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Since the excited singlet state of the core stilbene in dendri-
mers G1–G4 has ca. 5-ns lifetime, oxygen quenched their excit-
ed singlet state producing the singlet oxygen. The efficiency of
singlet oxygen production based on the quenching of the stilbene
core is the highest in G4.

Study on reactive oxygen species has considerable impor-
tance related to the photochemical degradation of molecules as
well as biological aspects.1,2 Usually the ground state oxygen
(triplet state; 3O2) quenches the excited triplet state aromatic hy-
drocarbons producing the singlet oxygen. The efficiency is re-
ported to be very sensitive to the properties of organic molecules
in organic solvent. The quenching of the excited singlet state by
oxygen can also produce the excited state oxygen (singlet state;
1O2*). In this case the molecules in the excited singlet state
should undergo energy transfer to the triplet oxygen to produce
singlet oxygen and triplet molecules.3 In order to know the prop-
erties of reactive oxygen species in biologically important large
molecule, it is indispensable to study the dynamic process of sin-
glet oxygen production in large molecules mimicking the natu-
rally occurring biological systems.

We have already reported the effect of dendrimer structure
on the photochemical and photophysical properties of photores-
ponsive molecules, where the stilbene or azobenzene chromo-
phore as a photoreactive core is surrounded by dendrons such
as benzyl ether type dendron.4–7 In the previous experiments
we have also found that the quenching rate constant decreased
with increasing the generation of the dendrimer; the quenching
rate constant of the excited singlet state of stilbene core is 2:3�
1010, 2:0� 1010, 1:6� 1010, and 0:9� 1010 dm3 mol�1 s�1 for
G1, G2, G3, and G4, respectively, decreasing in this order in
tetrahydrofuran (THF).6

In this paper we have determined the quantum yield of sin-
glet oxygen production on excitation of the different generation
of dendrimers. We will report here the results that the highest
generation stilbene dendrimer (G4) produced singlet oxygen
most efficiently. Thus, the surrounding dendrons around the core
stilbene should give a specific environment for efficient produc-
tion of singlet oxygen.

The 4th harmonic of the Nd3þ-YAG laser at 266 nm was
used as an excitation pulse laser and the chloroform was used
as a solvent instead of THF. The oxygen quenching processes
are summarized in Scheme 1. The singlet oxygen was monitored
by its phosphorescence at 1270 nm. The spectral profile and the
typical decay curve were shown in Figure 1. Phosphorescence
intensity of 1O2* observed by the 266-nm laser excitation of
chloroform was negligibly small. The quantum yield of singlet
oxygen production (��) was determined by using phenalenone
(�� ¼ 0:98� 0:15) as a standard.8 In the decay time profiles,

the spike signal due to the light scattering of the laser pulse
was observed immediately after the laser excitation. The decay
time profiles were independent of the generation of dendrimers
and were the same as that of phenalenone. Thus we compared
the phosphorescence intensities at 1.5ms monitored at 1270 nm
to determine ��.

Table 1 summarized the observed quantum yield of singlet
oxygen production (��1) on excitation of dendrimers at
266 nm. Table 1 also shows the fluorescence quantum yield val-
ues at 310 nm (�f310) for G1–G4 dendrimers. The �f310 values
(Table 1) are almost identical and are not affected by peripheral
dendrons since the absorption coefficient of peripheral dendrons
at 310 nm is almost zero. The fluorescence quantum yield ob-
served on 266-nm excitation (�f266) decreased with increasing
generation (Table 1), because the fluorescence is emitted from
the excited state stilbene after energy transfer from the dendron
to the stilbene core. The apparent ��1 value decreased with the
increasing generation most likely due to the absorption at
266 nm by peripheral dendrons in higher generation. In this case,
benzyl ether type dendrons in higher generation partially inhibit
producing the excited singlet state of a stilbene core on excita-
tion at 266 nm. Therefore, we should consider the really pro-
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Figure 1. Phosphorescence spectra of 1O2* produced from stil-
bene dendrimers G1–G4 in air-saturated chloroform observed at
1.5ms after the excitation with 266-nm light pulse. (b) Phosphor-
escence decay time profiles of 1O2* at 1270 nm.
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duced singlet excited state of a stilbene core on excitation at 266
nm, so that the efficiency of the singlet oxygen production from
the stilbene core on excitation at 266 nm can be compared
among dendrimer generations. In other words, the apparent
��1 values are based on the production of the singlet oxygen
from the excited whole dendrimers on irradiation at 266 nm,
but we should know the ��2 values, based on the production
of the singlet oxygen from the excited stilbene core on irradia-
tion at 266 nm. The fluorescence quantum yield values both at
310 nm (�f310) and at 266 nm (�f266) are reflecting the produc-
tion of an excited singlet state stilbene core on excitation at each
wavelength, and therefore, can be used to correct ��1 values to
give the��2 values. One can use the�f values (�f266 and�f310)
determined on excitation at 266 nm and 310 nm for the correc-
tion. Actually, the fluorescence quantum yield values at 266
nm (�f266) are strongly affected by peripheral dendrons. In the
higher generation dendrimer more photons of 266 nm are ab-
sorbed by the benzyl ether chromophore than by the core stil-
bene, followed by the production of the excited singlet state of
dendron chromophore, which may undergo energy transfer to
the core stilbene to give the excited singlet state of a stilbene
core. Therefore, �f266 values are compromise between the fluo-
rescence via energy transfer from the dendrons to the core stil-
bene and that via direct excitation of the core (Scheme 1). Be-
cause the value of �f266=�f310 essentially stands for the inhibi-
tion effect of peripheral dendrons on the excitation of a stilbene
core on irradiation at 266 nm, the apparent ��1 value should be
corrected with �f266=�f310 to give ��2:

��2 ¼ ��1=ð�f266=�f310Þ ð1Þ

As shown in Table 1, the ��2 value thus obtained is the
highest inG4 amongG1–G4 indicating the effect of surrounding

dendron groups on the efficiency of 1O2* production.
The quenching rate constant is also necessary to determine

the corrected value of the production of singlet oxygen based
on the quenching of the produced singlet excited state of stilbene
by oxygen on excitation at 266 nm. The quenching rate constant
of the singlet excited state of stilbene core (kq) is observed to be
1:14� 1010, 0:93� 1010, 0:62� 1010, and 0:53� 1010 dm3

mol�1 s�1 for G1, G2, G3, and G4, respectively, decreasing in
this order in chloroform (CHCl3). From these results, we can cal-
culate the efficiency of the quenching of the singlet excited state
of stilbene (�q) by oxygen to be 7.7, 7.0, 5.4, and 4.9%, respec-
tively for G1, G2, G3, and G4 in CHCl3. It should be noted that
stilbene dendrimers may undergo intersystem crossing to the
triplet state either unimolecularly or accelerated by the oxygen
quenching of the singlet excited state. Therefore, the difference
in value among G1–G4 should be discussed not only by the
quenching of the singlet excited state but also the triplet excited
state. These works are in progress.

However, the results described in this paper clearly indicate
that the ��2 value is dependent on the generation of the dendri-
mer and the higher generation dendrimers seem to produce sin-
glet oxygen more efficiently. This is the first clear evidence of
the effect of dendrimer on the oxygen quenching process and
the singlet oxygen production yield in the quenching of excited
state molecules by molecular oxygen.
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Table 1. Efficiency of singlet oxygen production (��1 and ��2), fluorescence quantum yield (�f266 and �f310), quenching rate con-
stant (kq), and efficiency of the quenching for singlet excited state of stilbene by oxygen (�q)

��1 �f266 �f310 �f266=�f310 ��2 kq=10
10 M�1 s1 �q

G1 0.154 0.214 0.218 0.981 0.16 1.14 0.077
G2 0.126 0.180 0.223 0.807 0.16 0.93 0.070
G3 0.096 0.175 0.270 0.648 0.15 0.62 0.054
G4 0.090 0.110 0.254 0.433 0.21 0.53 0.049

Scheme 1.

Chemistry Letters Vol.34, No.5 (2005) 685

Published on the web (Advance View) April 9, 2005; DOI 10.1246/cl.2005.684


