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The dendritic oligothiophene/[60]fullerene linkage mole-
cules have been synthesized, and their electronic properties were
characterized by spectroscopic and electrochemical measure-
ments. The FET devices were fabricated with their spin-coated
films and their performances were investigated.

For the design of efficient organic integrated circuits, there
is an urgent need for advanced organic materials. Ambipolar
organic field-effect transistors (OFETs), which work as both
p- and n-channel transistors, have been demonstrated by using
heterostructure1 and heterogeneous blends2,3 of p- and n-type
organic semiconductors. As the rather simple device structures,
ambipolar transistors composed by a single organic material
have also been demonstrated.2,4 However, there are not many ex-
amples of ambipolar OFETs especially using solution-fabricated
organic films,5 which have advantages for application to easy
processing, flexible, and large-area devices. These ambipolar
materials possess also a large potential for application to photo-
voltaic devices (plastic solar cells).6 Recently, we have reported
an ambipolar OFET using the oligothiophene 16-mer attached
with two [60]fullerenes (16T-2C60).

7 We have also developed
the highly branched dendritic oligothiophenes8 that revealed
self-association behavior in solution owing to strong �–� stack-
ing interactions and field-effect hole mobility comparable to
those of long oligothiophenes.9 Therefore, the combination of
dendritic oligothiophenes and [60]fullerene is expected to form
effective both hole- and electron-transporting channels in a film.
In this communication, we report the synthesis, spectroscopic
and electrochemical properties, and ambipolar characteristics
of dendritic oligothiophenes/[60]fullerene linkage molecules
(Chart 1).

We employed a convergent method with repeating Stille
coupling reactions for the preparation of dendritic-oligothio-
phene aldehyde derivatives Gn-CHO (n ¼ 1{3) composed by
dihexylquaterthiophenes (4T) and 1,3,5-trisubstituted-benzene
juncture units. The synthetic route and details are described in
the Supporting Information.10 The aldehydes Gn-CHO were
converted to the mono-substituted [60]fullerene compounds
Gn-C60 (n ¼ 1{3) in 36–59% yields by the treatment with
C60 and N-methylglycine (Prato’s method)11 in refluxing
chlorobenzene. Further addition reactions of Gn-CHO to
Gn-C60 under the Prato’s conditions gave two-dendron-substi-
tuted [60]fullerenes (Gn)2-C60 (n ¼ 1{3, 40–94%) as a mixture
of several regioisomers, which was not separated and used for
the following spectroscopic measurements as such.

The UV–vis absorption and photoluminescence spectra of
Gn-C60 and (Gn)2-C60 in o-dichlorobenzene were shown in
Figures 1 and S1,10 respectively, and their data were summarized
in Table S1.10 The strong absorption bands appeared in the

visible region at the nearly identical wavelengths and are
assignable to �–�� transition of the 4T chromophores. Their
absorption coefficients increase with increasing the number of
4T units in the molecules. In addition, weak absorptions typical
of fulleropyrrolidine derivatives appeared at 700–710 nm, where
the absorptions of (G1)2-C60 and (G2)2-C60 were slightly shifted
to longer wavelengths than those of Gn-C60. In the case of
(G3)2-C60, an excessive shift of the 4T-absorption edge to
near-IR region seems to conceal the weak fulleropyrrolidine
absorption, suggesting that two sterically huge G3 groups partly
interact with each other intramolecularly and thus cover the full-
erene unit. On the other hand, compared with the corresponding
Gn-CHO, the fluorescence of all the fullerene linkage molecules
was quenched strongly (Table S1)10 because of the occurrence of
photoinduced intramolecular electron transfer from the dendritic
oligothiophene to the fullerene.12

On cyclic voltammetry measurements (Figure S2),10

Gn-C60 and (Gn)2-C60 showed multi-step oxidation curves
owing to their possessing electroactive multi-sites. Interesting
features are noticed in cathodic scan. The dendritic oligothio-
phene/fullerene molecules except for (G3)2-C60 revealed two
reversible waves typical of fulleropyrrolidine, while no reduc-
tion peak was observed for (G3)2-C60, indicating that the two
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bulky G3 groups completely cover the fullerene part to remark-
ably slow down electron transfer from the working electrode.

The bottom-contact OFET devices using the spin-coated
films were fabricated and tested for both p-channel and n-chan-
nel characteristics, and they were summarized in Table 1. Typi-
cal ambipolar output was observed for the devices usingG1-C60

and G2-C60, and Figure 2 represents the performances of G2-
C60-based device. Although the observed mobility of electrons
is rather low compared with that of the ambipolar 16T-2C60

(4:3� 10�5 cm2 V�1 s�1),7 it is interesting to note that the
weight ratio of C60 to oligothiophene segments in G2-C60 is
smaller than that in 16T-2C60. The appearance of the ambipolar
character in the G2-C60 film is attributable to the self-aggrega-
tion property of dendritic oligothiophenes8 to form both elec-
tron- and hole-transporting channels. For the FET devices using
G3-C60, (G1)2-C60, and (G2)2-C60, no n-channel characteristic
was observed, whereas the enhancement of hole mobility up
to 5:4� 10�5 cm2 V�1 s�1 of G3-C60 also indicates the effects
of the self-aggregation. In these films the formation of the
electron-transporting channel composed of the C60 parts might

be inhibited by the sterically large dendritic oligothiophenes or
by the two-dendron substitution as seen typically in the cyclic
voltammogram of (G3)2-C60.

In conclusion, we have successfully synthesized the dendrit-
ic oligothiophene/[60]fullerene linkage molecules. The appear-
ance of ambipolar character on the FET devices using G1-C60

and G2-C60 in spite of their small weight ratios of the fullerene
segments indicates that the self-aggregation of the dendritic
oligothiophene parts effectively contributes the formation of
hole- as well as electron-transporting channels. We anticipate
that further molecular designs based on the combination of den-
dritic oligothiophenes with fullerenes will develop prospective
materials for ambipolar FET as well as photovoltaic devices.

The authors acknowledge Mr. K. Okamoto, Prof. T.
Kozawa, and Prof. S. Tagawa for providing FET substrates.
Thanks are given to the MAC, ISIR, and the Instrumental
Analysis Center, Faculty of Engineering, Osaka University, for
assistance in obtaining spectra and elemental analyses. This
work was supported by a Grant-in-Aid for Scientific Research
and Nanotechnology Support Project (MEXT) from the Ministry
of Education, Culture, Sports, Science and Technology, Japan,
and also supported by the Cooperative Research with Sumitomo
Chemical Co., Ltd.

References and Notes
1 A. Dodabalapur, H. E. Katz, L. Tordi, R. C. Haddon, Science

1995, 269, 1560.
2 E. J. Meijer, D. M. De Leeuw, S. Satayesh, E. Van

Veenendaal, B.-H. Huisman, P. W. M. Blom, J. C.
Hummelen, U. Scherf, T. M. Klapwijk, Nat. Mater. 2003,
2, 678.

3 K. Tada, H. Harada, K. Yoshino, Jpn. J. Appl. Phys. 1996,
35, L944; Y. Hayashi, H. Kanamori, I. Yamada, A. Takasu,
S. Takagi, K. Kaneko, Appl. Phys. Lett. 2005, 86, 052104.

4 R. J. Chesterfield, C. R. Newman, T. M. Pappenfus, P. C.
Ewbank, M. H. Haukaas, K. R. Mann, L. L. Miller, C. D.
Frisbie, Adv. Mater. 2003, 15, 1278.

5 H. Sirringhaus, T. Kawase, R. H. Friend, T. Shimoda, M.
Inbasekaran, W. Wu, E. P. Woo, Science 2000, 290, 2123;
H. E. A. Huitema, G. H. Gelinck, J. B. P. H. van der Puttern,
K. E. Kuijk, C. M. Hart, E. Cantatore, P. T. Herwig,
A. J. J. M. van Breemen, D. M. de Leeuw, Nature 2001,
414, 599.

6 N. Negishi, K. Takimiya, T. Otsubo, Y. Harima, Y. Aso,
Chem. Lett. 2004, 33, 654; J.-F. Nierengarten, New J. Chem.
2004, 28, 1177.

7 Y. Kunugi, K. Takimiya, N. Negishi, T. Otsubo, Y. Aso,
J. Mater. Chem. 2004, 14, 2840.

8 N. Negishi, Y. Ie, M. Taniguchi, T. Kawai, H. Tada, T.
Kaneda, Y. Aso, Org. Lett. 2007, 9, 829.

9 K. Takimiya, K. Sakamoto, T. Otsubo, Y. Kunugi, Chem.
Lett. 2006, 35, 942.

10 Supporting Information is available electronically on the
CSJ-Journal Web site, http://www.csj.jp/journals/chem-lett/
index.html.

11 M. Maggini, G. Scorrano, M. Prato, J. Am. Chem. Soc. 1993,
115, 9798.

12 M. Fujitsuka, O. Ito, T. Yamashiro, Y. Aso, T. Otsubo,
J. Phys. Chem. A 2000, 104, 4876; M. Fujitsuka, K.
Matsumoto, O. Ito, T. Yamashiro, Y. Aso, T. Otsubo, Res.
Chem. Intermed. 2001, 27, 73.

Table 1. FET mobilities of Gn-C60 and (Gn)2-C60

FET material
�/cm2 V�1 s�1

Holes Electrons

G1-C60 7:3� 10�7 4:5� 10�7

G2-C60 2:0� 10�5 7:2� 10�8

G3-C60 5:4� 10�5 Not observed
(G1)2-C60 1:4� 10�7 Not observed
(G2)2-C60 1:8� 10�5 Not observed
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Figure 2. The IDS vs VDS curves at different gate biases for the
FET device using the thin film ofG2-C60: (a) hole-enhancement
mode and (b) electron-enhancement mode.
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Figure 1. UV–vis absorption spectra of Gn-C60 and (Gn)2-C60

in o-dichlorobenzene.
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