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Abstract

Photoinduced electron-transfer processes between fullerenes C60/C70 and disubstituted-naphthalenes have been studied by laser flash
photolysis. Quantum yields (ΦT

et) and rate constants (ket) of electron transfer from naphthalenes to the excited triplet states of C60 (3C∗
60)

and C70 (3C∗
70) have been determined by observing the transient absorption bands in the wide wavelength VIS/NIR regions. The observed

ΦT
et and ket values depend significantly on the nature and position of the substituents. The ket values are seen to correlate well with the

free energy changes (�Get) for the electron transfer reactions on the basis of Rehm–Weller relation. Addition of pyridine (Py) enhanced
significantly the rates and efficiencies of photoinduced electron transfer process of dihydroxy-naphthalenes (DHN). However, the effect
of Py in the dimethoxy-naphthalenes (DMN) is far less than that of DHN. In the presence of octylviologen (OV2+), electron-mediation
occurs from C60

•− to OV2+ to generate OV•+. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Photoinduced electron transfer has been attracting consid-
erable attention as one of the most fundamental reactions,
because of its crucial roles in a number of chemical and
biochemical processes. In spite of enormous photoinduced
electron transfer investigations of fullerenes (C60/C70) with
various kinds of electron donors [1–4], there have been a few
studies concerning the photoinduced electron transfer with
di-substituted naphthalene. Linschitz and co-workers [5–7]
found that photoinduced electron transfer from phenols and
naphthols to C60 was strongly enhanced when pyridines
were added to polar solution. In our previous investiga-
tions, we have reported the electron transfer efficiencies to
3C∗

60/
3C∗

70 from mono-substituted naphthalenes [8]. In ad-
dition, we had reported that, in both presence and absence of
pyridine, the electron transfer efficiencies (Φet) were con-
firmed to decrease on going from planer 2-naphthols to per-
pendicular binaphthols [9].

In this paper, we use the transient absorption techniques
in VIS/NIR regions to study the photoinduced electron
transfer of C60/C70 with different substituted-naphthalene,
i.e. dimethoxy-naphthalene (DMN), dihydroxy-naphthalene
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(DHN) and diamino-naphthalene (DAN). We examine the
influence of the substituents on the rates and efficiencies of
electron transfer process.

2. Experimental

C60 (99.9%) and C70 (99.5%) were purchased from Texas
fullerene corp. and were used without further purification.
Commercial samples of naphthalene, 1-methoxy-napthalene
(1-MN), 2-methoxy-naphthalene (2-MN), 2,3-dimethoxy-
naphthalene (2,3-DMN), 2,7-dimethoxy-naphthalene (2,7-
DMN), 2,3-diaminonaphthalene (2,3-DAN) and 1,8-
diamino-naphthalene (1,8-DAN) were purchased from
Aldrich. 1,4- and 1,8-dimethoxy-naphthalene (DMN) were
prepared using phase transfer catalysis [10] and purified
by column chromatography (alumina) followed by vacuum
sublimation. Octylviologen OV2+ perchlorate was prepared
from its chloride. All solvents used were of spectroscopic
or HPLC grade.

Nanosecond transient absorption spectra and time pro-
files were measured using laser photolysis apparatus with
a Nd:YAG laser (OPO; 6 ns fwhm) as an exciting source.
For the short timescale transient absorption in the near-IR
region, a Ge-APD module (Hamamatsu, C5331) was used
to monitor the light from a pulsed Xe lamp [11]. For long
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timescale measurements, an InGaAs-PIN detector was used
for monitoring the light from continuous Xe-lamp.

Steady-state absorption measurements were carried out
using an optical cell (1 cm) with a Shimadzu 2450 UV/VIS
spectrophotometer. The solutions of C60/C70 and all dis-
ubstituted naphthalene were deaerated by Ar-bubbling for
15 min before measurements. All measurements were car-
ried out at 23◦C.

3. Results and discussion

3.1. Steady-state UV/VIS spectra

From Fig. 1 it is apparent that the steady-state UV/VIS
absorption spectrum of C60 in the presence of 1,8-DMN in
benzonitrile solvent was similar to the individual absorption
spectra of the components. This indicates that there is no
ground state interaction between C60 and 1,8-DMN under
the concentration range used for laser flash photolysis in this
study. Similar observations were also made in the case of
C70 and also for other disubstituted-naphthalenes used in the
present study. Throughout our experiments, the fullerenes
were predominantly excited by 532 nm laser light since the
disubstituted-naphthalene derivatives have no absorbance at
this wavelength.

3.2. Transient absorption spectra of C60/C70 with
naphthalene derivatives

In Fig. 2, we show the transient absorption spectra in
the VIS/NIR region obtained by long time-scale nanosecond
laser flash photolysis of C60 (0.1 mM) with 532 nm light in
the presence of 1,8-DMN (20 mM) in deaerated benzonitrile.
The transient absorption band at 740 nm is attributed to the
triplet–triplet absorption of 3C∗

60 [1,12–15]. With the decay
of 3C∗

60, a new absorption band appears at 1080 nm with a
shoulder at 900 nm; both absorption bands are assigned to
the absorption of C60

•− [16–19].
The observed time profiles of the absorption bands are

shown in the inset of Fig. 2. The decay of 3C∗
60 at 740 nm,

Fig. 1. Steady-state absorption in the UV/VIS region of (—) C60 (0.1 mM),
(---) 1,8-DMN (20 mM) and their mixture (– –) in the absence and (–·–)
presence of Py (0.5 M) in benzonitrile.

Fig. 2. Transient absorption spectra obtained by 532 nm laser photolysis
of C60 (0.1 mM) in the presence of 1,8-DMN (20 mM) in Ar-saturated
benzonitrile. Inset shows time profiles.

which did not show appreciable decay over a few microsec-
ond without 1,8-DMN, was accelerated in the presence of
1,8-DMN (20 mM). With the decay of 3C∗

60, the absorption
intensity of C60

•− at 1080 nm increased, reaching a maxi-
mum at about 15 �s. The decay of 3C∗

60 and the appearance
of C60

•− are proof of the electron-transfer process in which
C60

•− is produced via 3C∗
60 by accepting an electron from

1,8-DMN (Eq. (1)). Similar behavior was observed in the
case of 1,4-DMN. By using of the molar absorption co-
efficient (εT) of 3C∗

60 at 740 nm (16000 M−1 cm−1) [20],
the initial maximum concentration of 3C∗

60 ([3C∗
60]max)

produced by a laser pulse is calculated. The maximum
concentration of C60

•− ([C60
•−]max) at ca. 10 �s was also

determined using the reported molar extinction coefficients
(εA) of C60

•− (12,000 M−1 cm−1 [19] −18,300 M−1 cm−1

[21] at 1080 nm in benzonitrile).
For C70 in benzonitrile, a similar electron-transfer pro-

cess was confirmed from 1,8-DMN to 3C∗
70 (980 nm)

[22,23] yielding C70
•− (1380 nm) [24–26] as shown in

Fig. 3. The transient absorption spectra for C60/1,4-DMN or
C70/1,4-DMN are similar to those for 1,8-DMN. [3C∗

70]max
and [C70

•−]max were calculated using the reported εA
value (6500 M−1 cm−1 at 980 nm) [19] and εA value
(400 M−1 cm−1 at 1380 nm) [24], respectively.

3C∗
60/

3C∗
70 + DMN

ket→
ΦT

et

C60
•−/C70

•− + DMN•+ (1)

It is worth mention that the decay of 3C∗
60 and rise of

C60
•− occur within 15 �s (inset of Fig. 2), which provides

unambiguous evidence for electron transfer event via 3C∗
60.

This is supported by admitting the oxygen into underlying
the solutions where an intermolecular energy-transfer from
3C∗

60 to oxygen emerges, suppressing the electron transfer
event.

Contrary to 1,4-DMN and 1,8-DMN, 2,7-DMN shows
less effective electron transfer process to C60 and C70. The
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Fig. 3. Transient absorption spectra obtained by 532 nm laser photolysis
of C70 (0.1 mM) in the presence of 1,8-DMN (20 mM) in Ar-saturated
benzonitrile. Inset shows time profiles.

decay of 3C∗
60 and 3C∗

70 occurs as slow as about 80 �s and the
absorption intensity of the radical anion was low as shown
in Fig. 4. Fig. 4A displays the transient absorption spectra
of C60 (0.1 mM) in the presence of 2,7-DMN (20 mM) in
deaerated benzonitrile. Fig. 4B reveals that the decay of 3C∗

60
and the rise of C60

•− were slightly enhanced by addition of
Py. In the case of 2,3-DMN neither the rise of C60

•−/C70
•−

nor the decay of 3C∗
60/

3C∗
70 was observed even in the pres-

ence of Py, indicating that electron transfer via 3C∗
60/

3C∗
70

does not occur.
The effects of the concentration of DMN ([DMN]) on

the kinetic behavior of transient species are studied (see
Fig. 5). It is evident that the rates of decay of 3C∗

60-absorption
and the subsequent rise rates of C60

•− are significantly in-
creased with increasing [DMN]. The analysis of the data in
terms of the single exponential decay and single exponen-
tial rise yields the first-order rates of decay and rise (k1st).
The second-order rate constant kq was obtained by plotting
k1st (for decay) versus [DMN]. Also, the second-order rate
constant kA (where subscript A represents C60

•−) was ob-
tained by plotting k1st for rise versus [DMN]. The obtained
kA values are in a good agreement with the corresponding
kq values within the experimental errors.

The efficiency of electron transfer via 3C∗
60 or 3C∗

70
can be estimated by the quantity [C60

•−]/[3C∗
60] (or

[C70
•−]/[3C∗

70]) as evaluated by the maximal and initial
absorbance and reported εA and εT. The dependence of
[C60

•−]/[3C∗
60] on [DMN] in benzonitrile is demonstrated

in Fig. 6. It is evident that the efficiencies increase with
[DMN] reaching a plateau, from which the quantum yield
(ΦT

et) for electron transfer via 3C∗
60 was estimated (Table 1).

The ΦT
et values for C70 were obtained similarly.

The rate constant for electron transfer (ket) can be eval-
uated from the relation ket = ΦT

et × kq [5,26]. It should be
noted that for 2,3-DHN (in the presence of Py), 1,8-DAN
and 2,3-DAN, the ket values (Table 1) are near the diffusion

Fig. 4. Transient absorption spectra obtained by 532 nm laser photolysis
of C60 (0.1 mM) in the presence of 2,7-DMN (20 mM) in Ar-saturated
benzonitrile: (A) in the absence of Py and (B) in the presence of Py
(0.5 M). Inset shows time profiles.

Fig. 5. (A) Decay profiles of 3C∗
60 at 740 nm with changing [1,8-DMN].

(B) Rise porofiles of C60
•− at 1080 nm with changing [1,8-DMN].
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Fig. 6. Dependence of [C60
•−]/[3C∗

60] on [naphthalenes] in benzonitrile.

controlled limit (kdiff = 5.6 × 109 M−1 s−1 in benzonitrile)
[27].

The difference in the ket values for dihydroxy-naphthalene
in the absence and presence of Py can be explained as due to
the interaction between 3C∗

60/
3C∗

70 and the hydrogen bonded
DHN–Py complex, in which electron transfer from the DHN
to 3C∗

60/
3C∗

70 is concerted with proton transfer from DHN
to hydrogen bonded pyridine [5,8].

As can be seen from Table 1, effect of Py in the DMN is
far less than that of DHN. The ket values for 2,3-DHN are
about three order of magnitudes larger than those observed
for 2,7-DMN with C60/C70. The slight acceleration effect is

Table 1
Rate constants (kq) for quenching of 3C∗

60 and 3C∗
70, quantum yields (ΦT

et), electron transfer rate constants (ket) and second-order back electron-transfer
rate constant (k2nd

bet ) in benzonitrile

System kq (M−1 s−1)a ΦT
et ket (M−1 s−1)b k2nd

bet (M−1 s−1)c

C60/1-MN 2.72 × 105 0.17 4.6 × 104 6.50 × 109

C60/2-MN 4.40 × 105 0.07 3.0 × 103 1.20 × 1010

C60/2,7-DMN/BN 1.17 × 105 0.08 8.8 × 103 1.02 × 1010

C60/2,7-DMN/Py/BN 6.60 × 105 0.10 6.6 × 104 1.30 × 1010

C70/2,7-DMN/BN 5.90 × 105 0.14 8.3 × 103 9.30 × 109

C70/2,7-DMN/Py/BN 3.12 × 105 0.18 5.6 × 104 1.32 × 1010

C60/2,3-DMN/BN –d –d –d

C60/1,8-DMN/BN 4.4 × 106 0.49 2.2 × 106 2.30 × 1010

C70/1,8-DMN/BN 2.8 × 107 0.57 1.6 × 107 1.24 × 1010

C60/1,4-DMN/BN 2.6 × 108 0.76 2.0 × 108 3.00 × 1010

C70/1,4-DMN/BN 7.8 × 108 0.86 6.7 × 108 2.00 × 1010

C60/2,3-DHN/BN 1.5 × 106 0.23 3.5 × 105 1.30 × 1010

C60/2,3-DHN/Py/BN 1.6 × 109 1.00 1.5 × 109 1.80 × 1010

C70/2,3-DHN/BN 2.9 × 106 0.49 1.4 × 105 1.60 × 1010

C70/2,3-DHN/Py/BN 1.2 × 109 1.00 1.2 × 109 5.20 × 1010

C60/2,3-DAN/BN 3.5 × 109 0.94 3.3 × 109 1.26 × 1011

C70/2,3-DAN/BN 3.2 × 109 0.95 3.0 × 109 7.60 × 1010

C70/2,3-DAN/BN:BZ (1:1) 4.0 × 109 0.50 2.0 × 109 1.26 × 1011

C60/1,8-DAN/BN 3.8 × 109 1.00 3.8 × 109 1.03 × 1010

C60/1,8-DAN/BN:BZ (1:1) 6.6 × 109 0.77 5.1 × 109 3.38 × 1010

C70/1,8-DAN/BN 2.5 × 109 0.94 2.4 × 109

a Each value contains estimation error of ±5%.
b ket = kq × ΦT

et .
c εA = 12000 M−1 cm−1 at 1080 nm for C60

•− [19] and εA = 4000 M−1 cm−1 at 1380 nm for C70
•− [24].

d Too small to observe;
ΦT

et becomes small by a factor of 0.66 when εA value for C60
•− of 18,300 M−1 cm−1 [21] was employed and k2nd

bet becomes larger by a factor of 1.5
when εA value for C60

•− of 18,300 M−1 cm−1 [21] was employed.

attributed to the interaction of oxygen of the methoxy group
with Py, which enhances the electron-donor ability of DMN.

As a matter of fact, we desire to find a significant pattern of
electron transfer reactivity of �-substituted and �-substituted
dimethoxy-naphthalenes towards 3C∗

60/
3C∗

70. In the latter
case, slower reaction rates are obtained.

An explanation for the observed large ket for 1,4-DMN
and 1,8-DMN, in contrast to the much smaller value for
2,7-DMN, is to consider the oxidation potential values
[28]. Because of their lower oxidation potentials 1,4-DMN
(1.10 eV) and 1,8-DMN (1.17 eV) were expected to be bet-
ter electron donors, where as 2,7-DMN (1.47 eV) was less
efficient electron donor.

The free-energy change (�Get) of the electron-transfer
process from disubstitued-naphthalenes to 3C∗

60/
3C∗

70 can be
calculated from the redox potentials of the donors E1/2(oxid)

and the acceptor E1/2(red) and the lowest energy (E∗
0–0) of

the triplet state of the acceptor according to Rehm–Weller
relation [29]

�Get = E1/2(oxid) − E1/2(red) − E∗
0–0 − C (2)

�Get was determined employing the lowest triplet en-
ergy of 3C∗

60/
3C∗

70(E
∗
0–0 = 1.45–1.59 eV [30]), reduction

potentials of C60/C70 (E1/2(red) = −0.50 V versus SCE
[31]) and coulomb energy (C = 0.06 eV) in benzoni-
trile [12]. The resulting values of �Get for mono- and
disubstituted-naphthalene/fullerene systems are listed in
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Table 2
Oxidation potentials E1/2(oxid) vs. SCE, energy of HOMO of the donors
employed and free energy changes (�Get) of the photoinduced electron
transfer in benzonitrile

System E1/2(oxid) vs.
SCE (eV)a

�Get

(kJ mol−1)
Energy of
HOMOb

C60/1-MN 1.38 30.88 0.538
C60/2-MN 1.52 44.38 0.581
C60/2,7-DMN 1.47 39.56 0.555
C70/2,7-DMN 1.47 44.38 0.555
C60/1,8-DMN 1.17 6.64 0.445
C70/1,8-DMN 1.17 10.61 0.445
C60/1,4-DMN 1.10 3.86 0.452
C70/1,4-DMN 1.10 8.68 0.452
C60/2,3-DHN 1.26c 19.30 0.486
C70/2,3-DHN 1.26c 24.12 0.486
C60/2,3-DAN 0.96c −9.65 0.362
C70/2,3-DAN 0.96c −4.82 0.362
C60/1,8-DAN 0.90c −15.44 0.359
C70/1,8-DAN 0.90c −10.61 0.359

a From [26].
b Estimated from E1/2(oxid) = Ip − 6.7 ± 0.1 V (Ip is ionization po-

tential) [33].
c For the details of the calculation, see [35].

Table 2. The positive values of �Get indicate that probabil-
ity of occurrence of electron transfer from dimethoxy- and
dihydroxy-naphthalenes (in absence of Py) to 3C∗

60/
3C∗

70 is
small. The �Get (via 3C∗

60/
3C∗

70) for 1,8-DAN and 2,3-DAN
is far negative, suggesting that ket via 3C∗

60/
3C∗

70 should be
close to the diffusion-controlled limit (kdiff ). Fig. 7 presents
a plot of log kq in benzonitrile as a function of �Get. The
solid line was calculated using the usual kinetic scheme for
electron transfer quenching processes in solution and the
parameters reported by Rehm and Weller for the quench-
ing of several aromatic molecules by electron donors [32].
Dimethoxy- and dihydroxy-naphthalenes (in absence of Py)
show deviation from the plot.

Among the factors which may be responsible for the
high electron transfer efficiency observed for �-substituted-
naphthalenes compared with �-substituted naphthalenes, the

Fig. 7. Plot of ln kq vs. �Get for mono- and disubstituted-naphthalene/
fullerene systems.

fact that the intramolecular charge (electron) transfer char-
acter from �-position to the naphthalene ring is larger than
that from �-position may be important [34], which is prob-
ably because of higher electron density of highest occupied
molecular orbital (HOMO) at �-position than �-position.
When the degree of the charge transfer is increased, the ba-
sicity of the aromatic nucleus is increased and the oxidation
potential is decreased and hence the efficiency of electron
transfer to 3C∗

60/
3C∗

70 should increase. Therefore, the values
of ket for 1,4-DMN and 1,8-DMN become greater than that
for 2,7-DMN as shown in Table 1.

The behavior of the orbital energies in the �- and
�-positions of the naphthalene may be understood in terms
of the coefficients of atomic orbitals in the molecular or-
bitals of the parent naphthalene. The HOMO coefficients
calculated by the HMO method [35] in the �-position of
naphthalene exhibit a relatively high value (0.425) com-
pared with the corresponding �-position (0.263). As a result,
substitution at �-position of naphthalene should decrease
the oxidation potentials as shown in Table 2. Therefore, the
electron-donating properties of the substituents to naphtha-
lene should penetrate through the carbon at �-position of
naphthalene more than that through the �-position, increas-
ing the donor ability of the naphthalene �-systems.

In the case of C60/C70-1,8-DAN/2,3-DAN systems a sim-
ilar photoinduced electron transfer is observed. A significant
high ΦT

et values were observed compared with analogues
dimethoxy-naphthalenes. As can also be seen from Table
1, the observed ΦT

et values in bezonitrile are 0.94–1.0 for
C60/C70-1,8-DAN/2,3-DAN systems, indicating high elec-
tron donor ability for 1,8-DAN and 2,3-DAN. We believe
that the amino substituents may destabilize very much the
HOMO energy and this is reflected in their low oxidation
potential values as shown in Table 2. The HOMO energies
for the mono and disubstituted-naphthalene (Table 2) are
calculated by HMO method using Streitwieser’s table val-
ues [35].

In a less polar solvent (1:1 mixture of benzonitrile to
benzene, BN/BZ (1:1)), the transient absorption spectra for
C60/C70-1,8-DAN/2,3-DAN displayed much the same fea-
tures as in benzonitrile. The main difference includes the
low intensity of C60

•−/C70
•− relative to that of 3C∗

60/
3C∗

70,
indicating slightly lower ΦT

et than those in benzonitrile
(Table 1). On the other hand, a faster decay rate of 3C∗

60/
3C∗

70
and the faster rise of C60

•−/C70
•− in less polar solvent

yielded larger kq and kA values; the ket values obtained by
multiplying ΦT

et are listed in Table 1. A similar behavior
was also observed in our previous paper [8].

3.3. Back electron transfer

Fig. 8 displays the time profile of C60
•− on the long

time-scale. It should be noted that the anion radicals be-
gin to decay slowly after reaching each maximum. This
can be attributed mainly to the back electron transfer from
C60

•−/C70
•− to DMN•+/DHN•+.
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Fig. 8. Decay profile over long time scale of C60
•− in the presence of

1,8-DAN•+ in benzonitrile. Inset shows second-order plot.

The decay time profiles obey second-order kinetics sug-
gesting that the back electron transfer takes place between
the free ion radicals [36]. From the slope of the second-order
plot in the inset of Fig. 8, kbet/εA was evaluated. The back
electron-transfer rate constants (kbet) were evaluated by sub-
stituting the reported εA values as listed in Table 1. It should
be noted that the kbet values generally decrease with increas-
ing solvent polarity, owing to the strong solvation of the
ion radicals in more polar solvents. In benzonitrile, the val-
ues of kbet are close to the diffusion-controlled limit. The
back-electron transfer may occur within a solvent-separated
ion pair in BN/BZ (1:1), thus the kbet values are larger than
the kdiff values.

For 2,3-DHN in the presence of Py, on the other hand,
the initial decays of C60

•−/C70
•− obey first-order kinet-

ics, suggesting that the back electron transfer takes place
within the ion radical bridged via Py [9]. In the latter stage,
this type of complex may dissociate in to the free radi-
cals; thus, the later part of the decay is consistent with the
second-order back electron transfer in the absence of Py.
However, such a two-step-decay of C60

•−/C70
•− was not

observed for DMN’s.

3.4. Electron-mediation process from C60
•−/C70

•− to
OV2+

To investigate the electron mediation process after the
photoinduced electron-transfer process, we measured the
transient absorption spectra of C60 excited at 532 nm in the
presence of both 1,8-DMN and OV2+ (0.4 mM) in deaerated
benzonitrile solution (Fig. 9). The observed transient absorp-
tion bands at 740 and 1080 nm were attributed to C60

•− and
3C∗

60, respectively, and the new band appeared at 600 nm
may be attributed to OV•+, while the absorption band ap-
peared at 420 nm can be assigned to the 1,8-DMN•+ [37].

The observed time profiles of the absorption bands are
shown in the inset of Fig. 9. It is evident that the decay
curve at 740 nm is accompanied with a concomitant rise
of 1080 nm, which decays slowly with the rise of 600 nm

Fig. 9. Transient absorption spectra obtained by 532 nm laser photolysis of
C60 (0.1 mM) in the presence of 1,8-DMN (20 mM) and OV+2 (0.4 mM)
in Ar-saturated benzonitrile. Inset shows time profiles.

Scheme 1.

band. This implies that electron-mediaton (kmd) occurs from
C60

•− to OV2+ to regenerate C60 and OV•+. As can also
be seen from the inset of Fig. 9, OV•+ at 600 nm begins
to decay after reaching a maxima. The decay time profile
obeys second-order kinetics, which implies that back elec-
tron transfer (kbet) takes place from OV•+ to 1,8-DMN•+
to regenerate 1,8-DMN and OV2+. From the slope of the
second-order plot, kbet/ε can be obtained. Upon substitut-
ing ε value of OV•+ (17,200 M−1 cm−1 at 600 nm in ben-
zonitrile) [38] the kbet value was evaluated to be 5.9 ×
109 M−1 s−1. The electron-mediation cycle is illustrated in
Scheme 1.

4. Summary

The nature and position of substituents play a signifi-
cant role on the quantum yields (ΦT

et) and rate constants
(ket) of photoinduced electron transfer from 3C∗

60/
3C∗

70 to
disubstituted-naphthalenes. There is a noticeable differ-
ence in the ΦT

et and ket, caused by substitutions at �- and
�-positions, because the �-position of naphthalene exhibits
relatively high electron density compared with the corre-
sponding �-position. Therefore, substitution at �-position
of naphthalene should decrease the oxidation potentials.
Rehm–Weller behavior is observed in the plot of log kq
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versus �Get. In the presence of pyridine, the electron
transfer efficiency for dihydroxy-naphthalene increased ef-
fectively but slightly for dimethoxy-naphthalenes. However,
the transient absorption spectra of C60 in the presence of
octylviologen and 1,8-DMN show that electron-mediaton
occurs from C60

•− to OV2+ to generate OV•+.
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