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The triads (nT-2C60) consisting of one oligothiophene and
two fullerenes have been synthesized as single-component mate-
rials for photovoltaic cells. The sandwich-type cells of a config-
uration Al/nT-2C60/Au generate much higher photocurrents
than those based on the oligothiophene-fullerene dyads
(nT-C60).

Conjugated oligomers incorporated with fullerene are ex-
pected to be promising materials for growing organic solar
cells.1,2 In this regard, we recently discovered that the oligothio-
phene–fullerene dyads 1 (abbreviated as nT-C60) can induce
highly efficient photoinduced charge separation2 and serve as
single-component materials for photovoltaic cells.3 Specifically,
the Al/16T-C60/Au cell showed appreciably high power con-
version efficiency (0.32%) upon illumination from the Al side
with a light of 456 nm. However, illumination from the Au side
generated only a half of the photocurrent at the same wave-
length. This suggests that charge carriers generated close to
the Al side mainly contribute to the photocurrent. In other words,
the oligothiophene moiety constitutes an efficient network for
hole transport in the film, while the fullerenes do not interact
with one another enough to promote electron transport. We have
expected that an increase of the number of fullerenes in the link-
age system would enhance intermolecular interactions among
the fullerenes. The fullerene–oligothiophene–fullerene triads 2
(C60-nT-C60), however, gave no good films because of their
poor solubilities. We have then focused on another type of triads
3 (nT-2C60), where two fullerenes are incorporated at the same
terminal of oligothiophenes. Here we report the synthesis and
photovoltaic properties of nT-2C60 (n ¼ 4, 8, 12, 16).

S
S

C6H13

S
S

C6H13

H
N

CH3

S
S

C6H13

S
S

C6H13

H

N
CH3

NCH3

S
S

C6H13

S
S

C6H13

N

CH3

N
CH3

1 (nT-C60) x = 1 − 4

x

x

2 (C60-nT-C60) x = 1 − 4

x

3 (nT-2C60) x = 1 − 4

Scheme 1 outlines the synthetic route of a homologous ser-
ies of the triads nT-2C60. The key precursors are the oligothie-

nylbenzene-dicarbaldehydes 7a-7d, which were prepared from
oligothiophenes 4 (nT)4 by a combination of Stille coupling re-
actions and bromination with NBS. The dialdehydes 7a-7d thus
obtained were treated with [60]fullerene and N-methylglycine
according to Prato’s method5 to smoothly afford the correspond-
ing triads nT-2C60.

6

The electronic absorption spectra of nT-2C60 in o-dichloro-
benzene consist of a superposition of a strong band of the oligo-
thiophene chromophore at 400–600 nm and a strong band of the
fullerene at around 330 nm tailing up to 700 nm (Figure 1). Ap-
parently, there is no interaction between the two chromophores
in the ground state. On the other hand, the fluorescence spectra
showed marked reduction of the oligothiophene emission com-
pared to the corresponding oligothiophene (nT), when the
oligothiophene chromophore was excited. This indicates
efficient intramolecular electron transfer from the photoexcited
oligothiophene moiety to the pendant fullerene, as observed
for the dyads nT-C60.

2 In addition, it is worth noting that thanks
to the increased number of the pendant fullerenes, the triads
nT-2C60 undergo stronger quenching than nT-C60.

The sandwich devices of Al/nT-2C60/Au were fabricated
as follows. A semitransparent Al electrode (100 �A) was first vac-
uum-deposited on a glass substrate. Then a thin film of nT-2C60

(2500–3000 �A) was prepared by spin-coating of a chloroform so-
lution. Finally a Au electrode (100 �A) was vacuum-deposited.
Upon illumination from the Al side with 10-mWcm�2 monochro-
matic light, the photovoltaic cells of 12T-2C60 and 16T-2C60

showed marked photocurrents. The action spectra are in strict ac-
cordance with the absorption spectra of the oligothiophene
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Scheme 1. Reagents and conditions: i) 1 equiv. n-BuLi, THF,
�30 �C, 0.5 h, then n-Bu3SnCl, rt, 12 h; ii) cat. Pd(PPh3)4,
toluene, reflux, 12 h; iii) 1 equiv. NBS, DMF-CS2, rt, 15 h; iv)
C60, N-methylglycine, chlorobenzene, reflux, 1 d.
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chromophores (Figure 2). The photocurrents increase with the
chain extension of the oligothiophene, similar to the case of
the nT-C60 series. The cells of 4T-2C60 and 8T-2C60 showed
no photocurrents, being attributable to appreciable defects in
their spin-coated films.

The maximum short-circuit photocurrent (ISC) of the Al/
12T-2C60/Au cell is 210 nA�cm�2 at 460 nm, and that of the
Al/16T-2C60/Au is 376 nA�cm�2 at 466 nm. These values cor-
respond to the incident photon to converted electron ratios
(IPCE) of 14% for 12T-2C60 and 25% for 16T-2C60, which
are nearly double of those previously measured using nT-C60

(Table 1). This result evidently indicates that the triads
nT-2C60 constitute the improved fullerene network for electron
transport. It was found that the monochromatic power conver-
sion efficiency is reasonably high: 0.50% for the Al/12T-
2C60/Au cell and 0.65% for the Al/16T-2C60/Au.

In conclusion, we have developed the triads nT-2C60 as
novel single-component photovoltaic materials. It has turned
out that these triads constitute an improved network for electron
transport owing to the increased number of the pendant fuller-

enes, as compared to the previous dyads nT-C60.
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Figure 2. Photocurrent action spectra of the Al/nT-2C60/Au
cells.

Table 1. Photovoltaic properties of nT-2C60 and nT-C60

Comp. ISC/nAcm
�2 � inc/nm IPCE/% VOC/V FF h/%

12T-2C60 210 460 14 0.66 0.36 0.50

16T-2C60 376 466 25 0.58 0.30 0.65

12T-C60 108 461 7.0

16T-C60 148 456 9.7 0.64 0.34 0.32
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Figure 1. Electronic absorption spectra of nT-2C60 in o-dichlo-
robenzene.
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