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Effective Energy Transfer Process in a Dyad Molecule of Pyrene and Cg
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Photoexcitation dynamics of a pyrene-Cgp dyad molecule has
been investigated. From the excitation spectrum and fluorescence
lifetime measurements, effective energy transfer processes from
the singlet excited pyrene-moiety were confirmed both in polar
and nonpolar solvents. The transient absorption suggested that the
triplet excited Cgo was generated effectively upon excitation of
the pyrene-moiety via the singlet energy transfer and the
intersystem crossing process.

Recently, various functionalized fullerenes have been
reported.! For the photoactive molecular devices, energy transfer
is one of the important functions, in addition to electron transfer
properties.>? Both the energy transfer and electron transfer
processes in Cgo-dyad molecules play an important role to
establish efficient photosynthesis. In the present study, we
investigated the photophysical properties of a novel dyad
molecule of pyrene and Cgy (Py-Cgo, Figure 1(a)), in which
bonds are connecting Cgyp with 3,4-positions of pyrene-ring.
Pyrene-moiety will act as an efficient photon receiver in the blue
region and also as a good fluorescence probe. Using steady-state
fluorescence measurements, Nakamura et al. reported energy
transfer process of a similar dyad of pyrene and Cgg, in which 1,2-
positions of pyrene-ring and Cgy were connected with methylene
bonds.>3 In the present letter, we estimated kinetic aspects of the
energy transfer process of the dyad by fluorescence lifetime
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Figure 1. (a) Molecular structures of Py-Cg and Ph-Cgy and (b) MO
patterns of Py-Ce.

measurements.

The Py-Cgp was synthesized by cycloaddition of Cgy with
naphtho[2,3-a]pyrene.* From the MO calculations at the HF/3-
21G level, MO is localized on Cgp-moiety through LUMO to
LUMO + 3 (Figure 1(b)). Thus, contribution of the Cgp-moiety
will be dominant in the lowest excited state. Consequently,
excited state of the pyrene-moiety is expected to donate its
excitation energy to the Cgo-moiety of the dyad.

Figure 2 shows an absorption spectrum of Py-Cgy in CHCl;.
The absorption spectrum of Py-Cg is well expressed as a super
position of pyrene and Ph-Cgy (Figure 1(a)),>”’ which was
synthesized from anthracene and Cg: absorption bands at 352.0
335.5, and 255.0nm are attributed to the pyrene-moiety while
bands at 705.0, 458.4, and 433.0 nm are ascribed to Cgo-moiety.
This finding indicates that the interaction between the pyrene- and
Cgo-moieties is weak in the dyad molecule.
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Figure 2. Absorption (solid line) and fluorescence (broken line) spectra of
Py-Cgo in CHCl3. Excitation spectrum for the fluorescence band at 708 nm
was indicated by dot line. Inset: schematic energy diagram for photoexcita-
tion processes of the dyad.

Upon excitation of the dyad in CHCI5 with 350 nm-light, the
dyad showed fluorescence bands at 708, 412, and 390 nm (Figure
2). The fluorescence band at 708 nm is attributed to that from the
Ceo-moiety,® while the other are ascribed to the pyrene-moiety.
Since the 350nm-light was absorbed by the pyrene-moiety
mainly, the appearance of the fluorescence band of the Cgp-
moiety indicates that the energy transfer process takes place. An
excitation spectrum monitoring fluorescence intensity at 708 nm
shows peaks at 340 and 258 nm (Figure 2), which correspond well
to the absorption bands due to the pyrene-moiety of Py-Cg dyad.
This finding supports the singlet energy transfer process from
1Py*—Ca) to Py—1C60*.

Dynamic aspects of the photoinduced processes of the
present dyad molecule can be obtained by fluorescence lifetime
measurements using an N, laser (337.1 nm, fwhm 300 ps) as an
excitation source, which excites mainly the pyrene-moiety of the
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dyad. The lifetime of the fluorescence from the pyrene-moiety
was estimated to be 11.9, 7.7, and 6.2 ns in toluene, CHCl5, and
benzonitrile, respectively. The respective fluorescence lifetimes
of pristine pyrene in these solvents were 148, 140, and 130 ns.
Thus, the accelerated fluorescence lifetimes of the dyad indicate
the efficient photoinduced process via the singlet excited state of
the pyrene-moiety of the dyad including the singlet energy
transfer as discussed above. The lifetime of the excited singlet
state of the pyrene-moiety found to become shorter with
increasing solvent polarity. This finding perhaps indicates that
charge separation occurred from the singlet excited pyrene-
moiety to the Cgp-moiety. But the contribution of the charge
separation seems to be small, since any transient species such as
radical cation or anion was not observed in the transient
absorption experiments. In Figure 3, an observed transient
absorption band at 700 nm was attributed to the triplet excited
state of the Cgo-moiety,® of which lifetime was estimated to be
28 ws. It is interesting to note that the transient absorption bands
due to the triplet excited state of pyrene-moiety were not observed
in Figure 3, even though the sample was excited with the 355 nm-
laser which excites the pyrene-moiety mainly. This finding
indicates that the triplet excited Cg was produced by the
intersystem crossing process (ISC) from the singlet excited Cg
which was generated by the energy transfer from the singlet
excited pyrene-moiety. Thus, contribution of the triplet energy
transfer from the pyrene- to Cgp-moiety can be ignored. Most of
excitation energy moved to the Cgo-moiety from the singlet
excited pyrene-moiety.
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Figure 3. Transient absorption spectrum of Py-Cg in benzonitrile at
250 ns after the 355 nm laser irradiation. Inset: Absorption-time profile at
700 nm.

Table 1 shows oxidation and reduction potentials of Py-Cgg
dyad as well as Ph-Cg and pyrene. The oxidation and reduction
potentials of the dyad are essentially the same as those of pyrene
and Ph-Cg, respectively, supporting small interaction between
the pyrene- and Cgp-moieties. From these potentials, free energy
change for the charge separation from singlet excited pyrene- to
Ceo-moiety was calculated to be —1.62 eV in benzonitrile.’ Since
the reorganization energy for dyad molecules including Cgq is
reported to be as small as 0.2-0.5 eV, '? charge separation process
from the singlet excited pyrene will be in the Marcus “inverted
region”’. Thus, the charge separation process in the present dyad
molecules would be quite slow and is considered to be an
ineffective process (Inset of Figure 2).
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Table 1. Oxidation and reduction potentials of Py-Cgy, Ph-Cgo, and pyrene®

compounds pyrene (+1/0)° Ceo (0/—1)°
Py-Ceo 0.85 —-1.03
Ph-Cg — —1.04
pyrene 0.86 —

Cyclic voltammetry experiments were carried out at 100mV s~! of scan
rate in o-dichlorobenzene solvent including 100 mM tetrabutylammo-
nium perchlorate. ®V vs Fc/Fc™.

Consequently, the rates of the singlet energy transfer process
are calculated to be 7.7 x 107, 1.2 x 10%, and 1.5 x 108s~! in
toluene, CHCl3, and benzonitrile, respectively, from the observed
fluorescence lifetimes. The energy transfer rates on the order of
107-10% s~! will be resulted from small spectral overlap of
fluorescence of pyrene and absorption of Cgy because of small
extinction coefficient of Cgg in the visible region. Furthermore,
the respective yields for the energy transfer are estimated to be 92,
92, and 94%. These results indicate that the energy transfer in the
dyad is effective almost independent of the solvent polarity.

As for the singlet excited state of the Cgp-moiety,
photoinduced processes between the pyrene- and Cgo-moieties
can be ignored, since the fluorescence lifetimes of the Cgp-moiety
were 1.3, 1.2, and 1.2ns in toluene, CHCl3, and benzonitrile,
respectively. These lifetimes were essentially the same as that of
Ph-Cg. Thus, the pyrene-moiety does not affect the deactivation
process of the singlet excited state of the Cgp-moiety, indicating
efficient intersystem crossing process of Cgo. In each solvent,
fluorescence decay profiles show two-components decays, of
which minor components show 6—12ns of lifetimes, which are
almost same as the lifetimes of the pyrene-moiety in each solvent.
Thus, observation of the minor components supports the energy
transfer process from the pyrene-moiety.

In the present study, we showed effective energy transfer
process in a pyrene-Cgp dyad. The energy transfer system is
important to attain effective photo sensitization system. Thus,
studies on combination of energy transfer and charge separation
system are in progress.
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