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Photophysical and photochemical properties @fdQ, a Go dimer linked by a saturated furan ring, have
been characterized by various time-resolved spectroscopic methods. A steady-state absorption bgdd of C
is blue-shifted compared with those of 1,2-adducts gf (CsoR). The fluorescence lifetime and quantum
yield were estimated to be 1.7 ns and &7.04, respectively, which are similar to those ofgR and G

On the other hand, the lifetime of the triplet excited std@ £O*) was estimated to be 0.16s, which is
quite shorter than those ofs6(55 us), GoR (24—29 us), and Gy (23 us). Furthermore, the quantum vyield
for the intersystem crossing process was as low as 0.48. These unusual triplet propé@iegsfindicate

that the triplet excited g moiety in3C;,00* was influenced by an adjacentelectron system of anotherC
moiety in the ground state. Ground-state reduction off@ was observed in the reaction with tetrakis-
(dimethylamino)ethylene, indicating the stable radical anion formation;@fOCin contrast to the unstable
radical anion of G Photoinduced electron transfer from 1,4-diazabicyclo[2.2.2]octarfC0* was
confirmed by an observation of the transient absorption band of the radical aniopdof i@ the near-IR
region. Oxidation of GO was also performed by employing a cosensitization method. The reaction rate
constants of the both photoinduced reduction and oxidation were slightly smaller than thesaiod GR.

Introduction

Fullerenes are chemically active molecules. Many derivatives
have been synthesized by various methods including photo-
chemical syntheséd-ullerenes are also reactive to the fullerenes
themselves. It has been demonstrated tiaf@ms all-carbon
oligomers and polymers under the several conditfofs.
Fullerene dimer is the smallest unit including fullerene
fullerene bonds and will be of importance to elucidate properties
of 1-dimensional and 2-dimensional fullerene polymeric materi-
als® C1,0 (Figure 1), which linked two € molecules by a
saturated furan ring, has been reported to be synthesized by
thermal reaction of 6O and Go.” C1200 is known as a pre-
cursor to give G Which is expected to be a peanut-shaped
fullerene? It has been confirmed that the reaction ¢tC and
Cro gives GsdO, heterodimer, by the same manfek. tetra- ;
linked fullerene dimer, &dO,, was also reported to be obtained mechanisms.

as a byproduct of the reaction of the solid mixture g§@with As for the photophysical and photochemical properties of
Ceo 10 fullerene dimer, G was investigated by two group&’ Its

triplet properties and photoinduced reactivities were quite similar
to those of 1,2-adducts ofs6(CesoR), indicating localized nature

,of the triplet and radical ion states in ag@@noiety. Compared

to Cia0 thes-electrons of the g moieties of GO locate at

a close position due to its bent structure. In the present paper,
we investigated the photophysical and photochemical properties
of C12d0. It was revealed that the triplet properties oL
were much different from those ofg; CsoR, and Gaoo

Figure 1. Molecular structure of ©O.

studied* have been reported in order to examine its properties.
The electrochemical study revealed reduction processes which
agenerate the anions 40", wheren = 1—6.12 Since fullerenes

act as good electron acceptors in their excited stat€s;0 is

also expected to behave similarly. The electron-transfer process
is very important in order to understand various functions of
materials as well as an initial step in the several synthetic

Investigations on dimer molecules have made clear many
critical and valuable aspects of various kinds of polymeric
materials and molecular assemblies: For example, special pai
of photosynthetic center and its mimic systems have been widely
investigated by many groups.On the fullerene dimers,
however, only a few studies are reported elucidating their
properties, while interesting properties are expected from their
extendedr-structures. In the case ofi£0, electrochemistry?

EPR}?2 and Raman spectroscdpy as well as theoretical , .
Experimental Section
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sample was>99%. Tetrakis(dimethylamino)ethylene (TDAE), 2.00
biphenyl (BP), and 1,4-diazabicyclo[2.2.2]octane (DABCO)
were purchased from Aldrich and Kanto Chemicals and used
as received. Tetracyanoethylene (TCNE) was purchased from
Nacalai Tesque and purified by recrystallization from dichlo-
romethane several timels:Methylacridinium hexafluorophos-
phate (NMA") was synthesized by the procedure reported by
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Gebert et al? Solvents for the measurements were of the best 0.40 X 10
grades available commercially. 0.00 S~ -
Apparatus. Steady-state fluorescence spectra of the sample 300 400 500 600 700 800

were measured on a Shimadzu RF-5300PC spectrofluoropho- Wavelength / nm

tometer. Luminescence spectra in the near-IR region were _ i 2 M
measured by using an argon ion laser (Spectra-Physics, Beam:-:rﬁglrjei‘eS(t)e;idggls:)a;fhﬁgﬁg{ﬁtﬁgssgefga 90 (3.0x 10°% mM)
Lok 2060-10-SA, 488 nm, ca. 200 mW) as an excitation source. ' '
The emission from the sample was focused on to a monochro-
mator (Koken Kogyo, SG-100) equipped with an InGaA3$N
photodiode (New Focus, 2153). The output signal was recorded
using a lock-in amplifier (NF Electronic Instruments, LI 5640).

Fluorescence lifetimes were measured by a single-photon-
counting method using an argon ion laser, a pumped Ti:sapphire
laser (Spectra-Physics, Tsunami 3950-L2S, fwhm 1.5 ps) with
a pulse selector (Spectra-Physics, 3980), a second harmonic
generator (Spectra-Physics, GWU-23PS), and a streakscope
(Hamamatsu Photonics, C433@1). In the present study, the 650 700 750 800
sample was excited with 400 nm lageér. Wavelength / nm

Transient absorption spectra in the picosecond region wererigure 3. Steady-state fluorescence (solid line) and absorption (dot
measured by using second harmonic generation (SHG, 532 nm)ine) spectrum of &4 in toluene. Inset: Fluorescence intensityne
of an active/passive mode-locked Nd:YAG laser (Continuum, profile at 720 nm.
PY_610-10, 35 ps fwhm) as an excitation source. A probe light CrO in toluene showed a fluorescence peak at 705 nm
W.h'Ch was generated by breakdown of )_(e gas was de“_ectecjaccompanying a shoulder around 780 nm (Figure 3). Spectral
with a streak scope (Hamamatsu Photonics, C2830) equippedieapres show almost a mirror image with the absorption
with a polychromator and a c_ooled CCD camera (Hamarr_latsu spectrum in the region of 656700 nm. The peak position is
Photonics, C4880) after passing through the sample solttion. also blue-shifted compared to those QHR (708-714 nm)2L

The nanosecond time-resolved absorption spectra were mearesulting from the blue shift of the corresponding absorption
sured using SHG (532 nm) or third harmonic generation (THG, band. The singlet energies are listed in Table 1. The Stokes
355 nm) of a Nd:YAG laser (Spectra-Physics, Quanta-Ray shift was estimated to be 288 cfwhich is larger than those
GCR-130, fwhm 6 ns) as an excitation source. A pulsed xenon of CgR (120-141 cnrl).22 This finding will suggest a structural
flash lamp (Tokyo Instruments, XF8®0) was used as a relaxation in the singlet excited state of the present dimer
monitoring light. A Si-PIN photodiode (Hamamatsu Photonics, molecule. The lifetime and fluorescence quantum yiekg)(
$1722-02) attached to a monochromator (Ritsu, MC-10N) was of C;,40 were estimated to be 1.7 ns (inset of Figure 3) and
employed as a detector for the spectra in the visible and near-8.7 x 104, respectively, by adopting th® value of Gy in
IR regions (366-1000 nm). For the absorption spectra in the toluene as a reference (3:2 104).22 Higher ®¢ value than
near-IR region (6061600 nm), a Ge avalanche photodiode that of Gy can be attributed to a reduction of the structural
(APD, Hamamatsu Photonics, B2834) was used as a detectorsymmetry of the @ moiety. The fluorescence lifetime of,&O

The output signal from the detector was recorded with a js similar to that of Goo (1.6 ns)l” while it is longer than those
digitizing oscilloscope (Hewlett-Packard, 55410B) and analyzed of Cqp (1.2 ns) and @R (1.2-1.3 ns)2
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using a personal comput&All the sample solutions for the With the laser-light excitation of GO in toluene, transient
laser flash photolysis were containeda 1 cmquartz celland  apsorption bands appeared at 630 and 480 nm with broad bands
were deaerated by an argon bubbling (15 min). around 900 and 700 nm (Figure 4a). The absorption edge

Steady-state absorption spectra were recorded on a JEOLextended te~1100 nm. These absorption bands can be attributed
V-570DS spectrophotometer. Optical path length for the absorp-to the triplet excited state of 16O ((C1200*), because these
tion spectrum measurements was either of 1 cm or 5 mm.  absorption bands were efficiently quenched in the presence of

oxygen, a triplet energy acceptor: The quenching rate constant

Results and Discussion of 3C1200* by oxygen ken) Was estimated to be 1.9 10° M1
sL
Ground and Excited State Properties. An absorption Furthermore, a generation profile of the main transient
spectrum of GO in toluene showed a different feature from absorption band at 630 nm was observed by the picosecond
that of G, but is similar to those of 1,2-adducts o§dGCsoR): laser photolysis as indicated in Figure 4b. The generation rate

21 Absorption peaks appeared at 691, 535 (sh), 418 (sh), andconstant was estimated to be 4«2L% s™1, which is similar to

327 nm (Figure 2). Compared ta:¢R, the absorption peak at  the fluorescence decay rate constant. This agreement supports
691 nm is blue-shifted by 723 nm (348-466 cntd). It is the generation of the transient absorption bands at 630 and 480
worth mentioning that the observed shift agrees well with the nm via the intersystem crossing process.

difference between the first two reduction potentials @50 Compared with®CgoR*, the absorption band 0iC;,O* at

(39 mV) which corresponds to 315 crl!? 630 nm is blue-shifted (Table 1), accompanied by a broad
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TABLE 1: Photophysical and Photochemical Properties of Some Fullerenes in the Excited States

Ceo CeoR? Cra C1200
singlet properties
singlet energy (eV) 1.7 1.8 1.7 1.8
lifetime (ns) 1.2 1.213 1.6 1.7
(O 3.2x 104 (1.0-1.2)x 1072 7.9x 10 8.7x 10
triplet propertie$
T—T absorption (nm) 400, 740 68000 <400, 700 480, 630
triplet energy (eV) 15 15 ~1.5 1.2-1.3
lifetime (us) 55 24-29 23 0.16
Disc 1.0 0.88-0.95 0.70 0.48
photoinduced reaction
rate constants via triplet stédte
ET with DABCO (M1s™Y) 3.2x 10 2.0x 10%® 8.6 x 108 5.9x 10°
ET with TCNE (M1s™?) 3.9x 10° 2.2 x 10%® 12x 10 no reaction

aFrom ref 21.°From ref 17 (in o-dichlorobenzene).In toluene.In benzonitrile.t Present study. Rate

Caol(CsHsN)p-CsH4CHOY.
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Figure 4. (a) Transient absorption spectra of (3.0 x 1072 mM)

in toluene 100 and 200 ns after the laser irradiation (355 nm, fwhm 6
ns). Inset: Absorptiontime profile at 630 nm. (b) Absorptiortime
profile at 630 nm by picosecond laser flash photolysis. Solid line is a
fitted curve.

absorption band at the longer wavelength side 100 nm).
From an absorptiontime profile at 630 nm, the decay rate
constant ofC,,00* was estimated to be 6.8 10° s1, which
corresponds to 160 ns of the triplet-state lifetime (inset of Figure
4a). The lifetime did not depend on the excitation power within
the examined range {114 mJ/pulse at 355 nm). This finding
excludes deactivation ofC;,00* by intermolecular and/or
intramolecular triplettriplet (T—T) annihilation under the
present experimental conditions. The lifetimé&of,0* is quite
shorter than those ofgg (55 us), GoR (24—29 us)2* and Goo
(23 us)X” Such quite short triplet lifetime of £O will result
from vibrations of the bonds connecting twgy@oieties which
may efficiently quench the triplet state by means of the

constant of the reaction of
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Figure 5. Luminescence spectra 0, generated by Ar ion laser
excitation (488 nm) of ©dO (solid line), Go (dot line), and GR
(Cso[(C3HeN)-p-CsH4CHO], broken line) in oxygen-saturated toluene.
Absorbance of the samples were matched at the excitation wavelength.

different from those of O (710 nm) and other &g derivatives.
Therefore, such unusual triplet properties abdO cannot be
attributed to a &O—C bond only. In the present case,
participation of the CT states to the deactivation process of the
triplet excited states, which are observed in the singlet excited
9,9-bianthryP* and porphyrine dimer®, can be neglected,
because the present solvent is nonpolar toluene and, furthermore,
any absorption bands due to the radical ions were not observed
in the transient absorption spectra.

After repeated laser irradiations of£O (photon number for
a laser shot was ca.» 10" photon cm? pulse1), no change
was observed in a steady-state absorption spectrum. This finding
indicates that €O is quite stable to the laser irradiation as
reported for other fullerenes, such ag,Cro, and Ge. 1P

As mentioned in the above sectioi§;,00* was quenched
by several triplet quenchers, such as oxygen and tetracene.
Quenching by oxygen can be attributed to the triplet energy-
transfer process (eq 1):
Kent

—_

+0;

N .
Cuad0 = "Ciaf0* = *Cpo0* £~ Cra0 + 05 (1)
Generation ofO,* was confirmed by the observation of the
luminescence in the near-IR region. In Figure 5, the lumines-
cence offO,* generated vi&C,,dO0* was shown as well as those
generated via the triplet excitedsgCand GoR (Cso[(C3HesN)-

radiationless process. Recently, it has been reported by Weismamp-C¢H4sCHO]). Luminescence intensity 80,* via 3C;200* is

et al. that triplet-state lifetime of O including a CG-O—C
bond is 4.2us?2 which is shorter than those ofsgetc. They

quite weak compared with those generatedf@ig* and *CsoR*,
even though the absorbance was matched at the excitation

proposed that the activated decay channel involves a reversiblewavelength (488 nm). The generation yield'@k* (®10,) was

cleavage of the €C epoxide bond. Therefore, a similar decay
channel seems to be possible #@,00*. On the other hand,
the T=T absorption peak of O is 630 nm, which is much

estimated to be 0.3% 0.02 using®1o, of 3Cqse* as a standard
(P10, = 0.96 & 0.04)2 The ®1p, value can be expressed as
follows (eq 2):
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cI)1022 {ken{(kT + kem[oz])} CI)isc (2)

wherekr and ®isc refer to the triplet decay rate constant of
3C1200* without quencher and to the quantum vyield for the
intersystem crossing process, respectively. By employing the
values estimated in the above sections and eq 2ptheralue
was estimated to be 0.48. Furthermore, by using the relative
actinometry using € as a standard (extinction efficiert,=
16 100 M~ cm at 750 nmy’ the € value of 3C1,00* was
estimated to be 7700 M cm™! at 630 nm. The estimateHis.
value and the value are about a half of those o§CsoR and
Cio0

Phosphorescence of;154§0 was not observed even in an
iodoethane-toluene mixed solvent at 77 K, probably due to
the considerably short lifetime ofCi,gO*. The transient
absorption bands due #;,00* in toluene were quenched in
the presence of tetracene (triplet energyl.27 eV§8 at 9.4 x
108 M1 s71 of the reaction rate constant. On the other hand,
3C1200* was not quenched byansretinol (Kent < 18 M~1s71,
triplet energy= 1.45 eV)?8 Therefore, it is concluded that the
lowest triplet energy of ©O lies between 1.3 and 1.4 eV,
which is lower value than those ofg§ CsoR, and Goo These
unusual properties ofC;,00* indicate that the triplet excited
Cso moiety in3C;,d0* was influenced by the adjacemtelectron
system of another § moiety in the ground state.

Electron-Transfer Process in the Ground State TDAE is
an electron donor with a reduction poten&D/D*t) = —0.99
V vs SCE? It has been reported that TDAE andq@orm the
radical ion salt which shows ferromagnetism at 16.E°K.
Recently, it became clear that fullerenedGr C;0) and TDAE
are in equilibrium with the corresponding free-radical ions in
polar solvents, while the radical ion pair formation is favorable
in less polar solvent&. In the case of &¢O in benzonitrile,
which is a sufficiently polar solvent, a new absorption band

appeared at 980 nm with shoulders at 810 and 600 nm on adding

small amount of TDAE (Figure 6). Taking the oxidation
potential of TDAE and the first reduction potential of/gO
(—0.53 V)2 into consideration, the new absorption bands in
the visible and near-IR regions can be attributed to the radical
anion of GO (Ci2d0°7): The radical cation of TDAE is not
reported to show any absorption band in the visible redfon.
The absorption bands ofig0°~ increased with concentration
of TDAE at constant concentration of;14§0. The finding

Fujitsuka et al.
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Figure 6. Steady-state absorption spectra of benzonitrile solution
containing GO (1.1 x 102 mM) and TDAE (optical path length 5
mm). Concentration of TDAE: 0, 0.12, and 0.23 mM.
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Figure 7. Transient absorption spectra of @ (5.7 x 1072 mM) in
the presence of DABCO (2.7 mM) in benzonitrile irradiated by 355
nm laser. Inset: Absorptioftime profiles at 640 and 1020 nm.
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Figure 8. Absorption-time profile at 640 nm of the solution containing
C1200 and DABCO after 355 nm laser excitation. Fitted line was

indicates that the neutral molecules and the corresponding radicakstimated by assuming decay ;,d0* and rise of G,dO"~. Inset:

ions are in equilibrium as shown in eq 3:

C, QO+ TDAE=C,, 0" + TDAE™" 3)

The observation of GgO*~ by the steady-state absorption
spectra indicates that;gO°~ is stable in contrast to 15,
which decomposed into §g and Gg¢~ immediately after the
chemical reduction by TDAE!

Electron-Transfer Processes in the Excited StateCi,00
was selectively excited by the 355 nm laser irradiation of the
benzonitrile solution containing.ggO and DABCO, an electron

Relation between decay rate constadgty at 640 nm and concentration
of DABCO.

Figure 7) was accelerated with an increase in the concentration
of DABCO. The finding indicates that gO*~ was generated
by the electron-transfer process from DABCO 3G;,00*

(eq 4):
P
+DABCO
C1, O~ + DABCO™" (4)

donor. Immediately after the laser pulse, the absorption bands From the relation between the concentration of DABCO and

of 3C1,00* were confirmed, while new absorption bands
appeared at 1000 and 550 nm in the spectruma after the

the decay rate ofCio00* (Kop9, Which was estimated by
assuming the absorptiettime profile at 640 nm is composed

excitation (Figure 7). The new absorption band at 1000 nm can of the decay and rise ofC;,00* and GdO*~, respectively

be attributed to &¢O*~, since the observed absorption band

(Figure 8), the bimolecular quenching rate constarfCa$O*

shows good agreement with the one that appeared by the(k;") was estimated to be 5.9 108 M~* s7* (inset of Figure

chemical reduction of GO by TDAE (Figure 6). The absorp-
tion band at 550 nm is due to both#g>*~ and the radical cation
of DABCO (DABCO).33 The decay of:Ci,d0* (Inset of

8). Itis interesting to note that thig" value is one order smaller
than the diffusion-limiting rate constant of the solvekdi{ =
5.3 x 1® M~1 s71in benzonitrile at 25°C),28 in spite of the
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Figure 9. Second-order plot of absorptietime profile at 420 nm of
the solution containing GO~ and DABCO™". Insert: Absorptior-
time profile at 420 nm.

Figure 10. Transient absorption spectra observed by 355 nm laser
excitation of NMA (0.2 mM) in the presence of;£80 and BP (200
mM) in benzonitrile. Inset: Absorptioftime profiles.

sufficiently negative free energy change2b to—38 kJ mof ™) present paper, we attempted one-electron oxidation,ed0C

for the electron-transfer process, which was estimated by usingwhen G,0 was excited in the presence of TCNE, any transient
the Rehm-Weller equatior In the case of the photoinduced  species due to oxidation product were not observed. Further-
electron-transfer process of¢and DABCO in benzonitrile, more, acceleration of the decay 3,¢0* was not confirmed
theky" value was estimated to be 3:210° M~* s71.3 As for (<18 M~1s71). In the case of &g, the laser irradiation in the
Cod(CaHeN)p-CeH4CHO], one of the &R, the observedk,' presence of TCNE generated the radical cation gf@oor
value was 2.0x 10° M~ s™*. The smallerk," value with  yeactivity of3C;,¢0* with TCNE can be explained on the basis
DABCO than thekgir value was also observed in the electron-  of the free-energy change for the photoinduced process. From
transfer process of the excited triplet state of:d>’ The the Rehm-Weller equation, the free-energy change was ex-
deviations from the expected values (ilgix) will result from pected to be-3 to —12 kJ motL;%® such smaller free-energy
underestimation of encounter distance of the radical ion pair. change resulted from smaller triplet energy abd. It can be

In the above free energy calculation, the encounter distance wasoncluded that the small free-energy change and the short
assumed to be 7 A, which is often employed for the electron- jifetime of C;,d0* made observation of the oxidation process
transfer processes of small moleculé Larger encounter  gifficult.

distance of GO or G20 makes the free-energy change for  Oxidation of GO was also attempted by a cosensitization
electron-transfer shifts to the positive direction, which leads to method, which was demonstrated by Nonell et al. for the
smallerk," than thekgis value. oxidation of Go.4! Figure 10 shows transient absorption spectra
The generated radical ions decayed over a A80after of the benzonitrile solution containing NMA, BP, and@.
reaching a maximum (inset of Figure 9). The decay of the radical ypon 355 nm laser excitation of the solution, a transient
ions can be attributed to the back electron transfer between theapsorption band appeared around 700 nm, which was attributed

generated radical ions (eq 5), because any photochemicakg the radical cation of BP generated by eq 6:
products were not confirmed in the steady-state absorption

spectrum of the solution after hundred shots of the laser pulse
irradiation.

NMA*T 2 INMA T 25 NMA® + BP (6)
At 2.5 us after the laser irradiation, a new absorption band was
confirmed at 960 nm, which can be attributed to the radical

_ Koet
C1, O~ + DABCO" — C,,,0 + DABCO _
cation of GO generated by eq 7:

(5)
Actually, the second-order plot of the absorptidime profile
shows a good linearity as shown in Figure 9. HKygle value
was estimated to be 34 10° cm s 1 at 420 nm. The value

is the sum of those of GO~ and DABCO™ and will be the
order of 16 M~ cm ! at 420 nm. Therefore, thiee value is
expected to be>1® M~! s71, indicating that the generated
radical ions returned to their neutral forms at the rate constant
close to thekgir value.

BP" + C,,{ 0 — BP+ C,, O 7
The peak position of the radical cation of g0 is similar to
that of Go'".#° From the change of decay rates of*Bfh the
presence and absence of,(D, the reaction rate constant for
eq 7 was estimated to bex 10'° s7%, indicating an effective
radical cation generation as observed in other fulleréh&s!!
Photoinduced reduction of;g0O was also confirmed with The photophysical and photophem_ical parameters estimated
other electron donors. When tetrabutylammonium tetraphenyl- I the present work are summarized in Table 1 as well as those
borate was used as an electron donor, accumulationgd€C of Ceo, CSOR’ and Gzo In Table 1, the pr.opgrtles @Clzoo,*,
in the solution was observed by a generation of the absorption &€ much different from those 8€1.¢", indicating the specific
band at 980 nm upon steady-state illumination of the visible INtéraction of Ggmoieties.
light (=400 nm). The accumulation ofigO*~ can be attributed
to decomposition of tetraphenylborate anion radical after the
electron transfe?’ Because of the absence of the back electron
transfer, persistent generation of,g>°~ was confirmed as in
the case of the ground-state reduction by TDAE. of 3C1,40* are quite different from those ofdg CooR, and Gog
Photoinduced Oxidation of C»dO. In recent papers, we have  These unusual properties &€1,00* indicate that the triplet
reported photochemical generation of the radical cation of excited Gy moiety in3C;,00* was influenced by the adjacent
fullerenes (Go, Cro, Crs, Cs2, and Gyg by employing the m-electron system of anothers&moiety in the ground state.
adequate electron acceptor and/or cosensitiz&® In the Therefore, the distance between two fullerene moieties seems

Conclusion

In the present paper, we examined the photophysical and
photochemical properties of a fullerene dimer,dO. Properties
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to be important for the properties of the excited triplet state.

The photoinduced reduction and oxidation processes; &foC

Fujitsuka et al.

(13) Lebedkin, S.; Gromov, A.; Giesa, S.; Gleiter, R.; Renker, B.;
Rietschel, H.; Késchmer, W.Chem. Phys. Lett1l998 185 210.
(14) Fowler, P. W.; Mitchell, D.; Taylor, R.; Seifert, @. Chem. Soc.,

were also observed by the transient absorption measurementSpe iin Trans. 21997 1901,
The reaction rate constant of reduction process was slower than (15) (a) Arbogast, J. W.; Foote, C. S.; Kao, B1Am. Chem. Sod992

the diffusion-controlled limit of the solvent, in spite of the

negative free energy changes calculated for these processes, i

contrast to G and GoR. This tendency will result from the
larger size of fullerene dimer (@O or Ciyg), which makes

electron transfer unfavorable because of less stabilization of the

radical ions due to smaller columbic energy.
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