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Preface

A proposal submitted by the professors working in the area of Materials Science at the
Tokyo Institute of Technology was selected as one of the twenty-first Century COE
(Center of Excellence) programs entitled “Nanomaterial Frontier Cultivation for Indus-
trial Collaboration”. The objective of the project is to foster innovation in the field of
nanomaterials, building on the strong tradition of Materials Science at the Tokyo Insti-
tute of Technology, typified by the success of the ferrite and polyacetylene materials
developed there.

This book, which summarizes the achievements of this COE program, is divided into
four parts: (1) Revolutional Oxides, (2) State-of-the-Art Polymers, (3) Nanostructure
Design for New Functions, and (4) Nanostructure Architecture for Engineering Appli-
cations. Each part consists of three or four chapters related to inorganic, organic, and
metallic nanomaterials.

This book is published with the support of the COE program. All the contributors in
this program are grateful for the continuous support by the JSPS (Japan Society for
the Promotion of Science). Acknowledgment is also given to the Tokyo Institute of
Technology for its encouragement of this activity and its financial support. Finally, sincere
thanks are due to Elsevier Science Ltd. for assistance with editing the manuscripts and
for publishing this book.

Hideo Hosono
Kenneth MacKenzie
Yoshinao Mishima
Hideo Takezoe
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Materials Research at the
Tokyo Institute of Technology

Seizo Miyata

Professor Shirakawa is presented with the Nobel Prize by King Gustov
(Courtesy of Professor Kenneth J. Wynne)

The Tokyo Institute of Technology was originally founded as the Tokyo Vocational School
in May 1881. The School was renamed as the Tokyo Technical School in 1890 and later
became the Tokyo Higher Technical School in 1901. In 1929. the Tokyo Technical
School was promoted to the status of a degree-conferring university and was renamed
as the Tokyo Institute of Technology. Its new mission was to impart higher education to
professional engineers and develop their capabilities for research and development, in
order to contribute to the modernization of Japanese industries.



Xii Materials Research at the Tokyo Institute of Technology

Materials research has been actively carried out throughout the entire history of the
University. Currently, the Tokyo Institute of Technology is one of the best educational
and research centers for materials science, not only in Japan but also by world standards,
as shown in the following chapters.

In its history spanning more than a century, two Professors of the Tokyo Institute of
Technology, Professor Yogoro Kato and Professor Hideki Shirakawa, stand out from the
many excellent Professors of Materials Science.

Professor Yogoro Kato (1872-1967) was invited to join the Tokyo Higher Technical
School as a Professor in 1907 and began the study of metal oxides with his former
student Professor Takeshi Takei in 1929. Soon they discovered the existence of strong
magnetization in ferrite even though it was an insulator. Thus began the application of
ferrites to modern electronics and the era of ferrite technology was launched in 1932.
Three years Jater, the TDK Corporation was founded to industrialize these inventions,
and it is currently one of the world’s leading electronics components manufacturers, with
31 000 employees.

In 1939, Professor Kato donated all his patent royalties to the Tokyo Institute of
Technology to establish the Chemical Research Laboratory where Professor Shirakawa
was to begin his career later as an Assistant Professor. Professor Hideki Shirakawa
(1936-present), who was the Nobel Laureate for Chemistry in 2000, graduated from
the Tokyo Institute of Technology with a degree in chemical engineering in 1961 and
enrolled in the graduate program there, receiving his doctorate in engineering in 1966.
Immediately on receiving his PhD, he was hired as an Assistant Professor at the Chem-
ical Resources Laboratory of the Tokyo Institute of Technology and began working on
the polymerization of polyacetylene, the work for which he received the Nobel Prize.
On this occasion, he wrote:

In the fall of 1967, only a short time after I started, I discovered polyacetylene film through
an unforeseeable experimental failure. With the conventional method of polymerization,
chemists had obtained the compound in the form of a black powder; however, one day,
when a visiting scientist tried to make polyacetylene in the usual way, he only produced
some ragged pieces of a film. In order to clarify the reason for the failure, I inspected
the various polymerization conditions again and again. I finally found that the concentra-
tion of the catalyst was the decisive factor for making the fitm. In any chemical reaction,
a very small quantity of the catalyst, of the order of m-mol, would be sufficient, but
the result I got was for a quantity of mol, a thousand times higher than I had intended.
It was an extraordinary unit for a catalyst. I might have missed the “m” for “m-mol” in
my experimental instructions, or the visitor might have misread it. For whatever reason,
he had added the catalyst in molar quantities to the reaction vessel. The catalyst concen-
tration a thousand-fold higher than I had planned had apparently accelerated the rate of
the polymerization reaction about a thousand times. Roughly speaking, as soon as acety-
lene gas was put into the catalyst, the reaction occurred so quickly that the gas was just
polymerized on the surface of the catalyst as a thin film.
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The film, which was shiny as an aluminum foil, was more intriguing than the rather
uninteresting black powder that was normally synthesized, and gave very simple IR
absorption spectra. Incidentally during 1975, Professor Alan MacDiarmid of the Univer-
sity Pennsylvania (UPenn) was visiting Japan to lecture on the electrically conducting
inorganic polymer sulphur nitride, (SN)x. He met Professor Shirakawa on learning that a
gleaming polymer film had been invented. As soon as he went back to UPenn, he called
Dr. Kenneth Wynne, the Program Manager of the Office of Naval Research (presently a
Professor at the Virginia Commonwealth University) who promptly decided to support
the new project because he felt that it fitted well with his funding policies, which were
“to try to find innovative projects. .. to try to place funding in focus areas which would
have “impact”. .. something like picking good stocks.”

In his capacity as a Visiting Scholar, Dr. Shirakawa met Professor Heeger, who was
working on one-dimensional electrical conducting organic materials in which the con-
ductivity upon doping. The separate threads soon came together at UPenn. when a novel
type of electrical conducting polymer was discovered. On November 23, 1976, when
Shirakawa and a post-doctoral research Fellow of Professor Heeger were measuring the
electrical conductivity of polyacetylene, there was a sudden surge in the conductivity
over seven orders of magnitude when it was doped with bromine.

Currently, electrically conducting polymers show promise for display technology appli-
cations such as polymer light emitting diodes, transparent electrodes for switching LC
displays, and so on.

Other Professors of the Tokyo Institute of Technology who have made significant con-
tributions to society as materials scientists include Professor Issaku Koga (1891-1982),
who developed high precision clocks using quartz crystals and Professor Shu Kambara
(1906-2000), who in 1941 discovered a novel method for the production of poly-
acrylonitrile fiber.
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