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Photochemical properties oftrans-3,3′,5,5′-tetramethoxystilbene (TMST) have been studied in various polar
solvents. The Stokes shift oftrans-TMST was found to be increased with increasing solvent polarity. The
fluorescence lifetime oftrans-TMST experienced a large solvent effect changing from 2.3 ns in cyclohexane
to 16.6 ns in acetonitrile. These results indicate that the excited singlet state oftrans-TMST has a charge-
transfer (CT) character. On the basis of the obtained results, the interior polar environment of a water-soluble
TMST dendrimer is discussed.

Photochemical properties of stilbene and its related com-
pounds have been studied extensively.1-3 The isomerization and
fluorescence emission properties of stilbenes are strongly
dependent on the structure; introduction of different aromatic
ring or substituent groups in the phenyl ring of stilbene induces
considerable modification of the electronic environment around
the stilbene ring leading to significant changes in its physical
and photochemical properties. For example, one-way cis-trans
photoisomerization of stilbene both in the excited singlet and
triplet states was found to take place although one of the phenyl
rings was replaced by the anthracene ring providing a potential
energy surface different from that of the parent stilbene.4 In
addition, the results of excited-state behaviors of electron-
donating and electron-withdrawing substituted stilbenes5-9 and
their analogues10,11 indicated the important role of the intramo-
lecular charge-transfer (ICT) state or twisted intramolecular
charge-transfer (TICT) state on deactivation.

We and Lewis et al. previously reported that the photochemi-
cal behavior of several mono-substituted hydroxystilbenes is
highly dependent upon the position of the hydroxyl substitu-
ent.12,13 The photoinduced addition of water was found to be
more efficient inmeta-hydroxystilbene than inortho- andpara-
hydroxystilbene in acetonitrile/water binary solvent mixtures.12

Furthermore, we have studied stilbenoid dendrimers where the
stilbene works as a core of the dendrimer to investigate the effect
of bulky dendron subunits on the excited-state properties.14-16

We have already reported the photochemical behavior of water-
soluble stilbene dendrimers (WSDs) having potassium carboxy-
late at the surrounding benzyl ether-type dendron attached at
each of the meta positions of the phenyl ring of stilbene.17-19

In the higher generation of WSDs, the fluorescence maximum
shifted to a shorter wavelength region and the efficiency of
intramolecular energy transfer from the peripheral dendron to
the stilbene core increased with increasing concentration of a

salt, KCl.19 These results suggest that the water-soluble den-
drimers having stilbene as a photoresponsive core may be
assumed to be a model compound for a photoresponsive
biomolecule and/or a photoreversible unimolecular micelle, and
the observed blue-shifting in the fluorescence spectrum of
stilbene is ascribed to the lessening of the interaction with water,
since the stilbene core is shielded gradually in a three-
dimensional fashion by the increasing generation of peripheral
dendrons. Therefore, in such a dendritic structure, the interaction
of the stilbene core with surrounding solvents, that is, the polar
environment surrounding the stilbene core, can be well tuned
by the generation of peripheral dendrons.

To survey the interior protic landscape of WSDs, it is of
fundamental importance to study the photochemical properties
of the core moiety, that is, 3,3′,5,5′-tetramethoxystilbene
(TMST)20,21 (Figure 1), separately in solvents of various
polarities. Previously, we reported only the qualitative behavior
of cis-trans photoisomerization and photocyclization to produce
dihydrophenanthrene-type compounds.21 In the present study,
we have estimated the quantum yields of isomerization and
fluorescence and the fluorescence lifetime in solvents having
various polarities fortrans-TMST. The conformation and local
environment of the stilbene core in WSDs is discussed on the
basis of the drastic solvent effect on the fluorescence behavior
of trans-TMST.

Experimental Section

Material and Solvents. Synthesis and characterization of
trans-TMST have already been reported in the previous paper.21
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Figure 1. Structure of the trans isomer of 3,3′,5,5′-tetramethoxystilbene
(TMST).
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All the solvents for preparing solutions were of UV and
fluorescence spectroscopic grade and were used without further
purification.

Methods.Absorption and fluorescence spectra were measured
on a Shimadzu UV-1600 spectrophotometer and on a Hitachi
F-4500 fluorimeter, respectively. Fluorescence lifetimes were
determined with a Horiba NAES-1100 time-resolved spectro-
fluorimeter. Quantum yields of fluorescence emission were
determined by using naphthalene (Φf ) 0.23) as a standard.22

A correction of the difference in the refractive index among
the solvents was made for each sample. The absorbance of the
sample solution at the excitation wavelength was adjusted to
less than 0.08, and the integration of the fluorescence spectra
over wavenumber was plotted against absorbance at excitation
wavelength. The slope of these plots gives the relative value of
the fluorescence quantum yield. The quantum yield of trans-
cis isomerization oftrans-TMST in tetrahydrofuran was deter-
mined on irradiation at 313 nm from a 150-W xenon lamp
through a monochromator. The sample solution was deaerated
by bubbling argon and irradiated for 15 min to keep the
conversion within 8%. Light intensity was determined by tris-
(oxalato)ferrate(III) actinometry.23 The concentrations of each
isomer in tetrahydrofuran were determined by high-performance
liquid chromatography through a column (Kanto RP-18) eluting
with methanol/water) 80:20. The quantum yields in various
solvents were determined by comparison of the rate of initial
absorbance change in the optically matched solution at 308 nm
with that of the trans isomer in tetrahydrofuran under the same
irradiation conditions (λex ) 308 nm).

Results and Discussion

Absorption and Fluorescence Spectra.A compilation of
the photochemical properties, absorption maxima, fluorescence
maxima (λabs and λem, respectively), Stokes shifts (∆νst), and
molar extinction coefficient (ε) of λabs, of trans-TMST in various
solvents are summarized in Table 1. The 0,0 transitions (λ0,0)
were estimated from the intersection of normalized absorption
and fluorescence spectra.trans-TMST exhibited absorption at
the wavelength region of 300-360 nm withλmaxat around 303-
313 nm in all solvents. Apparently, absorption spectra exhibited
only a slight red-shift (e4 nm) with varying solvent polarity,
indicating that the solvent-solute interaction is indeed small
in the ground state oftrans-TMST. The molar extinction
coefficient at the absorption maximum oftrans-TMST has
almost the same values in all solvents investigated (ε ) (2.8-
3.0) ×104 M-1 cm-1) (Figure 2).

Figure 3 shows the normalized fluorescence spectra oftrans-
TMST measured in various solvents. The fluorescence maxima

of trans-TMST are reported in Table 1 and found to be
independent of excitation wavelength in all solvents. In contrast
to the absorption spectrum, the fluorescence spectrum showed
vibrational structure in nonpolar solvents such as hexane;
however, as the polarity of the solvent increased in order, the
vibrational feature diminished gradually and the spectrum
became structureless accompanied by a significant broadening.
Noticeably, both the extent of broadening and losing the
vibrational feature increased with increasing solvent polarity,
that is, an increase of the half-width of the fluorescence band
with increasing solvent polarity was found fortrans-TMST. The
maxima of the fluorescence spectra (λem) showed a considerable
red-shift on going from hexane (366 nm) to acetonitrile (395
nm). The Stokes shift oftrans-TMST increased with increasing
solvent polarity from 5600 cm-1 in hexane to 7200 cm-1 in
acetonitrile.

TABLE 1: Spectroscopic Parameters fortrans-TMST and Water-Soluble Stilbene Dendrimers

solvent
λabs

(nm)
ε × 104

(M-1 cm-1)
λcm

(nm)
∆ν0,0

(nm)
∆νst × 103

(cm-1)
∆ν1/2× 103

(cm-1)

hexane 304 2.80 366 337 5.6 3.9
cyclohexane 304 2.98 366 333 5.6 4.0
benzene 310 3.11 373 343 5.6 4.2
chloroform 309 2.81 388 344 6.6 4.5
ethyl acetate 306 3.14 380 340 6.4 4.5
tetrahydrofuran 309 3.19 390 342 6.7 4.5
dichloromethane 308 2.90 390 344 6.8 4.5
2-propanol 305 2.84 388 341 7.0 4.7
methanol 306 2.95 395 342 7.4 4.7
dimethylformamide 313 3.15 392 344 6.5 4.6
acetonitrile 307 2.97 395 343 7.2 4.7

G1 2 mM KOH aq. 307 1.85 424 368 9.1 5.0
G2 2 mM KOH aq. 311 1.81 411 360 7.6 5.2
G3 2 mM KOH aq. 313 1.81 389 354 5.9 4.6

Figure 2. Absorption spectra oftrans-TMST in cyclohexane (CH),
tetrahydrofuran (THF), dichloromethane (DCM), 2-propanol (2-PrOH),
and acetonitrile (AN).

Figure 3. Fluorescence spectra oftrans-TMST in hexane, benzene,
tetrahydrofuran (THF), dichloromethane (DCM), and acetonitrile (AN).
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Quantum Yields for Fluorescence and Photoisomerization
and Singlet Lifetimes.The fluorescence quantum yields (Φf)
of trans-TMST determined at room temperature in several polar
solvents are reported in Table 2. The magnitude ofΦf was
slightly increased (0.2-0.3) with increasing solvent polarity,
the values of which are more than 1 order of magnitude larger
than the value ofΦf ) 0.016 as reported24 for parenttrans-
stilbene.

Upon irradiation with 308-nm light under argon, the trans
isomers of TMST underwent isomerization around the C)C
double bond to give the corresponding cis isomer in various
solvents. Quantum yields for photoisomerization (Φtfc) of trans-
TMST in solvents of different polarities are compiled in Table
2. The values ofΦtfc for the trans-TMST were found to be
almost constant over solvent polarities, but were smaller than
the value ofΦtfc ) ∼0.5 reported for the parenttrans-stilbene.24

Assuming that the decay of the perpendicular p* state yields a
1:1 ratio of trans/cis isomers,2 the sum of the fluorescence and
isomerization quantum yields (Φf + 2 × Φtfc) for trans-TMST
in all solvents is within the experimental error of 1.0. This
finding suggests that other channels of nonradiative decay are
absent.

The fluorescence lifetimes (τs) of thetrans-TMST determined
by the single-photon counting method under an argon atmo-
sphere at room temperature in different solvents are summarized
in Table 2. All decays could be fitted well by single-exponential
decay. The fluorescence lifetime oftrans-TMST is 2.6 and 2.3
ns in nonpolar solvents such as hexane and in cyclohexane,
respectively. The lifetime increased with increasing solvent
polarity to give 4.1, 5.3, and 10 ns in benzene, chloroform, and
ethyl acetate, respectively. In tetrahydrofuran, dichloromethane,
and 2-propanol, these lifetimes were almost constant and gave
the same values as those obtained in ethyl acetate. The
fluorescence lifetime showed a significant increase in more polar
solvents, giving values of 14.8, 14.3, and 16.6 ns in methanol,
N,N-dimethylformamide, and acetonitrile, respectively. There-
fore, the fluorescence lifetime oftrans-TMST displays large
variation with solvent polarity, the value of which is 7-fold
longer in acetonitrile than in cyclohexane. Unlike theΦf values,
the τs values of trans-TMST are considerably longer in

acetonitrile than in cyclohexane. These results indicate that the
stability of the lowest excited singlet state oftrans-TMST is
sensitive to solvent polarity.

On the basis of the results mentioned above, the value of the
rate constants for fluorescence (kf ) Φfτs

-1) of trans-TMST
can be evaluated from the fluorescence lifetime and its quantum
yields (Table 2). Since the fluorescence lifetime oftrans-TMST
shows the 7-fold increment on going from nonpolar to polar
solvent and the yield of fluorescence remains almost constant
over the solvent polarity, it is expected from the above relation
that the value of the fluorescence rate constant will decrease
with increasing the solvent polarity. On the other hand, the rate
constant for fluorescence can also be evaluated from the relation
of the molar extinction coefficient. Since the difference of the
molar extinction coefficient fortrans-TMST was found to be
small among the solvents employed as mentioned above, there
should be a small difference in the estimated fluorescence rate
constants. However, the observed longer fluorescence lifetimes,
that is, the smaller magnitude of estimated rate constants, in
the solvents of high polarities indicate that the lowest excited
singlet state of thetrans-TMST was affected largely by solvent
polarity to give a stable fluorescent excited state different from
the locally excited state (LE) in polar solvent.trans-TMST may
exhibit fluorescence from the LE state and the excited charge-
transfer state (CT) in nonpolar solvent and in polar solvent,
respectively (Figure 4). Furthermore, rate constants for isomer-
ization (kiso ) 2Φtfcτs

-1) (Table 2) of trans-TMST can be
evaluated from the fluorescence lifetime and the isomerization
quantum yield (Φtfc). Since the isomerization quantum yield
(Φtfc) was almost constant over all the solvents, the rate
constant of isomerization was modulated only by the fluores-
cence lifetime and showed a decreasing trend upon going from
the solvent of lower polarity to higher; this indicates that
isomerization from the CT state is suppressed due to the extreme
stability.

Solvatochromic Measurement and Dipole Moments.The
solvent-dependent shifts in fluorescence spectra can be used to
determine the dipole moment of the emissive excited states using
the Lippert-Mataga equation (eq 1).25-27

where

Furthermore,νabs and νfl are the absorption and fluorescence
maxima,µg andµe are the ground and the excited-state dipole
moments,a is the solvent cavity radius in Å,ε is the solvent
dielectric constant, andn is the solvent refractive index. Figure
5 shows the plot of the solvatochromic shifts of the fluorescence
maxima (∆νst) of trans-TMST as a function of the solvent
polarity (∆f), which in turn results in a straight line. The dipole
moment of the excited state oftrans-TMST was determined
from the slope of the straight line (5415 cm-1) to beµe 9.5D
based onµg ) 2.5D using the MOPAC/AM1 method. Therefore,
the dipole moment in the excited state oftrans-TMST has a
large value. These results suggest thattrans-TMST has a charge-
transfer character in the excited singlet state.

Solvent Effect of themeta-Methoxy Group on the Stilbene
on Photochemical Behaviors.In this section, we focus on the
effect of solvent polarity on the photochemical behaviors of
stilbene derivatives having electron-donating groups at the meta
position of the phenyl ring. Recently, Lewis and Pincock et al.
have reported that the meta substituents prolong the fluorescence

TABLE 2: Quantum Yields of Fluorescence (Φf) and
Photoisomerization (Φtfc), Fluorescence Lifetime (τs), Rate
Constants for Fluorescence (kf), and Photoisomerization (kiso)
for trans-TMST and Water-Soluble Stilbene Dendrimers

solvent Φf
a

τs

(ns) Φtfc

kf
d× 107

(s-1)
kiso

e× 108

(s-1)

hexane 0.21 2.6 0.38c 8.1 2.9
cyclohexane 0.19 2.3 0.39c 8.3 3.4
benzene 0.24 4.1 0.31c 5.9 1.5
chloroform 0.16 5.3 0.35c 3.0 1.3
ethyl acetate 0.27 10.0 0.36c 2.7 0.72
tetrahydrofuran 0.27 10.0 0.38b 2.7 0.76
dichloromet hane 0.23 8.9 0.39c 2.6 0.87
2-propanol 0.31 10.8 0.23c 2.9 0.43
methanol 0.28 14.8 0.33c 1.9 0.44
dimethylformamide 0.38 14.3 0.31c 2.7 0.43
acetonitrile 0.29 16.6 0.32c 1.8 0.39

G1 2 mM KOH aq. 0.21f 15.0f 0.17f 1.4f 0.22f

G2 2 mM KOH aq. 0.05f 11.1/2.1f 0.47f

G3 2 mM KOH aq. 0.17f 12.1/3.7f 0.15f

a Determined by comparison with the fluorescence of naphthalene
in cyclohexane as a standard (Φf ) 0.23). b Determined by the
observation of each isomer by HPLC, and the light intensity was
estimated by tris(oxalato)ferrate(III) actinometry.c Comparison of the
absorbance change with that in THF as a standard under the same
irradiation condition.d kf ) Φf/τs. e kiso ) 2 × Φtfc/τs. f Ref 17.

∆νst ) νabs- νfl ) [2µe(µe - µg)/hca3] ∆f (1)

∆f ) (ε - 1)/(2ε + 1) - (n2 - 1)/(2n2 + 1)
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lifetime of the stilbene chromophore and lead to the high
fluorescence quantum yields in comparison with para-substituted
stilbene derivatives, and they attributed this phenomenon to the
so-called “meta-effect of stilbene”.9,28,29Besides, in some meta-
substituted stilbene derivatives, the fluorescence spectra were
found to be shifted to the longer wavelength region with
increasing solvent polarity providing the evidence for the charge-
transfer (CT) character of the fluorescent singlet state.30

Therefore, we have discussed the solvent polarity effect on the
excited-state properties amongtrans-TMST and these meta-
substituted stilbenes.

trans-TMST displays extensive variation of the florescence
lifetime in various polarity solvents; those oftrans-TMST were
2.3 ns in cyclohexane and 16 ns in acetonitrile, while those of
3-aminostilbene changed slightly from 7.5 ns in cyclohexane
to 11.7 ns in acetonitrile.28a Furthermore, the Stokes shifts of
trans-TMST were also found to be larger than those of
3-aminostilbene (∆νst: 2720 cm-1 and 3900 cm-1 for hexane
and acetonitrile, respectively) in nonpolar and polar solvents
(Table 1), respectively. These results indicate that the fluores-
cence behaviors oftrans-TMST are more sensitive to solvent
polarity than those of 3-aminostilbene. Increasing polarity results
in an increase in quantum yield of photoisomerization for
3-aminostilbene (Φtfc: 0.09 in cyclohexane and 0.23 in
acetonitrile), while the quantum yields of fluorescence decrease
substantially with increasing solvent polarity (Φf: 0.78 in
cyclohexane and 0.40 in acetonitrile). However, the quantum
yields of fluorescence and photoisomerization oftrans-TMST
are almost the same value in all solvents investigated (Φf )
0.2-0.3 andΦtfc ) 0.3-0.4). The activation energy (Ea) for
the trans-cis isomerization of thetrans-TMST in the ground

state was calculated by the Arrhenius equation by examining
the temperature dependence in cyclohexane and acetonitrile
solution. TheEa and the frequency factor (A) for the trans-cis
isomerization were calculated to be 4.5 kcal mol-1 and 7.6
×1010 s-1, respectively, in cyclohexane and 4.2 kcal mol-1 and
4.7 ×1011 s-1, respectively, in acetonitrile. In addition, the
activation energy barrier for twisting of the excited singlet state
of trans-TMST is much lower than that of 3-aminostilbene in
hexane (Ea g 7 kcal mol-1). Besides, in polar solvent, the
deactivation from the excited state of 3-aminostilbene takes place
in the excited triplet state after undergoing intersystem crossing
from the excited singlet state.28a In contrast,trans-TMST gave
no detectable T-T absorption spectra indicating that the trans-
cis isomerization process in the triplet state has only a small
contribution, if any. The above results indicate that the solvent
effect on the excited-state properties oftrans-TMST is different
from that of 3-aminostilbene.

Then, the effect of solvent polarity on the photochemical
properties oftrans-TMST was also compared with severalmeta-
methoxy-substituted stilbene derivatives. The effects of solvent
polarity on the fluorescence maximum and the fluorescence
lifetime of mono-substituted stilbene such as 3-methoxystilbene
are practically solvent-independent (λem ) 358 nm andτs )
0.7 ns in cyclohexane andλem ) 359 nm andτs ) 0.9 ns in
acetonitrile), while those of disubstituted stilbene such as 3,5-
dimethoxystilbene exhibited fluorescence at much longer wave-
lengths with longer fluorescence lifetimes in the more polar
solvent (λem ) 364 nm andτs ) 3.6 ns in cyclohexane andλem

) 390 nm andτs ) 16.9 ns in acetonitrile).29 These effects on
the fluorescence behavior oftrans-TMST (Table 2) are com-
parable to those of 3,5-dimethoxystilbene. These results suggest
that introduction of at least two methoxy substituents at the meta
position of the phenyl ring for stilbene leads to a significantly
longer singlet lifetime and a solvatochromic effect on the
fluorescence behaviors of the stilbene which possesses charge-
transfer character in the excited state.29b

It is reported that a 3,5-dimethoxy group enhances the
reactivity of benzyl carbon.31 In this case, different electron
density between the ground and excited states causes a relatively
long fluorescence lifetime and unusual photoreactivity. In
addition, the increase of dipole moment in the excited state
results in the remarkable solvent-polarity dependence. The
intramolecular CT state seems to be stable in acetonitrile due
to the high polarity and may be the origin of prolonged emission
lifetime in comparison with that of the nonpolar solvent.

A 3,5-dimethoxy group is known to induce high photoreac-
tivity at the carbon part of the olefin in comparison with a
3-methoxy group. Since this may affect the dipole moment of

Figure 4. Simplified scheme for the formation and decay of the fluorescent1CT* state and1LE state and isomerization of thetrans-TMST (a) in
nonpolar solvents and (b) in polar solvents.

Figure 5. Lippert-Mataga plot fortrans-TMST. The∆f parameter is
calculated according to eq 1 for cyclohexane, hexane, benzene,
chloroform, ethyl acetate, tetrahydrofuran, dichloromethane, 2-propanol,
methanol,N,N-dimethylformamide, and acetonitrile in order of increas-
ing polarity.
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excited stilbene, properties of the excited state such as fluores-
cence spectra and lifetime in 3,5-dimethoxystilbene seem to
remarkably depend on solvent polarity in relation to 3-meth-
oxystilbene. Considering the chemical reactivity in the excited
stilbene derivative, the long lifetime observed in acetonitrile
has an advantage in efficient photochemical reaction.

Comparison with Water-Soluble Stilbene Dendrimers
(WSDs). The basic photochemical properties oftrans-TMST
were compared with stilbenoid dendrimers having a poly(benzyl
ether) dendron with a carboxylate anion at the periphery
(WSDs)17-19 (Figure 6). Note that thetrans-TMST corresponds
to the 0th generation of WSDs. The following two points are
noteworthy about WSDs.

(1) The absorption maximum of the stilbene core in the
dendrimer shifted to a longer wavelength at higher generations
to giveλabsof 307, 310, and 315 nm, respectively, for G1, G2,
and G3 and a shoulder at a longer wavelength region around
340-360 nm for G2WSD and G3WSD.17 The solubility of
WSDs in water was found to increase with increasing the
generation because of an increase of the number of the
carboxylate group and benzyl ether dendron group with the
generation. Therefore, the observed red-shifting on the absorp-
tion spectrum with increasing generation may be caused by
decreasing interaction of water andtrans-TMST core. However,
the absorption spectrum oftrans-TMST was found to be almost
unaffected by the solvent polarity, thus the observed red-shifting
in the absorption maximum of WSDs may arise from the other
possible reasons rather from the interaction of water and stilbene
core. In addition, one can compare the molar extinction
coefficient of theπ-π* absorption band at 300-315 nm of
the stilbene moiety of WSDs andtrans-TMST. The value of
WSDs (ε ) <2 ×104 M-1 cm-1) is smaller than that of the
trans-TMST in various organic solvents (ε ) ∼3 ×104 M-1

cm-1). The smallerε of WSDs suggests that there are some
extents of electronic and conformational interactions between
the stilbene core and benzyl ether dendron in water. The stilbene
core in G1 is considered to be twisted around the single bond
between the ethylenic carbon and the aromatic ring by the
carboxylate group at the periphery, which may take an orienta-
tion to cover the ethylene core three-dimensionally. In such a
circumstance, the surrounding dendron group may have a
congested environment for the core stilbene, and the degree of
such congestion increases with increasing generation of dendron.

As a result, we inferred that the absorption maximum for the
stilbene core of WSDs red-shifted with increasing generation
due to hydrophobic interaction between benzyl ether dendrons.

(2) The fluorescence maximum of WSDs showed a blue-
shift (λem 424, 411, and 389 nm for G1, G2, and G3,
respectively) with increasing generation, although that oftrans-
TMST showed a red-shift with increasing solvent polarity as
described above. The blue-shifting of the fluorescence maximum
of WSDs with increasing generation indicates the decrease of
interaction between water and excited state of stilbene at the
inner environment of higher generations.18 The fluorescence
lifetime of G1 has been determined to be 15 ns with single-
exponential decay. As mentioned above, the fluorescence
lifetime of trans-TMST is very sensitive to solvent polarity,
which changed from 2.6 ns in nonpolar solvents such as hexane
to 16.6 ns in polar solvents such as acetonitrile. Therefore, the
observed long fluorescence lifetime indicates that the excited
state of G1 is in the vicinity of a considerable polar environment,
the polarity of which is comparable to that of acetonitrile. On
the other hand, the fluorescence decay curves of G2 and G3
were fitted to a bi-exponential function to give a longer lifetime
(11 ns) and a shorter lifetime (2-3 ns), where the longer lifetime
of the 11-ns component indicates the region of intermediate
polarity comparable to that of ethyl acetate, while the shorter
one of 2-3 ns indicates the region of minimum polarity such
as hexane. The ratio of longer lifetime and shorter lifetime of
WSDs was 26/74 and 20/80 for G2 and G3, respectively. These
results clearly imply that the increasing generation of WSDs
decreases the interaction between the excited singlet state of
stilbene and water due to the increase of the hydrophobic
dendron subunits.

Conclusion

We have revealed that the meta-effect on the fluorescence
behavior of stilbene is observed in a symmetrically substituted
compound with a methoxy group. trans-TMST displays large
solvent-induced fluorescence shifts in various polar solvents.
In addition, the effect is considerably larger and the fluorescence
lifetime in a polar solvent is 7-fold longer than in a nonpolar
solvent. To the best of our knowledge, the lifetime observed as
16.6 ns fortrans-TMST in acetonitrile should be the longest
lifetime of a stilbene compound symmetrically substituted on
the phenyl rings. It should be mentioned at the last stage of the

Figure 6. Structure of the trans isomer of water-soluble stilbene dendrimers (WSDs).
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discussion that the symmetrically substitutedtrans-TMST
suffered a strong effect of solvent polarity on the excited singlet
state properties.

Acknowledgment. This work was supported by a Grant-
in-Aid for Scientific Research on Priority Areas (417), a Grant-
in-Aid for Scientific Research (No. 16350005), and the 21st
Century COE Program from the Ministry of Education, Culture,
Sports, Science and Technology (MEXT) of the Japanese
Government, by University of Tsukuba Research Projects, Asahi
Glass Foundation, and JSR Corporation.

References and Notes

(1) Saltiel, J.; D’Agostino, J.; Megarity, E. D.; Metts, L.; Neuberger,
K. R.; Wrighton, M.; Safiriou, O. C. InOrganic Photochemistry; Chapman,
O. L., Ed.; Marcel Dekker: New York, 1973; Vol. 3, p 1.

(2) Saltiel, J.; Charlton, J. L. InRearrangements in Ground and Excited
States; Mayo, P., Ed.; Academic Press: New York, 1980; Vol. 3, p 25.

(3) Waldeck, D. H.Chem. ReV. 1991, 91, 415.
(4) Arai, T.; Tokumaru, K.Chem. ReV. 1993, 93, 23.
(5) Gruen, H.; Go¨rner, H.J. Phys. Chem.1989, 93, 7144.
(6) Lapouyade, R.; Kuhn, A.; Letard, J. F.; Rettig, W.Chem. Phys.

Lett. 1993, 208, 48.
(7) Eilers-Koenig, N.; Kuehne, T.; Schewarzer, D.; Voehringer, P.;

Schoroeder, J.Chem. Phys. Lett.1996, 253, 69.
(8) Papper, V.; Pines, D.; Likhtenshtein, G.; Pines, E.J. Photochem.

Photobiol. A: Chem.1997, 111, 87.
(9) Lewis, F. D.; Weigel, W.J. Phys. Chem. A2000, 104, 8146.

(10) Miki, Y.; Momotake, A.; Arai, T.Org. Biomol. Chem.2003, 1,
2655.

(11) Sonoda, Y.; Kwok, W. M.; Petrasek, Z.; Ostler, R.; Matousek, P.;
Towrie, M.; Parker, A. W.; Phillips, D.J. Chem. Soc., Perkin Trans. 2
2001, 308.

(12) Murohoshi, T.; Kaneda, K.; Ikegami, M.; Arai, T.Photochem.
Photobiol. Sci.2003, 2, 1247.

(13) (a) Lewis, F. D.; Crompton, E. M.J. Am. Chem. Soc.2003, 125,
4044. (b) Crompton, E. M.; Lewis, F. D.Photochem. Photobiol. Sci.2004,
3, 660.

(14) Uda, M.; Mizutani, T.; Hayakawa, J.; Momotake, A.; Ikegami, M.;
Nagahata, R.; Arai, T.Photochem. Photobiol.2002, 76, 596.

(15) Imai, M.; Ikegami, M.; Momotake, A.; Nagahata, R.; Arai, T.
Photochem. Photobiol. Sci.2003, 2, 1181.

(16) Nishimura, Y.; Kamada, M.; Ikegami, M.; Nagahata, R.; Arai, T.
J. Photochem. Photobiol. A: Chem.2006, 178, 150.

(17) Momotake, A.; Hayakawa, J.; Nagahata, R.; Arai, T.Bull. Chem.
Soc. Jpn.2004, 77, 1195.

(18) Hayakawa, J.; Momotake, A.; Arai, T.Chem. Commun. 2003, 94.
(19) Hayakawa, J.; Momotake, A.; Arai, T.Chem. Lett.2003, 32, 1008.
(20) Castel, N.; Fischer, E.; Rauch, K.; Jabalameli, M.; Luttke, W.J.

Photochem. Photobiol. A: Chem.1989, 50, 221.
(21) Momotake, A.; Uda, M.; Arai, T.J. Photochem. Photobiol. A:

Chem.2003, 158, 7.
(22) Eaton, D. F.Pure Appl. Chem.1988, 60, 1107.
(23) Handbook of Photochemistry, 2nd ed.; Murov, S. L., Carmichal,

I., Hug, G. L., Eds.; Marcel Dekker: New York, 1993.
(24) Mazzucato, U.Pure Appl. Chem.1982, 54, 1705.
(25) Lippert, E. Z.Elektrochem.1957, 61, 962.
(26) Mataga, N.; Kaifu, Y.; Koizumi, M.Bull. Chem. Soc. Jpn.1956,

29, 465.
(27) Liptay, W. Z.Z. Naturforsch.1965, 20a, 1441.
(28) (a) Lewis, F. D.; Yang, J.-S.J. Am. Chem. Soc.1997, 119, 3834.

(b) Lewis, F. D.; Kalgutkar, R. S.; Yang, J.-S.J. Am. Chem. Soc.1999,
121, 12045.

(29) (a) Robert, J. C.; Pincock, J. A.J. Org. Chem.2004, 69, 4279. (b)
Robert, J. C.; Pincock, J. A.J. Org. Chem.2006, 71, 1480.

(30) Hara, M.; Tojo, S.; Majima, T.J. Photochem. Photobiol. A: Chem.
2004, 162, 121.

(31) Zimmerman, H. E.J. Am. Chem. Soc.1995, 117, 8988.

Photochemical Properties of Substitutedtrans-TMST J. Phys. Chem. A, Vol. 110, No. 46, 200612571


