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Evaluation of Rate Constant for Electron Transfer from C6O-Anion Radical to
Molecular Oxygen by Laser Flash Photolysis M ethod

Toshifumi Konishi, Mamoru Fujitsuka, and Osamu lto”
Ingtitute for Chemical Reaction Science, Tohoku University, Katahira, Aoba-ku, Sendai 980-8577

(Received November 19, 1999; CL-990988)

The rate constant for electron transfer from Cg-anion radi-
cal (Cy4,") to molecular oxygen was evaluated to be (3.7 + 0.2)
x 102 mol* dm? s in benzonitrile by following the concentra-
tion of the C,,~ by laser flash photolysis with a detector in the
near-1R region for long time scale (> 0.1 9).

The importance of photoinduced electron transfer of
fullerenesis well recognized in various electron transfer systems.
In the photo-electric apparatus® and biological active systems®3
comprised of C, and Cy-derivatives, the electron transfer from
Cgoranion radical (Cy,™) to O, is an important process to con-
sider, because the reduction of O, remarkably influences the
overal reaction yields and generates the reactive super oxide
anion (O,). However, the rate constant has not been evaluated
because of the difficulties in observing C, in the near-IR region
in afew-seconds time-region. Thisrate of electron transfer istoo
fast to observe by the steady-state method, but absorption peak
of Cy," istoo longer wavelength to measure by the usual laser
flash photolysis with photomultiplier tube system.

In the present study, we succeeded in the estimation of the
rate constant by applying the long time-scale near-IR transient
spectroscopy by using steady probe light and InGaAs-PIN
photodiode module.* Tetrabutylammonium tetraphenylborate,
"‘BPh,(*NBu,) was employed as an electron donor which gener-
ates less reactive decomposition products immediately after one
€lectron donation.*5

Figure 1a shows the steady-state absorption spectra of ben-
zonitrile mixture solution of Cy, and "BPh,(*NBu,), which
exhibits an absorption at UV-region only (A,, < 330 nm).
After photo-excitation of Cy; (A, > 410 nm) in the presence of
"BPh,, the 1070 nm peak with shoulders in the region of 900 -
1100 nm is assigned to C,," (Figure 1b),5 which is persistent in
the present system, because the electron donor decomposed
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Figure 1. (a) Steady-state absorption spectrum of C, (0.1 x
10° mol dm™®) and ‘BPh, (5 x 10° mol dm™), (b) after 450 s photo
illumination of Cg, with the visible light (A,, > 410 nm) in
deaerated benzonitrile, and (c) after addition of O,.

sacrificially to less reactive triphenylboran and biphenyl by the
following mechanism.*®

Ceo —_—hz—> Ceo + BPh; + 1/2Ph-Ph (1)
BPh,

When O, was introduced to the solution containing Cy,",
the absorption band of C,™ disappeared immediately, indicat-
ing that electron transfer from C," to O, takes place within a
few seconds (Figure 1c), which is impossible to measure by the
steady-absorption method.

The reaction was followed by laser flash photolysis as
shown in Figure 2. From the observed transient absorption
spectra after the excitation of C,, with the 532 nm laser light
for 7 ns in the presence of "BPh, in aerated benzonitrile, the
triplet - triplet absorption of C, (3C,,*) was confirmed initially;’

with the decay of 3C,*, the transient absorption band of Cg,"
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Figure 2. Transient absorption spectra obtained by the nano
second laser light (532 nm) irradiation of C, (0.1 x 10 mol
dm?)in the presence of ‘BPh, (20 x 10 mol dm™) in aerated
benzonitrile. @ 100 ns, O 1 ps. Inset: Absorption-time profiles
in short time scale.

appeared with the peak at 1070 nm. This indicates that electron
transfer occurs via 3C60*. When O, was added to this system,
3Cq,* is consumed by both the electron-transfer process with
"BPh, and by the energy- transfer process to O,. Since the both
reactions are in competition, the formation of C;* was
observed when k" [BPh,] >>k; [O,].

——= C4)"+ BPhy + 1/2 Ph-Ph (2)
. ke,
3Co0 =
0, 60 2
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In the inserted time profile (Figure 2), the decay of C,~
was not observed in the time scale of micro second even in the
presence of excess O, with respect to C,".

The long time-scale observations of the time profiles of
Cgo " are shown in Figure 3. In deaerated solution, C,," did not
show appreciable decay for 1.5 s, which reasonably supports
that the persistent C,™ is observed by the steady-state measure-
ment as shown in Figure 1b. In aerated solution, C," begins
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Figure 3. Time profiles of C" and calculated line in the long
time-scale; (a) in deaerated solution ([O,] = 0 mol dm™),
(b) aerated solution ([O,] = 1.9 x 10° mol dm™) and (c) O,-
saturated solution ([O,] = 9.1 x 10 mol dm™). Inset: Pseudo-
first order plots.

decaying; with a decrease in the initial absorbance of C;" due
to the competitive reaction with k,, [O,]. The decay profile
can be fitted with the first-order decay kinetic, yielding the
first-order rate constant (k,,,); the half-life is ca. 0.75s. In O,
saturated solution, the decay rate increased, giving the large
Ko the half-life is ca. 0.25 s. From the pseudo-first order plots
(k; values against [O,], Inset of Figure 3),2 the second-order
rate constant for electron transfer from C,," to O, (k,°?) was
evaluated to be (3.7 £ 0.2) x 102 mol-*dm3s,

This small k,©? reflects the reduction potentials (E,.,) of
Cqo and O, (E,4(Cqo) = -0.92 V, E_4(O,) = -1.2 V (vs fer-
rocene/ferrocenium) in benzonitrile).® Electron transfer from
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Cqo " to O, was revealed as the endothermic process (AG,, > 0)
by these electrochemical measurements.
ket 2
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The formation of O, was proved by the ESR measure-
ments in the presence of 5,5-dimethyl-1-pyrroline-N-oxide
(DMPO) and by a successive electron transfer from O, to
methylviologen yielding blue cation radical of methylviologen.
When other electron donors such as triethanolamine were used
in stead of "BPh,, persistent C,™ was similarly produced; how-
ever, in the presence of O,, C,,™ rapidly reacted with the
decomposition products from the cation radical of tri-
ethanolamine.

Further study on the electron transfer processes of Cy,™ and
0, in the aqueous systems is in progress, because of the impor-
tance in photobiology, which needs the water soluble Cy, and a
suitable electron donor.
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