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We previously reported that two analogues of the Photoactive Yellow Protein chromoplaorep
hydroxycinnamic acid (pCA) and its amide derivative (pCN in their deprotonated forms, undergo a trans

cis photoisomerization whereas the thioester derivatrams-phydroxythiophenyl cinnamate (pC7Y, does

not. pCT is also the only one to exhibit a short-lived intermediate on its excited-state deactivation pathway.
We here further stress the existence of two different relaxation mechanisms for these molecules and examine
the reaction coordinates involved. We looked at the effect of the solvent properties (viscosity, polarity, solvation
dynamics) on their excited-state relaxation dynamics, probed by ultrafast transient absorption spectroscopy.
Sensitivity to the solvent properties is found to be larger for p@&n for pCA~ and pCM . This difference

is considered to reveal that either the relaxation pathway or the reaction coordinate is different for these two
classes of analogues. It is also found to be correlated to the electron-gmuaptor character of the molecule.

We attribute the excited-state deactivation of analogues bearing a weaker acceptor graupamCpCM,

to a stilbene-like photoisomerization mechanism with the concerted rotation of the ethylenic bond and one
adjacent single bond. For pCJTwhich contains a stronger acceptor group, we consider a photoisomerization
mechanism mainly involving the single torsion of the ethylenic bond. The excited-state deactivationof pCT
would lead to the formation of a ground-state intermediate at the “perp” geometry, which would return to the
initial trans conformation without net isomerization.

1. Introduction configuration®> Upon irradiation with blue light, PYP undergoes
a photocycle involving both chromophore and protein structural
relaxation§12 and characterized by several spectroscopic
intermediates formed on time scales spanning from several
hundred femtoseconds to secoA#i$® Trans to cis photo-
isomerization of the chromophore was clearly identified as the
first overall molecular process of the photocy¥léhe formation
of a relaxed cis isomer {) occurring in a few nanosecon#$?
Mhe internal and external coordinates involved in the photo-
isomerization reaction path on the femtosecond and picosecond
time scale are nevertheless still debated.28.3+38

Understanding the structuréunction relationship of matter

at the atomic scale is a major challenge for chemistry. In this
field biology certainly is a source of inspiration. Of particular
interest in this context is the ability of some microorganisms to
modulate or modify their motile behavior as a function of the
illumination conditions of their environmeftAt the cellular
scale, the movement is produced by a motor apparatus, ofte
made of flagellae or ciliae. At the molecular scale, it is initiated
within a photoreceptor made of a chromophore bound to a
protein. In addition to its fundamental interest, understanding o . )
how such natural photoreceptors work is a prerequisite to future . | "€ intrinsic photophysics of the isolated PYP chromophore
advances in biotechnologies. It opens up interesting perspectives” solu}gr;;za;s attracted a growing Interest over the past few
for the development of new nanodevices mimicking the Y8&rs: 247 As a matter of fact, its detailed understanding
capabilities of biological systems to convert light into a signal, 1S & crucial prerequisite to shed light on the isomerization

ultimately leading to mechanical, chemical or electrical energy Me&chanism of PYP. One of the key questions motivating this
release. effort is to know whether the short-time dynamics of PYP is

controlled by the intrinsic properties of the chromophore or by
the protein environment. In addition, the chromophore is a prime
model system for the protein, on which minimal requirements
the bacteriumHalorhodospira halophila and is thought to to achieve function_ can easily be tested by varying substituents
initiate its behavioral avoidance response to blue IfgRYP as well as the environment. _ ) _
contains a 4-hydroxycinnamoyl chromophore covalently linked ~ We already reported the subpicosecond transient-absorption
to the side chain of its unique cysteine residue (Cys69) by a Study of three deprotonated analogues of the PYP chromophore
thioester bond:5 The chromophore is embedded in the main N aqueous solution:trans-phydroxycinnnamate (pC#),
hydrophobic core of PYP, which isolates it from the solvéht.  trans-phydroxycinnamide (pCM) and trans-phydroxythio-

In the ground state, it is deprotonafednd in the trans  Phenyl cinnamate (pCT).272%:%9.404These first results empha-
sized a major effect of chemical structure on the excited-state

* Corresponding author. Tel-+33 144 322 413. Fax-+33 144 323 relaxation dynamics of the molecules. The decay of the excited-
325. E-mail: pascale.changenet@ens.fr. state bands of pCA and pCM, in 10 and 4 ps respectively,
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One of the better known photoreceptor proteins involved in
the photomovement of microorganisms is the Photoactive
Yellow Protein (PYP). It was first isolated from the cytosol of
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without any detectable intermediafe?®3%45was correlated to  CHART 1: Molecular Structures of Deprotonated trans-
the net trans to cis isomerization reaction, which was shown to p-Hydrqucinnamic Acid (pCA27) and Its Amide (pCM ")
occur by steady-state photolysis associate8HANMR spec- and Thioester (pCT~) Analogues

troscopy?”® Single-wavelength probe experiment carried out

in the spectral region where the cis isomer absorption dominates -o@—uo -O‘Q—\\_(O
indeed highlighted the concomitant rise of a small long-lived .

absorption band, attributed to the ground-state cis iséfrigre 0 NH,
proposed mechanism was comparable to thadtasfsstilbene pCA> pCM

in solution“8 the trans excited state decays through a small

barrier to a nonpopulated intermediate structure (“perp” state) -o@—\\_(o

that leads to both the ground-state cis and trans isomers. On

the contrary, the early stage of the excited-state deactivation of S—Q
deprotonatettrans Sthiophenylp-hydroxycinnamate was found pCT-

to involve, in less than 2 ps, the formation of a detectable

intermediate, spectroscopically similar to the first intermediate 5 naterials and Methods

of PYP (Ip1719:23.2527.29 The formation of the ground-state cis ] . o

isomer has never been proved in this cH$8:4045Different 2.1. Materlals.Tra_ns-phydr(_)xycmnamm acid (pC_ZAbj was
p-hydroxycinnamic acid derivatives with various chemical Purchased from Sigma-AldrichTrans-phydroxycinnamide
structures have been studied by other groups, using experimentafPCMH) and trans-phydroxythiophenyl cinnamate (pCTH)

methods such as pumplump-probe spectroscopi? fluo- were synthesized following procedures described elsewffere.
rescence up-conversidf,Stark spectroscopy and visible- Samples of pCA~ and pCM" were prepared in water and a
pump-infrared-probe spectroscopl, besides UV-visible series of linear alcohols and ethylene glycol with 0.05 M KOH

transient absorption spectroscofdy’ These studies revealed a  t© achieve complete deprotonation. Samples of p@iere
profound effect of the protonation state of the phenol ring, as Prepared in a borate BritterRobinson buffer at pH 10.2 and
well as its substitution with electron acceptor groups, on the In @lcohols with 5x 1074 M KOH to achieve 95% deprotonation
excited-state lifetime ofrans-phydroxycinnamic acid deriva- ~ @nd t0 avoid hydrolysis during the experiments. The optical
tives#” suggesting that charge transfer is a plausible reaction d€nsity of the samples was adjusted to 1 per mm for steady-
coordinate for the excited-state deactivation. In parallel to this State absorption and transient absorption measurements and to
experimental work, quantum chemical calculations and theoreti- 0:1 per cm for steady-state fluorescence measurements. The
cal studies have been performed twans-phydroxycinnamic different solvents used were HPLC grade water and Merck
acid derivative$?-%% Simulations carried out on a thioester U.vasol methanql, ethanol and 1-butanol. Ethylene glycol and
derivative in vacuo predicted that the evolution on the excited- dimethylformamide (DMF) were UV spectroscopy grade sol-

state potential energy surface after excitation involves the torsion VENtS (Flukha). 98°/fo-pure 1-pr|gpano|, 1(-)pentano|, and 1|-oc;ano|
of the single bond adjacent to the double bond on the phenolateVe"® Purchased from Merck and 99%-pure decanol-1 from

side rather than that of the double bond, leading back to the Ac2r025 ggagiczt te Spect teadv-stat ‘
original configuration without a significant conformational <. Steady-otate spec roscop)fs eady-state spectra were
change* recorded with a double-beam WWisible spectrometer (SAFAS

. . . Uvmc?2) and a spectrofluorometer (Jobin Yvon Horiba Fluo-
Despite experimental and theoretical efforts, the nature of

h ) di involved in th ited | .~ romax 3). Fluorescence spectra were corrected from the
the reaction coordinates involved in the excited-state relaxation i mental wavelength-dependent response. To get information
of trans-p-hydroxycinnamic acid derivatives remains thus to be

larified ¥ o hani b id don the electronic transitions involved in the absorption spectra
clarified. Several isomerization mechanisms could be consideredys ihe threerans-phydroxycinnamic acid derivatives, steady-
and intramolecular charge transfer could be either involved in

; o . ; L state fluorescence polarization measurements were carried out
it or compete with it. The cistrans photoisomerization of

) - ; . - in ethylene glycol. In this viscous solvent, rotational diffusion
stilbene requires a large-amplitude relative rotation of the two o< found to be negligible during the excited-state lifetime. The
phenyl substituents, experiencing solvent hydrodynamic fric- anisotropy is defined by
tion,*® thus viscosity effects. On the contrary, the “hula-twist”
isomerization mechanism postulated for polyenes, which pro- r=(,— 1)/, + 2l)
ceeds along a volume-conserving coordinate, may not be very
sensitive to solvent frictioR¢ Charge reorganization processes yith I, and I the corrected fluorescence intensities with

are expected to be influenced by polarity and solvation yojarization respectively parallel and perpendicular to that of
dynamics. Solvent effects on the dynamics may thus give the excitation bearff. The anisotropy was measured by detecting

information about the coordinates involved in the excited-state tne flyorescence intensity at its peak maximum and by scanning
relaxation oftrans-p-hydroxycinnamic acid derivatives. HOw-  the excitation wavelength over the whole spectral range corre-
ever, no such study has been reported until now. sponding to the absorption spectrum.

In this paper, we investigate the effect of the solvent on the  2.3. Transient SpectroscopyTransient absorption measure-
excited-state relaxation dynamics of the three deprotonatedments were performed by the pumprobe technique using a
trans-phydroxycinnamic acid derivatives sketched in Chart 1. homemade dye laser described in detail elsewbeFar the
The effects of viscosity, polarity, solvation dynamics and solvent present study, 500 fs pulses were generated simultaneously at
hydrogen-bonding donor character are analyzed. The generaB55 nm (or 430 nm) and 570 nm. Typically, 5000 xJ of the
objective of this study is to stress further the existence of two 355 nm (or 430 nm) were focused to a diameter of 2 mm in the
different relaxation pathways in these compounds and to sample cell and used as the pump. The probe was a white-light
examine various hypotheses on the coordinates involved. Thecontinuum generatedhia 1 cmwater cell from the pulses at
ultrafast photoinduced events were probed by means of sub-570 nm. Pump and probe polarizations were set at the magic
picosecond UV-visible transient absorption spectroscopy. angle. The differential absorbance spectk&(,t) = A(1,t) —
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Figure 1. Normalized steady-state absorption and fluorescence spectrapf pCM- and pCT in DMF with 1% water and 0.5 M NaOH (plain

of pCA?, pCM~, and pCT in ethylene glycol. The anisotropy |ine) and in ethylene glycol (dotted line).
parameter associated with each analogue is shown in dotted line.

) . three compounds are weakly fluorescent. Their quantum yields
Ao(4), whereA(L,1) is the excited sample absorbance @at) of fluorescence are estimated to be lower than 1% in vi&#8r0
the steady-state absorbance) were recorded in the 4@ nm The fluorescence spectra of p&A pCM-, and pCT are

spectral range, through a spectrograph (Jobin Yvon Spex ,2,70M'centered around 435, 450, and 495 nm, respectively.
entrance slit 64«m), by a CCD camera (Roper Scientific, — tpe fyorescence anisotropy excitation spectrum of the three
1024 x 128). The sample solution was recirculated at room compounds is given, in dotted line, in Figure 1. For CAnd

temperature throdga 1 mmcell. The differential spectra were _ pCM-, the anisotropy is found to be a constant of about 0.35
averaged over 500 laser shots and corrected from group velocit over the 326-370 nm range, corresponding to the main

dispersion in t_he probe beam. Kinetics at_selected Wavelengthsabsorption peak. In the spectral region below 320 nm, corre-
(AA(t)) were fitted to a sum of exponentials convoluted by a

. . . . . sponding to the shoulder, the anisotropy drops down to 0.25.
Gaussian fu.nctlon representing the experimental resolution, the—l-hiS change indicates clearly the presence of two electronic
fwhm of which was adjusted to about 1.5 ps.

. transitions with different polarization directions.

The steady-state absorption spectrum of each. sample was The anisotropy measured for pCT found to be about 0.37
measured before and after eqch purppobe experiment, 10—, or the spectral region of the main absorption band, and to
check for any sample degradau_on during the exp_enment.‘pCT drop drastically to 0.13 in the spectral region below 325 nm,
sang)ples were foutnddto bte Ch?m;ca_"y lrjlnztallale_dqung th(_rarﬁump corresponding to the electronic transition located around 310
probe experiments due 1o solvo ysis (hydro ysiS in v@&)e € nm. The possible existence of two electronic transitions lying
reaction induces a loss in the sample optical density at theunder the main absorption band of pCTas already been

excitation wavelength, and a loss in the intensity of the time- proposed to explain why it is broader than the emission

resolved spec_tra. Because, at the excitation wavelength (_4303pectrurrﬁ7'29v4°The slight decay of the anisotropy observed on
nm), the reaction product does not absorb, the shape of the time

ved diff tial absorb ¢ . . | the blue side of the main absorption band of pGitay indeed
res?tve d bl etLgn a a}. sorTz;l]nclt_e spectra :etr_nams t:/'\?oroutf]yreveal the presence of a nearby transition, although it may just
unaitéred by this reaction. The linear correiation between e ., o fom the upper electronic transition at 310 nm partially
loss of intensity of the time-resolved spectra and that of the

teadv-stat tra all d a straightf d " overlapping the main absorption band. From Figure 1, one can
steady-state spectra allowed a straightiorward correction. think that this 310 nm transition corresponds to the shoulder

on the absorption spectra of p€Aand pCM-. This band has

been attributed to the-r- 7* transition located on the carbonyl
3.1. Steady-State SpectroscopyAbsorption, Fluorescence  group of the chromophor@.

and Anisotropy Measurementhe absorption and fluorescence Steady-State Spectroscopy in Protic and Nonprotiosus.

spectra of deprotonatddans-phydroxycinnamic acid and its ~ The absorption and fluorescence spectra of pCivid pCT

two analogues in ethylene glycol are displayed in Figure 1. The measured in DMF, containing 1% water and 0.5 M NaOH, are

absorption maxima of pCA and pCM- are located at 340 and  shown in Figure 2. For comparison, the spectra in ethylene

350 nm, respectively, and the spectra exhibit a distinct shoulderglycol are also given in dotted line. It is seen that the main

on their blue side around 310 nm. The absorption spectrum of absorption band of both pCMand pCT in DMF exhibits a

pCT" is 60 nm red-shifted compared to that of p€AThe red shift of about 3300 cni with respect to that measured in

3. Results
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ethylene glycol. Interestingly, the upper electronic transition TABLE 1. Solvent Parameters and Steady-State Absorption
(shoulder around 310 nm) does not exhibit such a shift, which and Emission Maxima of pCM™~ and pCT" #

explains why the two absorption bands of pCMre so well pCM- pCT-
separated in DMF. Because ethylene glycol and DMF have Vabe Ve Vabe Ve
almost the same polarity ¢~ 37), the massive blue shift of the solvent T a  (cmYy (emY (emd  (cmY

lower absqrptlon band in ethylene glycol can be attributed to water 109 117 28902 21882 25316 19945
the formation of strong solutesolvent hydrogen bonds, the  gihylene glycol 0.92 0.9 28329 22222 25000 20221

energy of which is weakened upon excitation. The magnitude pMF 0.88 0 25253 22321 21413 19919
of this weakening is given by the 3300 cinshift, which is methanol 0.6 0.98 28653 22472 25147 20627
about 10 kcamol~1. Conversely, Figure 2 shows that the €thanol | 054 086 28090 22624 24414 20627
maximum of the fluorescence spectrum of pClind pCT is 1-propano 052 084 28090 22779 nm. — n.m.

o . 1-butanol 0.47 0.84 28090 22779 24038 n.m.
not sensitive to the hydrogen-bond donating character of the 1_qcangl 040 0.77 28249 23095 nm.  nm.
solvent; it is located almost at the same wavelength in both 1-decanol 0.45 0.7 28329 23202 24919 20867

DMF, ar,]d ethylene glycol. . ax* and o are respectively the polarity and the hydrogen-bond donor
This is a remarkable demonstration that, after the Franck character of the solvent taken from ref 6#yps and ven are the

Condon excitation, not only are the hydrogen bonds weakenedwavenumbers corresponding to the maxima of the steady-state absorp-
but also they are in such a way reorganized that, upon radiativetion and emission spectra (n.r not measured).

return to the ground state, their overall energy is essentially TABLE 2- Parameters of Kamlet and Tafté3 Multilinear

not _cha_mged. An alteration of the hydrogen-bond n_etwork UPON Regression of the Steady-State Absorption and Emission
excitation can be expected when the electronic transition Maxima of pCM ~ and pCT~ 2

involves a significant modification of the electron density on

Yo p a

the hydrogen-bond donemcceptor groups of the solui2Ab compound cm?  (emY (cm? R
initio and DFT calculations performed on the isolated chro- - -

mophore (the thioester derivative) indeed predicted an electron PCM Zﬁﬁg;%fn gg ?gg _1238 _311§ f 8 557
shift from the negatively charged phenolate oxygen toward the  pcT- absorption 22033 —541 3430 094
carbonyl oxygen, upon excitation in the lowest transitire! emission 21266 —1505 294  0.99

Itis 'r_nportant t_o recall that the photomduce_d weakening of the a Steady-state absorption and emission maxima were fitted to the
pCM~ or pCT" hydrogen-bond network is very large (10  myitiparametric equation? = ¥ + p x 7* + a x o, wheres* and
kcatmol™2); itis in fact close to the total energy of two standard ¢ are respectively the polarity and the hydrogen-bond donor character
OH---O hydrogen bonds. This fact might be interpreted by the of the solvent (see Table 1) afiglis the wavenumber of the transition
full disruption of two hydrogen bonds, possibly involving the in vacuo. R is the regression coefficient obtained.

phenolate group, upon electronic excitation. solvatochromism is a blue shift proportionaktqa,cy = 3184

It is interesting to note that, in native PYP, the phenolate -1 gng apct = 3430 cnrY). 7% is found to induce a much
oxygen is I_mown_to be pound to the hydroxyl groups of the g ailer red shiftgoem = —746 cnT? andpper = —541 cntl).
closest amino acids residues, Glu46 and Tyrd2, through tWo The myliilinear fit of the emission spectrum shift confirms the
hydrogen bonds. In the protein, the shift of the absorption \yeak impact of the solvent hydrogen-bond donating character

spectrum associated to the interaction of the chromophore with 5, the spectraa(is small). The emission solvatochromism of
the residues has been estimated to be about 1008%#¥ This the thredrans-pcoumaric acid derivatives is mostly a red shift

shift, which is 3 times smaller than the one observed for the ,oportional to the polarity of the solvent. One may relate this
denatured PY® or pCT" in protic solvents, indicates that the  gffect to the report of a 25 D photoinduced change of dipole
hydrogen bond network between the chromophore and the moment for thiomethytrans-pcoumarate (measured by Stark
protein is much less sensitive to the elec_tronlc excitation. uv spectroscopy at 77 K) in a glycerebuffer solution’3 It was
pump—mid-IR probe spectroscopy gave indeed evidence that 4itrihyted to a shift of the negative charge from the phenolate
the hydrogen-bond network involving this negatively charged oxygen toward the double bort@iCalculations on the isolated
oxygen is not modified upon electronic excitatifrOne may chromophore led to a lower but still significant value of the
think that it might be due to the presence of the positively jifferential dipole moment, of the order of 9.
charged Arg52 hamper.ing. the electronic redistribution in the Finally, the considerable red shift (about 50 nm) of the
chromophore upon excitation. absorption spectra of pCTwith respect to those of pCA in
SobatochromismWe studied the deprotonated form of the alcohols and of pCM in alcohols and in DMF can be explained
threetrans-phydroxycinnamic acid derivatives in water, in a by the presence of the thioester group, which has a larger
series of alcohols given in Table 1 and in DMF. Because we electronic affinity than the carboxylic group or the amide group.
have seen that pCMand pCT are involved in strong solute The strong influence of the carbonyl tail substituent on the
solvent hydrogen bonds in protic solvents, we performed a lowest electronic transitions of PYP chromophore analogues
Kamlet and Taft® multilinear regression of both the absorption appears also in several computational wdfi§:52Substitution
and emission maximad = vo + p x 7* + a x «, wherex* of an oxygen atom by a sulfur atom is found to increase the
ando. are respectively the polarity and the hydrogen-bond donor energy of the HOMO orbital and to lower the LUMO orbital
character of the solvent an#, is the wavenumber of the  energy%?
transition in vacuo. The parameters of the fits and the regression 3.2. Transient Spectroscopy of pCA~ and pCM~ in
coefficientsR are reported in Table 2. The solvent parameters Alcohols. The transient spectra of both compounds in basic
used for the fits were taken from ref 64 and are given in Table alcoholic solutions are qualitatively similar to those recorded
1. The calculated absorption and emission maxima versus thepreviously in watef’293945 Figures 4 and 5 show (a) the
observed maxima are represented in Figure 3. For the absorptiordifferential absorbance spectra of p€Aand pCM- in ethylene
maximum of pCM and pCT, Ris respectively 0.97 and 0.94.  glycol after excitation at 355 nm and (b) the kinetics at two
One can see that the main contribution to the absorption characteristic wavelengths. A positive excited-state absorption
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Figure 3. Calculated maxima of the absorption and emission spectra of p@M pCT obtained by Kamlet and Taft regression analysis (see
Table 2) plotted versus the observed maxima reported in Table 1 in various solvents.
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Figure 4. (a) Differential absorbance spectra of pCAn ethylene Figure 5. (a) Differential absorbance spectra of pChh ethylene

glycol containing 0.05 M KOH recorded after excitation at 355 nm glycol containing 0.05 M KOH recorded after excitation at 355 nm
with 0.5 ps laser pulses. The steady-state absorption and fluorescencavith 0.5 ps laser pulses. The steady-state absorption and fluorescence
spectra are shown in dotted lines. (b) Kinetics extracted from the spectra are shown in dotted lines. (b) Kinetics extracted from the
differential spectra at 384 and 453 nm. Data were fitted to a sum of differential spectra at 384 and 459 nm. Data were fitted to a sum of
exponentials convoluted with a 1.6 ps (fwhm) Gaussian function exponentials convoluted with a 1.7 ps (fwhm) Gaussian function
representing the experimental response function. representing the experimental response function.

band below 400 nm and a negative stimulated-emission bandand remains unchanged for all pumprobe delays. By com-
peaking in the spectral region of the steady-state fluorescenceparison with our previous experiments carried out in water, it
are observed. A weak and broad positive band is also seen abovés attributed to the absorption of solvated electrons formed by
520 nm. This band is formed instantaneously upon excitation two-photon ionization of the phenolate grotg2-3°45This



3398 J. Phys. Chem. A, Vol. 110, No. 10, 2006 Espagne et al.

nonlinear process is independent of the one-photon processTABLE 3: Excited-State Decay Kinetics of pCA~ and
contributing to the differential spectra in the 34850 nm pCM~ in Water and Alcohols?

spectral region. In a basic aqueous solution, the associated stimulated-emission
radical (0CA*) absorption band is known to be located around decay (ps) c &0
330 nm in the spectral region of the ground-state absorption,  ggent pCA  pCM- (cP,25°C) (25°C) (ps)
out of our probing rang€ One may suppose that the radical othanol 11 12 054 327 50
absorbs in the same wavelength range in the solvents examinedr,];‘,jte,r 10 4 0.89 783 <1
here. On the other hand, a persistent bleaching in the transientethanol 14 15 1.07 24.6 16
spectra of pCM is observed once the excited state has 1-propanol 16 n.m. 1.94 20.5 26
completely relaxed (see Figure 5a), seemingly indicating that 1-butanol 17 n.m. 2.54 175 63

o : : ; s 1-pentanol 18 n.m. 3.62 139 103
the initial excited population did not totally return to the initial

. 1-octanol 21 n.m. 7.29 9.9

ground state and that some long-lived photoproduct has beeny_jecanol 20 (2100 10.9 792 245
formed. From the ground-state absorption coefficient of fCM  ethylene glycol 51 46 16.1 37.7 15.3

in ethylene glycol (15200 Mt-cm™ at 380 nm), one can 2 Kinei ) . .

) 6 . . . inetics are extracted at the maximum of the stimulated-emission
estimate at 8< 10 M the concentration of this long-lived band and fitted to a monoexponential function (nsrmot measured).
species, at 1 ns. In fact, using the absorption coefficient of the ;; ¢ and(zCare respectively the viscosity, the dielectric constant and
solvated electron (9000 M-cm~! at 600 nn§®), one can the average solvation time of the different solvents used taken from
calculate that the concentration of the initially formed radical ref 67.° Kinetics of pCM" in decanol are bhiexponential with lifetimes
cation is very close to this value: ¥ 10°¢ M. We conclude of 5 ps (37 wt %) and 32 ps (63 wt %); the average lifetime is reported
then that most of the persistent bleaching at 1 ns arises from!" the table.
the partial biphotonic ionization of the molecules and not from

a photochemical process following one-photon excitation. The data extracted from the fit of the excited-state absorption

In Fi 4 dFi 5 | b d . Iand stimulated-emission decays are given in Table 3, forpCA
N Figure #a and Figure >a, one can aiso observe a dynamica, ., 4 pCM in water and in various alcohols, after excitation at

red shift of the stimulated-emission bands of fCAnd pCM, 355 nm. The excited-state lifetimes of p&€Aand pCM- in the

n la f? whtensl of pl;:?seC(indz. Ats :ex;f)lected from thtﬁ.poi'.tf':/? different alcohols are comparable, although the decay of the
solvatochromism of the steady-state Tiuorescence, this Shilt IS gy, 15ted emission of pCMin 1-decanol is biexponential,

iattrikl)utedh to thet SOI\llatiOP dynamics in.(tjutged tl)y the intramo- whereas in water the lifetime of pCMs 2.5 times shorter than
ecular charge trans 2329'2& upon exciation. in our previous pa¢ of pCA~. A weak increase of the excited-state lifetime is
experiments in wate¥’,29-39.40.43ye did not mention such a shift observed with increasing solvent viscosity

b_ecause it i_s in fact found to occur in abqut_ 1 ps, during the 3 3 angient Spectroscopy of pCT in Alcohols. Transient

rise of the_S|gnaI. Th? dynamical Stokes s_h|ft n ethylene egc_oI SpectraThe differential absorbance spectra of pGit ethylene
could be fitted toa S'ngle 15 ps exponential, in agreement with glycol excited at 430 nm are plotted in Figure 6a. They exhibit
the mean sol_vat|on tlmi-i I_n th? other alcohols we studied, qualitatively the same features as those obtained in a basic
when the excited-state lifetime is comparable to or shorter than aqueous solutio:294%45 Upon excitation, three bands rise
the mean solvation time, the stimulated-emission band decaySjystantaneously: the excited-state absorption band in the near
before the entire solvation process ends. As a consequence, they,, (ca. 360 nm), the ground-state bleaching band around 430
decays of the stimulated emission are found to be multiexpo- oy anq the stimulated-emission band in the spectral region of

nential and wavelength-dependent. The kinetics in the spectraly,q steady-state fluorescence spectrum (ca. 490 nm). At delay
region close to the maximum of the stimulated-emission band imes shorter than 50 ps, the maximum of the ground-state

are nevertheless found to be monoexponential (see Figures 4eaching band is red shifted with respect to the steady-state
and 5b) with a time constant of 51 ps for p€Aand of 46 ps  apgorption spectrum (430 nm instead of 400 nm), due to the
for pCM~, assigned to the intrinsic lifetime of the excited state. strong contribution of the excited-state absorption. For pamp
As seen in Figure 5a, the excited-state absorption band of probe delays up to 50 ps, the three initial bands decay whereas
pCM~ in ethylene glycol also exhibits a time-dependent red around 450 nm, between the ground-state bleaching and the
shift. This shift is mostly due to its overlap with the persistent stimulated-emission bands, an absorption band rises and be-
ground-state bleaching band that becomes dominant after 60comes positive. In the meantime, the stimulated emission band
ps. Consequently, the reduced red shift of the excited-stateexhibits a dynamical red shift due to solvation dynamics whereas
absorption band of pC&, as compared to that of pCMis the UV transient absorption band undergoes a slight blue shift.
explained by the negligible contribution of the ground-state  For pump-probe delays larger than 80 ps, after the decay of
bleaching band between 370 and 400 nm. The decay of theboth the UV transient absorption and stimulated-emission bands,
excited-state absorption band is biexponential with one time a small persistent bleaching signal is observed, indicating that
component equal to that of the stimulated-emission band decaypart of the excited-state population did not return to the ground
and one additional short component of 6 ps (43 wt %) for PCA  state. Unlike pCA~ and pCMr, steady-state photolysis of pCT
and 3 ps (37 wt %) for pCM. Such a fast decay component, in basic aqueous solution does not evidence the formation of a
was recently reported by Vengris et al. for pCAin basic stable ground-state cis isonf@r.On the contrary, radical
aqueous solution in the subpicosecond regime, and tentativelycation—solvated electron pairs produced by biphotonic ioniza-
explained by the presence of several closely spaced excited stateson of the phenolate group have been observed in the transient
simultaneously populated by the laser excitation although no absorption spectra of pCTand of trans-Sthiomethylp-
excitation wavelength effect was obsenfé®y using 300 nm hydroxycinnamate in watef:*2 One may thus think that the
as the excitation wavelength, we indeed did not find much present persistent bleaching in ethylene glycol is also due to
difference in the time-resolved spectra, within our experimental the biphotonic ionization of pCT.
error (data not shown here). At present, we cannot draw a clear As pointed out in our previous papers?45the difficulties
conclusion about the nature of the multiexponential decays of in the interpretation of the transient spectra of pGifise from
the excited-state absorption of p€Aand pCM . the contribution of several overlapping bands. When the
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0.2 TABLE 4: Excited-State Decay Kinetics of pCT in Water
[ and Alcohols?

450 nm -
7 stimulated-
rise decay emission n € AN
solvent (ps) (ps) decay (ps)(cP, 25°C) (25°C) (ps)

water 1.0 3.3 2.4 0.89 78.3 <1
methanol 6 9 6 0.54 32.7 5.0
ethanol 8 35 12 1.07 246 16
ethylene glycol 2.6, 16 65 23 16.1 37.7 153
1-decanol 4,35 >1ns 64 10.9 7.2 245

0.1 frm,

aKinetics were extracted at 450 nm and at the maximum of the
stimulated-emission bang, ¢, andZ[are respectively the viscosity,
the dielectric constant and the average solvation time of the different
solvents used taken from ref 67.

L PO S S S R S S T PR PR
400 500 600 700 We previously hypothesized that the complexity of the
Wavelength (nm) kinetics across the transient spectra of p@Twater may result
from the excitation of two quasi-degenerate excited states, which
could in particular explain the wavelength-dependent and
multiexponential decay of the UV excited-state absorption
band?72945|n a scenario where the upper state would not relax
L .. to the lower one, Kasha’'s rule could be violated and the
AA 0.0l & —-—4-5 fluorescence excitation spectrum would be expected to be
r different from the absorption spectrum. Due to the low
fluorescence intensity of the sample and its chemical instability,
we could, however, not reach a safe conclusion from the
o 452 nm comparison of the absorption and excitation spectra of pCT

T, 3 ps (Wt. 15%) 7, 2.6 ps (wt. 23%) b
7,23 ps (wt. 85%) T, 16 ps (wt. 53%)

1 23 ps A 492nm the difference lies within the experimental error. On the other

_03§ £ o hand, we did not observe an excitation-wavelength effect on
0 20 40 100 1000 the time-resolved spectra, within our purprobe setup

Time (ps) experimental error, when tuning the laser excitation wavelength

Figure 6. (a) Differential absorbance spectra of pCih ethylene from 430 to 350 nm (data not shown). Multiexponential decays
glycol containing 1x 10-3 M KOH recorded after excitation at 430  Of the UV excited-state absorption band are also observed for

nm with 0.5 ps laser pulses. The steady-state absorption and fluorespCA2~ and pCM  in protic solvents. We might think of a
cence spectra are shown in dotted lines. (b) Kinetics extracted from solvatochromic shift of the UV excited-state absorption band
the differential spectra at 362, 452, and 492 nm. Data were fitted toa although we do not know whether the probed transition is
sum of exponentials convoluted with a 1.2 ps (fwhm) Gaussian function ¢t ted by the solvent polarization. One may wonder whether
representing the experimental response function. . . . . .
the transient spectra contain the primary dynamics corresponding
differential absorbance kinetics in the spectral region of the to the hypothetical breaking of the hydrogen bonds with the
stimulated emission are examined, wavelength-dependent kinetsolvent upon excitation. Femtosecond visible pufifp probe
ics are observed. The decays on the red side of the stimulated-of hydrogen-bonded complexes of coumarin 102 and phenol
emission band have been fitted to a biexponential function with has shown that the hydrogen bond cleavage occurs within 200
a rising component of-36 ps, which can be attributed to the fs, followed by the reorganization of the solvent in 80G%&°
dynamical Stokes shift of the band, and a decay componentConcerning the PYP chromophore analogues, no clear conclu-
varying from 23 to 34 ps at increasing wavelength. On the red sion can nevertheless be drawn at the moment.
side of the UV excited-state absorption (see Figure 6b) the The kinetics measured in water and various alcohols are given
kinetics are also biexponential with time components of 3 and in Table 4. As a general trend, the decay of the bands is slowed
23 ps. The fast decay is not observed on the blue side of thedown when the viscosity and the mean solvation time increase
band, like in wate®”2%45As illustrated in Figure 6b, the long  and when the polarity decreases. The amplitude of this effect,
decay is comparable to the stimulated-emission decay aroundhowever, depends on the observed band: from methanol to
500 nm. Finally, between the bleaching and the stimulated- 1-decanol, the stimulated-emission decay is slowed down by a
emission bands, around 450 nm, the kinetics are triexponentialfactor of 10 whereas the lifetime of the 450 nm intermediate is
with components of 2.6, 16, and 65 ps (see Figure 6b). The increased by a factor of 100. It is difficult to assign the observed
multiexponential character of this spectral region is likely due effects to one particular property of the solvent. It is nevertheless
to the contribution of several overlapping bands including the worth mentioning that the excited-state lifetime of pd% more
red-shifting stimulated emission and the ground-state bleaching, sensitive to the solvent properties than that of gCand pCM-.
in addition to the intermediate absorption band formed in the In the Discussion we will further analyze this difference.
course of the excited-state decay. At short time the stimulated It can be noticed from Table 4 that, in most of the solvents,
emission is expected to dominate the signal at 450 A € the rise time of the 450 nm intermediate is different from the
0), so that the two short lifetimes of 2.6 and 16 ps are likely to decay time of the stimulated emission. As pointed out for
reflect mostly the dynamical red shift of the stimulated-emission ethylene glycol, stimulated emission is expected to be dominant
band rather than the formation of the intermediate. On the otherat short times in this spectral region, so that solvent-induced
hand, the 65 ps component can be attributed unambiguously totime-resolved shift of the stimulated-emission band is expected
the lifetime of the intermediate because, at 450 nm and on thisto contribute to the kinetics. As a matter of fact, the short time
time scale, its absorption is dominant. components extracted from this region correspond quite well
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to the solvation dynamics, except in 1-decanol where the mean
solvation time is much slower than the decay of the emission.
Simulations of the Transient SpectrBo check a reaction
scheme where the 450 nm transient is formed from the
fluorescent excited state, we performed a first simulation of
the AA spectra with the simple sequential three-state model:
A* — X — A. After excitation, the FranckCondon excited AA 0.1
state (A*) forms the intermediate-state X corresponding to the
450 nm transient with the rate const&ntX returns to the initial
ground-state A with the rate constdat This model does not
provide a good qualitative representation of th& spectra in

—o—5ps
—=—10ps
—o— 20 ps
——30ps
—+—50 ps

LI B B B B B L B

the bleaching region (between 390 and 440 nm). In the 03 e

simulation of this spectral region, the signal is found to be 0'0; B N T S0 ps —o 80 ps

constant over the time scale corresponding to the formation time C —o— 1000 ps

of the 450 nm intermediate, whereas one can see in Figure 6a Ol
400 500 600 700

that it exhibits a fast decay during this time scale. A satisfactory
representation of the bleaching region could nevertheless be Wavelength (nm)

obtained, in most of the solvents, by introducing a branching Figure 7. Differential absorbance spectra of pCif ethylene glycol
reaction from the excited-state A*, with a ratio of 50% of the simulated with the sequential three-state model: -A*X — A. The
excited-state population going back to the ground state and theFranck-Condon excited state, A*, leads to the formation of the
other 50% forming the 450 nm transient. intermediate state, X, corresponding to the 450 nm transient with the

he simulati h . . . . hrate constank; and a branching ratio of 50%. X returns to the initial
In the simulations, the transition cross sections associated Withgond state with the rate constdat k, andk are fixed to 1/28 and

the different bands were approximated by log-normal functions. 1/60 ps?, respectively. The maximum of the stimulated-emission
The stimulated-emission cross section spectrum (shape andspectrum at time zero is taken at 20 705¢nAmplitude of the shift
intensity) was estimated from the steady-state fluorescenceof the band is fixed at 1173 cthand the rate of the shift corresponds
spectrum. The dynamical Stokes shift of the stimulated emissionto the mean solvation time c_Jf 15 ps._SimuIated spectra are cor!voluted
has been simulated according to the solvation dynamics givenw'th al2ps (f\_/vhm) Gaussian function representing the experimental
by Horng et af” The stimulated-emission spectrum at time zero response function.

and the amplitude of the Stokes shift have been estimated from
the observed shift and the solvation dynamics given by Horng
et al®” The cross section spectrum of the excited-state absorption
was determined from the\A spectra at time zero after
subtraction of the contributions of the ground-state bleaching
and of the stimulated emission. The cross section spectrum of
the 450 nm transient was extracted from thé\ spectra

demonstrated that the nonradiative decay of pCénd pCM-
in water is correlated to the net trans to cis isomerization reaction
that has been shown to take place in those compot(rf8g?4°
By analogy, the concomitant decay of the excited-state absorp-
tion and stimulated-emission bands of p€Aand pCM in
alcohols, is also attributed to trans to cis isomerization of the
measured once the stimulated emission has com . gthylenic double bond. More precisely, the trans excited-state
pletely vanishe )
is supposed to decay through a small barrier to a nonpopulated

and from which the residual bleaching contribution was . . . . R .

. . intermediate structure (the stilbene-like “perp” configuratfn
subtracted. The decays of the excited-state corresponding to thefhat immediately leads to both the ground-state cis and trans
stimulated-emission decay and the 450 nm transient were, o ers

represented by an exponential function with time constants Sobent Vi ity EffecE . ¢ he K
reported in Table 4. With the sequential model used here, the ovent |§003|ty ect-or avar.let.yo systems, the Kramers
approach fails to describe the friction a solvent exerts on the

rate constantk; andk, are equal to the inverse of these time i - . - i
crossing rate of a barrier. Fdransstilbene, the viscosity

constants. . o
dependence of the isomerization rate constant has been shown

The simulation of the transient spectra of pCif ethylene to be adequately described by the phenomenological power
glycol is represented in Figure 7. Comparison of Figures 6a law: keso= Cry2 with 0 < a <1477 The parametes gauges

and 7 shows that our simulation allows a good representatlonthe strength of the solvent damping a6ds proportional to

of the transient spectra of pCTSuch a result is also obtained - o )
in most of the solvents of the Table 4. The agreement found the Arrhenius t(.arm. exp{ES/KT). Whenkig, is Very superior to
all other deactivation rateks, can be approximated to the

between the simulated and the measured differential spectra isreci rocal of the excited-state lifetimesd. In Figure 8, the
only qualitative because the various parameters of the simulation P ey 9 ’

oy N e
have not been fitted to the experimental data. We, however, ex_cned state lifetimesres of pCA ((_:lrcles), and pCT
conclude that the excited-state deactivation of pCdan (triangles) are plotted versus the viscosjtgn a log-log scale.

reasonably be explained by the formation of the 450-nm Regression analysis for pCAis shown in solid line and gives

transient with a quantum yield of 50% from the fluorescent a= 0.'28' Inl tge case of pCM Wﬁ dicinot COH?Ct. en\c/)\;Jgh
excited state. It has to be stressed that the solvation dynamicsﬁge\/eer\'/rgregira z:)tg téofrgzrgr'l)'/agllgs’t tr?atsi?;‘rc])ﬁosvr;aayﬁfbximi\tglaln,
is here implicitly considered to be decoupled from the excited- th ’ P | eA fi ¢ pp y
state deactivation of pCT However, as we will discuss in the € same power faw as pA except In yva er.

next section, we do not exclude that the solvation dynamics 1 neavalue of 0.28 we found for pCA is low compared to

could still be a possible reaction coordinate in the excited-state stilbene_s in a7I$ohoIs. For refgren(aawas_ found to be 0.6 for
deactivation of pCT. trans-stilbene’” 0.61 for 4,4-dihydroxystilbené® and 0.72 for

4,4-dimethoxystilbené3 Such a nonlinear viscosity dependence
has been partly explained by the inadequacy of Kramer’s theory
to correctly describe friction and Grote and Hynes’ thébwas

4.1. Photoisomerization of pCA~ and pCM~ and Reaction found to be more appropriate to account for the time-dependent
Coordinates. As stated in the Introduction, we previously friction experienced by the soluté.

4, Discussion
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In(t, /ps) Excited-State Decay and $eht EffectsAlthough the data
5 : : . . for pCT~ are scarce and scattered, it is interesting to note that
the decay of its stimulated-emission band appears to be much
more sensitive to the solvent than those of pCand pCM'.
A very coarse analysis of the solvent viscosity effect is shown
in Figure 8. The rough fit leads tod{ ~ Cy~2, with a being
equal to 0.75, that is, about 3 times larger than the value found
for pCA2~. In addition, we observe that the sensitivity of the
excited-state dynamics of pCTto the solvent polarity and
solvation dynamics is larger than for p€Aand pCM-. In low
viscosity solvents, the excited-state lifetime of pCAloes not
change much when the dielectric constant increases whereas
that of pCT keeps decreasing. The most natural explanation
-1 0 1 2 3 for these differences is that the excited-state deactivation
In(n/cP) involves either a different reaction coordinate or a different

. ) . o reaction profile along the same coordinate.
Figure 8. Excited-state lifetimeres of pCA?~ (circles) and pCT . . . .
(triangles) represented as a function of the solvent viscogity The larger electronic affinity of the thioester substituent of

Regression analysis is shown as a solid line and leads to the expressio®CT ", as compared to pCA and pCM, can induce a larger
1/res = C(n/cP)® with a = 0.28 and 0.75 respectively for p€Aand further charge translocation after excitation. For gCahe
pCT". transfer of a full charge cannot reach the carboxylic group due
to the presence of the negatively charged oxygen atom whereas
On the other hand, the marked deviation to the linear viscosity for pCT- the electron can be transferred to the oxygen atom of
dependence ofransstilbene and some of its derivatives has the carbonyl group. In this simple representation, it is conceiv-
also been attributed to the existence of several reactionable that the reaction coordinates in the excited state could be
coordinates. The reaction has been reported to involve two different in these two compounds. Like foans-stilbene, the
concerted motions: the torsion around the ethylenic bond and concerted motions of the ethylenic bond and one adjacent single
the adjacent single-bond rotatiéh 4 7°In this multidimensional bond would still be possible in the excited state for pCAFor
picture of the reaction, the viscosity effect is expected to be pCT- only the torsional motion of the ethylenic bond would
weaker than expected for a mechanism involving only the be facilitated because the adjacent single bonds would acquire
torsion around the double-bor@i7®80 Stiff-stilbene (1,1- a double bond character upon charge translocation. These
diindanylidene), where torsion around the single-bonds is differences in the reaction coordinates could explain the larger
hindered, isomerizes along a reaction coordinate that is probablyimpact of the solvent viscosity on the excited-state decay of
closer to this “ideal” one-dimensional case. In this case, the pCT". It is worth noting that the single torsion of the ethylenic
viscosity dependence of the formation rate of the “perp” state bond (one bond flip) has recently been proposed for the
is found to be quasi linedt. Within this context, one might  photoisomerization mechanism of charged conjugated systems,

thus think that the photoisomerization of p€Aand pCM such as protonated Schiff bases, whereas isomerization of
involves the concerted torsion of two bonds rather than the singleweakly polar olefins is attributed to the concerted motion of
rotation of the ethylenic bond. the ethylenic bond with an adjacent single b&hd.

Sobent Polarity EffectIn addition to the solvent viscosity, Relaxation PathwayLet us here examine three different
solvent polarity can affect the isomerization rate of gCAnd hypothesis aimed at elucidating the relaxation pathway inpCT

pCM~. In the studied alcohol series, when the viscogjty = and the nature of the 450 nm intermediate state. At this point
increases, the dielectric constandecreases, as can be seen in of the discussion, it should be reminded that, contrary to$CA
Table 3. The decrease of the photoisomerization rate in solventsand pCM- continuous irradiation of pCTin aqueous solution

of lower dielectric constant may indicate an increase of the did not lead to the observation of a cis isoret?4%45The
activation energy, which would arise from the “perp” state being fluorescence quantum yield of pCTemains, however, com-
more polar than the initial fluorescent state. In addition to this parable to those of pCA and pCM, indicating that an efficient
static effect, it is worth noting that the isomerization rate of nonradiative process also takes place in the thioester derivative.
pCA?~ and pCM in linear alcohols (except methanol; see Table (1) Assuming that the photoisomerization reaction occurs in
3) is faster than the average solvation dynamics, indicating thatpCT-, it is tempting to attribute the 450 nm intermediate to an
the reaction occurs in a nonequilibrated solvent configuration. unstable ground-state cis isomer. However, calculations do not
This, however, does not allow us to rule out the possible predict the existence of such an unstable ground-state cis isomer.
participation of solvation in the reacti6if? 84 because it can  Like for pCA2, the cis to trans isomerization barrier of the
be argued that only the short times of the solvation dynamics isolated pCT and thiomethyl coumarate is found to be quite

are involved in the reaction. large, about 25 kcahol=1.4%53 This hypothesis must conse-
4.2. Photoisomerization of pCT and Reaction Coordi- quently be rejected.
nates.The transient spectroscopy of pCinh aqueous solution (2) Alternatively, the higher sensitivity of the excited-state

revealed that its excited-state relaxation mechanism is quitelifetime of pCT- to the solvent polarity and the larger electronic
different from those of pCA™ and pCM . It proceeds through  affinity of the thioester group with respect to the carboxylic
a more complex pathway, involving the formation, on the group of pC&~ and the amide group of pCMcan suggest the
picosecond time scale, of an intermediate absorbing around 450formation of a charge-transfer state in competition with isomer-
nm between the bleaching and the stimulated-emission bandsjzation. The merocyanine dye DC¥and some “pushpull”

in all solvents studied hefé:2%40-45grmation of this intermedi-  polyene& 8 provide examples of a photoinduced charge transfer
ate was also reported ftnans-phydroxythiomethyl cinnamate  in competition with photoisomerization. Considering the concept
in basic aqueous solutidh:#2.44.47 of TICT-state formation, i.e., an excited-state charge-transfer
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reaction concerted with the single-bond rotation of the electron- S,

donating groug? we proposetf that such a mechanism might

compete with photoisomerization for pCTwhereas photo-

isomerization would prevail for pCA and pCM". Such a S

TICT-state formation was indeed proposed for “puglll”

stilbenef%°1 For the present analogues, one might think that hv

torsion of the phenolate group could be the proper coordinate

leading to a TICT-like state. In a recent report on ester analogues

of PYP chromophoré? the torsion of the phenolate group was

indeed proposed to be one possible coordinate for the nonra- } ; . torsion

diative excited-state decay. On the other hand, QM/MM trans 90° cis

simulations carried out on the isolated deprotonated PYP

chromophore showed that the evolution gna8er photoexci-

tation involves the torsion of the phenolate moiety rather than

the ethylenic bond torsion. On the time scale of the simulation,

the population remains trapped in a locah8nimum associated

with a 90 twisted phenolate moiefif. The excited-state

deactivation leads back to the original conformation without a

net change of configuration. However, one can object to a

process involving such a coordinate that, in agreement with an

elementary view considering that the lower electronic transition f f ; torsion

essentially shifts the charge from the phenolate moiety to the trans 90° cis

carbonyl moiety, other ab initio calculations predicted a reversal Figure 9. Potential energy curves proposed for the excited-state

of the single/double bond pattern of the molecule upon deactivation of pCA™ (up) pCT (down).

excitation®® The single bond linking the phenolate group to the

rest of the molecule acquires a double bond character and thethe solvent polarity. Our data are consistent with the complete

ethylenic bond acquires a single bond character. According to disruption of two hydrogen bonds in the excited state. Fluo-

this picture, the rotation of the phenolate group should no longer rescence anisotropy measurements evidence that a second

be possible whereas isomerization around the ethylenic bondelectronic transition with a different polarization, possibly the

should be made easier. n — s* transition localized on the carbonyl group, contributes
(3) Finally, one can consider the photoisomerization coordi- to the blue side of the absorption spectra of BCAnd pCM .

nate, by rotation around the ethylenic bond alone and refer to However, contrary to previous statemefitd?*°the presence

a well-known model for the isomerization of polar olefins in  of a second transition lying under the main absorption band is

polar solvents. It has been proposed that the excited state ofot confirmed for pCT.

these molecules at the “perp” configuration is zwiterionic. In The difference that we previously reported between the
polar solvents, the energy of this “perp” zwiterionic state is gjfferential absorbance spectra of pCaind those of pCA
strongly lowered and becomes lower than that of the diabatic 3nq pCM- in aqueous solutions is also found in several alcohols.
state representing the ground state in 'nonpolar solvents. Theyn addition, the excited-state decay of these compounds is found
avoided crossing between the two potential energy surfaces leads, pe sensitive to the solvent properties. These differences are
to a new minimum at the “perp” configuration in the ground 4ribyted to the existence of two different relaxation pathways
state?® A somewhat similar situation can be devised for pCT i rajation with the electron donemcceptor character of the
One could think that increasing the electron affinity of the chromophore substituents. Upon excitation, analogues with a

car_bonyl substituent from_ PCA, to pEIM“ ?nd p_CT is able . weaker electron acceptor group such as pCand pCM- lead
to induce a strong lowering of the “perp” excited state With b formation of a cis isomer without any detectable

respect to the ground state. For pG local minimum of the intermediate. On the contrary, excited-state deactivation of

g?ouped gtatDe CeOltJ(ljthZ %zt:tgt?'(lj' Igthﬁ opfetrr?e ?;fggrrniuro% (tsheee analogues containing a stronger electron acceptor group such
:gldnd s)fateu the barrier fronl1ltzhe| “oern” minilmlIJm o tr:e cis as pCT involve the formation of a transient state absorbing
\?vould be hi 'her than that to the iﬁitigl trans confiquration between the bleaching and stimulated-emission band. Addition-
' be nig o N g .’ ally, the formation of a stable cis isomer is not observed. Due
resulting in no net trans-to-cis isomerization. This scenario e :
. - to the weak sensitivity of the excited-state decay of pCand
would be totally compatible with the three-state model we used - . . i ot
pCM~ to the solvent viscosity, the photoisomerization mech-

for our simulations of thé\A spectra, including the loss of 50% . . ;
of the initial excited populatri)on accompan)?ing the formation &M'SM of pCﬁ% and.pCI\/r 's thought to be pomparable to tha.t
of the transient state. of transstilbene, with the concerted rotation of the ethylenic
bond and one adjacent single bond. The higher sensitivity of
the excited-state deactivation of pCT1o solvent viscosity and
polarity, as compared to pCA and pCM, is considered to
Solvent effects on the excited-state decay of three analoguegeveal a different reaction coordinate. The excited-sate deactiva-
of the chromophore of PYP, where the substituent adjacent totion of pCT is viewed as a photoisomerization mechanism
the carbonyl end group is changed front @CA?") to NH, involving mainly the torsional motion of the ethylenic bond.
(pCM~) and to SGHs (pCT), have been examined by steady- The formation of the transient state of pCTs tentatively
state and ultrafast time-resolved spectroscopy. The major solventattributed to the existence of a local minimum in the ground
effect on the steady-state absorption spectrum is due to thestate, corresponding to a “perp” conformation having a charge-
formation of strong hydrogen bonds in protic solvents whereas transfer character, from which the population returns solely to
the fluorescence solvatochromic shift is mainly correlated to the initial trans conformation.

5. Conclusion
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