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Excited-State Properties of the Four Stereoisomers of 1-(9-Anthryl)-4-phenyl-1,3-butadiene:
Evidence of Adiabatic and Diabatic Deactivation Pathways

G. Bartocci, E. Marri, and A. Spalletti*
Dipartimento di Chimica, Uniersitadi Perugia, 06123 Perugia, Italy
Receied: June 12, 2002; In Final Form: August 2, 2002

The photophysics and photochemistry of the four geometrical isomers of 1-(9-anthryl)-4-phenyl-1,3-butadiene
have been extensively studied by stationary and pulsed spectrometry in nonpolar solvent. Fluorimetric and
laser flash techniques were used to measure the quantum yields and lifetimes of the lowest excited states of
singlet and triplet multiplicity at different temperatures. This paper reports the spectral characterization of the
four isomers and their derived parameters of the radiative, nonradiative, and reactive relaxation pathways.
The isomerization proceeds through triplet diabatic and/or adiabatic mechanisms, generally with low quantum
yield, owing to high torsional barriers in the Sate and small ffpopulation quantum yields, due to the very

fast § — & internal conversion. At high temperature, a singlet diabatic mechanism is also operative.

Introduction CHART 1

The excited-state properties of diarylethenes and diarylpoly-
enes have been the subject of wide investigation in the past
decades. Particular attention has been given to the photophysics
and photochemistry of short chainw-diphenylpolyenes owing
to their role as models for conformational properties and
photoisomerization reactions about a polyene double bond in
compounds of biological interest (proteins, visual pigments, EE-9AnPhB ZE-9AnPhB
etc.)!~* The ordering of the lowest excited states gfahd B,
character, which is correlated with the length of the polyene
chain, was particularly investigated, because it seems to be a O

=

relevant factor in the excited-state behavior of these molecules.

Diphenylbutadiene has been extensively investigated by O
theoretical and experimental approachébluch less is known X Z
about the corresponding asymmetric compounds where a phenyl O
ring is replaced by a larger polycyclic group. Previous results O O OO‘
on the corresponding ethene derivativeshowed that the

presence of larger polycyclic aromatic groups has strong effects
on the relaxation pathways of the lowest excited states, leading
to a decrease in the reactive process irafd an increase of
the radiative and/or nonradiative deactivation. Moreover, these Experimental Section
groups, such as naphthyl, phenanthryl, anthryl, etc., can open
different photoreaction pathways to isomerization involving the
triplet manifold and an adiabatic mechanign.

Along the lines of our previous results, we recently turne
to the study of some asymmetric diarylbutadienes-BH=
CH—CH=CH—phenyl, where Ar= 1-naphthyP 2-anthryl1°
9-phenanthry?, 1-pyrenyl? n-pyridyl,%1* and n-thienyl 212

In this paper we report the results for the excited-state
properties of the four geometrical isomers of 1-(9-anthryl)-4-
phenyl-1,3-butadiene (9AnPhB). Their spectral (absorption and
emission) properties and the kinetics of the radiative and
radiationless relaxation processes of the lowest excited Statesorocedures. ) ) ) )
are discussed and compared with those of the correspondin The absorption measurements were carried out with a Perkin-
ethene derivatives and of diphenyl-1,3-butadiene (DPhB) to have Imer Lambda 16 spectrophotometer. The fluorescence spectra

a general picture of the substituent and polyenic chain effects Wereé measured by using a SPEX Fluorolog-2 F 112A1 spec-
on the photobehavior of these asymmetric dienes. trofluorimeter. The emission quantum yields were determined

using 9,10-diphenylanthracene in CH as standapd €
*To whom correspondence should be addressed. E-mail: faby@ 0.90):3:14 The values reported _in the tat_)les are averages of at
phch.chm.unipg.it. least three independent experiments with a mean deviation of
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EZ-9AnPhB ZZ-9AnPhB

The compounds investigated (see Chart 1) prepared by
standard methods by G. Galiazzo (Padua University), were
d purified by semipreparative HPLC. A Waters apparatus was

used, equipped with a SymmetryPrep C18(i) and an UV
spectrophotometer as detector, usinHCHsCN mixtures as
the eluant.

Most measurements were carried out in a mixture of meth-
ylcyclohexane and 3-methylpentane (MCH/3MP, 9:1 v/v), some
others in cyclohexane (CH) and benzene. All solvents were from
Fluka, spectrograde. MCH and 3MP were purified by standard
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Figure 1. Absorption spectra of the four stereoisomers of 9ANPhB in - rigyre 2. Normalized fluorescence spectra of the four stereoisomers
MCH/3MP at room temperature: curves4 refer toEE, ZE, EZ and of 9AnPhB in MCH/3MP at room temperature: curves4irefer to
ZZ, respectively. 77, ZE, EE, andEZ, respectively.

ca. 5%. The fluorescence lifetimes-(mean deviation of three styrene type, is localized in the 25830 nm region. These
independent experiments, ca. 7%) were measured with both angpectral results, together with the blue shift (about 20 nm) and
Edinburgh Instruments 199S spectrofluorometer (single photon |gwer apsorption intensity observed for the two isomers with
counting method) and a SPEX Fluorole-system (phase  the anthryl group in the cis position, indicate a more localized
modulation technique). _ _ electronic excitation on the polycyclic chromophore probably
The triplet properties were investigated by laser flash pho- pecause of a more distorted geometry ofZBeandzZz isomers,

tolysis at 355 nm (using the third harmonic of a Continuum if compared toEE andEZ, related to steric interactions in the
Nd:YAG laser) and at 420 nm (using a parametric oscillator, ground and excited states.

OPO, pumped by the Nd:YAG laser) in biacetyl sensitized — 1,4 iy orescence spectra of the four isomers in MCH/3MP

experiments. . . at room temperature are shown in Figure 2. They are bell-shaped
For photochemical measurements, a 150 W high-pressureyn those of th&E and ZZ isomers are more extended with
xenon lamp coupled with a monochromator was used. The \he mayimum substantially blue-shifted (about 20 nm) with
reactions were monitored by HPLC. A ferrioxalate actinometer respect to those dEZ and EE, as observed in the absorption
was used for the measurements of photoisomerization quantumynecira The Stokes shifts are large (about 150 nm) for all the
yields. In the sensitized experiments, biacetyl in benzene wasig,mers, as found for 9StAn. This spectral behavior could be
used as the triplet energy donor fnd th63 concentration of the ¢ {5 solute-solvent interactions in the lowest singlet excited
acceptor was .k.ept in the 1.8 10 to 10 M range Wherg state, which results in a relaxed non-Franck Condon state.
both the conditions (100% of energy transfer from the triplet An important temperature effect was found on the spectra

state of biacetyl and no occurrence of the quantum chain process_ " .. . . .
v q P articularly on the absorption properties. In fact, the absorption

involving energy transfer fromE* to 3Z*) are fulfilled. The P ; X . o
solutions were deoxygenated by purging with nitrogen. spectra of all the isomers change in shape and intensity with

A cryostat (Oxford Instruments DN 1704) was used to control decreasing temperature, particularly B andZZ (see_ Figure
\ 3). The decrease of temperature leads to an absorption spectrum
temperature in the 77354 K range.

. . . shifted toward the red and to a change in the intensity
sp-(le—rc]teralg 'g?zhihziggioe'rs]ﬁ;?rsbevr\]'z\r/ieorChgéz?éinggmzéhthg:;distribution of the vibronic components. This behavior, already
' ; i i i 10
synthetic strategy and the analogy with the 2AnPHBA observed for the trans isomers of stilbéndjarylbutadiene$;

mparison with th " ndi ndZ-ethene derivativ and aza derivatives of diaryletherlé)as been explained on
compariso e correspondifg a eihene denvalives e pasis of excitation of sets of different ground-state species
was very useful (see below).

more or less deviating from planarity. Decreasing temperature
and increasing viscosity favor the planar or quasi-planar forms
leading to red-shifted and more resolved spectra and to a larger
Spectral and Photophysical Properties.Absorption and vibronic progression. Meanwhile, the emission spectrum does
Emission Spectralhe absorption spectra of the four geometrical not change too much in shape and position on decreasing
isomers of 9AnPhB in MCH/3MP at room temperature are temperature. Only at 77 K, in the rigid matrix does the spectra
shown in Figure 1. They are characterized by two main bands. markedly shift toward the blue (5860 nm), as shown in Figure
The first one in the 348440 nm region has a well resolved 4, so reducing by 80100 nm the Stokes shifts if compared
vibronic structure for th&E andZZ isomers with a progression ~ With those observed at room temperature. This behavior, in

Results and Discussion

of ca. 1450 cm?, as previously observed faf-9-styrylan- agreement with a relaxed (non-FrandgRondon) $ state,
thracene Z-9StAn) 15 which points to an anthracenic nature of ~confirms the hypothesis that solvation is responsible for the
the excited singlet state involved. marked Stokes shifts, observed at room temperature.

In the case of the isomers with the anthryl group in trans  The fluorescence excitation spectrum, which reproduces the
position EE andEZ isomers), the first band of the absorption absorption spectrum, and that of emission are independent of
spectrum is broad, as previously found 9StAn1>16 For the emission and excitation wavelengths, respectively, at any
these isomers, the absence of a well defined vibronic structuretemperature for all the isomers. These results, together with a
could be due to the presence of a set of different geometriesmonoexponential fluorescence decay and with the fluorescence
concurring to absorption. The second one, probably of the quantum yield independent @f,. (see later), seem to rule out
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Figure 3. Absorption spectra of the four stereoisomers of 9AnPhB in
MCH/3MP as a function of temperature.
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Figure 4. Normalized fluorescence spectra of the four stereocisomers
(curves 1-4 refer toZZ, ZE, EZ, andEE, respectively) of 9AnPhB in
MCH/3MP at 77 K.
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the involvement of detectable conformational equilibria in the
photobehavior of these molecules.

Fluorescence PropertiesTable 1 shows the fluorescence
guantum yields and lifetimes of the four geometrical isomers
of 9AnPhB in MCH/3MP at room temperature and the kinetic
parameters for the competitive relaxation pathways. The non-
radiative rate parametekyR) includes the singlet contribution
to isomerization in § the S — T; intersystem crossing (ISC),
and the $— S internal conversion (IC) processes.

The radiative rate parametéi(= ¢e/tr) ((2—3) x 10’ s7)

Bartocci et al.

TABLE 1: Fluorescence Quantum Yield @), Lifetime [z¢
(ns)], and Radiative kg and k2 (107 s'1)] and Nonradiative
[knr (107 s71)] Rate Constants of the 9AnPhB Stereoisomers,
in MCH/3MP at Room Temperature?

isomer oF ¢ (ns) ke Knr K2
EE 0.22 6.9 3.2 11.3 22
EZ 0.15 5.6 2.7 15.2 16
ZE 0.073 4.5 1.6 20.6 13
ZZ 0.072 3.2 2.2 29.0 14
E—9StAr? 0.44 3.6 12.0 15.8 16
Z—9StArf 0.19 2.2 9.0 36.5 12

2 The parameters of the corresponding ethene derivatives are reported
for comparison® From ref 2.¢ From ref 8.

TABLE 2: Spectral and Photophysical Properties of the
Triplet State of EE-9AnPhB and E-9StAn (for Comparison),
in Nonpolar Solvents at Room Temperature

compound  solvent Amax(NM) 77 (uS) ermax(M~tcm™) o1
EE-9AnPhB MCH/3MP 350,480 25 10 600, 12940 0.39
benzene 480 30 13090 0.39
E-9StAr? benzene 460 45 21 000 0.32

aFrom ref 15.

indicating an inversion in the ordering of the two lowest excited
singlet states in the diene compound. In the latter, thet&e
assumes an g-nature and the S— & radiative transition
becomes partially allowed by vibronic coupling with the closely
located $ state of (L,-By) nature. For comparison, in Table 1
the radiative rate constarkgy is also reported, as obtained by
the approximate natural IifetimerEo, calculated from the
integral of the absorption intensity using the modified Strickler
Berg relationshig?

ke = 1irp = 2.88x 10 *(Vogn)* [e(v) dv (1)
whereng is the refractive index of the solvent amgh is the 00
vibronic component of the allowed transition, which is consid-
ered the main factor responsible for absorption. Rﬂwalue
increases with increasing the length of the polyene chain, as
previously observed in the diphenyland dithienylpolyene¥

Table 1 shows how the presence of the anthryl group can
affect the excited-state properties and in particulakihealue
of the 9AnPhB isomers. The latter markedly decreases and
differs from thek.g value, when compared with the phenyl
analogues. This further confirms the different nature of the
excited states implied in the absorptidh £B,)* and emission
(ILp)* processes in 9ANPhBs.

The rate parameter of the nonradiative processgg),(
derived from the fluorescence lifetime and quantum yidlg|[
= (1 — ¢§)/re)], points out that such deactivation pathways are
much more relevant than the radiative one, as previously
observed for the ethene analogues, particularly for the Z isomer.

Triplet Properties.Table 2 collects the information on the
triplet state of theEE isomer obtained by laser flash photolysis
at room temperature in de-oxygenated MCH/3MP and benzene
solutions. The T-T, spectrum in MCH/3MP is shown in Figure
5.

The triplet quantum yield¢r, was found to be substantial
(0.39) in both solvents and higher than the value obtained for
E-9StAn1520

The long triplet lifetime ¢y, about 30us), peculiar of
nontwisting states, points to high torsional barriers jramd to

of all the isomers decreases by almost 1 order of magnitudea prevalent nonreactive and nonradiative relaxation, as found

relative to that of the analogous ethene X110° s™1), thus

for the ethene analogde.
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with the torsional pathway in the deactivation of the planar T
. = 01288 state. Because the torsional process is expected to be very fast
because the triplet lifetime is not quenched by oxygen (see
below), diabatic and adiabatic reactive pathways must be
involved in the T, deactivation mechanisms of the mixeZ(
andZE) andZZ isomers.
Theng¢jsox can be expressed as

Sisox = “bisox + “Fisox )
where 3SR and 3psay indicate the adiabatic and diabatic
contributions, respectively, to the experimental quantum yield
300 e w0 e 70 for the photosensitized isomerization.

A (nm) The quantum yield for the diabatic photosensitized isomer-

Figure 5. T,—T, absorption spectra &EE-9ANPhB in MCH/3MP at  ization leading tcEE [®perf=* — *perfe — o'EE + (1-0)'ZE
room temperature, obtained at different delay times. or 3Eperp* — 'Eperp— o'EE + (1 — )'E2) :

AA T

TABLE 3: Direct and Biacetyl Sensitized Spoensd — (1 — Sgsensad)y 3
Photoisomerization Quantum Yields of the 9AnPhB 150X ( 'SO'Xd) ®)
Stereoisomers in MCH/3MP and Benzene, Respectively, at

wherea represents the fraction of molecules which decay to
Room Temperature

EE in the ground state from the perpendicular configuration.

direct sensitized Assuming thatx is 0.5, as for diphenylpolyenes (DPhPsjnd
isomer e ez dze dee dez ¢dzE dithienylpolyenes (DTPSY values of 0.50 and 0.66 were
7E 0.039 0.75 derived for the adiabatic contribution of the photoreactive
EZ 0.071 0.83 mechanism in T for the ZE and EZ isomers, respectively, by
2z 0.035 0.010 0.024 0.58 0.12 the equation:
The T,—T, absorption spectrum of the other isomers is not 3¢,S§8§d= (3¢f§gfx —a)/(1— o) 4

observed at room temperature in deaerated fluid solutions. For L . .
direct excitation of these cis isomers, one obtains the same T  After direct irradiation of dilute de-oxygenated solutionsZaf
T, absorption spectrum and triplet lifetimes (within the experi- 9ANPhB in MCH/3MP at room temperature, the HPLC analysis
mental error) of théEE* transient, so suggesting the possible Showed the formation of the other three isomé&,being the
involvement of a triplet adiabatic pathway in the deactivation Main photoproduct. The appearance EE during the first
processes of cis isomers. !rrgd|at|on times in both the direct and sensitized experiments,
Photochemical Behavior.Table 3 collects the experimental ~indicates the involvement of “one photon-two bonds” isomer-
quantum yields for the direct and photosensitized isomerization ization that implies the presence of almost one adiabatic process.
of the 9ANPhB isomers in MCH/3MP and benzene, respectively, !N the direct photoreaction, theZ — EE process takes place
at room temperature. The results indicate that (i)EEgsomer through a triplet mechanism, involving an adiabaZ* —
is not reactive even after long irradiation times, the electron “EZ*and a mixed diabaticEz* — SEperp*— ‘Eperp— o'EE
distribution in the diene chain being such as to induce high T (1 — ®)*EZ] and adiabatici€Z* — *Eperp*— EE* — 'EE)

torsional barriers at both the double bonds, B and ZE pathways. This was suggested by the photoreactive b.ehavior
produce onlyEE with a low quantum yield (about-47%), and of SEZ* and by the lack of the emissive componentE# in
(iif) by direct irradiation, theZZ isomer gives rise to all the ~ the measured emission spectraZat
other isomers with a quantum yield of about3%, whereas The quantum yield for the adiabatizz — °EZ* process
only EE andEZ are generated by triplet sensitization. can be evaluated by

The formation (proportional to the irradiation time) of the 3,ad  __ ,sens ,sens
EE photoproduct by direct and sensitized excitationZa $zz-e2= bz beree )

9ANPhB suggests the involvement of at least one triplet adiabatic
process through a “one photon-two bonds” isomerization
mechanisnt!-21

The high photoisomerization quantum vyield, sensitized by
biacetyl (about 0.8 in deaerated benzene solutions at room
temperature foEZ, ZE, andZ2), indicates a large reactivity of
their triplet state. On the contrary, the triplet statee@fis not
reactive, as previously observed in the case-85tAn2 owing
to a high torsional barrier also in the triplet state and/or to the biscx = Pxeddbnee  (X=EZ ZE andZz) (6)
presence of an adiabatic process in the reverse direction.

The limiting quantum yield for the photosensitized isomer- Values of 0.085, 0.056, and 0.060 were deriveddige of the
ization @jsox WhereX = ZE, EZ, andZ2), are larger than 0.5 EZ, ZE, andZZ isomers, respectively, in nonpolar solvent at
(value generally found for the diabatic triplet mechanisemnd room temperature.
lower than 1.0 (characteristic value of the adiabatic triplet = Oxygen Effect. Table 4 shows the oxygen effect on the
mechanism in dilute solution8f%2223These values can be fluorescence parametergr(andzF) and on the direct cis>
explained by the involvement of both diabatic and adiabatic trans photoprocess of the 9AnPhB isomers.
processes in the deactivation of the perpendicular triplet excited The photoreactivity of these molecules is markedly dependent
state and/or by the competition of T S intersystem crossing  on oxygen. In fact, in oxygen-saturated solutions the quantum

On the contrary, theZZ — ZE direct photoisomerization
proceeds through a singlet mechanism, becaEsavas not
formed by triplet sensitizatiozzze increased with increasing
temperature (see below) and the emissive componéetit ofas
not observed by exciting th8Z isomer.

The § — T, intersystem crossing quantum yield of the mixed
(EZ and ZE) andZZ isomers was derived by
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TABLE 4: Oxygen Effect on Fluorescence Lifetime (ns) and Photoisomerization Quantum Yield of the 9AnPhB Stereoisomers

in MCH/3MP at Room Temperature

[0]=0M [0 =2.6x 103 M= [0, = 12.3x 103 M2
isomer o TF PeE Pez ¢ze P TF Qe ez ¢ze o3 TF PeE Pez ¢z
EE 0.22 6.9 0.16 5.4 0.09 2.8
ZE 0.073 4.5 0.039 0.06 3.9 0.14 0.04 2.3 0.32
EZ 0.15 5.6 0.071 0.11 4.4 0.047 0.07 2.5 0.028
77 0.072 3.2 0.035 0.010 0.024 0.058 2.4 0.026 0.067 0.013 0.046 1.7 0.025 0.30 0.006

aFrom ref 25.

TABLE 5: Temperature Effect on Fluorescence Quantum Yields, Lifetime (ns) and Kinetic Parameters (10s™1) of the Four

Isomers of 9AnPhB in MCH/3MP

EE EZ ZE 77

TK) ¢ w ke ke o e 77 ke kc oF ¢ r ke ke oF ¢ze ¢z ¢ T ke ke

354 020 7.0 28 59 012 010 51 23 14 0.064 0.072 4.2 15 20.7 0.055 0.10 0.014 0.044 3.1 1.8 226
313 0.14 55 25 135 0.071 0.049 44 1.6 20.7 0.067 32 20 258
293 0.22 6.9 3.2 57 0.15 0.071 56 2.7 13 0.073 0.039 45 1.6 19.3 0.072 0.012 0.024 0.035 3.2 2.2 26.6
253 0.26 7.3 3.6 45 0.16 6.1 2.7 12 0.077 48 1.6 179 0.077 39 20 220
213 0.18 6.4 29 11 0.082 49 16 175 0.089 40 22 210
153 032 74 43 3.6 0.11 144 0.12 46 2.7 17.3

77 064 6.9 93 0.63 74 85 3.7 0.58 5.8 10 55

yield of theZE — EE andZZ — EZ processes increases up to
1 order of magnitude, whereas it decreases for the other-cis
trans processes.

The fluorescence quantum yield and the lifetime decrease with

increasing oxygen concentration, whereas khevalue of all
the isomers is independent of oxygen.
The different behavior ofp and ¢so with respect to the

Energy

oxygen effect (see Table 4) suggests that different excited states
are involved in the radiative and reactive processes and that
the lowest triplet state of these isomers should have a very
different lifetime.

A reliable interpretation of these results can be proposed by
considering that oxygen can affect the-S T; (ISC) and &
— S (ISC) intersystem crossing processes to different extents,
as expected from the nonradiative transition theory. For all the

isomers the oxygen effect produces a larger increase éfdhie
than thekssc x rate constant owing to a lower energy gap
between $and T; with respect to that between &nd S, thus

Figure 6. Qualitative sketch of the potential energy curves as a function
of the rotation around the two double bonds for the four isomers of
9ANPHB in the triplet manifold.

increasing the population of the reactive excited species in the Temperature Effect. Table 5 shows the effect of temperature
T1 state, in agreement with the decrease of the fluorescenceon the photophysical and photochemical parameters and on the

lifetime.
Furthermore, the lifetime GZE* and 3ZZ* must be very short

rate costants of the radiative and nonradiative deactivation
processes of the;State of the 9AnPhB isomers. The fluores-

because these species were not observed after the laser pulssence lifetime of the isomers with the anthryl group in the trans
even in oxygen-free solutions, thus suggesting a relatively low position is practically independent of temperature, whereas those
torsional barriers. These species are expected to be located at aith the anthryl group in the cis position show an increase of

very shallow minimum and to undergo twisting more rapidly
than they are quenched by oxygen. In the case oEthisomer,
the decrease of tHeZ— EE quantum yield, in oxygen-saturated
solutions, indicates th&EZ* is quenched by oxygen owing to
a longer lifetime. Accordingly¢zz .z markedly increases to
the detriment ofpzz-gg, in oxygen-saturated solutions, also in
agreement with our hypothesis that tBE isomer is photopro-
duced fromZZ by the adiabatiéZz* — 3EZ* process.

On the basis of the (i) the different oxygen effect 8o
andgr, (ii) the practically temperature-independencewfsee

¢ With decreasing temperature, particularly high in a rigid
matrix at 77 K. The fluorescence quantum yield of all the
isomers increases markedly with decreasing temperature, par-
ticularly for theZE andZZ isomers. The photoreactivity &E
was not observed, even at high temperature, whereas that of all
the other isomers increasesTat> 300 K, even if it remains
always very low (4-10%).

These results suggest the contribution of a singlet mechanism,
with a high torsional barrier, in théE — EE, EZ — EE, and
ZZ — ZE photoisomerization in nonpolar solvent at high

below), and (iii) the absence of the emissive components of temperature. Furthermore, they confirm that thé — EZ

the excited specig&E* and/or'EZ* and/or'ZE*, adiabatically

process proceeds only through a triplet mechanism also at 354

produced, in the fluorescence spectrum of the isomers of K.

9ANPhB, one can conclude that the involvement of the singlet

pathways in the cis> trans photoreaction should be excluded

The Arrhenius-type plots, based on the fluorescence yields
and lifetimes, could lead to incorrect values of the frequency

(except forZZ— ZE) and that the photoisomerization proceeds factor and torsional barrier of the activated reactive pathway in

mainly through a triplet mechanism in MCH/3MP at room
temperature, as proposed in the sketch of Figure 6.

S;, because these derived parameters could be a combination
of those for both the activated processes (isomerization and
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TABLE 6: Photophysical Properties of EE-QAnPhB in
Different Solvents at 293 K (Dielectric Constant,D, Y,
Polarizability, as, and Viscosity,#, of the Solvents) 104 /i
10% e 10 7ke . y
solvent D os (Pas) ¢ (ns) (sh /
a_
carbon disulfide 2.64 0.354 0.363 0.41 42 9.8 /
toluene 2.38 0.292 0.5859 0.38 6.2 6.1 o~ /
MCH/3MP 2.01 0.252 0.691 0.22 6.9 3.2 « )
isopentane 1.83 0.217 0.225 0.19 7.1 27 §6~ '//
perfluorohexane-hexane (3:1) 0.183 0.13 70 19 . <
", /
internal conversion). More reliable values of the Arrhenius ad P
parameters for the activated rotation can be obtained by //:
| lk — | 1 1 1 /;/
n X*ﬁperp,&(T) = In"Avperp — AEX*ﬁpeerRT ©) o o

where kyperp- is the kinetic constant of th&x* — lperp*
torsional process{(= ZE, EZ, andZ2). The¥x—perp(T) values

at the explored temperatures were derived for ¥agx —
1Zperp* process by Figure 7. Plot of ks as a function ofs for EE-9AnNPHB.

LA AL NELAN N DL S S LA SN LA
016 018 020 022 024 026 028 030 032 034 036

O

TABLE 7: Rate Constants (10 s1) of the Deactivation
lkxbperp*(-r) = lkZZ*HZperp*(T) = ¢zz~25(1')/aTF,zz(T) (8) Processes of the Lowest Excited Singlet State of the 9AnPhB
Stereoisomers in MCH/3MP at 293 K
beingpzz-ze(T) = 1pzz-ze(T), whereas for theEZ* (or 1ZE¥) compound ke kis e ki
— 1Eperp* (orperE*) and 12z — lperpZ* processes,

EE 3.2 5.6 5.7

1 EZ 2.7 1.8 0.087 13.0

Kye—perpdT) = ZE 1.6 1.2 0.14H 19.3

sens 7z 2.2 1.7 0.03 26.6

[A150x(T) — Kiscx Tex(T) @isoxd/ oTe x(T) (9) 0.7Z

E-9StArf 12.0 8.9 - 6.9

was used, wherkiscx = ¢iscx/Tex was assumed temperature Z-9StArf 9.0 7.8 6.0 22.7

independent, EE-DPhE 74.0 35 38.6 63.0

The Arrhenius parameteff\x:—perp = 2 x 102 and 1.1x aThe parameters of the corresponding ethene derivatives and those

10" 5% and*AEx—perpr = 7.3 and 7.9 kcal/mol were derived  of DPhB are reported for comparisdhRelated to'zZz* — perfz*
from the plot of eq 7 for théZz* — Zperp* and!ZE* — process¢ Related tdZz* — Zperp*. @ From ref 2.¢ From ref 8. From

lpergE* processes, respectively. Torsional barrier values of 8.4 Tef 1a.

and 9.0 kcal/mol were roughly estimatgd for ElEisomer and Theke values in Table 6 show a nonlinear trend with(see
for thelzz* — perZ* process, respectively, assuming a mean Figure 7), in agreement with the dependencégatn the S—

value of the frequency factor of 1.6 102 s, S, energy gaph: 0 AE(Si—S,) 2, as found for theall-trans

The radiative rate parameter is practically independent of jsomer of diphenylhexatrieRe28and di(2-thienyl)butadient.
temperature for the mixecE¢ and ZE) and ZZ isomers. The | the other isomers of 9AnPhB: was found not to depend

small changes itk= with temperature for these molecules are 4, the solvent polarizability, probably because of a larger S

due to the well-known dependence of the radiative rate constantg, energy gap, which reduces the mixing between the two states.
on the refractive index of solvens?® In the case ofEE- This hypothesis is also confirmed by the lowkewalues found
9ANPhB, a relevant increase ki with decreasing temperature for these isomers with respect EE.

was observed in fluid solutions. This behavior can be due to | the rigid matrix at 77 K, a large increaselefwas observed
the dependence of the radiative rate parameter on the solvents, 41 the isomers. which is mainly due to more-planar

polarizability, as = (n&® — 1)/(n + 2), as previously observed  geometries in the Sstate, generated by the high viscosity of

for all-trans-diphenylbutadienéd27:28 and -dithienylbuta- the matrix.

dienes?? S The nonradiative rate parameter markedly decreases with
Table 6 shows the polarizability effect on the fluorescence gecreasing temperature, particularly for the isomers with the

properties ofEE-9AnPhB at room temperature. T values anthryl group in the cis position. On the basis of the Arrhenius

increase, and those of decrease with increasing toeg value. parameters, the rate parameters for the activated reactive process

These findings indicate that tHe values increase in a more  j, S, were obtained at the explored temperatures. Kbg

polarizable solvent, thus supporting that (i) fluorescence of this | 5,es as a function of temperature were derived by '

isomer originates from dL,* state that contains (at room

temperature and in low-polarizability solvents, such as perfluo- (T = [t (T) — (key + + %o o] (10)
rohexane-n-hexane mixtures) a high degree of{B,) character Kex Fx Kex+ Kiscx X pem

and (i) the increase afs leads to a smaller;S-S; energy gap,  The results show a relevant temperature effect on the IC process
thus increasing the mixing of an allowed Sate, as(L-By)*, (see below).

into a lowest forbidden state, dkp*, which increaseskg.?’ Kinetic Parameters. Table 7 collects the rate constants of
These findings confirm the results obtained E#-di(2-thienyl)- the radiative and nonradiative [rotatiodkg), intersystem

butadiené? and those of previous calculatioffsyihich indicate crossing kisc), and internal conversiork€)] processes of the
that only the mixing between a lowest forbidden and a higher S; deactivation of all the 9AnPhB geometrical isomers and of
allowed excited state has a noticeable effect on the naturalthose of 9StAn and DPhB for comparison, in nonpolar fluid
lifetime, 72. solutions at 293 K.
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As found for 9StAR® and DPhB'2 the main deactivation  tives. The insertion of a butadiene chain and an anthryl group
pathways of the Sstate of 9AnPhBs are the nonradiative in the molecular skeleton changes the shape of the potential
processes. Furthermore, in contrast with DPhB, whasstee energy curve as a function of the torsional coordinate. For these
shows a fast reactive deactivation channel, the 9AnPhB stereo-isomers, this curve should not experience a deep minimum at
isomers and the ethene analogues show fast radiationless deca90° after twisting (perpendicular geometry), but a very shallow
through IC. This deactivation channel, particularly important minimum or even a saddle point, which can produce competition
for ZE and ZZ, could be due to the two effective vibrational between the “horizontaPperp*— Strans* and “vertical®perp*
modes acting as coupling modes betwegrad 9, namely — Iperp processe®, thus involving adiabatic and/or diabatic
the Franck-Condon active &C stretching vibration and an  pathways in the deactivation of the State. Only thezZ — ZE
out-of-plane torsional mode. The=€C stretching acts as both  process proceeds through a diabatic singlet mechanism in the
the promoting and accepting modes and it should dominate thenonpolar solvent at room temperature.
radiationless decay in tHeE andEZ isomers, due to their more The anthryl group also affects thg S- T; ISC process,
planar configuration in § The torsional mode can act as an increasing thekisc rate parameter with respect to the corre-
additional accepting mode in the decay afvth a strongly sponding phenyl analogues, even if this process becomes less

out-of-plane distorted configuration, as in the case of Zke important for longer chain compounds.

andZZ isomers. The presence of the butadiene chain causes a decrease of the
The effect of temperature dkc, observed for the isomers  radiative rate parameter in these dienes with respect to ethene

with the anthryl group in the cis position (from<3) x 10° to analogues, owing to the change in the character of the lowest

4 x 10’ st at 354 and 77 K, respectively), is probably due to excited singlet state [fromt(L,By)* in 9StAns to Lpy* in
higher nonadiabatic and diabatic terms of low-frequency 9AnPhBs].
vibrational modes (including the twisting of the rings around  The internal conversion is the main deactivation channel of
the single bond), thermally populated, effective in couplisg S the S state, particularly for the isomers with one or two double
S1, as suggested fon-styrylpyridinesd® and their butadiene  bonds in the cis position, because in the latter compounds, with
analogued! a strongly out-of-plane configuration, the torsional mode (twist-
As stated above, the two lowest excited singlet states of ing of the rings around the single bond), which can act as an
“anthracene-like” nature are different in character, namely L additional accepting mode in the decay af i also involved.
and (L-By) for S; and S, respectively, as shown by thevalues
of 9AnPhBs. The presence of the butadiene chain causes a
preferential stabilization of thélLp* state, as observed in
polyenes?2 diphenylpolyened? dithienylpolyenes23and 2-an-
thrylphenylbutadiene¥. Therefore, it gives rise to an inversion
of the energy ordering of the two lowest excited states in
9ANPhBSs, with respect to ethene analogues, whesta®e has
a (Ls-By) nature?® The forbidden radiative transition becomes
partially allowed by vibronic coupling of Sand $.9:29:31
For all the isomers of 9AnPhB, thiesc value is about 10
s1, and it results to be lower than in the ethene analogues. The
enhancing effect of the anthryl group on ISC decreases in the
butadiene derivatives, showing that the degree to which larger (1) (a) Allen, M. T.; Whitten, D. GChem. Re. 1989 89, 1691 and

icri itad- i whreferences therein. (b) Saltiel, J.; Sun, Y.-PPhotochromism: Molecules
polycyclic rings affect the excited-state properties decreases W|than d Systemiirr. H., Bouas.Laurent, H., ds.: Elsevier: Amsterdarn, 1900:
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