time constants can be deduced to be inthe j ¢ ' no spin recoupling and the presence of a triplet state is

nanosecond range, indicating that the coupling between theerefore not observed as a biexponential fluorescence decay.
TICT state and the dark state is weak as compared to the Are the observed processes due to TICT, or can they be

coupling between thed.state and the TICT state. . - .
. o . . explained by the rearrangement of the solvent in an exciplex-
Evolution of the Kinetics with Cluster Sizdt has already type complex?

been seen that the emission of the TICT state increases, with . . )
respect to the resonant fluorescence, with the cluster size. This 1h€ conclusive evidence would have been the observation
has been interpreted by an increasing stabilization of the TICT ©f recurrences at frequencies characteristic of the torsional
state as the cluster size increases. The evolution of themMotion. Since this has not been observed, one cannot bring
equilibrium between the J.and the TICT states, i.e., tha, strong evidence that the observed dynamics is due to the TICT
and ko, rate constants, with the cluster size reflects the same State.

process. Roughly speaking, the evolution of the rate constants Maybe the coupling to the triplet state leading to the
is linked to the density of levels in both thg &nd TICT stated? nanosecond biexponential decay is a better indication that a
In the one-to-one complek;, A~ ky; and therefore the density ~ TICT state is involved. This seems to imply that the singlet
of states should be similar in the nd TICT states. Since in  and triplet states are quasidegenerate due to the very small
the experiment the pump wavelength is set at 305 nm (32 790interaction between the two electrons, which will be the case

|30 nnft) = Py Sy(t) + P, TICT()®

where thek; constants are taken from Table 2 @depresent
the relative ionization efficiency. A very good agreement is
obtained if the ratioP,/P; is on the order of 3.6t 0.5 (see
Figure 4), which implies an ionization efficiency of the TICT

cm1), the excess energy in the, Istate is (600 cm! (the
absorption spectrum onset is 32 200 @nn ref 27) and the
excess energy in the TICT state should be similar, indicating

in the twisted configuration of the CT state. But it is not so
clear for us that an exciplex-type complex could not exhibit
such a small electron interaction.
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Conclusions

The ultrafast dynamics observed in the formation of the TICT

state in a finite system have shown that the rate of transfer from
the locally excited state to the TICT state increases as the cluste
size increases. Within a few picoseconds an equilibrium in the
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