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The photophysical properties of a novel series of non-homoconjugated 1,2-di-, 1,2,3,4-tetra-, and
1,2,3,4,5,6-hexasubstituted fullerenes (compounds 1, 2, and 3, respectively) have been systematically
investigated. In this report, we examine the effect of substitution pattern of non-homoconjugated
derivatized fullerenes on the ground state UV-Vis absorption, triplet state properties (lifetime, quantum
yield, extinction coefficient), and singlet oxygen quantum yield. The non-homoconjugated fullerene
derivatives 1–3 exhibit higher singlet oxygen quantum yield than analogous homoconjugated Bingel
adducts with the same number of saturated C=C bonds and exhibit decreasing quantum yield of singlet
oxygen generation upon increasing the degree of functionalization on a single six member ring on the
fullerene cage. This trend is similar for triplet quantum yield and triplet lifetime. The triplet extinction
coefficient increases with functionalization. A detailed discussion comparing 1, 2, and 3 with
functionalized homoconjugated systems and with other non-homoconjugated derivatives is
presented.

Introduction

The synthesis of multiply functionalized fullerene derivatives
possessing a specific addition pattern has been one of the most
challenging areas of fullerene chemistry.1 Elucidating the physical
and photophysical properties of these isomers has been chal-
lenging due to difficult synthesis and rigorous chromatographic
processes needed to obtain pure regioisomers. The separation of
regioisomers synthesized by double additions of Bingel,2 Diels–
Alder,3 Prato,4 [2+2],5 nitrene,6 and carbene adducts of C60

7

requires extensive purification prior to the characterization of their
physical properties.

Our laboratories have been interested in understanding how the
photophysical properties of fullerene derivatives are affected by
their electronic structure. Although the photophysical properties
of many fullerene derivatives have been reported,8 there are several
structures that have not been synthetically available. The absence
of these regioisomers has thus limited a thorough elucidation of
the relationship between photophysical properties and electronic
structure. For example, the C3v trisadduct derivative (all-cis-1)
has only recently been synthetically available (Fig. 1)9,11 for its
photophysical properties to be documented.10

Recently, Rubin and coworkers demonstrated a stepwise syn-
thetic approach to saturate three C=C bonds within a single six
member ring of C60 by a double Diels–Alder reaction followed by
an intramolecular radical addition.11 Naturally, the perturbation
caused by the saturation of three C=C bonds of a single six
member ring should affect the extent of p-conjugation and
electronic properties of C60 (Fig. 2).
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Fig. 1 Trisadducts of C60 with C3 rotational axis. The sites of addition
are indicated with a red bond and a dot. Different addition patterns carve
out different p-chromophores.

Fig. 2 Saturation of a single six-member ring on C60. Derivatization at se-
quential positions on the six-member ring should affect the p-conjugation
of C60 resulting in changes in photophysical properties.
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To date, most studies of fullerene derivatives aimed at elucidat-
ing the relation between electronic structure and photophysical
properties have used homoconjugated Bingel adducts.

However, the dependence of structural topology on the photo-
physical properties for non-homoconjugated systems has not been
well studied due to the lack of synthetically available examples that
can be systematically correlated.12,18 Herein, we report triplet state
properties and singlet oxygen photosensitization of a series of non-
homoconjugated C60 derivatives with substitution at two, four, and
all six carbons of a single six member ring.

Experimental

General methods

All reactions were performed under an argon atmosphere unless
otherwise noted. Chemicals were used as purchased without
further purification. Distilled solvents were dried as follows: THF
from Na/benzophenone, and ODCB from CaH2. 1H and 13C
NMR spectra were recorded using Avance 500 MHz spectrom-
eters. FTIR spectra were recorded using a Perkin-Elmer Paragon
1000 spectrometer. UV-Vis spectra were recorded using HP 8452
and 8453 diode-array single beam spectrometers. HRMS of non-
C60 products were obtained after ionizing through EI. HRMS and
LRMS of C60 derivatives were obtained after ionizing through
MALDI. Column chromatography was carried out on silica gel
40–63 lm from EMD; thin layer chromatography was carried on
glass plates coated with silica gel 250 lm from Sorbent Technolo-
gies. HOMO/LUMO and HOMO−1/LUMO+1 orbitals were
computed using AM1 method using MacSpartan. Compounds
1, 2, and 3 are synthesized according to a reported procedure.11

Materials

2,3-Benzanthrancene (purity >99%), toluene (spectrophotomet-
ric grade), anthracene (purity >98%) and rubrene (98%) were
purchased from Aldrich Chemical Company. Deuterated toluene
was obtained from Cambridge Isotope Laboratories. C60 (>99.5%)
was obtained from MER Corporation.13 Perylene (98%) was
obtained from Sigma Chemical Company. Benzo[a]pyrene (98%)
was obtained from Fluka. All chemicals were used as received
except for anthracene which was recrystallized from acetone prior
to use.

Measurements

Samples of 1, 2, or 3 were prepared in spectrophotometric grade
toluene with an absorbance at the excitation wavelength of A355

≈ 0.3. Solutions were purged with argon for 30 min. There
was negligible change in the concentration of the solution after

purging and was verified by noting only a slight (∼0.02) increase
in absorbance at the excitation wavelength. UV-Vis absorption
spectra were obtained using Hewlett-Packard 8453 and Beckman
DU-650 spectrophotometers.

Time resolved measurements: triplet decay kinetics, triplet–
triplet spectra, triplet–triplet extinction coefficients, triplet quan-
tum yields, and triplet energies were obtained by transient
absorption methods described previously.8f Briefly speaking, mea-
surements were obtained by excitation of argon purged solutions
at 355 nm using a frequency tripled Quanta Ray DCR-2 Nd:YAG
laser (3–20 mJ pulse−1). Transient absorption was monitored using
a probe beam from a Hanovia 100-W xenon lamp passed through
a Jarrell-Ash 82-410 monochromator (250 lm slits) and detected
using a Hamamatsu R928 PMT. Data output from the PMT
was collected using a LeCroy 9350 oscilloscope coupled to a
Macintosh G4 computer using Labview software. Kinetic curves
were averaged over 30–70 laser pulses.

Triplet energies and triplet extinction coefficients were deter-
mined by energy transfer experiments. Energy transfer was ob-
served by quenching the triplet state of 1, 2, and 3 and monitoring
the decay kinetics using transient absorption. Solutions of adduct
1, 2, and 3 in toluene (A355 ≈ 0.3) were placed in 1 cm quartz
cuvettes with a selected quencher at increasing concentrations. The
solutions were purged under argon for 30 min and were measured
under identical experimental conditions and laser power. The
quenching rate constant was determined using a Stern–Volmer
analysis where the transient absorption traces were curve fitted to a
monoexponential decay using Igor Pro 3.1 software. Compound 1,
2, or 3 were excited at 355 nm in the presence of quenchers rubrene,
benzo[a]pyrene, perylene, and 2,3-benzanthracene. The quenching
rate of the triplet of 1, 2, or 3 were monitored at a local maximum
in the triplet–triplet absorption at 365 nm. The absorbance
(DOD) of the triplet of rubrene was measured at 490 nm (ET =
26.0 kcal mol−1, DeT-T (490) = 26000 M−1 cm−1) and at 670 nm for
1, 2, or 3 in experiments to determine the triplet molar absorption
coefficient.

Singlet oxygen quantum yield was determined by measuring the
singlet oxygen near infrared luminescence using a cryogenic ger-
manium photodiode detector (model 403 HS; Applied Detector
Corp., USA) cooled by liquid nitrogen.23 Air saturated samples of
1, 2, or 3 were dissolved in toluene-d8 and excited at either 355 nm
or 532 nm using anNd:YAG laser (model MiniLaseII/10 Hz;
New Wave Research Inc., USA), with pulse energies of 2–5 mJ
pulse−1. Scattered laser light and other undesired radiation was
eliminated using a series of filters, namely a Schott color glass
filter (model RG850; cut-on 850 nm; Newport, USA) taped to the
sapphire entrance of the detector. The port opening to the detector
contains the remaining filters, a long wave pass filter (silicon
filter model 10LWF∼1000; Newport, USA) which transmits in
the range of 1100–2220 nm and blocks at 800–954 nm, and a band
pass filter (model BP-1270-080-B*; CWL 1270 nm; Spectrogon,
USA) with maximum transmission of 60% at 1270 nm. Singlet
oxygen luminescence was measured orthogonal to laser excitation.
The initial 1O2 intensity was extrapolated to t= 0. The data
points of the initial 0–5 ls were not used due to electronic
interference signals from the detector. Signals were digitized on
a LeCroy 9350 CM 500 MHz oscilloscope and analyzed using
Origin software. Decay traces were averaged over 10–40 laser
pulses.
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Results and discussion

UV-Vis spectroscopy

The ground state absorption spectra of derivatives 1, 2, and 3 reveal
significant changes as compared to pristine C60. The intensity of
the characteristic UV absorption peak at ca. 330 nm decreases and
becomes more red-shifted with increasing substitution (Fig. 3).
The three isobenzofuran derivatives 1, 2, and 3 also display very
different absorption features between 420–650 nm when compared
to that of C60. Increasing substitution from two to six carbons
on a single six member ring also results in the appearance of a
small absorption band at ∼430 nm. The non-homoconjugated
derivatives 1, 2, and 3 show absorption peaks at 434, 428 and
429 nm, respectively.

Fig. 3 UV-Vis absorption spectra of C60 derivatives a) 1,2-dihydro- (1),
b) 1,2,3,4-tetrahydro- (2), c) 1,2,3,4,5,6-hexahydro-isobenzofuran (3), and
d) C60 recorded in toluene.

The broad absorption band of C60 spanning from 430 to
660 nm becomes featureless upon derivatization. The overall
spectral differences in compounds 1, 2 and 3 may result both
from the progressive changes in the conjugation of the fullerene
chromophore and the presence of a rigid and strained 1,4-epoxy

naphthalene moiety.11,14 The absorption changes in 1, 2, 3 are
similar to those of previously reported for non-homoconjugated
pyrrolidinofullerene derivatives.12b In addition, derivatives, 1, 2,
and 3 exhibit slight absorbance in the red portion of the spectrum.
Since these compounds do not show any observable emission up
to 900 nm at room temperature, or in glassy matrices at 77 K,
the current study is restricted to the characterization of their
triplet state photophysical properties by nanosecond laser flash
photolysis.

Triplet state properties of compounds 1, 2, 3

Triplet–triplet absorption spectra

The triplet–triplet absorption spectra of the three fullerene
derivatives recorded in toluene are shown in Fig. 4. The triplet–
triplet absorption spectra were acquired with the laser flash
photolysis setup described previously.8f The observed transients
are attributed to the triplet state because they are readily quenched
by triplet quenchers in argon purged solutions (vide infra) and by
oxygen in air-saturated and oxygen-purged solutions.

Fig. 4 Triplet–triplet absorption spectrum of a) 1,2-dihydro-, b) 1,2,3,
4-tetrahydro-, c) 1,2,3,4,5,6-hexahydro-isobenzofuran C60 derivatives (1,
2, and 3 respectively) recorded in toluene (kexc = 355 nm).

The triplet–triplet absorption of all three derivatives show a
broad absorption band near 670 nm that is blue shifted by about
50 nm with respect to that of C60. Non-homoconjugated derivatives
1, 2, and 3 also possess a weak absorption band at 430 nm. This
band appears as a small shoulder for the 1,2-dihydro compound 1,
but increases in intensity for the 1,2,3,4-tetrasubstituted derivative
2 and shows more pronounced absorption with subsequent

This journal is © The Royal Society of Chemistry and Owner Societies 2008 Photochem. Photobiol. Sci., 2008, 7, 49–55 | 51



functionalization exhibited by the 1,2,3,4,5,6-hexasubstituted 3.
A much more intense peak which is a common absorption for
the triplet state of C60, compounds 1–3, and other multiply
functionalized fullerenes, appears at ca. 360 nm.

Triplet extinction coefficient and triplet quantum yield

The triplet extinction coefficient of 1, 2, and 3 were determined by
energy transfer experiments15 using rubrene (Rub0, Scheme 1) as
an energy acceptor.

Scheme 1

The rate of energy transfer was measured by monitoring the
triplet–triplet absorption of a donor in the presence of various
concentrations of quencher. The quenching rate was determined
by measuring the changes in the rate of decay of the triplet
state of the donor. Energy transfer was confirmed by observation
of the triplet absorption of the quencher. As energy transfer is
monitored by triplet–triplet absorption, the donor and acceptor
must not have significant overlapping transient absorption at the
observed wavelengths. Laser excitation at 355 nm of argon-purged
toluene solutions of fullerene derivative 1 (A355 ∼ 0.3) results in
the formation of the singlet excited state (11*), which efficiently
undergoes intersystem crossing to form the triplet state (31*).
Energy transfer from the triplet state of the fullerene derivative
to rubrene, which has lower triplet energy, occurs by collisional
quenching (Scheme 1).

The fullerene triplet (31*) was monitored at 670 nm and the
rubrene triplet (3Rub*) was followed at 490 nm where 31* does
not have significant triplet absorbance. Since rubrene has only
negligible absorbance at the 355 nm excitation wavelength under
the experimental conditions, the rubrene triplet (3Rub*) observed
at 490 nm (ET = 26.0 kcal mol−1, DeT-T (490) = 26000 M−1 cm−1)16

can be solely attributed to energy transfer from each fullerene
derivative. The triplet molar absorption coefficient of the fullerene
derivatives is given by eqn (1) where DOD is the signal intensity
of the triplet at the monitoring wavelengths. The triplet coefficient
was corrected for incomplete energy transfer. The probability of
energy transfer (Ptr) from 31* to rubrene (Rub0) was calculated
using eqn (2), where [Rub] is the rubrene concentration, kD is the
intrinsic decay rate constant of 1, and ket is the rate constant of
energy transfer from 31* to rubrene.

DeT − T,1 = DeT − T,Rub( DOD1
DODRub )( 1

Ptr ) (1)

Ptr = ket [Rub]
ket [Rub] + kD

(2)

The triplet extinction coefficients of the non-homoconjugated
systems increase with increasing saturation of the fullerene
chromophore. The triplet coefficient of 1,2-dihydro compound

1, 14000 M−1 cm−1, is much higher than that of a previously
studied homoconjugated 1,2-dihydrofullerene, whose coefficient
is 4200 M−1 cm−1.17 Subsequent functionalizations gave a triplet
coefficient of 19800 M−1 cm−1 for the 1,2,3,4-tetrahydro-fullerene
2 and an even higher value of 21600 M−1 cm−1 for the 1,2,3,4,5,6-
hexaadduct 3.

Previous examples of homoconjugated and multiply function-
alized fullerene derivatives have shown that the reported triplet ex-
tinction coefficients can vary widely, ranging from 4800 M−1 cm−1

to as high as 40042 M−1 cm−1. The triplet extinction coefficient
is dependent on the number of substituents, substitution pattern,
and type of substituents.18 The 1,2,3,4,5,6-hexaadduct 3 has a
similar extinction coefficient as that of a tetrakis Bingel adduct,
D2h-all-e-C60[C(COOEt)2]4 (20914 M−1 cm−1) and a hexakis Bingel
adduct, Th-all-e-C60[C(COOEt)2]6 (20871 M−1 cm−1). In addition,
the coefficient of 1,2-dihydrofullerene 1 is similar to that of a
tris-substituted derivative, e-face, e-edge, trans-1-C60[C(COOEt)2]3

(15085 M−1 cm−1). This suggests that substitution by a non-
homoconjugated addend has a greater effect on the triplet
extinction coefficient of the fullerene chromophore than that
of a homoconjugated addend (Bingel adduct). The results of
the current study also indicate that for non-homoconjugated
systems, the triplet extinction coefficient increases with sequential
disruption of the fullerene core, in analogy to trends reported
previously for homoconjugated systems.12a,17

The triplet quantum yields of fullerene derivatives 1, 2, and
3 were determined by the comparative method using C60 as a
standard.19 Under identical experimental conditions and with
optically matched solutions (A355 ∼ 0.3) of each derivative and
C60, the triplet quantum yield (φT) was calculated (eqn (3)). DOD
is the initial intensity of the triplet absorbance and DeT-T is the
triplet extinction coefficient determined above, at 670 nm for the
fullerene derivatives and 740 nm for C60.

DeT−T,1φT,1

DeT−T,C60
φT,C60

= DOD1

DODC60

(3)

The triplet quantum yields of fullerene derivatives 1, 2, and 3 are
shown in Table 1 and shows progressive changes with increasing
disturbance in the conjugation of the fullerene chromophore.
The quantum yield decreases with increasing saturation of the
C=C bonds in a six member ring. This is consistent with
studies of homoconjugated fullerene derivative systems.17 The
quantum yield of monoadduct 1 is similar to that of a mono-
Bingel adduct C60[C(COOEt)2] (UT = 0.95). The 1,2,3,4-tetrahydro
adduct 2 displays a higher triplet quantum yield than a bis-Bingel
adduct e-C60[C(COOEt)2]2 (UT = 0.79). Hexaadduct 3 exhibits
a similar quantum yield as a tris Bingel e-face, e-edge, trans-
1-C60[C(COOEt)2]3 adduct (UT = 0.69). Overall, the increased
perturbation in the p conjugation of a single six-membered ring
in a non-homoconjugated system results in a consistent decrease
in triplet quantum yield and is similar to previous reports for
homoconjugated systems.12a,17

Triplet energies

The triplet energy of the series of fullerene derivatives was
estimated using bracketing experiments by the energy transfer
method detailed in the Experimental section. The relative triplet
energy of each fullerene derivative can be estimated by using

52 | Photochem. Photobiol. Sci., 2008, 7, 49–55 This journal is © The Royal Society of Chemistry and Owner Societies 2008



Table 1 Triplet state properties of compounds 1, 2 and 3

Propertya Compound 1 Compound 2 Compound 3i

ET/kcal mol−1 33 ≤ ET ≤ 38
eT/M−1 cm−1b 14000 ± 1000 19800 ± 1000 21600 ± 1000
sT/lsc 25 ± 1 22 ± 1 18 ± 1
kO/M−1 s−1 (1.7 ± 0.09) × 109 (2.3 ± 0.2) × 109 (1.56 ± 0.15) × 109

UT
d 0.96 ± 0.02 0.89 ± 0.03 0.67 ± 0.03

U1O2 (355 nm)e 0.95 ± 0.02 0.87 ± 0.03 0.65 ± 0.03
U1O2 (532 nm)f 0.82 ± 0.02 0.70 ± 0.03 0.55 ± 0.03
SD (355 nm)g 0.99 0.98 0.97
kq(1O2) Not measurableh

a All experiments were conducted in spectrophotometric grade toluene or toluene-d8 at room temperature and excited at 355 nm or 532 nm with a
concentration of 1, 2, or 3 where absorbance at the excitation wavelength is Aexc ≈ 0.3. Reported values are averages of 3 or more measurements.
b Determined using the energy transfer method with rubrene as a reference.15 c In argon purged solutions and void of any quenchers. d Calculated using
the comparison method with C60 as reference. e Determined in air saturated conditions with sample concentrations from absorbance (OD) = 0.1–0.5
using C60 as standard. f Determined in air saturated conditions with sample concentrations from absorbance (OD) = 0.05–0.2 using C60 as standard.
g SD = UD/UT. SD is the fraction of the triplet state of 1, 2, or 3 that forms singlet oxygen by energy transfer (see text). h No observed quenching of singlet
oxygen by 1, 2, or 3 up to 2.98 × 10−5 M. i Data taken from previous report.10

Table 2 Quenching rate constants (kq) of the triplet states of 1, 2 and 3 by various quenchers

Quencher ET/kcal mol−1 1a 2a 3a

O2 22 1 1 1
Rubrene 26 0.46 0.51 0.58
2,3-Benzanthracene 29 0.26 0.23 0.25
Perylene 35 0.006 0.027 0.05
Benzo[a]pyrene 42 No quenching observed
Anthracene 42 No quenching observed

a kq (×1010 M−1 s−1).

quenchers of different triplet energies and measuring the rates
of energy transfer.15 The rate constants of quenching by various
quenchers of the triplet state of each fullerene derivative are shown
in Table 2. The triplet state of each derivative 1–3 is quenched at
diffusion controlled rates by oxygen (ET = 22 kcal mol−1)15 in
air and oxygen saturated solutions of toluene. Rubrene (ET =
26 kcal mol−1)15 and 2,3-benzanthracene (ET = 29 kcal mol−1)15

quench at slightly slower than diffusion controlled rates. Perylene
(ET = 34 kcal mol−1)15 quenches the triplet of all three compounds
1–3 at significantly lower than diffusion controlled rates. This
suggests that the approximate energies are close (∼0–2 kcal mol−1)
to that of perylene. Benzo[a]pyrene (ET = 41.8 kcal mol−1)15 and
anthracene (ET = 42.5 kcal mol−1)15 showed no quenching of any
of the fullerene triplets. Reverse quenching experiments using each
fullerene derivative as a quencher of the triplet of benzo[a]pyrene
were conducted and gave results consistent with estimated triplet
energies that were much lower than that of benzo[a]pyrene. From
energy transfer experiments, we estimate that the triplet energies of
the fullerene derivatives are similar to each other and close to that
of perylene; i.e. 33 kcal mol−1 ≤ ET (fullerene derivatives 1–3) ≤
38 kcal mol−1.

The triplet energies of 1, 2, and 3 were also calculated by
density functional theory at the B3LYP/6-31G*20 and B3LYP/6-
31G**//B3LYP/3-21G level of theory (Table 3).21 The triplet en-
ergy values show a slight decrease upon consecutive saturation of
double bonds on a single six-membered ring, from 36.2 kcal mol−1

to 35.2 kcal mol−1 and 33.6 kcal mol−1 for 1, 2, and 3, res-
pectively.

Table 3 Computed triplet energy (kcal mol−1) of compounds 1–3

Level of theory 1 2 3

B3LYP/6-31G*//B3LYP/6-31G* 36.2 35.2 33.6
B3LYP/6-31G**//B3LYP/3-21G 38.8 35.2 34.8

These values are comparable to the calculated triplet energy of
C60 of 36.2 kcal mol−1, which has been experimentally determined
to be 36.0 kcal mol−1.22 The calculated triplet energy values are
consistent with those estimated in the energy transfer experiments,
confirming that the triplet energies of fullerene derivatives 1–3 are
within ca. 0–2 kcal mol−1 of the triplet energy of perylene and the
parent C60.

Singlet oxygen quantum yield

This series of fullerene derivatives 1–3 gives us the opportunity to
examine the effect of substitution pattern on the singlet oxygen
quantum yield. Singlet oxygen is generated by energy transfer
from the triplet state of each fullerene derivative to ground state
molecular oxygen. The quantum yield of 1O2 generation (UD) can
be expressed using the following equation.

UD = UTPT,O2
f T,D (4)

Here UT is the quantum yield of triplet formation, PT,O2
the

proportion of triplet quenched by 3O2 [PT,O2
= 1 − (sair/sN2

)],
and f T,D is the fraction of triplet quenched by 3O2 leading to
formation of 1O2. The product PT,O2

f T,D is often referred to as
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SD, i.e. the fraction of the triplet state that forms singlet oxygen by
energy transfer. The values of kq, and SD(Table 1) are consistent
with the classic scheme by Gijzeman et al.23,24 for generation of
singlet oxygen by energy transfer. Diffusion-controlled quenching
of excited triplet sensitizers (T1) by triplet dioxygen (3R ) should
initially lead to an excited (T1

3R ) encounter-complex. Of the nine
different spin configurations possible for this encounter-complex,
only one [1(T1

3R )] should lead to energy transfer and singlet
oxygen formation. Thus, a value of unity is often observed for
f T,D when the rate of quenching of the triplet excited sensitizer
by triplet oxygen (kq) is 1/9 kdiff. At 355 nm, the singlet oxygen
quantum yields are identical (within limits of error) to the quantum
yields of triplet formation for all three derivatives. This implies
values of near unity for both PT,O2

and f T,D at 355 nm, and
consequently for SD. The quenching rates of the triplet states of
derivatives 1, 2, and 3 by triplet oxygen are indeed near 1/9 kdiff,
thus providing strong evidence for a simple mechanism of singlet
oxygen generation by energy transfer. Table 1 shows the singlet
oxygen quantum yield of compound 1, 2, and 3 excited at 355 nm
and 532 nm. The singlet oxygen quantum yield decreases with
increasing functionalization for excitation at 355 nm, where mono-
functionalized 1,2-dihydrofullerene 1 is 0.95, tetra-hydrofullerene
2 is 0.87 and hexa-hydrofullerene 3 is 0.65. Previous reports on
singlet oxygen generated by multifunctionalized derivatives have
also shown that disruption in the p-conjugation causes a decrease
of quantum yield for singlet oxygen generation.8,12,17,18 Comparing
results obtained by excitation at the same wavelength (355 nm),
it can be found that the quantum yield from disruption of one
C=C bond by a non-homoconjugated addend (compound 1,
U1O2 (355 nm) = 0.95) is comparable to that of homoconjugated
analogs.17 The second addition of a non-homoconjugated addend
at the adjacent C=C bond (cis-1 position) preserves more p-
conjugation than the second addition of a homoconjugated
addend at the e-position in a second aromatic ring, correlating
with a larger quantum yield with compound 2 (U1O2 (355 nm) =
0.87) than with the homoconjugated derivative e-C60[C(CO2Me)2]2

(U1O2 (355 nm) = 0.79). This trend also applies to a third
addition as compound 3 has a higher quantum yield for singlet
oxygen generation than a tris-Bingel adduct e-face, e-edge, trans-
1-C60[C(COOEt)2]3, which perturbs conjugation in three different
benzene rings.17

In agreement with the systematic decrease in the triplet quantum
yields as a function of p-conjugation detailed previously, consec-
utive disruption in the local conjugation of a single six-membered
ring by one, two, and three double bonds on the fullerene cage
consistently shows a small, but progressive decrease in singlet
oxygen quantum yield. However, consecutive addition to a single
isolated benzene ring produces a smaller effect than consecutive
addition of homoconjugated adducts to separated benzene rings
around the fullerene core.

Conclusions

We have reported a systematic study on the photophysics of the
non-homoconjugated 1,2-dihydro, 1,2,3,4,-tetrahydro, 1,2,3,4,5,6-
hexahydro fullerene derivatives. The synthetic availability for this
series of adducts offers us the opportunity to carry out an
insightful investigation of the photophysical properties of non-
homoconjugated systems. Saturation of C=C bonds by a non-

homoconjugated addend at adjacent positions preserves more p-
conjugation than the derivatives with delocalized addends. This is
reflected in measurements of triplet energy, triplet quantum yield,
and singlet oxygen quantum yield. Progress toward the under-
standing of the effects of electronic structure on the photophysical
properties of non-homoconjugated systems is made in the current
study.
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