PHYSICAL ORGANIC CHEMISTRY

Annual Research Highlights

(1) “Imaging of single organic molecules in motion”

It has long been a dream of scientists to observe the
motions of single small organic molecules since the
concept of atoms and molecules was established in
ancient times. We have demonstrated for the first time
in the world that this is no longer a dream, by
examining small organic molecules enclosed in carbon
nanotubes (CNTs) using a high-resolution transmission
electron microscope (TEM). Figure 1 shows images of
saturated hydrocarbon molecules tagged with a
ball-like boron marker (carborane) in motion. Mutual
entangling of the two carbon chains is clearly seen. In
addition to such rotational motions, we also observed
that the hydrocarbon molecule underwent translational
motions along the CNT. Our approach is expected to
visualize a wide variety of molecules, molecular
assemblies, their motions, and even their reactions,
thus opening a new world of molecules not only in
chemistry but also in other fields, including physics,
biology, engineering, pharmaceutics, and agriculture.

Fig. 1 A hydrocarbon molecule enclosed in a carbon nanotube.
TEM images (above) and their molecular models (bottom).
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(2) “Extreme low water permeability of fullerene
bilayer membrane”

Bilayer membranes are important as fundamental
structures in cells and possess substance-selective
permeability. We have found that a bilayer membrane
formed from a water-soluble fullerene is several orders of
magnitude less permeable to water than a lipid membrane,
and the permeability decreases at higher temperature. We
ascribe this anomalous property to favorable interactions
of water molecules to the surface of the fullerene
molecules as they pass through the clefts of the rigid
fullerene bilayer. These findings about the thinnest
bilayer membrane provide possibilities of developing new
materials, including separation membranes.

Fig. 2 A schematic image of a vesicle made of fullerene bilayer
membranes. Amphiphilic fullerenes are shown in green, and
hydrogen and oxygen atoms of water molecules are shown in
white and red, respectively.
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(3) “Modular synthesis of functional m-conjugation
molecules and their applications”

A new reaction enables us to create a new class of
substances with new functions. We have recently
developed a novel and versatile synthetic protocol of
benzo[1,2-b:4,5-b']difuran derivatives based on the
concept of modular synthesis. Thus, as shown in Fig. 3,
dialkynylhydroquinone was converted via zinc-mediated
intramolecular cyclization into 3,7-dizintiobenzodifuran
synthetic module, which was further transformed into a
variety of derivatives. We also found that thus prepared
benzodifurans serve as a new class of hole-transport
material in organic light-emitting diodes.
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Fig. 3 Modular synthesis of benzodifuran derivatives based on
zinc-mediated intramolecular cyclization (top), and its
application to OLED device (bottom).
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