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Spectral Characterization, Photophysics, and Photochemistry of the Four Stereoisomers of
1-(2-anthryl)-4-phenyl-1,3-butadiene
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Using a synthetic strategy, based on retention of stereochemistry in the reagent cinnamaldehyde, the four
geometrical isomers of 1-(2-anthryl)-4-phenyl-1,3-butadiene were obtained and chromatographically purified.
Their structures were established by optical and nuclear magnetic spectrometry and confirmed by their
photochemical behavior. Their excited state properties were investigated by stationary and pulsed fluorimetric
techniques and by laser flash photolysis. This paper reports the spectral characterization of the four isomers
and the photophysical and photochemical parameters obtained by irradiation in a nonpolar solvent at different
temperatures. The important contribution of adiabatic pathways in the photoisomerization mechanism and
the role of an upper excited singlet state in the relaxation properties are discussed. Indication of the presence
of at least two conformers was obtained only when exciting at the extreme red onset region of the absorption
spectrum.

Introduction complicated system due to the presence of four stereocisomers

. . . (EE, EZ, ZE, and ZZ) and of possible conformational equili8fia
The photophysics and photochemistry of diarylethenes and i, gution due tos-trans, s-cis rotamerism about the single

diarylpolyenes have been the subject of wide investigation in yo < of the polyene chain. In principle, the 2-anthryl group
the past decade&-stilbene (S) has been usually taken as a ¢4 add the further complication of the hindered rotation of
useful prototype to understand the excited state behavior of othery, o anthryl group around the single bond with the polyene
diarylolefins! For many years asymmetric analogues of S, where et * deeply investigated in our and other laboratories for

a phenyl group was replaced by larger polycyclic aromatic y, di th derivati lanth s
groups, such as naphthyl, phenanthryl, anthryl, etc., have bee%ifhcﬁrfjp:nnd Ig%,g ene derivatives, styrylanthracensan,

studied in our laboratory. These groups were found to have a
strong effect on the relaxation pathways of the lowest excited _ S internal conversion (IC) are negligible, so that fluorescence

singlet state produced after excitation, generally leading to a g Lo ;
. . C : . and internal rotation in Sare strongly coupled, the longer chain
decrease in the reactive deactivation and an increase in the o : "
o : . . g analogues can relax through nonradiative pathways in addition
radiative one and opening the triplet pathway to isomeriz&tion.

The photophysics and photochemistryadfE-a.w-diphenyl to the radiative and reactive ones. This is particularly true for
- ) the anthryl derivatives where the polycyclic group is expected
polyenes (DPhP) have also been extensively studied by both y poycyclic group P

, . : ; to induce a nonnegligible triplet yiel@:®
theoretical and experimental approachédlost interest lies . . ) .
. . . . Using a synthetic route, based on the preserved configuration
in their role as models for conformational properties and - . )
i L . . _of the starting aldehyde, as used, e.qg., for the synthesis-6f cis

photoisomerization reactions about a polyene double bond in . h i d vitamin A derivatitese f
the biological functions of proteirfsParticular attention has been trans isomeric carotenoids and vitamin A derivativeie four

. . R geometrical isomers of 2AnPhB were obtained and chromato-
given to the ordering of the first excited states of @&nd B,

character which is correlated with the length of the polyene chain gra|c|>h|cally pun'fled. Their cha_ractenzguon hby opucarl] ano! h
and can explain an excited state behavior quite different from nuclear magnetic spectrometry is described here together wit

that of S. results concerning their photophysical and photochemical

Diphenylbutadiene (DPhB) and diphenylhexatriene (DPhH) properties.
have been particularly investigat&ééiMuch less is known about £ . tal Secti
the corresponding asymmetric compounds where a phenyl group xpenmental section
is replaced by a larger polycyclic group. Along the lines of our  Absorption, Emission, and Photochemical Measurements.
previous results on the corresponding ethene derivétaed Most measurements were carried out in a mixture of methyl-
more recent results on sorad-E-a,w-dithienylpolyenes, we cyclohexane/3-methylpentane (MCH/3MP, 9/1, v/v), some oth-
recently turned to the study of some asymmetric diarylbuta- ers in cyclohexane (CH), acetonitrile (MeCN), and benzene.
dienes. The first compound examined was the 2-anthryl deriva- All solvents were from Fluka.
tive, 1-(2-anthryl)-4-phenyl-1,3-butadiene (2AnPhB). Thisis @  The absorption measurements were carried out with a Perkin-
Elmer Lambda 16 spectrophotometer.
m;zlﬁcatggﬂch.‘E?ﬁiﬁ?;gﬁhce should be addressed. E-mail:  The flyorescence spectra were measured on a SPEX Fluo-
T Universitadi Perugia. rolog-2 model 1680 spectrofluorimeter. The emission quantum
* Universitadi Padova. yields were determined using 9,I0-diphenylanthracene in CH
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Figure 1. Absorption spectra of the four stereoisomers of 2AnPhB in
EZ.2AnPhB 773 AnPhB MCH/3MP at room temperature.

as standardg = 0.90'%). The values reported in the tables are The assignment of the four 2AnPhB stereoisomers was based
averages of at least three independent experiments with a meain, in addition to the expectation derived from the synthetic
deviation of ca. 5%. The fluorescence lifetimes:, (mean route, their spectral and photochemical behavior and particularly
deviation of three independent experiments, ca. 7%) were on nuclear magnetic resonance spectrometry.

measured with both an Edinburgh Instrument 199S spectro- Characterization of the 2AnPhB Stereoisomers by NMR.
fluorometer (using the single photon counting method) and a One- and two-dimensiondH NMR spectra were measured on
SPEX Fluorologs2 system (using the phase modulation tech- Bruker AC 200 and DMX 500 spectrometers using TMS as
nique). reference. The samples were prepared under a red light

For photochemical measurements, a 150 W high-pressuredissolving about 2 mg of compound in 0.5 of deuterated
xenon lamp coupled with a monochromator was used. The dichloromethane (CECl,). Two-dimensionatH-DQFCOSY3
photoisomerization quantum yields, measured by use of ferri- and!H-phase sensitive NOES¥spectra (mixing time 800 ms)
oxalate actinometry, are averages of at least three independenfvere measured as described elsewR&r&he distinction
experiments with a mean deviation of ca. 10%. The reactions between the ZZ and EE isomers was achieved by the values of
were monitored by absorption spectrometry and by HPLC. For the3J olefinic coupling constant8 while the other two isomers
chromatographic measurements, a Waters apparatus was use@Ez and ZE) were discriminated B4-NOESY NMR spectra
equipped with a Simmetry {g column (4.6x 200 mm) and a (see Supporting Information).

UV detector coupled with an integrator (eluent: MeCMNIH
mixtures).

The triplet properties were measured by laser flash photolysis
at 355 nm using the third harmonic of a Continuum (Surelite ~ Characterization of the 2AnPhB Stereoisomers by Ab-
1) Nd:YAG laser. sorption and Emission Spectroscopy.Comparison of the

For all experiments the solutions were deoxygenated by Spectral data odll-E-2AnPhB with those of the corresponding
purging with nitrogen. A cryostat (Oxford Instruments DN 1704) ethene derivativeE-2-styrylanthraceneH-2-StAn),® shows a

Results and Discussion

was used to control the temperature in the-334 K range. substantial red-shift reflecting the increase in conjugation which
Preparation of the Four 2AnPhB Stereoisomers.The stabilizes the excited states more than the ground state in the

compounds investigated (see Scheme 1) were prepared by théonger chain compounds. _ _

Wittig reaction betweeit- and Z- (freshly prepared) cinnam- Figure 1 shows the absorption spectra of the four stereoiso-

aldehyde (CA) and 2-(methylene-triphenylphosphonium-bromide)- mers of 2AnPhB in MCH/3MP at room temperature. They show
anthracene, which generally gives a mixture of two stereoiso- the presence of two main bands. The first one in the-38(D
mers. The synthetic strategy followed for the preparation of the nm region has a well resolved vibronic structure with a
two mixed stereoisomers (ZE, namely in cis geometry at the progression of ca. 1450 crh as previously observed fé-2-
double bond adjacent to the anthryl group, and EZ, namely in StAn, which points to an anthracenic nature of the excited singlet
cis geometry at the second double bond, adjacent to the phenykstate involved? The second one, more intense, probably of
group) was based on the idea that the nature of the productsstyrenic type, is localized in the 28@50 nm region. In addition
depends on the stereochemistry of the starting CA. Due to theto these two bands, a weak shoulder, more evident in the
relatively low temperature of the Wittig reaction, the reagent is absorption spectrum of the EE isomer, is also observed at the
expected to preserve its geometrical configuration during the onset (~420 nm) of the spectra. By analogy wih2-StAn; it
synthesis, as reported for related compoufid$herefore, could be part of the forbiddenoS— S, transition of the B
starting fromE- andZ-CA, one should obtain primarily ZE and ~ rotamer, which becomes more evident in the butadiene ana-
EZ compounds, respectively. The products obtained by this logues, probably because of a larger energy gap between the
procedure confirmed such expectation. In fact, starting from S; and $ states of'L, and (L, — By) nature, respectively.
E-CA, the EE isomer was the major product in the synthetic Alternatively, it could correspond to absorption by a different
mixtures, and there were smaller amounts of the ZE isomer. rotamer with relatively low equilibrium population (see below).
On the other hand, use of quasipdr€A,*2 whose preparation Figure 2 shows the absorption, excitation and fluorescence
is described in the Supporting Information, led to a mixture of spectra of the EE isomer in MCH/3MP at room temperature.
EZ and ZZ compounds. The fluorescence spectrum displays the same vibronic structure
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Figure 2. Absorption (1), excitation (2), and fluorescence spedtsa [
< 405 nm (3) andkexc = 425 nm (4)] ofEE-2AnPhB in MCH/3MP at
room temperature. 77

described above for the absorption spectrum, with= 1450
cmL. These structured spectra indicate a predominance of
“quasiplanar” geometries in both the ground and excited states.
In principle, conformational equilibria between different ge-
ometries® which could derive from the lack of free rotation
around the &C bonds of the chain (as found for DPAP%19) 350 400 450 500 550 600
or around the quasisingle bond of the anthryl group with the A (nm)

. ) Bi0- 7
ethene br!dge (a§ previously found StArF), cannot be Figure 3. Absorption (full line), excitation (dotted line) and emission
excluded in solutions of these molecules. However, the shapes

L N “spectra obtained by excitation of diluted solutions of the ZE, EZ, and
of the fluorescence excitation and emission spectra are practi-z7 isomers of 2AnPhB in MCH/3MP.
cally independent of the emissioief) and excitation Aexq
wavelength (the latter, below 405 nm), respectively. Further- T T T
more, the fluorescence excitation spectrum is practically coin-
cident with the absorption spectrum (see Figure 2). The
fluorescence decay is monoexponential and the fluorescence
quantum yield is independent &y (see below). These results
indicate that the presence of rotamers in the ground and excited
states is not easily detectable in fluid solution at room
temperature. Nevertheless, by exciting at the red-edge absorption
tail with Aexc > 410 nm, the shape of the emission spectrum
drastically changes (then remaining practically independent of
Aexc at longer wavelengthslex. > 426 nm; see spectrum 4 of
Figure 2) and the fluorescence decay becomes biexponential.
Figure 3 shows the absorption, excitation and fluorescence
spectra obtained by excitation of dilute solutions of the other
three stereoisomers. The emission spectra were found to be
independent 0fiexc until 400 nm, and the corresponding
excitation spectra to be independenfgfand almost coincident
with the absorption spectra. Only aty. > 405 nm did the
emission spectrum of the EZ isomer change its shape, as
previously shown for EE. However, in contrast to EE, the
spectral shape of the other isomers drastically depends on
temperature (see Figure 4). The emission spectra, produced by
excitation of the ZE, EZ, and ZZ stereoisomers of 2AnPhB,
become more and more similar to that of the EE analogue, by
increasing the temperature, thus pointing to involvement of 5 L.
adiabatic isomerization pathways in the singlet manifold, which 400 450 500
produce theall-E isomer in the excited singlet statéEE*). A (nm)
Therefore, the measured emission spectra are the superpositions
of at least two components, due to the starting excited compoundFigure 4. Temperature effect on the fluorescence spectra obtained by
and he photoproduceE: (see beow). The rue fuorescence  ©AGIEE L e SIUNETS o 22 &2 41,8 SO SRS
spectra of the EZ and ZE isomers at room temperature, showng 72 ' 1S PHCRIR T8 CELEES ana K (dotted fine)
in Figure 5, were derived by spectral subtraction: the emission
spectrum of EE (spectrum 3 of Figure 2), weighted by its conformer mixture. In the case of the ZE isomer, the true
abundance (derived from the fluorescence decay curves, seemission spectrum was also obtained at 175 K, wherézkg
below), was subtracted from the experimental spectrum of the — 'EE* adiabatic process is no longer competitive. The resulting

1 A 1 1 1 1

Fluorescence Intensity
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T T T " T ' T T shoulder of the fluorescence spectrum is very small (ca. 220
cm~1) thus indicating that the two transitions involve the same
excited state (§. The involvement of the upper excited state
S, in the photophysics dE-1,2-diarylethenes has been recently
observed through absorption measurements by picosecond laser
flash photolysig?

A quantitative analysis of the anomalous emission was only
applied to the EE isomer due to the higher weight of isS
S transition. For the other isomers, this hypsochromic emission
is partially masked by the analogous S> S emissive
component of adiabatically formedEE*, whose relative
intensity increases with temperature (see below). The decrease
in the intensity ratio of the two components with temperature,
until the disappearance of the first component below 200 K,
indicates that the latter pertains to an emission froh&mally
populated from Sduring its lifetime. The energy difference
A (nm) between the two stateAE(S;—S;), was obtained, as in the case

Figure 5. Fluorescence spectra of the EZ and ZE isomers of 2AnPhB of E-2-StAn, from plots of Inlg2/lF. and of In “,F:Z x 7¢(293
in MCH/3MP at room temperature as derived by subtraction of the K)/7=(T)] vs 1/T, because both of these quantities are propor-
contribution of the EE isomer (see text). tional to the energy gafy. The latter equation was used in the

form which includes the dependence of the fluorescence lifetime
on temperature (see below). An average value of 11180
cm! was derived from the two plots. Moreover, by using eq 1

le g1 = Ke JKe [S)[S)] 1)

(where the ratio [§/[S1] corresponds to the Boltzmann factor,
exp[-AE(S;—S1)/RT], which gives the fractional contribution
of S, during the glifetime), a rate parameter ratikg J/Kg 1, of
20 was obtained. Values &fE(S,—S;) of 1020 and 1100 cr,
respectively, were also roughly estimated from the fluorescence
spectra of the ZE and EZ isomers (Figure 5).

Photophysical and Photochemical ParametersEE-2An-
PhB. The radiative process is an important relaxation pathway
: R \ . \ N . R 1 N for the EE isomer in MCH/3MP at room temperature. Its

Fluorescence Intensity

Fluorescence Intensity

400 40 500 550 600 650 quantum vyield ¢ = 0.36) is nearly independent @ty The
A (nm) fluorescence decay is monoexponential@t < 400 nm ¢ =
Figure 6. Temperature effect (in the range 20854 K) on the 67 ns), while, as stated above, it becomes biexponential at longer
fluorescence spectra (normalized at unitary areafEB2AnPhB in Jexc because of the presence of a short-lived component (
MCH/3MP (lexe = 375 nm). = 32 ns;Teg = 66 ns). By analogy witle-2-StAn, we label

the species responsible for the short- and longer-lived compo-

spectrum is very similar to that obtained at room temperature nents A and B, respectively. The short-lived one (see spectrum
by spectral subtraction. For the ZZ compound, the true emission4 of Figure 2) has a smaller abundance [%§AR4 at 293 K,
spectrum was not isolated, even at low temperature. The broadlexc = 416 nm andlem = 470 nm] which markedly increases
spectrum obtained at 77 K was not structured and clearly with temperature [%(A)y 55 at 354 K]. The values, obtained
appeared as the sum of different contributions, probably due to from the ¢/t ratios of the two speciegf o = 0.35, obtained
adiabatic formation of the other stereoisomers, still operative atAexc = 426 nm,¢rg = 0.36 andrg po = 32 ns,7eg = 67 NS)
in rigid matrices. were found to be 11 and 5.4 @6 for A and B, respectively.

Emission from an Upper Excited Singlet State in 2An- A comparison with the behavior d&-2-StAr'8 indicates that
PhBs. An anomalous emission, analogous to that previously the two emission components are due to the two rotamers arising
observed foE-2-StArf%2 andall-E-DPhH-1722was observed  from the hindered rotation of the anthryl group around the
in the spectra of the EE, EZ, and ZE stereocisomers of 2AnPhB quasisingle bond with the carbon atom of the chain. $he
as a shoulder at ca. 400 nm, whose intensity changed withvalues of the two rotamers are smaller than those of the ethene
temperature (see Figure 6) but not with. It was assigned to  derivative, leading to a decrease kp for the diene. Greater
a second emissive component of the prevailing B rotamer, which stabilization of the $state {Ly*) relative to S [Y(La — Bu)*]
originates from an upper excited state on the basis of the state of the B rotamer is expected in the diene compound, owing
following considerations: (i) the corresponding excitation to their different nature, and is confirmed by the comparison
spectrum recorded &, = 400 nm is coincident with that  between the absorption spectra of the ethene and diene
recorded afem= 430 nm in correspondence with the 0,0 peak analogues. This increases the energy gap between the two states,
of the § — Sy transition; (i) the intensity ratide /1 1 between as recently found for dithienylbutadieneus decreasing their
the first two peaks of the fluorescence spectrig éndlg ; at mixing through vibronic coupling. This fact makes the-S
Aem Of 400 and 430 nm, respectively) remains practically S radiative transition less allowed than in the case of the ethene
constant on changindexg and (iii) the Stokes shift between analogue. Thé&g value of the A rotamer decreases by almost 1
the absorption peak at 396.5 nm (essentially due to the 0,0 peakorder of magnitude relative to that of tEe2-StAn(A) rotamer?
of the allowed $ — S, transition) and the hypsochromic thus indicating an inversion in the order of the two lowest
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TABLE 1: Temperature Effect on the Fluorescence
Quantum Yield and Lifetime of EE-2AnPhB in MCH/3MP
(Aexc = 375 nm)

Spalletti et al.

TABLE 2: Fluorescence and PhotoisomerizatioA Quantum
Yields Obtained by Irradiation of Solutions of EZ-, ZE-, and
ZZ-2AnPhB in MCH/3MP at 293 K (Aexe = 375 nm)

T (K) oF 7F (NS) compound oF PeE oze ez
354 0.25 58 ZE-2AnPhB 0.22 0.20

343 0.26 60 EZ-2AnPhB 0.29 0.35

333 0.33 61 ZZ-2AnPhB 0.19 0.11 0.13 0.036
313 0.36 64 2 Subscri . I

203 0.36 67 ubscripts refer to the photoisomerization product.

excited singlet states in the diene compound. IrBBe2AnPhB-
(A) rotamer, the $state assumes’ay, nature and the S— S
radiative transition becomes partially allowed by vibronic
coupling with the closely located,State of L, — By nature.
The increase in theAE(S,—S;) value for the butadiene
derivative, with respect to the ethene analogue, explains the
reduced contribution of the ,S— S component in the
fluorescence spectrum BE-2AnPhB. A radiative rate constant
keo = 1.1 x 108 s71, a value which confirms the _.— B,)
character of the Sstate, was obtained from the valueskpf
and kg o/kr 1, derived above. The rate parameter of the nonra-
diative processe(r), namely internal conversion (IC) and/or
intersystem crossing (ISC), derived from the fluorescence
lifetime and quantum yieldkir= (1 — ¢g)/7e], indicates an
increase in the contribution of such deactivation pathways of
S; for both rotamers of the diene compound in comparison with
the analogous ethene. As for the lattéthe EE isomer does

TABLE 3: Fluorescence Decay Parameters Obtained by
Irradiation of Solutions of EZ-, ZE-, and ZZ-2AnPhB in
MCH/3MP at Different Excitation and Emission
Wavelengths at 293 R

compound  Aexc(NM)  Aem(nm)  7r1(NS)  Te2(NS)  %(1)
ZE-2AnPhB 337 400 24 58 68
337 480 25 72 85
358 480 25 68 85
375 480 23 62 82
EZ-2AnPhB 322 407 19 58 44
322 440 28 68 57

375 >380 25 68 50
ZZ-2AnPhB 337 460 17 58 52
375 460 19 59 56
375 480 22 58 60

aThe corresponding weights (%) are also reportedbtained by
phase modulation technique.

EZ, ZE, and ZZ stereoisomers of 2AnPh&fter direct

not photoisomerize detectably at room temperature, even afterirradiation of dilute deaerated solutions of the EZ, ZE, and ZZ

a long irradiation time, the electron distribution in the diene
chain being such as to induce high torsional barriers at both
double bonds.

The triplet behavior oEE-2AnPhB was studied by laser flash
photolysis at room temperature in a nonpolar solvent. The
following parameters were obtained.x = 430, 460, 600 and
640 nm,zt = 11 us, andgisc = 0.05. As previously found for
E-2-StAn224the relatively long triplet lifetime is due to a high
torsional barrier for the internal rotation leading to the perpen-
dicular (P) configuration in the triplet manifold, namelgE*

— 3EP* (or 3PE¥).

In EE-DPhB, a smaller triplet yield¢jsc = 0.02) and a
markedly shorter triplet lifetimet¢ = 1.6 us) in CH were
reportec?® A longer lifetime for the anthryl derivative, related
to a less reactive 1Istate, was also indicated by the fact that no
triplet-donor sensitized isomerization to EZ (or ZE) was
observed forEE-2AnPhB @25 or ¢52° = 0), while a high
value was reported for DPhB.

The ISC rate constant was evaluatkdd = ¢isc/tr = 7.5 x
10° s71) from the above triplet parameters. Since the sk
kisc) is lower than 17 a contribution of $ — Sy internal
conversion (IC) to the relaxation pathways cannot be excluded,
in contrast to what was found f&-2-StAn’2 An approximate
value of 8.8x 10° s~ was derived for the IC rate constant on
the basis of the relationshigc = 1/tr — (ke + kiso).

The lifetime and quantum yield of fluorescence are practically

isomers of 2AnPhB in MCH/3MP at room temperatuig =

375 nm), the HPLC analysis showed the formation of one or
more geometrical isomers. Specifically for the EZ and ZE
isomers, the main photoproduct was EE (see Table 2). Char-
acterization of the diene isomers rests on their HPLC elution
times and on UV and NMR spectral data. The appearance of
EE during the first irradiation times of ZZ indicates the
involvement of one photonatwo bond isomerization. Similar
results of multiple bond isomerization were previously reported
for 2,4-hexadien’, cyano-substituted diphenyl-1,3,5-hexatrieffes,
p-styryl-stilbene?® and distyryl-arene® This process takes place
probably through a mechanism involving two consecutive
adiabatic processe¥Z* — 1ZE* (*EZ*) — IEE* — IEEP90

as indicated by the multicomponent emission from the singlet
excited intermediates (see Table 3). The basic requirement for
the occurrence of one photetwo bond isomerization is that
the process be barrierless or experience small barriers. The
isomerization mechanism is then controlled by the relative
values of the torsional barriers. No production of cyclic
photoproducts was found after irradiation of aerated solutions
of the three geometrical isomers BE-2AnPhB.

The three compounds have fluorescence quantum yields of
about 0.2-0.3, relatively lower tha@-2-StAn (g = 0.5) 263132
This suggests that the S> S IC is a significant deactivation
pathway of $. The fluorescence decay was found to be
multiexponential in MCH/3MP at room temperature. The

independent of temperature up to 310 K. At higher temperatureshiexponential treatment gives the following parameters: a
these emission parameters decrease (see Table 1) and excitatidonger-lived componentg,, assigned to the adiabatically formed

of EE solutions leads to formation of two photoproducts (very
probably the EZ and ZE isomers).

These results, which are similar to those previously found
for E-2-StAr?8 in the same solvent, can be explained on the
basis of the fluorescence lifetime. In fact, the smatkH =k;
value (1.5x 10’ s1), which accounts for the radiative and
nonradiative deactivation pathways of, nakes the photore-

1EE* on the basis of its emission spectrum and lifetimesg

= 67 ns), and a short-lived component (ca. 25 ns), assigned to
1EZ* or 1ZE* because of its presence/agc. < 400 nm, where

the fluorescence decay &EE* is monoexponential. At room
temperature, the fluorescence lifetimes of the EZ and ZE isomers
are very similar and the contributions of the short-lived
components on the total decay are independei,efsee Table

active pathway observable above room temperature even in the3), thus supporting the hypothesis that the longer-lieg*

presence of high torsional barriers.

component is adiabatically produced.
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TABLE 4: Fluorescence Quantum Yield and Lifetime
Together with the Weights of the EE Emissive Component et A e = 4.9 keal mol”’ ]
on the Total Fluorescence [%(2)] and the Singlet Adiabatic S e d'A e = 103
Quantum Yield (Y.qee) and the Singlet Quantum Yield of 30 =, 09 R = 10
Formation of Perpendicular Geometries {¢ep and ¢pg), sy
Obtained by Irradiation of Solutions of EZ- and ZE-2AnPhB '{5
in MCH/3MP at Different Temperatures (4Aexc = 375 NM, Aem — ="8r
= 480 nm) @ E
— £ 25 + ‘ . . .
compound T or Tr1 Tr2 %(2) Padee ope? g w 30 35 40
(K) (ns) (ns) [ 1T (16 K%
ZE-2AnPhB 354 0.22 18 57 45 0.40 0.38
333 022 20 56 36 0.24 0.26 20 |
313 021 23 62 27 0.16 0.19
293 022 25 68 18 0.11 0.12
265 023 27 69 10 0.05 0.05
EZ-2AnPhB 354 0.28 20 64 62 0.69 0.50 1 L 1 I
293 029 25 68 40 0.32 0.38 200 300 400 500
@ Obtained by egs 3 and 4. T (K)

The decay curve, observed after excitation of the ZZ isomer, Figure 7. Fluorescence lifetime oZE-2AnPhB in MCH/3MP as a

shows at least two exponentials. In the case of a biexponentialf“”Ct'on of temperature. The inset shows the corresponding Arrhenius
. plot according to eq 3.

deconvolution treatment, we found thevalues of 58 and ca.
19 ns, assigned to the final photoproduct EE and a mixture of
the EZ and ZE isomers, respectively, on the basis of their
intrinsic lifetimes (67, 24 and 22 ns for EE, ZE, and EZ,
respectively). The reduction in lifetime, particularly for the EE
isomer (67 ns for the pure component, see Table 1), is probably
due to the error in the deconvolution procedure when two or
three terms with different amplitudes and/or not well separated
lifetimes are implied in the decay curves of ZE (or EZ) and
ZZ, respectively. However, these deviations can also reflect, at
least in part, the effect of variable amounts of residual oxygen
in the solutions, particularly for the long-lived EE isomer. A
third, shorter-lived component (6 ns), with a very low weight
on the total decay (ca. 4%), was resolved with the use of a three-
exponential treatment of the decay curve by global analysis in
the phase modulation experiments. It was tentatively assigned im 1 1
to a weak intrinsic emission of ZZ itself. In(1/ze(T) — Lzg™) = In “Apg — "AEJ/RT ®3)

The experimentapr values of Table 2 are the sum of the
contributions from the species directly excited and from their a limiting value for the frequency factor and the energy barrier
isomeric photoproducts adiabatically formed in the singlet of thelZE* — PE* process was estimated. A lifetime of 28 ns
manifold. A quantitative fluorescence analysis was carried out was measured at low temperatures where the reactive activated
for the EZ and ZE isomers to obtain their froperties. If the process is inhibitedr@m). The Arrhenius parametefé\oe =
fluorescence decay is observed at 480 nm, which is practically 2.2 139 s~ and 1AEpg = 4.9 kcal mot! were derived from
an emission maximum for all isomers, the ratio of the the plotin Figure 7. In the case of EZ, the parametées =
fluorescence intensities can be reasonably replaced by that 0f2.8 1 s~ and'!AEgp = 1.7 kcal mot! were roughly estimated
the fluorescence quantum yields, considering that these com-from the values at two temperatures only and fromiavalue
pounds have similar emission spectra (see Figures 2 and 5)f 42 ns.

Therefore, with the use of the relationshipez = %(EZ) x The torsional barriers for the process leading to the perpen-
¢r, or the analogous one for ZE, fluorescence quantum yields yicylar configurationlZE* — 1PE* or lEZ* — 1EP*, are quite
of 0.17 and 0.18 were obtained for EZ and ZE, respectively, in low, particularly for EZ, thus explaining the presence of the

MCH/3MP at room temperature. radiative component ofEE*, adiabatically formed, even at
Using the fluorescence quantum yields and decay parametersaiher low temperatures (see Figure 4).

as a function of temperature (Table 4), the quantum yield for
the adiabatic isomerization in;S'¢aqes could be derived at
any temperature from

temperature, the ZE> EE photoisomerization only partially
proceeds through a singlet adiabatic mechanism, because the
Ipaq eevalue, derived by the use of eq 2, is lower than the overall
guantum yield of EE formationpee (see Table 2). Therefore,
the involvement of an additional diabatic singlet mechanism
and/or a triplet pathway cannot be excluded in the photoreactive
process of the ZE isomer (for a final interpretation, see below).
The dependencies of the lifetimes ahfiq e values of the
EZ and ZE isomers on temperature (see Table 4) indicate that
the photoreactive pathway is an activated process. Assuming
all other decay pathways of; &re temperature independent,
by use of the Arrhenius-type equation for the temperature effect
on ¢ of the ZE isomer

The frequency factor values:(0* s1) are much lower than
those expected for a spin-allowed process{10 10 s™1). A
tentative explanation for this anomalous behavior can be based
1 _ on the hypothesis that coupling of solttgolvent motions, in

Padee= (P — Pr e/ P e (2 the particular case of these compounds in cis geometry, which
have flat curvature of the torsional barriers, could cause
or from the analogous equation with ZE instead of EZ. The recrossing of the transition state of the reacting systdR{
results in MCH/3MP at room temperature are reported in Table or 'PE*), thus reducing the percentage of molecules moving
4. They show that (i) the adiabatic process, leading to EE, is analong the reaction coordinate (transmission coefficient smaller
important deactivation pathway of;, (i) 1¢aqee has a larger than unity)3 Such explanation was proposed, e.g., for DPPAB
value for EZ compared to ZE, in agreement with the spectral and 2-vinylanthracen&? However, taking into account the
results (the fluorescence spectrum, obtained by excitation of uncertainty in the frequency factors reported above, we conclude
EZ, is the most similar to that of EE), and (iii) at room that further studies of the temperature and solvent effects (in
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isoviscosity conditions) are needed before reaching a lessTABLE 5: Photophysical and Kinetic Parameters of the
speculative interpretation. 2AnPhB Isomers andE-2-StAn (B Rotamer) for Comparison

From the Arrhenius parameters, the quantum yield values of (together with the Energy Gap between the $and & States)
- in MCH/3MP at 293 K
thelZE*—1PE* processpee) as a function of temperature were

derived by the use of the equation parameter E EE ZE EZ
b 0.64 0.36 0.18 0.17
1 1, 1 1
= T = exp(—AE.J/RNDIt 4 7r (NS) 65 67 24 25
Ppe(T) = "Kee()7(T) = ["Ape €XP( pRDIT(T) (4) e 512 o5 508 <001
. . 0.003 <0.001 0.20 0.35
The ‘¢pe values thus obtained as a function of temperature ﬁ:io 024 0.59 0.62 0.48
are shown in Table 4. They are practically equal to'ipg e ke (10 s7Y) 7.7 5.4 7.5 6.8
values, derived by the use of eq 2 at the corresponding ke (10°s™) 2.3 (2.3% 1.1 (3.5 @.7y (2.5¢
temperatures, thus indicating that the involvement of a diabatic kisc (10° il) 19 0.75 33 <04
singlet pathway must be excluded. However, the experimental If‘c (10s ),1 3.7 8.8 26 19
antum yield of the photoreactive ZE EE processdee) is kaage(10°S ) a4 -
quantum yi he p ctive . processdee) IS AE(S,-S)) (cmrY) 800 1110 1020 1100
higher tharf¢pg, pointing to a mixed singlet and triplet adiabatic
mechanism. aFrom ref 26.° Calculated at low temperatureFrom ref 9.9In

benzene® kL values, calculated with the use of eq' &rom fluores-

In the case of the EZ isomer, thg¢ee values at two cence spectral data.

temperaturesgee = 0.55 at 354 K), are roughly similar to both
the 1paq ee and gep derived by eqgs 2 and 4, respectively, thus
indicating that the torsional process proceeds through an Contrary toE-2-StAn, whose $state decays almost exclu-
adiabatic singlet mechanism only. sively by the radiative channéthe main deactivation pathways
For the ZE isomer, the yield of EE formation can be expressed of the § state of the butadiene analogues are the radiative and
as the sum of the singletdee) and triplet gpeg) contributions the nonradiative and nonreactive (ISC and/or IC) processes. As
stated above, the two lowest excited singlet states of “an-
dee = "bee + *Pee (5) thracene-like” nature are different in character, nanfislyand
I(La— By) for S; and S, respectively, as shown by thevalues.
By eq 5, a value of 0.08 was derived fapiee at 293 K (see  The S — S forbidden transition becomes partially allowed by
Tables 2 and 4). Sincépee = ¢isc x 2 eq 5 can be  Vibronic coupling of $ with $,3% As a consequence, its
expressed as oscillator strength markedly depends on the energy gap between
the two lowest excited singlet states.
e = 1¢EE+ KscTr doe (6) The presence of the butadiene chain causes a preferential
stabilization of 3, because of itsLy, nature, as observed in
The biacetyl sensitized photoisomerization has a quantum yield, Polyenes;? diphenylpolyene$; and dithienylpolyenes® There-
#Z0 of about 1.0 in benzene at room temperature at the samef©re, it gives rise to a larger energy gap betweerasd 3, a

ZE concentration used in the direct irradiation (about 805 lower ke value, and a much weakes S- S, emissive component
M). A kisc value of 3.3x 10° s was derived for the ZE isomer ~ In EE-2AnPhB. o .
in diluted solutions at room temperature. For comparison, the radiative rate constants, obtained by use

At higher concentrationg)¥"assumes values 1 (1.8 and of the modified StricklerBerg relationshig! are reported in
2 at5.5x 104 and 7.3x 104 M, respectively) which are due ~ Table 5 (values in parentheses):
to the chain mechanism implying energy transfer fréfi*,
adiabatically formed, to the ground-state ZE, in agreement with k2= (r) 1=2.88x 10 9,2 n2 f e(@) dv  (8)
previous results found for other Z isomersreStAn34-38 '

A similar concentration effect was observed also on the direct \pare 700 is the 0,0 component of theoS— S, allowed

isomerization quantum yield for which the values °f40'20 and ransition, which is considered to be mainly responsible for the
0.29 were measured in benzene solutions, at-x1.20™* and absorption. Table 5 shows how tké values are in reasonable

7.1x 10~* M, respectively. This result confirms the involvement agreement with those derived by the analysis of the “anomalous
of a triplet adiabatic mechanism in the photoreactive process gmission” from an upper ¢$ excited singlet stateké ).

of the Z_E isomer. In fz_;lct, the ex_pe_rimenwE value obtained _ Moreover, thekc values of EE, ZE, and EZ are much larger
at the hl_gh concentration (0.29) is in very good agreementw!th than that of the ethene analogue, thus indicating IC as a
that derived (0.28) by the use of eq 6 at the same concentrationgjgnificant deactivation channel for the butadiene derivatives.

Kinetic Parameters. The fluorescence quantum yields and The fast radiationless decay of 2AnPhBs through IC could
lifetimes are reported in Table 5 together with the derived rate be due to two effective vibrational modes acting as coupling

parameters for the radiativég and.nonradiativek{sc, thad modes between;Sand $, namely the FranckCondon active
and kic) [Processes of the ;Seactivation of three 2AnPhB C=C stretching vibration and an out-of-plane torsional mode.
geometrical somers and dE-2-StAn, for comparison, in The C=C stretching acts both as promoting and accepting mode
nonpc_>|ar_ fluid SO"%“O“S at 293 K. F_or the ZZ isomer, @ and it should dominate the radiationless decal-+StAn due
quantitative analysis of the photophysical and photochemical to its more planar configuration in;SThe torsional mode can

E_er;]avut)r W?S.t hot calllrrlled d.mét ?ecause of its ccl)(mzlexltyt._ Thefact as an additional accepting mode in the decay;ofig a
Igh rates ot its parallel adiabaliCc processes make derivation o strongly out-of-plane distorted configuration, as in the case of

the photophysical parameters practically impossible. the butadiene analo L
. guékThe participation of the out-of-plane
Th?. S S IC rate constankic, was derived by use of the mode increases the IC rate up to about 1 order of magnitude,
equation as found for butadien®. Furthermore, the lower;S S, energy

_ 1 gap (ca. 500 cmt) of 2AnPhBs with respect to that d&-2-
kic = Lte = (ke + kisc T Kag el ) StAn can enhance the IC process.
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