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ABSTRACT: An endohedral metallofullerene, La2@C80, is
covalently linked to the strong electron acceptor 11,11,12,12-
tetracyano-9,10-anthra-p-quinodimethane (TCAQ) by means
of the Prato reaction, affording two different [5,6]-metal-
lofulleropyrrolidines, namely 1a and 2a. 1a and 2a were
isolated and fully characterized by means of MALDI-TOF
mass, UV−vis−NIR absorption, and NMR spectroscopies. In
addition, cyclic voltammetry (CV) and differential pulse
voltammetry (DPV) corroborated the unique redox character
of 2a, that is, the presence of the electron-donating La2@C80 and the electron-accepting TCAQ. Although a weak electronic
coupling dictates the interactions between La2@C80 and TCAQ in the ground state, time-resolved transient absorption
experiments reveal that in the excited state (i.e., π−π* centered at La2@C80) the unprecedented formation of the (La2@C80)

•+−
(TCAQ)•− radical ion pair state evolves in nonpolar and polar media with a quantum efficiency of 33%.

■ INTRODUCTION
Organic photovoltaic cells are currently attracting much
attention as a means to convert semipermanent solar energy
into renewable energy sources.1 A full plethora of multi-
component electron donor−acceptor conjugates and hybrids
have been devised in recent years, whose studies of photo-
induced processes (including energy and electron transfer)
have advanced our understanding of artificial photosynthetic
and photovoltaic systems.2,3

In this regard, concerted efforts toward the development of
electron donor−acceptor conjugates and hybrids have
documented the physicochemical assets of fullerenes as
symmetrical three-dimensional structures. In particular, full-
erenes accept multiple electrons in solution at moderate
potentials to form stable monoanionic, dianionic, etc. species.
Most importantly, fullerenes and their derivatives exhibit low
reorganization energies in electron transfer reactions, which
render them promising for energy conversion and energy
storage devices.2,4 As a matter of fact, over 7% energy
photocurrent efficiency (PCE) has been reported for fullerene
derivatives as an integrative component in bulk heterojunction
solar cells.5

Among the different classes of fullerenes, endohedral
metallofullerenes, which encapsulate one or more metal atoms
in their interior, are unique owing to the fact that their
physicochemical properties (including ground and excited state
features) depend in large part on the nature and the
composition of the encapsulated species.6 A remarkable
demonstration of the potential of endohedral metallofullerenes
has been their application in the field of organic solar cells. The
use of 1-(3-hexoxycarbonyl)propyl-1-phenyl-[6,6]−Lu3N@C81
(Lu3N@C80−PCBH) and poly(3-hexylthiophene) P3HT has
led to significantly larger open circuit voltages (0.89 V vs 0.63
V) and appreciably higher PCEs (4.2% vs 3.4%) than in C60-
PCBM/P3HT reference devices under AM1.5 solar simulation
conditions.7 Furthermore, among the organic conductors that
were probed by flash-photolysis time-resolved microwave
conductivity, a single-crystal of an adamantylidene derivative
of La@C82 exhibited the highest ever reported electron
mobility (μ) exceeding 10 cm2 V−1 s−1.8 Such remarkable
chemical and physical features have inspired chemists to design
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and synthesize novel derivatives of endohedral metallofuller-
enes as building blocks for optoelectronic materials.
Recently, we have demonstrated that, in contrast to the

photoreactivity of C60−perylenebisimide (C60−PDI), in which
a cascade of energy transfer processes evolve, PDI acts in
Lu3N@C80−PDI as the light harvester and the electron
acceptor. In particular, photoexcitation of Lu3N@C80−PDI
triggers a photoinduced electron transfer from the ground state
of Lu3N@C80 to the singlet excited state of PDI.9 Notably,
La2@C80 and trimetallic nitride template endohedral metal-
lofullerenes (including Lu3N@C80) reveal marked differences in
terms of their redox potentials as well as their molecular
orbitals.10 Although La2@C80 and Lu3N@C80 feature similar
oxidation potentials (+0.56 V vs +0.64 V against Fc0/+), La2@
C80 gives rise to a much lower first reduction potential (−0.31
V) compared to that of Lu3N@C80 (−1.40 V)11and, which is
important in the context of the current work, even lower than
the one of PDI (−0.89 V).9 Whereas the LUMOs, as a
reflection of the reduction potentials, are localized on the
encapsulated metal atoms in the case of La2@C80, those of
M3N@C80 (M = Sc, Y and Lu) are delocalized over the
trimetallic nitride template and the fullerene. As a matter of
fact, the remarkable redox features of La2@C80 are likely to
impact key aspects in photoinduced intramolecular electron
transfer reactions such as pathways, dynamics, and quantum
yields.
Another recent report documents that an endohedral

metallofullerene, namely Ce2@C80, functions as a stable
electron donor that transfers an electron to photoexcited zinc
porphyrins.12 In fact, a systematic investigation of the electron
transfer chemistry reveals the formation of the radical ion pair
(Ce2@C80)

•−−(ZnP)•+ in nonpolar media (i.e., toluene and
THF), while the formation of (Ce2@C80)

•+−(ZnP)•− species
dominates in polar media (i.e., benzonitrile and DMF).
Notably, such a switching electron donor/acceptor behavior
is a unique phenomenon for Ce2@C80 and La2@C80, which is
absent in all empty fullerenes and in most endohedral
metallofullerenes. The rather poor electron acceptor strength
of zinc porphyrins evokes, nevertheless, the solvent dependent
electron transfer mechanism.
Solvent independent electron transfer is, however, a desirable

feature to realize the versatile use of endohedral fullerenes as
electron donors, especially considering the nonpolar environ-
ment in organic solar cells. In addition, although various
electron donor−acceptor conjugates of C60 have been well-
studied, only one example, to the best of our knowledge, is
available for the electron transfer system, in which a fullerene
acts as an electron donor.13 However, the presence of Sc(OTf)3
as an oxidation reagent is needed in the example.
Tetracyanoanthra-p-quinodimethanes (TCAQ) stand out
among electron acceptors and, as such, they play a crucial
role in electron transfer reactions, molecular rectifiers, transport
layers in organic optoelectronic devices, and electrochiroptical
materials.14 Moreover, highly distorted TCAQs undergo
aromatization upon reduction, which causes a dramatic
geometrical change and results in the formation of
thermodynamically stable dianionic species at relatively low
reduction potentials.15 In light of the aforementioned, we have
designed, synthesized, and probed a novel electron donor−
acceptor conjugate, in which the strong electron-accepting
TCAQ is linked to La2@C80.

■ RESULTS AND DISCUSSION
Synthesis and Structural Determination. The target

metallofulleropyrrolidines were synthesized using the synthetic
procedures of 1,3-dipolar cycloaddition reactions, in which
reactive azomethine ylides generated from aminoacetic acids
and aldehydes react with La2@C80, the so-called Prato reaction
(Scheme 1).16 A close look at the HPLC elugrams of the
reaction mixtures suggest the formation of major products 1a
and 2a, respectively (Figure 1). The results attest that the

reaction using TCAQ-CHO proceeds more than 5 times faster
than those of Ph-CHO or 2-formyl-9,10-bis(1,3-dithiol-2-
ylidene)-9,10-dihydroanthracene (exTTF-CHO).17 Here, the
electron-withdrawing effect of TCAQ increases the reactivity of
the azomethine ylide.18

1a and 2a were isolated from byproducts and unreacted
materials in a one-step HPLC separation using a Buckyprep
column. The purities of 1a and 2a are greater than 98% using
HPLC analyses with various columns see Figure 2 and
Supporting Information (SI). Interestingly, the retention
times of 2a in the HPLC profiles are shorter than those of
1a, which suggests that the n-octyl chains suppress
intermolecular interactions between 2a and the HPLC columns
and that accelerates the elution of 2a.
The MALDI-TOF mass spectra of 1a and 2a show molecular

ion peaks at 1611 and 1695 m/z, respectively (Figure 3). As

Scheme 1

Figure 1. HPLC profiles of the reaction crudes of 1 (top) and 2
(bottom). Conditions: 5PYE column (i.d. 4.6 mm × 250 mm);
toluene eluent; 1.0 mL/min flow rate; 330 nm wavelength; 40 °C
temperature.
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such, the molecular ion peaks confirmed the isolation of the
target metallofulleropyrrolidines consisting of La2@C80 and
TCAQ. The major fragment peak at 1238 m/z correlates with
pristine La2@C80 generated during laser desorption.
The UV−vis−NIR spectra of 1a and 2a resemble each other

and those Prato adducts of [5,6]-closed nature La2@
C80(CH2)2NTrt (3a),

19 but clearly differ from the [6,6]-closed
analogue of La2@C80(CH2)2NTrt (3b)19 (Figure 4). In
particular, the spectral similarities, especially in the vis−NIR
region, imply isostructural characteristics due to the same [5,6]-
closed addition pattern. In general, the absorption spectra of
fullerene derivatives provide distinct fingerprints in the vis−

NIR region that relate to the nature of the π-electron system.
Thus, it is safe to conclude that 1a, 2a, and 3a all have the same
[5,6]-closed addition pattern.
Further characterization of 1a and 2a was based on 1H NMR

measurements.20 The 1H NMR spectrum of 2a gives rise to
signals that correspond to the pyrrolidine protons between δ
3.1 and 4.5 (Figure 5). The resonances due to the aromatic

protons of the anthracenyl group in TCAQ evolve around δ
7.7−8.8. For 1a, all of the aforementioned 1H NMR signals
appear in the same magnetic field regions with the exception of
those that relate to the alkyl chains (Figure S3, SI). Finally, the
chemical shifts seen for the geminal protons in 1a and 2a are in
good agreement with the values reported for the [5,6]-closed
metallofulleropyrrolidine 3a and differ distinctly from those of
the [6,6]-closed analogue 3b,17,19 which further corroborates
the [5,6]-closed addition pattern of 1a and 2a initially proposed
on the basis of the absorption spectra (vide supra).
Complementary DFT calculations suggest that the most

feasible structure of 1a is the [5,6]-isomer I, in which TCAQ
adopts a cis conformation relative to the two dicyanovinylenes
(Figure 6). The cis conformation is thermodynamically more
stable than that of the trans conformation by 10.7 kcal/mol
(Figure S4, SI). Notably, this finding is consistent with a
previous report on C60-TCAQ.

21 The computational results
also suggest that the cis1-[5,6]-isomer I is in the lowest energy
configuration among the eight possible [5,6]-isomers (+1.4 to
+10.4 kcal/mol) (Figure S5, SI). In comparison with [5,6]-
isomers, [6,6]-isomers are 2.50 kcal/mol less stable (Figure S6,
SI). The latter is in good agreement with the experimental

Figure 2. HPLC profiles of isolated 1a (top) and 2a (bottom).
Conditions: Buckyprep column (i.d. 4.6 mm × 250 mm) ; toluene
eluent; 1.0 mL/min flow rate; 330 nm wavelength; 40 °C temperature.

Figure 3. MALDI-TOF mass spectra of isolated 1a (top) and 2a
(bottom). Conditions: negative mode, matrix; 1,1,4,4-tetrapheny-1,3-
butadiene.

Figure 4. UV−vis−NIR absorption spectra of La2@C80, TCAQ-CHO,
1a, 2a, 3a,19 and 3b19 in toluene.

Figure 5. 1H NMR spectra of 2a between 3 and 9 ppm at 500 MHz in
1:3 (v/v) C2D2Cl4/CS2 at 293 K. Signals marked by green squares and
red circles are attributed respectively to the pyrrolidine geminal and
methyne protons.
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results summarized before and those that will be discussed in
the following paragraph about the second major products (vide
infra).
The second major product of 2 was partially identified. 2b

was purified using preparative HPLC (Figure S7, SI) and was
subjected to MALDI-TOF mass spectrometry characterization
(Figure S8, SI). The spectrum of 2b portrays the molecular ion
peak at 1695 m/z, which is the same mass number of 2a,
suggesting that 2b is a site-isomer of 2a. Notably, “site-isomer”
refers in this context to an isomer of the adduct with the same
fullerene and the same addend but a different addition
positiona classification proposed recently by Martiń et al.22

Such a notion is further supported by the absorption spectrum
of 2b. The latter resembles that of the [6,6]-adduct 3b19

(Figure S9, SI). It is well-known that [5,6]-adducts of
endohedral metallofullerenes of C80 are the thermodynamically
favored products, while the kinetically preferred products are
the [6,6]-adducts.23 Our theoretical calculations, as shown in
Figure S6 (SI), confirm this trend. The reaction with TCAQ-
CHO affords the kinetically favored [6,6]-isomer 2b as the
second major product.
Electronic properties. Figure 4 documents that the

absorption spectra of 1a and 2a give rise to the absorptions
of [5,6]-closed fulleropyrrolidines of La2@C80 and TCAQ.
Neither for 1a, nor for 2a we gathered any appreciable
spectroscopic evidence for a charge transfer in the ground state.
These results suggest that only weak, if any, intramolecular
electron interactions prevail between La2@C80 and TCAQ in
the ground state. In addition, the nature of the La2@C80-
centered absorptions in 1a and 2a is ascribed to π−π*
transitions. On one hand, the energetic mismatch of the long
wavelength absorption onset/short wavelength emission (1.4 ±
0.2 eV) relative to charge transfer interactions involving the La
cluster (1.04 eV) should be considered. On the other hand, the
bathochromic shift of the absorptions when probing polar
solvents is another important criterion.
Electrochemical properties of 2a were determined by means

of cyclic voltammetry (CV) and differential pulse voltammetry
(DPV) (Figure 7 and Table 1). The first reduction is associated
with the one-electron reduction of the La cluster in La2@C80.
In stark contrast, the second reduction is a two-electron
reduction step and involves TCAQ.14,15 All of the oxidations, as
they are listed in Table 1, are attributed to one-electron
oxidations of La2@C80. This assignment finds further support
by theoretical calculations, which implies that HOMO and
HOMO−1 are localized on La2@C80 (Figure S10, SI). In
addition, pyrrolidine adducts of fullerenes are known to show a

reversible or a quasi-reversible oxidation step, depending on the
fullerene structure and connecting moieties.24 As such, all of the
La2@C80 centered reduction and oxidation processes are
identical with those of La2@C80CH2NEtCHPh (4),17 which
is a metallofulleropyrrolidine that is based on La2@C80 and that
lacks TCAQ. Taking the aforementioned into concert, we reach
the important conclusion that the introduction of TCAQ does
not influence the redox properties of La2@C80 in the ground
statea result that agrees well with the absorption assays.
Using the potentials corresponding to the first one-electron
oxidation of La2@C80 (+0.24 V) and to the first one-electron
reduction of TCAQ (−0.91 V), the energy of the (La2@
C80)

•+−(TCAQ)•− radical ion pair state was determined as
1.15 eV.
In femtosecond transient absorption measurements with 2a

(Figure 8), immediately after the laser excitation, strong
singlet−singlet absorptions with maxima at 515, 575, 910,
and 1100 nm and a minimum at 465 nm are discernible.
Important is the similar intensity of the 910 and 1100 nm
maxima. These features resemble those seen for La2@
C80CH2NEtCHPh 4 (Figure S11, SI) and thus confirm that,
despite the presence of TCAQ, the La2@C80 singlet excited
state is formed. When compared to 4 (33 ± 5 ps), the singlet−
singlet absorptions decay in 2a with accelerated dynamics in,
for example, THF (10 ± 5 ps). Spectroscopically, the transient
absorption changes, which occurred after the completion of the
decay, bear no resemblance to that of the La2@C80 triplet
excited statecompare Figure 8 and Figure S12 (SI).17 In the
visible region, the sharp negative and positive absorptions at
465 and 570 nm, respectively, correspond to the one-electron
reduced form of TCAQ.25 In the near-infrared region, the
maxima between 800 and 1200 nm agree with the
spectroelectrochemical signatures of the one-electron oxidized

Figure 6. Most stable optimized structure of 1a (in which ethyl group
is substituted to methyl group for simplification) calculated at the
M06-2X/6-31G(d)[C, H, N], LanL2DZ[La] level of theory. Figure 7. CV (upper) and DPV (lower) of 2a measured in o-

dichlorobenzene at room temperature.

Table 1. Redox Potentialsa,b

cmpd Eox
(3) Eox

(2) Eox
(1) Ered

(1) Ered
(2) Ered

(3)

2a 0.98c 0.59 0.24c −0.45 −0.91 −1.66c

TCAQ-CHO −0.72
4d 1.00c 0.59 0.20 −0.44 −1.70 −2.22c

La2@C80
e 0.95c 0.56 −0.31 −1.71 −2.13c

aValues are given in volts relative to a Fc0/+ redox couple and were
obtained from DPVs. bConditions: working electrode and counter
electrode, platinum wires; reference electrode, SCE; supporting
electrolyte, 0.1 M TBAPF6 in o-DCB. CV: scan rate, 50 mV s−1.
DPV: pulse amplitude, 50 mV; scan rate, 20 mV s−1. cIrreversible.
dData from ref 15. eData from ref 10.
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La2@C80 in 4 and relates to the one-electron oxidation of C80 in
La2@C80. The latter feature a characteristic maximum at 905
nm followed by a much weaker transient around 1100 nm
(Figure 9). Please note that despite the spectral similarity with
the singlet excited state (vide supra) the intensity ratio of the
905 and 1100 nm maxima is decisive for our assignment. In
other words, the close spectral resemblance between
spectroelectrochemistry and photochemistry prompts for 2a
in THF to the unprecedented formation of the (La2@C80)

•+−
(TCAQ)•− radical ion pair state with a quantum efficiency of
∼33% from the singlet excited state precursor (1.4 ± 0.2 eV)
determined in absorption/fluorescence experiments. The
time−absorption profiles show that this highly exergonic state
is metastable. In fact, multiwavelength analyses provide
lifetimes of 230 ± 15 ps in THF (Figure 8). In less polar
solvents, namely cyclohexanecarbonitrile, toluene, and carbon
disulfide, the corresponding radical ion pair state lifetimes are
80 ± 30, 110 ± 10, and 130 ± 15 ps, respectively see Figure 10.
It is, however, the triplet excited state (1.0 ± 0.1 eV) of the
La2@C80 moiety, whose energy was determined in phosphor-
escence experiments, that is formed in all of the tested solvents
as the stable product of charge recombination. Support for this
assumption came from complementary nanosecond experi-

ments (Figure S12, SI) in which a long-lived transient is seen
for 2a in agreement with the reference experiments performed

Figure 8. (Top) Differential absorption changes (ΔOD) in the visible
and near-infrared region obtained upon femtosecond flash photolysis
(387 nm) of 2a (∼10−5 M) in argon-saturated THF with several time
delays between 0 and 200 ps at room temperature (see legend for
details related to time progression). (Bottom) Time vs differential
absorption changes (ΔOD) of the spectra shown above in THF at 465
and 915 nm, monitoring charge separation and charge recombination.

Figure 9. Differential absorption changes (ΔOD) in the near-infrared
region obtained upon electrochemical oxidation of La2@
C80CH2NEtCHPh (4) at an applied bias of +0.4 V in argon-saturated
o-dichlorobenzene with 0.05 M (n-Bu)4NPF6 as supporting electrolyte
at room temperature.

Figure 10. (Top) Time vs differential absorption changes (ΔOD) of
2a in toluene at 465 and 915 nm, monitoring charge separation and
charge recombination. (Bottom) Time vs differential absorption
changes (ΔOD) of 2a in carbon disulfide at 915 nm, monitoring
charge separation and charge recombination.

Journal of the American Chemical Society Article

dx.doi.org/10.1021/ja307341g | J. Am. Chem. Soc. 2012, 134, 19401−1940819405



with pristine La2@C80 and 4.17 In line with the phosphor-
escence experiments, the triplet excited state lifetime differs
between the absence and the presence of molecular oxygen
29.6 ± 1.0 vs 27.5 ± 1.0, respectively. In fact, the molecular
oxygen quenching of the triplet excited state goes hand in hand
with the detection of singlet oxygen emission at 1275 nm and,
as such, confirms the triplet excited state energy of 4.

■ CONCLUSION
In summary, we have synthesized, characterized, and probed
two novel metallofulleropyrrolidines (1a and 2a) bearing the
strong electron acceptor, TCAQ. Our results in terms of
ground state characterization point to the lack of significant
electronic interactions between TCAQ and La2@C80. However,
in the excited state the reactivity differs fundamentally see
Figure 11. Here, La2@C80, once photoexcited, acts in its singlet

excited state (1.4 ± 0.2 eV) as an electron donor to yield a
spatially separated radical ion pair state (1.15 eV) with a
lifetime of several hundred picoseconds and featuring a one-
electron reduced TCAQ and a one-electron oxidized La2@C80
before populating the triplet excited state (1.0 ± 0.1 eV) and,
subsequently, the ground state in the absence of molecular
oxygen. On one hand, the unique electron acceptor character of
TCAQ and, on the other hand, the strong electron donor
character of La2@C80 are of greatest importance to afford for
the f irst time a radical ion pair state in nonpolar as well as polar
media. Despite the simplicity, 1a and 2a show their potential
for electron transport in molecular systems. However, the lack
of a stable, isolable, empty fullerene C80 (due to the violation of
the isolated pentagon rule) unfortunately hinders a meaningful
comparison between La2@C80 and C80.

■ EXPERIMENTAL SECTION
General Methods. All chemicals and solvents were

obtained from Wako Pure Chemical Inds. Ltd. and were used
without further purification unless otherwise stated. o-
Dichlorobenzene was distilled over calcium hydride at reduced
pressure under an argon atmosphere before use in reactions.
Analytical high-performance liquid chromatography (HPLC)
was performed on a HPLC apparatus (Jasco Inc.) using 5PYE,
Buckyprep, Buckyprep M, or 5PBB columns (4.6 mm × 250
mm; Nacalai Tesque Inc.) with monitoring of UV absorption at
330 nm. Toluene was used as the eluent. The 1H measurements
were conducted on a spectrometer (AVANCE 500; Bruker
Analytik GmbH) with a CryoProbe system, where TMS was
used as an internal reference (δ = 0.00 ppm). Absorption
spectra were recorded using a spectrophotometer (UV-3150;
Shimadzu Corp.). Mass spectrometry was conducted using a

mass spectrometer (BIFLEX III; Bruker Analytik GmbH) with
1,1,4,4-tetraphenyl-1,3-butadiene as a matrix. Cyclic voltammo-
grams (CVs) and differential pulse voltammograms (DPVs)
were recorded using an electrochemical analyzer (ALS630D;
BAS Inc.). Platinum wires were used as the working and
counter electrodes. The reference electrode was a saturated
calomel reference electrode (SCE) filled with 0.1 M (n-
Bu)4NPF6 (TBAPF6) in o-DCB. All potentials are referenced to
the ferrocene/ferrocenium couple (Fc/Fc+) as the standard.
CVs were recorded using a scan rate of 50 mV/s, and DPVs
were obtained using a pulse amplitude of 50 mV, a pulse width
of 50 ms, a pulse period of 200 ms, and a scan rate of 20 mV/s.
The solution was deaerated for 20 min with argon before
electrochemical measurements. The spectroelectrochemical
measurements were done on a Varian Cary 5000 UV−vis−
NIR spectrophotometer connected to a Princeton PGstat 263A
using a homemade cell with three-electrode configuration. A
light-transparent platinum gauze, a platinum plate, and a silver
wire were employed as the working, counter, and reference
electrodes, respectively. Femtosecond transient absorption
studies were performed with 387 nm laser pulses (1 kHz,
150 fs pulse width) from an amplified Ti:Sapphire laser system
(Clark-MXR, Inc.), the laser energy was 200 nJ. Nanosecond
laser flash photolysis experiments were performed with 355 nm
laser pulses from a Quanta-Ray CDR Nd:YAG system (6 ns
pulse width) in a front face excitation geometry.

Synthesis of 2-Formyl-11,11,12,12-tetracyano-9,10-an-
thra-p-quinodimethane (TCAQ-CHO). TCAQ-CHO was
prepared according to previously reported synthetic proce-
dures,21 and were identified using the spectroscopic data
thereof.

General Procedure for the Synthesis of Metallofuller-
opyrrolidines 1 and 2. A toluene solution containing La2@Ih−
C80 was refluxed with 10 equiv of aminoacetic acid and the
corresponding aldehyde under argon atmosphere. After a
variable period of time, the reaction mixture was injected into a
preparative Buckyprep column (20 mm × 250 mm i.d.;
Cosmosil, Nacalai Tesque Inc.) to separate 1a, 2a, and 2b from
byproducts and unreacted starting materials.

5,6-La2@C80CH2NEtCH-TCAQ (TCAQ = C20H7N4) (1a). In
160 mL of toluene (4.0 × 10−4 M) was dissolved 8.00 mg of
La2@Ih-C80. The mixture was then refluxed for 25 min after the
addition of 12.1 mg of N-ethyl glycine and 21.5 mg of TCAQ-
CHO. Yield: 42.4% (based on consumed starting fullerene). 1H
NMR (500 MHz, CS2/C2D2Cl4, 3/1, 293 K) δ: 8.70 (s, 1H),
8.30−8.28 (m, 2H), 8.25 (d, 1H, J = 7.3 Hz), 7.92 (d, 1H, J =
7.3 Hz), 7.76 (d, 2H, J = 7.0 Hz), 4.57 (d, 1H, J = 9.5 Hz), 4.12
(s, 1H), 3.55 (CH2, 2H), 3.12 (d, 1H, J = 9.5 Hz), 1.40 (t, 3H, J
= 6.5 Hz). MALDI-TOF MS calculated for C104H15La2N5
([M]−): 1610.95, found: 1610.51 m/z.

5,6-La2@C80CH2NOctCH-TCAQ (2a). In 122 mL of o-DCB
(4.0 × 10−4 M) was dissolved 6.10 mg of La2@Ih-C80; The
mixture was then heated at 110 °C for 11 min after the addition
of 9.23 mg of N-n-octylglycine and 16.4 mg of TCAQ-CHO.
Yield: 50.2% (based on consumed starting fullerene). 1H NMR
(500 MHz, CS2/C2D2Cl4, 3/1, 293 K) δ: 8.76 (s, 1H), 8.32−
8.28 (m, 2H), 8.23 (d, 1H, J = 8.0 Hz, 7.90 (d, 1H, J = 8.0 Hz),
7.76 (d, 2H, J = 6.5 Hz), 4.55 (d, 1H, J = 9.3 Hz), 4.10 (s, 1H),
3.11 (d, 1H, J = 9.3 Hz), the proton signals attributable to the
alkyl side chain (C8H17) were not identifiable. MALDI-TOF
MS calculated for C110H27La2N5 ([M]−): 1695.04, found:
1695.38 m/z.

Figure 11. Energy diagram for 2a illustrating the deactivation
processes upon photoexcitation of La2@C80.
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6,6-La2@C80CH2NOctCH-TCAQ (2b). MALDI-TOF MS
calculated for C110H27La2N5 ([M]−): 1695.04, found: 1695.41
m/z. UV−vis−near-IR (toluene) λmax 695 nm.
Synthesis of 5,6-La2@C80CH2NEtCH-Ph (4). 4 was prepared

according to previously reported synthetic procedures,15 and
was identified using the spectroscopic data thereof.
Theoretical Calculations. Geometries were optimized using

the Gaussian 09 program26 with the M06-2X27 functionals. The
basis set with relativistic effective core potential suggested by
Hay and Wadt28 was used for the La atom. The split valence 6-
31G(d)29 basis set was used for C, H, and N.
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