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A series of 6-styryl-2,4-diphenylpyrylium salts exhibiting dual fluorescence has been investigated by
fluorescence up-conversion in conjunction with quantum chemical calculations. The short-wavelength emission
is due to an excited state localized on the pyrylium fragment and the long-wavelength emission arises from
a charge-transfer state delocalized over the whole molecule. The two fluorescing states do not exhibit a
precursot-successor relationship. The rise time of the short-wavelength fluorescence is smaller than 200 fs,
and that of the long-wavelength emission depends on the electron-donating property of the styryl group
substituent. The rise is almost prompt with the weaker donors but is slower, wavelength and viscosity dependent
with the strongest electron-donating group. A model involving.5;Sconical intersection is proposed to
account for these observations.

Introduction been invoked to account for the viscosity-dependent fluorescence

Pyrylium salts (PS) represent an important class of dyes thatduantum yield a PS with an electron-donating grétighis

has found many applications such as laser and Q-switch'dyes, hypothesis is further supported by a recent investigation gsing
organic luminophore&near-IR absorbing dy@sH-sensord? ultrafast transient absorption and fluorescence up-convet&ion.
and textile dyed! They have also been used in various synthetic I @ previous pape¥; the unusual fluorescence properties of
procedured?-15 6-styryl-2,4-disubstituted PS in solvents of different polarities
On the other hand, several PS are characterized by unusuahave been reported. Their UWis absorption spectra are
photophysical properties that have been discussed in manycharacterized by two well-separated bands. The high energy
reports. In general, 2,4,6-trisubstituted PS with three identical band with a maximum in the 348100 nm spectral region is
substituents, e.g., 2,4,6-triaryl PS, as well as some blocked PSapparently strongly localized on the pyrylium fragment of the
are considered as two-dimensional chromophoric systems withmolecule and has been assigned to tge S transition. The
X and Y absorption band§:23 The photophysical and nonlinear  low energy band, with a maximum in the 42830 nm region,
properties of PS dimers that tend to be formed in low polarity depending on the nature of the substituent in the 6-position of
solvents have been investigated in detail by Markovitsi and co- the pyrylium fragment, corresponds to the—S, transition.
workers20:2325 Kossanyi and co-workers have reported the EXcitation of the S, transition gives rise to two distinct
observation of dual emission from blocked PS and explained it fluorescence bands, one that is located between¢h&Sand
in terms of two excited states with different geometA&38 the $—S, absorption bands and the other that is a mirror image
The appearance of dual fluorescence has also been reported withf the $—S; absorption band. The analysis of the experimental
other PS such as thiopyrylium salts and PS with biphenyl data indicates that the low energy emission is the ordingry S
groupst829Some authors have also assigned the anomalous fluo-So fluorescence associated with the whole conjugated system
rescence to a twisted intramolecular charge-transfer (TICT) of the PS. On the other hand, the short-wavelength emission,
statel®26|n all these investigations with systems exhibiting dual located at an energy higher than that for the-S, absorption
emission, the time resolution of the measurements was not highband has been ascribed to a local fluorescence related to the
enough to monitor the buildup dynamics of the anomalous fluo- pyrylium fragment of the molecule. Consequently, the high and
rescence. Despite this, a precurssuccessor relationship be- low energy emission bands have been designated as L and D
tween the two fluorescent states was assumed. Finally, it shouldbands, for localized and delocalized, respectivély.
be noted that the presence of a nonemissive TICT state has also In nonprotic solvents, the decay of the L fluorescence was
. —— . . found to be monoexponential with a lifetime varying between
:Sg{\igfg&“g'f”g;“écg“ E-mail: eric.vauthey@chiphy.unige.ch. 1.5 and 2 ns. On the other hand, the decay of the D fluorescence
; could not be reproduced with less than three exponential

* Bulgarian Academy of Sciences.
8 University of Minnesota. functions, with about 90% of the total amplitude associated with
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Figure 1. Structure of the PS investigated. L 1
300 400 500 600 700
a 3.5-4 ns lifetime. However, no precursesuccessor relation- wavelength (nm)

ship between both emissions could be evidenced. In fact, no_. . o
. Figure 2. Absorption (black) and fluorescence spectra (gray, excitation
rising component of the D-fluorescence could be detected, the 5360 nm) of4 in DCM.

time resolution of the measurements being of the order of 300
ps. TABLE 1: L and D Absorption and Emission Maxima
We report here on an investigation of the early fluorescence (in nm, Excitation at 360 nm) of 14 in Various Solvents
dynamics of several 6-styryl-2,4-diphenyl PS (see Figure 1) 1 2 3 4
using femtosecond fluorescence up-conversion to elucidate the T L D L D L D
conversion mechanism between the two emitting states. These
PS differ by the electron-donating properties of the substituent
on the styryl group. Ther(_afore, the extent of charge_—transfer (o)) EtOH 2% 373 373 450 373 450 373 507
character of the D transition can be expected to increase from max
. - A 440 440 555 440 570 440 645
pompoundsz—4. For comparison, a PS dye with a methyj group  g,oH laasx 373 373 516
instead of the styryl subsntyent (_compoun)dand exhibiting om0 430 430 636
only the L fluorescence was investigated as well. To get a deeper max
insight into the electronic character of the lowest electronic statesfunctional level of theory (DFT) using the BP86 and B3LYP
of these dyes, quantum chemistry calculations on compoundsfunctional$*3® and a [3s2p1d] basis s&tElectronic vertical
2 and4 have also been performed. A possible model accounting excitation energies and oscillator strengths were then computed
for the “non-Kasha” fluorescence behavior of these dyes, which using time-dependent density functional théd(fDDFT) and
is also based on these calculations, will then be proposed.  configuration interaction over single excitatiéhCIS). For the
TDDFT calculations, both the pure BP86 and hybrid
Experimental Section B3LYP3439-41 functionals were examined in conjunction with
the [3s2pld] basis set; for the CIS calculations, the INDO/S2
Hamiltoniarf243was used. In addition, the gas-phase geometries
of the first and second singlet excited stated wfere optimized
at the TDB3LYP/[3s2pld] level. Solvatochromic effects were
computed at the VEM4.2 level of theory based on the CIS/
INDO/S2 results. TDDFT calculations were carried out using
Turbomole version 5.8.#;*5and CIS calculations were carried
out using ZINDO-MN version 1.2%

DCM A;basx 383 383 470 383 487 383 529
Ao, 430 430 540 430 570 430 630

Apparatus. The fluorescence up-conversion setup has already
been described in detail elsewhétdn brief, the frequency
doubled output of a Kerr lens mode-locked Ti:Sapphire laser
(Tsunami, Spectra-Physics) was used for excitation of the
samples at 400 nm. This excitation wavelength was used for
all measurements. The output pulses centered at 800 nm had
duration of about 100 fs and a repetition rate of 82 MHz. The
pump intensity on the sample was around“jghotonscm—>2-
pulsel. The polarization of the pump pulses was at a magic
angle relative to that of the gate pulses. Experiments were carried
out in a 0.4 mm thick rotating cell. The absorbance of the  Early Fluorescence DynamicsThe absorption and fluores-
samples at 400 was around 0.1. The full width at half-maximum cence spectra of the dy&s-4 have been discussed in detail in
(fwhm) of the instrument response function was ca. 210 fs. ref 31, and the band maxima are listed in Table 1. As an

Samples.The synthesis of the pyrylium perchlorate saks4 example, the spectra &f are shown in Figure 2. Both the
has been described in the literatdtelhese compounds have absorption and fluorescence spectra of the other dyes in the L
been purified by repeated recrystallization and the amount of band region are very similar. On the other hand, the D band
impurity has been estimated to be less than 1%. The solvents,shifts to shorter wavelength by going frofrio 2. For the latter
dichloromethane (DCM), ethanol (EtOH) and butanol (BuOH) compound, the D band overlaps substantially with the L band,
were of the highest commercially available purity and were used whereas it is absent with, where the styryl group is replaced
as received. All solutions were purged with argon before by a methyl group.
measurements. A substantial degradation of the sample solutions The areas of both L and D absorption bandstoh DCM
was observed after prolonged irradiation. Such a poor photo- are independent of temperature betweeghand+25 °C. The
stability of many PS dyes in solution is well-knowhand same behavior was observed with the D fluorescence band of
therefore fresh samples were used for each measurement. Tahe same dye. On the other hand, a 5% decrease of the area of
ensure that this degradation had no effect on the fluorescencets L emission band was found by going frorb to +25 °C.
up-conversion data, the time profiles obtained by scanning the The same small decrease was measured Wiflithough the L
time delay in both forward and backward directions were fluorescence maximum remains constant in the temperature
compared. Unless specified, all measurements have beerrange investigated, the D fluorescence band exhibits a hypso-
performed at 26t 2 °C. chromic shift of about 3 cml-K~1 with increasing temperature.

Computational Methods. The ground-state singlet gas-phase Figure 3 shows time profiles of the early fluorescencd of
geometries of2 and 4 were fully optimized at the density and 2 in DCM. The rise of all these profiles is essentially

Results
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TABLE 3: Parameters Obtained from the Fit of a

= Biexponential Function to the Time Profiles of the Early
B Fluorescence of +4 in EtOH upon 400 nm Excitation?
s F :II E:gg mg ? dye A(m) band A 71 (pS) A 72 (ps)
S 1 430 L -1 0.16 0.15 1.4
= 2 430 L -1 0.17 0.20 15
5 450 L -1 0.19 0
g 500 L/D —-0.91 0.25 —0.09 2.0
= 540 D —0.70 0.22 —0.30 1.6
2 (560 nm) 3 450 L -1 0.11 0
e IRF 550 D -0.72 020 —0.28 15
7 580 D —0.86 0.23 -0.14 1.6
L L 1 - 4 450 L -1 0.20 0
0 1 2 3 600 D -1 0.30 0
time delay (ps) 620 D -1 0.36 0
. . . 640 D -1 0.59 0
Figure 3. Time profiles of the L fluorescence df(top) and of the D
fluorescence of (bottom) in DCM. The instrument response function a2 0Only the components with a time constant shorter than 10 ps are
(IRF) is shown for comparison. listed.
TABLE 2: Parameters Obtained from the Fit of a —_
Biexponential Function to the Time Profiles of the Early 3
Fluorescence of -4 in DCM upon 400 nm Excitation? =
==
dye A(m) band A 71 (pS) A 72 (pS) ‘E.,'
1 430 L -1 0.16 0.19 15 ]
450 L -1 0.17 0 £
2 430 L -1 0.14 0.14 2.1
450 L -1 0.19 0
560 D -1 0.20 0
610 D -1 0.20 0
3 430 L -1 0.13 0.18 1.8 -
450 L -1 0.15 0 o
560 D —0.90 0.24 —0.10 2.3 gl
580 D  -085 023 -015 23 )
4 430 L -1 0.15 0 5
450 L -1 0.20 0 =
480 L -0.86 0.9 —0.14 1.7 = L J | , | i
600 D -1 0.18 0.2 1.8 0 o 2 6
630 D -1 0.30 0.1 1.8
650 D -1 0.36 0 time delay (ps)

aOnly the components with a time constant shorter than 10 ps are Eiggﬁ (‘E) Time profiles of the D fluorescence dfin EtOH (A) and
listed. u .

wavelength dependence. In DCM, the rise time increases from
180 to 360 fs by going from 600 to 650 nm. In EtOH, the rise
of the D fluorescence is substantially slower and increases with
wavelength as well, as shown in Figure 4A. To test whether
the slower rise in EtOH is related to the higher viscosity of this
solvent compared with DCMy(DCM) = 0.44 cP y(EtOH) =

prompt; i.e., its time constant is shorter or equal to the fwhm
of the instrument response function. After this rise, the L
fluorescence at 430 nm of bothand2 exhibits a weak decaying
component with a time constant of the order of-125ps (see
Table 2). At the other wavelengths investigated, the fluorescence

intensity remains constant within the time window of the 1.2 cP at 20°C)#’ the early fluorescence dynamics 4fwas
measurement (10 ps). . also investigated in a more viscous solvent, namely BuOH
In EtOH, the early dynamics of the L fluorescencelaind (7(BuOH) = 3.3 cP at 20).47 As shown in Figure 4B, the rise
2 is qualitatively the same as in DCM. On the other hand, the of the fluorescence intensity is clearly slower than that in the
rise of the D fluorescence &was found to be biphasic, with  giher solvents and the wavelength dependence is still present.
a prompt and a-1.5 ps component. The amplitude of this slower s rise could not be very well reproduced with a monoex-
component apparently increases with increasing wavelength.ponemia| function, especially above 650 nm and thus a
However, it should be noted that at 500 nm, both L and D piexponential function had to be used. The resulting best-fit
emissions contribute to the signal. All the parameters obtained y5rameters are listed in Table 3. The average rise times are also
upon analysis of these time profiles are listed in Tables 2 and jisteq o enable comparison with the other solvents. Interestingly,
3. a plot of the rise time measured as the longest wavelength as a
The early L fluorescence dynamics 8fin both DCM and  function of solvent viscosity is almost perfectly linear with a
EtOH is essentially the same as thatlddnd2. The rise of its  slope of 0.3 ps/cP. Although the number of investigated solvents
D-fluorescence is also biphasic with a +2.3 ps component s small, this correlation is probably not coincidental.
in both solvents. Because of the small amplitude of this slower  Quantum Chemistry Calculations. To understand in more
component, the uncertainty on its time constant is relatively detail the electronic character of the various excited singlet states
large. of these compounds, TDDFT calculations were carried out for
As for the other dyes, the rise of the L fluorescencel id gas-phase molecular geometries optimized using the BP86 and
essentially prompt. On the other hand, the early dynamics of B3LYP functionals. In addition, CIS calculations at the INDO/
the D fluorescence in both solvents differs substantially from S2 level of theory were also performed. Both levels of theory
that of2 and3. Indeed, it is not prompt and it exhibits a marked agree that the frontier orbitals of the styrylpyrylium system,
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Figure 6. Optimized geometries for thep@nd S states of4 at the
TDB3LYP/[3s2pld] level of theory.

LUMO LUMO+1
but the predicted energetics are substantially to the red and to
the blue of experiment, respectively. These results are quite
consistent with the known tendencies of (i) TDDFT to under-
_ _ ) estimate the energy separation between ground states and CT
Z;]gdu[%&Of-&())r}tCL?; g‘é’rlﬁgl:’t':é g{?ﬁ:';ér\%“//'[ilz’pq%“gvelﬁ';f]géry excited states (particularly for pure density functionals such as
Orbital contours are drawn at the 0.03 a.u. level. BP86)_ and (ii) _CIS/INI_DO/SZ to overestimate the transition
energies associated with CT excited states and delocatized

TABLE 4: Parameters Obtained from the Fit of a excitations*® However, the CIS/INDO/S2 results are useful
Biexponential Function to the Time Profiles of the Early insofar as they permit an analysis of solvatochromic effects in
Fluorescence of 4 in BuOH upon 400 nm Excitatiof alcohol at the VEMA4.2 level. In general, the effects are predicted
A(m) band A 71 (P9 A 2 (ps) [0 (ps) to be relatively small: a 1620 nm blue shift is predicted for
450 L 1 0.19 0 the first three excitations. If these solvatochromic shifts are
630 D -066 039 -034 1.0 0.60 added to the gas-phase B3LYP predictions, the agreement with
650 D —0.60 0.42 —-0.40 1.43 0.82 experiment remains good.
670 D —-060 046 -040 19 1.03 According to these calculations, bothy-S5, and $—S:
690 D —0.55 0.47 —0.45 2.1 1.20

transitions contribute to the broad absorption band between 300
2 Only the components with a time constant shorter than 10 ps are and 400 nm. This explains why the L fluorescence band is not
listed.” Calculated asili= —Awr1 — Axta. really its mirror image. Indeed, the L fluorescence band is much
TABLE 5: Excitation Energies, E (eV), Wavelengths,A narrower (fwhm~3000 vs~6350 le.)’ and t.he pronounced
(nm), and Oscillator Strengths. f (a.u.), for Vertical shoulder around 345 nm has no equivalent in the fluorescence
Excitations in 2 and 4 at Various Levels of Theory spectrum.
CIS/INDO/S2 TDBPS6 TDB3LYP V_\/hgn the geometries of the first two excited stated afe .
. optimized, the lower energy state twists about the styryl moiety
transition E “ f B 4 t E 4 f and minimizes to a classic TICT structure (Figure 6). Vertical
2 emission from this state is predicted to occur at approximately
S—S 302 410[401 1.11 2.35 527 0.42 2.70 460 0.68 1200 nm at the TDB3LYP level, which is substantially to the
i:?g ggg E%ﬂ 8:82 %:gg 22; 8:8? g%i’ ggg 8:% re_d of experiment. However, this_ large red shift is consistent
with the known tendency mentioned above of TDDFT to
2.75 451 [432] 1.33 206 601 0.38 2.45 506 0.73 undergstimate the energy qf CT exc_:ited states. Bec.au.se, with
3.77 329[316] 0.60 2.66 466 0.37 3.15 393 0.31 the tyv[sted geometry, CT is effectlvely complete, it is not
4.00 310([301] 0.37 2.74 453 0.01 3.32 373 0.56 Surprising that this inaccuracy arises even for the hybrid B3LYP
functional. The gstate, on the other hand, remains planar after
relaxation. The major difference betweepa®d $ equilibrium
geometries is the twist angle of the phenyl group in the 4
position, which changes from°8n S to 1° in S,. Vertical
emission from this state is predicted to occur at about 430 nm,
which is in good agreement with experiment.

bl

Ly PY

—
—
—

LYY LY

a Excitation wavelengths in brackets in this column refer to VEM4.2
predictions in alcohol solution.

illustrated in Figure 5 fod, are characterized as HOMQ, a
ar orbital formed as a combination af orbitals on both of the
unsubstituted phenyl rings attached to the pyrylium heterocycle;
HOMO, as orbital on the aromatic ring and olefin of the styryl
fragment; and LUMO and LUM@& 1, & orbitals almost entirely
localized on the pyrylium ring. Molecules exhibiting dual fluorescence are relatively scarce,
Both levels of theory are also in good agreement as to the in agreement with Kasha’s rule. Most observations of dual
nature of the excitations. The; State is well described as a emission are due to molecules experiencing a chemical process,
one-electron intramolecular CT state deriving from a HOMO such as electron or proton transté€r>® or a substantial
to LUMO excitation. The $and S states are best described as conformational change on the excited-state surf&edt should
alternative linear combinations of one-electron excitations from be noted that in these cases, the excited state responsible for
HOMO to LUMO+1 and HOMO-1 to LUMO. As such, they the low energy fluorescence cannot be directly populated upon
involve substantially less charge transfer from the styryl optical excitation. These cases cannot really be considered as
fragment to the pyrylium. The energies of these excitations at exceptions of Kasha's rule as the fluorescence always occurs
the various levels of theory are presented in Table 5. from the lowest singlet excited state. The situation is different
Excitation energies at the TDB3LYP level are in fairly good for the PS dyes investigated here, because their absorption
agreement with experiment. At the TDBP86 and CIS/INDO/ spectra exhibit both L and D bands and therefore the low energy
S2 level, the qualitative ordering of the states remains the same fluorescence can be generated upon direct excitation in the D

Discussion
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band. Therefore, L and D emissions can be considered-as S A
S and S—S emissions, respectively. Zretraphenylporphine
(ZnTPP) is most probably the best known molecule, which
exhibits fluorescence from both 8nd S state$® Time-resolved
measurements have shown that these emissions have a precur-
sor—successor relationship, indicating the population of the S LU
state upon internal conversion from.58

The striking feature of the styrylpyrylium dy@s-4 compared L-fluorescence
to ZnTPP is the absence of precurssuccessor relationship
between the S(L) and S (D) emission profiles. Indeed, the
rise time of the D fluorescence @f4 is much faster than the SO
decay time of the L fluorescence.

Before proposing a model that could account for this
observation, we will discuss the origin of the slower rising or
decaying components;, observed in both L and D emission | |

>
g
[0}

D-fluorescence

in DCM and EtOH. According to Tables 2 and &, amounts ', ' |
to about 2 ps independently of the PS dye, the solvent and the AQ Q
emission wavelength. Its amplitudéy, is wavelength depend- LD

ent: when different from zero, it is positive on the blue side of Figure 7. Hypothetical arrangement of the potential-energy surfaces
the L fluorescence band, indicating a decay and negative atof the lowest singlet excited'states accounting for the observed early L
longer wavelength (seé in DCM). Moreover, its magnitude ~ and D fluorescence dynamics 2f-4.

tends to increase with wavelength (s&m EtOH). These two

observations suggest that this component is not related to Moreover, triphenylpyrylium salts are well-known as electron-
population dynamics. If it were the cask, should always be  transfer photosensitizet3and are characterized by a relatively
positive in the L band and negative in the D band, as expectedlow reduction potential. Kossanyi and co-work&rsave

for a transfer of population from the L to the D states. Moreover, reported the observation of CT absorption and fluorescence with
the observation of this component with compouhdlearly donor-acceptor complexes composed of aromatic hydrocarbons
indicates a different origin. The wavelength dependenc&,of  as electron donors and &fas electron acceptor. The shape of
rather suggests a temporal evolution of the shape of thethese CT bands is very similar to those of the D bands measured
fluorescence spectrum. Considering the value rgf two here with2—4. Moreover, local excitation ot was found to
processes can be envisaged: solvent relaxation and vibrationabe followed by both local and CT emissions as observed here
cooling57:%8 According to dynamic Stokes shift measurements for 2—4.55 Therefore, the D band can be unambiguously
performed with coumarin 153, the solvation dynamics of DCM assigned to a CT transition. As the relative intensities of L and
is biphasic with an ultrafast inertial component (100 fs and 50% D bands of2—4 are independent of the dye concentration, the
relative amplitude) and a slower diffusive component of $%ps.  formation of intermolecular doneracceptor complexes can be
For EtOH, three time constants have been reported: 390 fssafely excludet_j. Moreover, the absence ofatempgrature effect
(25%), 5ps (20%), and 30 F&These values do not agree very ©ON the absorption spectrum 4falso rules out the existence of
well with those ofr, found here. Therefore, dynamic Stokes an equilibrium between several conformations in the ground

shift seems not to be the main origin of this component. State. o »
Vibrational cooling is known to lead to a narrowing of the The fact that both L and D emissions exhibit an almost prompt

ise and a distinct decay in the nanosecond time scale could be
gxplained with an arrangement of potential-energy surfaces as
shown in Figure 7. For the sake of simplicity, harmonic
fpotentials have been assumed, but of course, their actual shape
may differ substantially depending on the nature of the
coordinateQ. Excitation in the L band prepares the excited state
population away from equilibrium. Upon relaxation, a fraction
of this population remains on the L potential, whereas the other
crosses to the D potential. After thermalization, both populations
are irreversibly “trapped” at the bottom of their potential and
I . L . . thus the two relaxed states are decoupled. In a multidimensional
contflbutlon of both solvation and vibrational cooling dynamics picture, the intersection region shown in Figure 7 corresponds
to this component cannot be excluded. to a conical intersectio?f.67 This picture is partially supported
The absencefa D band withl and the dependence of the  py TDDFT geometry optimization of the first two excited states

D band maximum on the electron-donating properties of the of 4. However, according to these calculations, the D state
styryl substituent indicate a CT character of this transition. This remains below the L state even after relaxation of the latter’s
is fully supported by the calculations, which can very well geometry, and D emission at this geometry is predicted to occur
reproduce the change of the absorption maximum of the D bandat 510 nm. This result contradicts the above conical intersection
by going from2 to 4. TDB3LYP and CIS/INDO/S2 both agree  hypothesis. However, the CT nature of Guses its potential-
that the $—S; transition for2 is blue shifted by about 40 nm  energy surface to be predicted to be anomalously low at the
relative to that fodd, whereas the other two excitations are less TDDFT level. It is thus entirely possible that with more accurate
sensitive to this substitution (as expected, because ¢gh&,S energetics, a conical intersection between th@®pBand (L)
and $—S; transitions are substantially more localized on the states might occur sufficiently near the ground-state geometry
pyrylium fragment that is common to bothand4). such that relaxation along the formally Surface would result

fluorescence spectrum. This process appears as a decayin
component on the edges of the fluorescence band and as a ris
in the central region. Vibrational cooling takes place on different
time scales, going from less than a picosecond to a few tens o
picoseconds, depending apparently on the amount of vibrational
excess energ’f60-64 The small time constant measured here
is in agreement with a small excess excitation energy. The
solvent dependence of this process is still not totally understood,
although the slower cooling component has been reported to
depend on the thermal diffusivity of the environmé&ha joint
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in a minimum that, at its own geometry, corresponds to a Concluding Remarks
formally S, state from which L fluorescence can occur.
Unfortunately, the levels of theory that would be required to flu
offer more quantitative support than TDDFT for this phenom- g1,y clearly the absence of a precurssuccessor relationship
enon are not yet computationally practical for polyaromatic peyeen the two emitting states. These styrylpyrilium dyes thus
systems of this size. exhibit exceptional photophysical properties. In this case, the
As the transition from the L to D state can be considered as violation of Kasha'’s rule is due to the fact that both thermally
an intramolecular CT process, the coordin@tehould involve equilibrated states are totally uncoupled. The presence of a
both solvent and intramolecular modes as it is generally the conical intersection seems to be the most plausible explanation
case for electron-transfer proces&&$he TDDFT calculations for the quasi-prompt rise of the fluorescence from both states.
point out the twisting motion of the styryl group as an important This hypothesis is partially supported by TDDFT calculations.
coordinate. The occurrence of such a large amplitude motion However, higher level calculations, which are presently not
can explain the viscosity dependence of the D fluorescence risecomputationally practical, would be required to obtain a deeper
time measured with. The wavelength-dependent rise of the D  insight into the unusual photophysics of these dyes. Moreover,
fluorescence found with this dye could be explained by a conical it would be interesting to perform similar measurements with
intersection located far from the D equilibrium state. Therefore, other PS, which also exhibit dual fluorescence, to find out
long-wavelength D emission appears only after relaxation of whether the unusual behavior observed here is a general feature
the D state population. On the other hand, the location of the of PS.
conical intersection close to the equilibrium geometry of the L
state is supported by the prompt rise of the L emission. It is,
however, not absolutely clear whether the substantial structural
change predicted for the CT state can be completed within a
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