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Scope of Research

n-Extended aromatic compounds such as higher acenes and porphyrins are attractive as organic functional materials. In
particular, we focus on the control of thin-film structure by self-assembly of the materials to investigate the correlation
between packing structure and charge carrier mobility. We
are also interested in the compounds including heavy main
group elements to elucidate the similarities and differences
in structures and reactivities between organic compounds
and the corresponding heavier congeners.
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Topics

Exploration of Alkyl Group Effects on the
Molecular Packing of 5,15- Disubstituted
Tetrabenzoporphyrins toward Efficient
Charge-Carrier Transport

The high design flexibility of organic semiconductors
should lead to diverse and complex electronic functions.
However, currently available high-performance organic semi-
conductors are limited in variety; most of p-type materials
are based on thienoacenes or related one-dimensionally
(1D) extended n-conjugated systems. In an effort to expand
the diversity of organic semiconductors, we are working on
the development of tetrabenzoporphyrin (BP) derivatives
as active-layer components of organic electronic devices.
BP derivatives can afford field-effect hole mobilities of >4
cm? V7! s7! and the resulting thin films show high thermal
stability wherein the field-effect hole mobility stays above
1 cm? V! 57! even after heating at 160 °C in air, reflecting
the tight packing of large BP units. These findings will
serve as a good basis for extracting the full potential of 2D
extended m-frameworks and thus for increasing the struc-
tural or functional diversities of high-performance organic
semiconductors.

Figure 1. Packing structure of 5,15-bis(n-octyldimethylsilylethynyl)
tetrabenzoporphyrin in the solution processed thin film.

On-Surface Light-Induced Generation of
Higher Acenes and Elucidation of Their
Open-Shell Character

Acenes are an important class of polycyclic aromatic
hydrocarbons which have recently gained exceptional at-
tention due to their potential as functional organic semi-
conductors. Fundamentally, they are important systems to
study the convergence of physico-chemical properties of
all-carbon sp’-frameworks in the one-dimensional limit;
and by virtue of having a zigzag edge topology they also
provide a fertile playground to explore magnetism in
graphenic nanostructures. We have demonstrated the on-

surface formation of heptacene and nonacene via visible-
light-induced photo-dissociation of a-bisdiketone precursors
on an Au(111) substrate under ultra-high vacuum condi-
tions. Through combined scanning tunneling microscopy/
spectroscopy and non-contact atomic force microscopy
investigations, we provide insight into the chemical and
electronic structure of these elusive compounds.

Figure 2. On-surface synthesis of nonacene from photoprecursor and its
STM, AFM, and STS images.

Development of Germanium Atom Transfer
Reaction

In organic synthesis, the synthetic strategy relies on the
division of the target molecule into simpler substructures,
the feasibility of which depends on the availability of the
necessary building blocks. A single atom is the simplest
and most ideal building block for all molecules, but for
most elements, obtaining individual atoms for synthesis is
impractical. We have demonstrated that single atomic ger-
manium can be introduced into various molecules by taking
advantage of the reactivity of the germabenzenyl anion, in
which the anionic carbon of the phenyl anion is replaced by
germanium. The method discovered in this research en-
ables the controlled synthesis of molecules with “naked”
germanium and is expected to lead to the development of
various functional materials involving germanium.

Figure 3. Germanium atom transfer reaction utilizing a germabenzenyl
anion.
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