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The photophysical properties of several acceptor substituted 1-arylpyrene derivatives were investigated. The
fluorescence spectra strongly depend on the nature of the aryl moiety and the position and number of
methoxycarbonyl acceptor groups. Dual fluorescence, originating from a locally excited and a charge transfer
state, was observed for the diester derivatives. The solvent dependence of the dual fluorescence and the
slightly curved solvatochromic plots indicate a change of the character of the excited states from solvents of
low to high polarity. The rate constants for fluorescence and nonradiative decay were calculated to reveal the
nature of the excited-state relaxation, that is, the increase of the mesomeric interactions by geometrical flattening
or stabilization of the CT state by further twisting toward perpendicularity. Flattening is the major relaxation
pathway of the diester phenylpyrene derivative in nonpolar solvents whereas in highly polar solvents the low
value for the fluorescence transition dipole momény) (ndicates stabilization of the charge transfer state by
further twisting. The fluorescence of the diester biphenylpyrene derivative originates from a locally excited
state (LE) in nonpolar solvents. The low value krin polar solvents and the change of the relative intensity

of the dual fluorescence signals with the temperature indicate that the red-shifted fluorescence can be assigned
to a twisted intramolecular charge transfer state.

Introduction transition dipole moments are a helpful tool to characterize the

. .. nature of the excited states and the relaxation mechahi8m.
The solvatochromic effect of the fluorescence of photoexcited . .
One of the well-studied 1-arylpyrenes that undergo excited-

molecules that undergo charge transfer (CT) can be applied as . ) c
a measure to probe the polarity of the surrounding medium. State CT is 1-(4-dimethylaminophenyl)pyrene (Py-DMA}?

The goal of our long-term project is to quantify a solvent- Pyrene acts as the electron acceptor, whereas the covalently
induced polarity gradient in the interior of dendrimers by linked aniline subunit constitutes the electron donor. It was found
exploiting position dependent solvatidyrene as the basic ~ that the emission properties of Py-DMA can be explained by
chromophore was chosen due to its well documented photo-2" emitting Franck Condon state, whereas steric changes such

physics and the accessibility of suitable derivatives that would &S Substitution ofortho-hydrogens by methyl groups in the
allow incorporation in dendrimer systems. aniline moiety cause an excited-state, large amplitude motion
In general, photoexcited states can undergo stabilization by resultl_ng in a strong effect on the spectroscopic and kinetic
geometrical relaxation. Especially the conformational changes behavior.
of systems where the subunits are linked by a single bond have A single emission band with a large Stokes shift was also
been extensively studiédlattening in the excited state driven  Observed for 4(1-pyrenyl)acetophenone in protic solvefis.
by an increase of mesomeric interactions is one possibility. A In this case, a broad angular distribution around a shallow
prominent example is biphen$t: excited-state minimum of perpendicular geometry and a flat-
Some photoexcited donor acceptor systems that undergo CTi€ning of the excited molecule toward a more planar geometry
can reach an energy minimum at the perpendicular conformation\ere also conS|dered_ as rivaling geometrical re!axatlon path-
characterized by a maximum of the dipole momhtor ~ Ways. Recently the intramolecular CT properties 6f(%
excited systems with partial CT stabilization, both relaxation Pyrenyl)benzonitrile have been investigated by comparison of
pathways, planarization or further twisting, can be competitive. transition moments, transient absorption spectra, and INDO/S
Solvent polarity strongly influences the energy of the excited calculations* These results indicate a relaxation pathway by
states. This can result in mixing of different states or can lead Mutual twisting of the two subunits of this phenylpyrene

to multiple fluorescent species, as described for several di- derivative toward a more planar geometry and exclude the
methylaniline derivative&:® In this context, the fluorescence  Sufficient stabilization of a twisted CT state to become the lowest

emitting state. The ultrafast internal conversion of thestate

*To whom correspondence should be addressed. E-mail: weigel@ Of 4- and 3-(1-pyrenyl)benzoic acid methyl ester leading to the
chemie.hu-berlin.de. population of the lowest excited state)$at can be described
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CHART 1 bisulfate in 0.1 N HSO, (®; = 0.52) was applied as standard
for the measurement of the fluorescence quantum y#élds.
Deoxygenation of the samples was performed by flushing with
dry argon.

The fluorescence decay measurements were performed by
the principle of time correlated single photon counting
(TCSPC¥® with a conventional setup using an argon ion laser-
pumped, passively mode locked Ti:sapphire laser as the excita-
tion source. The pulse duration is about 80 fs, and the repetition
rate is 82 MHz. The excitation wavelength was obtained by
frequency doubling of the fundamental wavelength of about 700
nm. The fluorescence and scatter were detected by a cooled
microchannel plate photomultiplier (MCP, Hamamatsu R 1564
U-01 at—30°C) coupled to the emission monochromator (Oriel
MS257) by means of quartz fiber optics. The signal from a
2,5E-PP MeO,C 2,5E-BP constant fraction discriminator (CFD, Tennelec 454) was used
as the start pulse for the time-to-amplitude converter (TAC,
Tennelec TC864) operating in the reverse mode. The stop pulses
were obtained by imaging a small part of the excitation light
on an Antel Si-PIN photodiode (AR-S1). The photodiode and
MCP pulses were amplified by homemade microwave amplifiers

as mixture between locally excited (LE) and CT states was
studied by femtosecond pumjprobe spectroscopy.
Several isomeric 1-biphenylpyrenes were investigated to

address the effect of structural variations on the CT efficiencies - )
in extended doneracceptorr-systems. It was found that slight (INA 10386) and coupled into the CFD. The count rate did not

changes in the substitution pattern can lead to completely exceed 5 kHz, to avoid pile-up effects. A multichannel a_lnalyzer
different spectroscopic properties. In addition, the dynamics of _(Fast Comtec MCDLAP) was used for data accumulation. The

the CT strongly change by varying the position of the electron- NStrument response funption was obtained by detec.tion of
withdrawing %sttitugnh‘?’% ying P Rayleigh scattered light in pure solvents and had a width of

Dual fluorescence that originates from a locally excited (LE) 50__60| PS a; tg_eﬁexcnatm_n wz;velength z;nd IS domlxa;ed by_the
state and ion pair recombination has been recently reported foroPtical path difference in the monochromator. etection

pyrene-phenothiazine dyaéfsin nonpolar solvents, a strong withou.t the monochromator gave a pulse width of 2.8 ps. The
mixing of the ion pair state and the LE state was found. analysis of the fluorescence decays was done by using Globals

Here we describe the ph i i - Unlimited !
photophysical properties of four 1-aryl

substituted pyrene derivatives with phenyl or biphenyl as the

aryl group that vary in the number and position of methoxy-

carbonyl groups as acceptor at the aryl moiety. The diester gpectroscopic Properties The normalized absorption and

derivatives already carry a functional group that will allow fluorescence spectra of 4E-PP, 2,5E-PP, and 2,5E-BP are shown

incorporation in a dendrimer system. The compounds investi- jn Figure 1 along with the spectra of phenylpyrene (PP) as the

Results and Discussion

gated in this study are shown in Chart 1. parent compound. The absorption spectra of all compounds show
) a single intense band with a maximum around 29 400%cand
Experimental Part values of about 4.5 for log (r,7* transition). They resemble

All 1-arylpyrene derivatives were synthesized via the Suzuki those of the parent phenylpyrene chromophore. The data for
cross-coupling as the key reactiB?® The syntheses are the absorption and fluorescence maxima are summarized in
described in detail elsewheté! For the fluorescence measure- Table 1.
ments, the arylpyrene derivatives were purified by preparative  Introduction of a 1-aryl substituent results in a loss of
HPLC. The purity of the samples was99.5%. vibrational structure and a stronger tailing in the region above

All solvents used for the spectroscopic measurements were27 800 cn™. This indicates some interaction between the
of spectrophotometric grade or have been purified by standardz-systems of pyrene and the aryl moiety. The tailing is less
procedures. The solvents used for the solvatochromic measurepronounced for 2,5E-PP due to the sterical hindrance (twisting)
ments (Figure 3) in the order of increasing polarity are by theortho-ester group. This results in a slightly larger dihedral
methylcyclohexane, dipentyl ether, dibutyl ether, diethyl ether, angle (64) of the a-single bond, as calculated by AM1 in
ethyl acetate, tetrahydrofuran, dichloromethane, butyronitrile, AMPAC?32in comparison to 57for 4E-PP. However, it can
and acetonitrile. UV absorption spectra were measured on anbe assumed that most of the excitation energy is localized on
ATl UNICAM series spectrometer UV-4, and the fluorescence the pyrene moiety.
spectra were recorded on a SLM AMINCO-Bowman AB 2 The lack of a solvatochromic shift of the absorption spectra
spectrofluorimeter. All emission spectra were recorded on a with increasing solvent polarity is consistent with a small
wavelength scale as quanta per nanometer. They are correctedifference between the dipole moments of the FratrCkndon
for instrumental sensitivity. For conversion of the spectra to a (FC) excited state and the ground state and suggests a small
wavenumber scale and the determination of the fluorescencedegree of CT in the FC excited state.
maxima, the wavelength-dependent intensities were multiplied  Significant differences were found in the fluorescence spectra
with 12.22 Deconvolution of superimposed spectra was done by of the pyrene derivatives with respect to band maxima and
using the log-normal functior® and least-squares fittirid.In solvatochromic effects. In nonpolar solvents such as methyl-
the case of 2,5E-BP, the fitting of the dual fluorescence signals cyclohexane (MCH), the spectra show a maximum between
was done with locked values for the peak shape and width of 26 300 and 25 000 cm for all compounds, except for 2,5E-
the LE band determined from the fitting of the single fluores- PP, which displays a red-shifted fluorescence at 23 000'cm
cence signal in methylcyclohexane. A solution of quinine (Figure 1). Only the fluorescence spectra of PP show a weak
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Figure 1. UV absorption and fluorescence spectra in methylcyclo-
hexane (MCH), diethyl ether (EOE), tetrahydrofuran (THF), and
acetonitrile (ACN).

TABLE 1: UV Absorption, Fluorescence Maxima, and
Stokes Shifts in Methylcyclohexane (MCH) and Acetonitrile
(ACN)

solvent  vaps(cm?) v:@0(cm™Y) Avs€(cml)

PP MCH 29 200 26 300, 25 200 3450

ACN 29 200 26 200, 25 100 3550

4E-PP MCH 29 200 25600, 24 800 4000
ACN 29 200 23 300 5900

2,5E-PP MCH 29 200 26 300 2900
23000 6200
ACN 29100 18 300 10800

2,5E-BP MCH 29100 25200 3900
ACN 29100 LE: 24 400 4700
CT: 17 100 12000

aError less thank150 cntt. P Eq_o = 3.4 eV for PP and 3.3 eV for
4E-PP, 2,5E-PP, and 2,5E-BP in MCH; cf. pyrene with 3.4 eV, ref 39.
¢ Error less than 10% The mean value of the fluorescence maxima
is used for calculation of\vs;.

vibrational structure nearly independent of solvent polarity. In
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Figure 2. Temperature dependence of the spectral shift and fluores-
cence intensity of (a) 4E-PP in methylcyclohexane, (b) 2,5E-PP, and
(c) 2,5E-BP in butyronitrile.

A pronounced dual fluorescence was observed for the
biphenyl derivative 2,5E-BP in solvents of polarity higher than
that of tetrahydrofuran with maxima at 24 400 and 17 100%tm
in acetonitrile (ACN). The spectral distribution is independent
of the excitation wavelength. The excitation spectra closely
follow the absorption spectra in all solvents. A strong solvato-
chromic effect was only observed for the red-shifted CT
fluorescence band, indicating largely different dipole moments
of the two emitting states. As a consequence, the fluorescence
bands are assigned to the LE state and a CT state, respectively,
with strongly overlapping bands for solvents of intermediate

comparison, the spectrum of 4E-PP is broader, probably due toPolarity such as diethyl ether and tetrahydrofuran (Figure 1).

some contribution of a CT fluorescence component, and the

vibrational structure is completely lost in polar solvents.
The fluorescence maximum of 2,5E-PP in MCH is strongly

Solvatochromic Measurements and Dipole MomentsSol-
vatochromic measurements were performed in order to inves-
tigate the change of the dipole moments between the FC state

red-shifted compared to those of all other compounds in the and the equilibrated;JCT) state. Large red shifts in the order
same solvent. This can be explained by a CT that occurs even2,5E-BP > 2,5E-PP> 4E-PP were found by increasing the

in nonpolar solvents. The shoulder at 26 300 ¢nhowever,
indicates that there is still a residual contribution from the LE

solvent polarity from MCH to ACN. As expected, the results
show a significantly higher CT character for the diester

state. The increase of the LE state versus the CT fluorescencecompounds 2,5E-PP and 2,5E-BP. The Stokes shifig)
at low temperatures indicates that the CT is connected with a calculated from the maxima of the absorption and fluorescence
conformational relaxation that can be frozen out by lowering spectra are reported in Table 1. Figure 3 shows a platiaf

the temperature (Figure 2a).

versus the macroscopic polarity functiovi = f(e) — f(n?) that
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TABLE 2: Calculated Ground State and Excited State

12000 - _q_pp Dipole Moments Derived from the Slopes ify) of the
—A—4E-PP Solvatochromic Plotsv; versus Af '
—o0—2,5E-PP (CT -
—m—25E-BP iLE)) #g* (D) a (A) med (cm™?) ue (D)
—o—2,5E-BP (CT) P PP 0.14 5.5 —300 21
<_ 9000 o0 4E-PP 25 5.8 —1150G 13.7
5 O/ / 2,5E-PP 2.2 6.9 CT+-15500 21.5
£ / 2,5E-BP 1.8 7.2 LE:-2700 9.2
& e CT: —39400 37.7
§ 6000 o—° aCalculated by AMPAC using AM1; ref 2%.Onsager radius
& e calculated by eq 3 withy = 1.3 for PP and 4E-PP and 1.2 gffar
AA/f 2,5E-PP and 2,5E-BP Error less than 129! Differences to the slopes
/A\G/A———'ﬁf%/ . calculated from the plot; versusAf are within the experimental error.
A — . .
[ — e Slope fromv; in all solvents except methylcylohexane and dipentyl
e ¢—o— ¢ ether.
3000 |
1 N 1 s 1 L 1 .
0.0 0.1 0.2 0.3 TABLE 3: Fluorescence Quantum Yields, Fluorescence

Decay Time, Calculated Rate Constants for Fluorescence
and Nonradiative Decay, and Fluorescence Transition Dipole
Figure 3. Stokes shifts of the pyrene derivatives in dependence of the Moments in MCH, Dibutyl Ether (BE), Tetrahydrofuran
solvent parameteAf. Similar values to those for MCH have been (THF), Butyronitrile (BCN), and ACN

measured im-pentane and cyclopentane. c c

Solvent Parameter Af

ks kn
solvent o ®(ns) (x10's™Y) (x 1055*1) M (D)
?s calcula_te(gogrlom the dielectric constantand the refractive PP MCH 04 112 0.36 053 047
index n with® ACN 0.58 o3 0.61 0.44 067
4E-PP MCH 0.49 7.6 6.5 6.7 2.1
_ . 2 (2 2 BE 0.56
fle) = (e — D/(2c +1); f(n)=(M"—21)/(2n"+1) (1) THE 083
BCN 0.71
In comparison to 4E-PP, the diester derivative 2,5E-PP shows ACN 0.76 2.7 27.7 8.9 5.4
considerably larger values fdrws. The Stokes shifts of 2,5E- ~ 2.5E-PP MCH LE: 0.0005 031~ 016 ~ 3224 031
BP were calculated separately for each decomposed band fitted BE 32'63'028 10 28 9.3 1.6
by using the log-normal functiod* in the cases where dual THE  0.077
fluorescence was observed. BCN 0.036
The dipole moments of the fluorescent statg:, can be ACN  0.0095 24 0.39 40.6 0.9
estimated from the slopex of the plot of the energies of the ~ 2:5E-BP B’VI'ECH ooflo 53 9.4 95 26
fluorescencg maxima versid '_= f(e) — 0.5f(n?) a_lpplying eq THE LE: 024
232 wherea is the solvent cavity (Onsager) radius, calculated CT: 0.059
from the molecular density formula (eq3)The states involved BCN LE: 0.0005
in the transition are considered to possess point dipoles located CT: 0.0032

ACN LE: 0.0002 0.42

in the center of a spherical cavity. The polarizability of the solute CT- 00009 035

and any specific interaction with the solvent are neglected. The _
dipole moments of the FC ground statgf) are assumed to 2 Error about 10%? Error about 5%¢ The maximum error for rate
be identical tou constants is about 15%Error less than 8% ®; andt; are determined
o in deoxygenated solutions; measurement of all other compounds is in
aerated solutions.Compare with 109 ns in ACN; ref 12.Calculation
of averageM; values from the sum ob; and the average, usingvt
of CT, consistent with the assumption of an equilibrium between LE
and CT states.

0.29 261 0.87

v = —[(Yymep)(@hca)ue” (ue”" — g IAF +

constant (2)

a= (3M/4nN,p,)*" (3) Fluorescence Quantum Yield and Lifetime Measurements.

The fluorescence quantum yields determined at room temper-
This approach can only be applied for the solvent range where ature in MCH and ACN are reported in Table 3. Thevalues
the dipole moments do not change witti. Switching of the for 4E-PP are similar to the values measured for PP. Signifi-
character of the fluorescent state by changing the solvent polaritycantly lower values were measured for the diester derivative
is indicated by the slightly curved plots of 4E-PP and 2,5E-PP 2,5E-PP in nonpolar and polar solvents with the lowest value
and the dual fluorescence of 2,5E-BP. Hence, the valugs of in ACN. The highest values ob; are observed in solvents of
of the CT states given as in Table 2 were calculated using  medium polarity. A strong solvent dependence was also found
determined for the medium- to high-polarity range of the for 2,5E-BP, whereas the overall quantum for the dual fluores-
solvents, assuming that in the selected range one excited-stateence in ACN is about 2 orders of magnitude lower as compared
species is dominating. The calculated ground-state dipole to the value in MCH. In ACN the relative intensity of the CT
moments are seen to be smafi3 D) for all ester derivatives  band at room temperature is about 5 times higher than the
(Table 2). Large values ofi,°T are obtained for the ester intensity of the LE fluorescence.
derivatives with an increase from the mono- to the diester  Significantly shorter fluorescence decays were measured for
compounds. The largest valueif T is found for the red-shifted  all ester derivatives compared to the case of PP. The lifetimes
band of the dual fluorescence observed for 2,5E-BP. The of 4E-PP and 2,5E-BP decrease with increasing solvent polarity,
relatively low value ofue ~ 9 D for the high wavenumber  contrary to the case of 2,5E-PP with a lifetime 2 times shorter
emitting state of 2,5E-BP at 25 000 ctindicates a small in MCH than in ACN. A biexponential decay was observed for
degree of CT (LE character). 2,5E-PP in MCH, where the short-lived component is assigned
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to the LE state and the long-lived component to the CT state. SCHEME 1: Excited States Stabilized in the Order
Similar lifetime values have been measured for the two bands TICT > MICT > LE with Increasing Solvent Polarity
of the well-resolved dual fluorescence of 2,5E-BP in ACN, Due to Their Decreasing Dipole Moments in the Same
indicating an equilibrium of the two excited states. Order?

Nonradiative Decay and Fluorescence Transition Dipole <
Moments. The fluorescence rate constantg € ®i/ts), the A N Strong Mesomeric
corresponding transition dipole momenid:( eq 4), and the \\\ Interactions
overall nonradiative deactivationks( = 1l/ry — ki) were N
calculated from the fluorescence lifetimes and quantum yields N
(Table 3). Except for the parent compound PP, a strong solvent N
dependence of the radiative and nonradiative decay was found. &
In general, mixing of the low-lying §, L, and CT states has to 5 | e,
be considered for the emission of pyrene derivatives. The &
contribution of L, and Ly, to the § wave function depends on
the relative stabilization of both states by the solvent, which is
again dictated by their dipole moments. Mixing of thgwith
the L, state results in largevl; values. A compound with very
little CT interaction, such as phenylpyrene (PP), for example,
shows a fluorescence, similar to that of pyrene, from a low-
lying Ly state (forbidden transition) with lok and very small A
Ms values nearly independent of the solvent polarity.

Two geometrical relaxation directions with respect to the
single bond connecting the pyrene and aryl moiety are possible :
after transition to the excited state, flattening of the molecule N, '
or further twisting toward a perpendicular geometry. A higher
mesomeric interaction of the-electron system can usually be
considered as the driving force for flattening, whereas for the
latter case the relaxation to more twisted geometries is governed v v N
by the solvent stabilization of the highly polar biradicaloid state. LE LE + TICT AN
The extreme case of a full charge separated state with an
emitting perpendicular average conformation of the donor and
acceptor moieties involved is well-known as the TICT (twisted
intramolecular charge transfer) stéfe8 The corresponding CT
minimum reached by flattening as the main geometrical
relaxation pathway of the excited state could be termed as MICT ~ * Switching of the character of the lowest excited state (LE, MICT,
(mesomeric intramolecular charge transfer). In general, MICT or TICT) in dependence on the solvent polarity takes place with a

tat h terized by st inoid tributi ddifferent sequence in the case of a strong contribution of mesomeric
stales are characterized Dy strong quinoid contribulions antieractions to the stabilization of the excited state (2,5E-PP) as

strongly mix with those energetically close lying states which  compared to the case of weak mesomeric interactions (2,5E-BP, higher
contain a large weight of quinoid resonance structures {e.g.  lying MICT).

state).

The calculation of the fluorescence transition dipole moments with more than two components can occur with changing
(M) and especially of their solvent dependence is a helpful tool contributions of the excited states considered. '
to get information about the character of the excited state and In comparison to 1-phenylpyrene, 4E-PP is characterized by

LE

Energy
/

N
TICT TICT

\J

Solvent Polarity

the relaxation mechanism (eq %%° a higherM; value for the fluorescence in nonpolar solvents
(Table 3). This can be explained by mixing of the forbidden L
M = (3h/647°n?)(D/z,vd) (4) with the more allowed MICT state of {CT character which is

lowered in energy due to the presence of plaga-ester group,

Due to the more planar geometry, a MICT state will be introducing partial CT. The highe¥l; value observed in polar
characterized by a high&f; value (allowed emission) compared solvents corresponds to an increasedCIl character and is
to that for a TICT state (forbidden emission). MICT and TICT consistent with flattening, that is, MICT formation, of the
states can be conformers, that is, potential minima on the samemolecule as the main relaxation pathway.
excited-state hypersurfaéé®In contrast to the cases of TICT Nonradiative decay is the major deactivation channel of
and MICT states, which are delocalized over the complete 2,5E-PP in polar and nonpolar solvents, as indicated by the large
system, the excitation energy is localized in a typical LE state k. values. Correspondingly lo#; values are determined. This
that is nonpolar or weakly polar and shows little preference upon can probably be explained by tlwtho-effect of one of the
twisting. The relative energetic stabilization by polar solvents ester groups, which can lead to a new deactivation channel by
can be expected to be stronger for a TICT state, due to theinteraction of ther-obitals of the pyrene system with those of
electronical decoupling of the subsystems by twisting (larger the carbonyl group of one of the ester substituents. A similar
dipole moments}.Scheme 1 shows the relative energies of the effect was reported for 2,3E-PP with a value of 0.008 dgr
LE, MICT, and TICT states in dependence of the solvent compared to 0.8 for 3,4E-PP.The significantly lower value
polarity for the cases of a strong or weak stabilization of the of the'H NMR chemical shifts of the methyl protons for one
excited CT state by mesomeric interactions. Switching of the of the ester groups of 2,5E-PP (3.1 and 3.9 ppm) compared to
character of the lowest excited statg)(8an be expected by  2,5E-BP (3.7 and 3.9 ppii)can be explained by an anisotropy
changing the solvent polarity. Scheme 1 also illustrates that, effect and is a further indication for a specific interaction due
for a certain range of solvent polarities, multiple fluorescence to the proximity of the pyrene system to thetho-ester group.
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The red-shifted fluorescence of 2,5E-PP in MCH mainly SCHEME 2: Excited State Dynamic Equilibrium
originates from a low-lying CT state with a high/CT between the Conformatially Different LE and CT Species

contribution, that is, a largél; value and MICT character. FC
However, the shoulder at 26300 chindicates dual fluores-
cence due to a small contribution of LE fluorescence. This is \

. ; . . L . KLE=CT
confirmed by the considerable increase of its relative intensity LE CT
compared to those of the CT fluorescence by lowering the ‘kLE"CT

temperature, in contrast to the temperature behavior in highly
polar solvents (Figure 2a and b). Due to the IMyvalue, the LE. 1 LE
LE emission can be assigned to a low-lying &tate. The ko ke ko STk T
decrease of thé/; value of the CT band by increasing the
solvent polarity indicates a decoupling in highly polar solvents kJ/mol from the estimated slopen(= —993) of the In(®;¢"/
such as ACN; the most probable geometrical relaxation coor- ®-F) curve forT < Tnacaccording to eq 5 withkCT = kT +
dinate is twisting of thex-bond away from planarity due to  koCT) and the assumptions theff™ > k-5 CT andkT/k-F and
two combined effects, the presence of ththo-ester group and ~ k°T do not depend on temperature. The calculated value of
the energetic stabilization of the TICT state in ACN. E;LE~CT is close to the value for the activation barrier of the
The ortho-ester group of the biphenyl derivative 2,5E-BP is  viscosity flow of butyronitrile of 9.3 kJ/mof indicating that
located on the remote phenyl ring. Thus, a special “proximity” the rate determining step for the formation of the TICT state is
decativation channel, as concluded for 2,5E-PP, can be excludedgoverned by viscosity effects.
This is confirmed by the considerably smaller valueskigin In summary, the nature and the substitution pattern of the
nonpolar solvents. The main contribution of the fluorescence 1-aryl substituent of the pyrene derivatives under investigation
in MCH originates from the LE or MICT state with highL strongly determine their spectroscopic and kinetic properties.
CT character (highvis value). Increasing the solvent polarity The different tailing of the UV absorption bands reflects the
leads to a well visible dual fluorescence with considerable different degrees of interaction of tleesystems of the aryl and
separation of the two bands in highly polar solvents such as pyrene moieties. These compounds undergo substantial CT in
ACN. However, the main deactivation pathway is of nonradia- the excited state, as indicated by the large solvatochromic shifts
tive nature, as indicated by the largg value and low®ds in of the fluorescence spectra. Well-resolved dual fluorescence was
ACN. Since both of the fluorescent states have similar lifetimes, observed for 2,5E-PP in MCH and 2,5E-BP in solvents of
they can be assumed to be in equilibrium (Scheme 2), and medium to high polarity. The change of the relative intensities
averagek;, M, andk,, values were calculated from the overall of the dual fluorescence signals with the solvent polarity
®; and the average lifetime. The average lifetime has been usedjndicates a change of the character of the lowest excited states.
since in the case of a fast equilibrium the observed lifetimes The dipole moments were calculated for the polarity range of
are not the individual decay times of the two excited states but the solvents where the fluorescence can be assumed to originate
are a weighted average of thétThe small value forMs predominantly from one excited-state species. From the solvent
indicates an increase of the population of highly twisted dependence of thk and M; values, conclusions were made
conformations with increasing solvent polarity. regarding changes in the electronic coupling and the relative
Figure 2c shows the relative change of the fluorescence energy of specific excited states. Flattening (MICT state) is
intensity of the LE and CT bands in butyronitrile with the assumed as the geometrical relaxation pathway for 4E-PP
temperature. As is typical for a LETICT equilibrium3® a independent of the solvent polarity and for 2,5E-PP in solvents
minimum of the LE intensity relative to the CT fluorescence of low polarity, in contrast to the cases of 2,5E-PP and
by lowering the temperature was observed. In addition, a 2,5E-BP in highly polar solvents where the Idv values of
thermochromic red shift of the CT band of 2,5E-BP with the CT fluorescence indicate strong twisting toward perpen-
decreasing temperature was observed. By comparison with thedicularity on the excited state surface (TICT state). Thus, the
much smaller effect in the low temperature spectra of 2,5E-PP emission spectra of 2,5E-PP observed in solvents of medium
in butyronitrile (Figure 2b), the red shift can only partially be polarity can be assumed to be a result of the superimposed
attributed to the change of the solvent polarity with the

temperature, indicating that the relaxation processes on the
excited-state surface could be even more complex than dis- —u—CT
cussed. i faAi e —e—LE
For an excited-state equilibrium reaction between the LE and st \*\ A CTLE
CT states, the ratio of the quantum yiel@s“T/®¢-F is given ‘\\\
by eq 5. "
0
(I)fCT/(I)fLE _ kaTkLEﬂCT/[kaE(kCT + KECT)] (5) 2»
The plot of In®; versus the inverse temperature is given in T
Figure 4 and shows a maximumi{zx = 260 K) in the In(Pc1/
(DLE) curve. 6 EEEEEEEEEE RN
Such a StevansBan plo#’ is typical for a system undergoing e s
a reversible reaction in the excited state, such as an equilibrium /./o"/
8 ®o0e00c00eo—o—* . . \

between the LE and TICT staté&The maximum Tmay of In-
(DCT/D4E) results from a minimum inb; of the LE fluores-
cence. AboveT sy the TICT formation is reversiblekfT <
KLE—CT); for temperatures< Tmax it becomes irreversiblekE™
> KLE—CT) The activation energf;,"5CT was calculated as 8

4
1000/T, K"

Figure 4. Reciprocal plot of the fluorescence quantum yield vs the
temperature of 2,5E-BP in butyronitrile.
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fluorescence signals of the MICT and TICT states. The observed

J. Phys. Chem. A, Vol. 107, No. 31, 2008047
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dual fluorescence of 2,5E-PP in MCH is assigned to the presence’: €hem1997 21, 429.

(14) Dobkowski, J.; Rettig, W.; Waluk, Phys. Chem. Chem. Phys.

of the nonpolar LE and the polar MICT states. In the case of 2002 4, 4334,

2,5E-BP, an excited state equilibrium is assumed to be formed
between the LE and the TICT states in highly polar solvents,

(15) Pandurski, E.; Fiebig, TThem. Phys. Let002 357, 272.
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as revealed by the typical temperature behavior and the similar?-

fluorescence decay times measured for the dual fluorescence
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