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Céline Mougenot Junzo Tanaka /Toshiyuki Ikoma

Yoshinori Ohsumi

There  is  s t i l l  much we do not  
know about the mechanism of 
autophagy and this calls for seri-
ous  s tudy.  I  hope to  go  on  to  
study autophagy at the molecular 
level,  to tackle the mechanism 
head-on. That is my mission.

Hideo Hosono

It is a material called C12A7 (12-
CaO·7Al2O3), which is a constitu-
ent of alumina cement, and it’s of 
course transparent ( in powder 
form it’s white). It’s endlessly fas-
cinat ing.  I t ’s kind of l ike a toy 
chest for me. 

Hidetoshi Nishimori

Quantum computers incorporate 
quantum mechanics into software 
and algorithms.

Ryoji Kanno

While all-solid-state lithium bat-
teries have great merits, their one 
disadvantage is in initiating a con-
tact because, unlike organic sol-
vent, contact requires an inter-
face. If we can solve this problem, 
the goal of commercialization will 
be within reach.

START
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C12A7(12CaO・7Al2O3)

We were looking for a way to 
recycle fish scales that get dis-
posed of  around seacoasts.  
That's how our research started.
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An example traveling salesman problem

I think I joined Tokyo Tech at a 
very good time because there 
are many things in education 
and research that are related to 
design. 

reating new materials that defy conventional wisdom, analyzing the inner structure of 
the Earth, developing surgical robotic arms to meet the needs of today’s hospitals — 

from the development of technologies that enrich our lives to the discovery of answers to 
mysteries that draw worldwide attention, the achievements of Tokyo Tech abound in both 
focused and interdisciplinary fields. 

The series “FACES: Tokyo Tech Researchers,” published on our website, highlights 
Tokyo Tech members who are at the forefront of their respective fields, engaging in 
world-leading research with vision and unswerving dedication.
These are the stories of how the researchers, often despite many failures, accom-
plished their goals.

Researcher highlights

C

Note: Affiliations and titles mentioned are those held at the time of the interview.

Hideki Taguchi

Even though life sciences has con-
siderably advanced, we still cannot 
create proteins with catalytic func-
tions - something that life forms can 
do very easily. In a sense, some-
thing very mysterious is happening. 
I  rea l l y  en joy  myse l f  every  day  
because I get to conduct research 
on chaperones, which support these 
mysterious functions of proteins.

Kenji Nogami

While this does not always have 
to be outdoors,  you need to 
see, touch, and observe. You 
should be willing to reach out 
and explore. Such experience 
increases your motivation to 
improve your skills and deepen 
your insight.
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Misako Takayasu Michito Yoshizawa

The seeds of scientific study 
can be hidden in ordinary life 
and casual conversation. The 
important thing is to think hard 
about whatever it is that you 
find interesting and never be 
afraid to ask questions.

The field of medical care, where 
a  d rug  cou ld ,  fo r  examp le ,  
deliver medicine to a specific 
part of the body via a nanocap-
sule, is another area where we 
would like to see application of 
this research.

Akira Ohtomo Shinae Kondoh

I often tell students, “what mat-
ters most in research is allow-
ing yourself to be inspired and 
having reserves of strength for 
the duration, because life is a 
long race.” You have to enjoy 
research.  To do th is ,  I  want  
them to embrace new perspec-
tives and make new discover-
ies.

There are many positions avail-
able. Use your time at Tokyo 
Tech to examine your aptitude 
and reflect on things repeatedly 
until you are absolutely sure.

Kenichi Okada

Technology in the future can be 
developed in your own way if 
you properly learn the basics 
and learn  f rom fa i lu res  and 
small successes on the way to 
your goal. 

Shinjiro Kanae

The term civil engineering often 
gives the impression of humble 
work, such as dam construc-
tion. However, in fact, the per-
centage of internationally active 
persons who majored in civi l  
engineering is very high. 

Takuji Yamada

Research on the intestinal envi-
ronment has progressed in the 
right direction, and I already 
feel that we are close to realiz-
ing success in the early detec-
t ion of  colorectal  cancer by 
utilizing our findings.

Tomofumi Tada/Satoru Matsuishi /Masaaki Kitano

The most important thing in the 
drive to improve ourselves is to 
find opportunities and environ-
ments where we are inspired by 
others.

Kotaro Tadano Hirofumi Akagi

I think our ultimate goal is to 
make surgical procedures less 
stressful to patients and say, 
“Look how easy it is!” through 
medica l  robot  deve lopment  
with a brand new concept.

The stability and efficiency of 
h i g h - v o l t a g e  h i g h - c u r r e n t  
power converters may deterio-
rate with large loads,Finding a 
way to improve efficiency is a 
very interesting challenge for 
me.

Mutsuko Hatano

With mutual understanding and 
cooperative competition, things 
that you simply can’ t  create 
alone emerge.

Kei Hirose

Are you familiar with a type of 
rock called ‘mica’ that peels 
into thin layers like paper? We 
discovered that post-perovskite 
has a crystal structure just like 
mica and conducts electricity 
and heat very well.

Yukio Kawano Kazoo Nadaoka

While often thought of as very 
different, light and radio waves 
a r e  b o t h  e l e c t r o m a g n e t i c  
waves. What distinguishes the 
two is frequency.

The benefits we get from eco-
systems are known as ecosys-
tem services. I f  we focus on 
improvement or enhancement 
of only one aspect among vari-
ous ecosystem services, the 
soundness of the ecosystem 
may not be maintained. 

Keisuke Suzuki

There is a fine line between a 
drug and a poison,  and i t  is  
o f ten  the  case  tha t  na tu ra l  
organic compounds are both 
b i o a c t i v e  a n d  t o x i c .  I f  w e  
change the molecular structure, 
however, we can increase bio-
activity and decrease toxicity. 

Osamu Ishitani

I was happy with the positive 
evaluation of my research, of 
course, but I couldn’t afford to 
dwell on that. Instead, I had to 
decipher the mystery of how 
r h e n i u m  c o m p l e x e s  c o u l d  
selectively reduce carbon diox-
ide.
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It all started with a
microscope
Autophagy, the survival strategy
of organisms

Yoshinori Ohsumi

“We live in a peaceful world. If you want to achieve great things, 
however, you really have to think outside the box.”

Professor Yoshinor i  Ohsumi is a soft-spoken man who speaks 
dispassionately. Behind the calm exterior, however, is a man on a 
mission.

The Inamor i  Founda-
tion’s 28th Kyoto Prize 
presentation ceremony 
was held on November 
10, 2012. Candidates 
f o r  t h e  p r i z e  a r e  
indiv iduals or groups 
w h o  h a v e  m a d e  
lifetime contributions to 
t h e  d e v e l o p m e n t  o f  
sc ience ,  techno logy  
and the arts. Professor 
O h s u m i  w a s  a m o n g  
the recipients. He was 

the first person in the world to visually observe the function of auto-
phagy (self-cannibalization), whereby cells placed in a state of star-
vation degrade parts of themselves to serve as nutrient sources and 
so stave off starvation. He then elucidated the mechanism of auto-
phagy and the genes involved.

Professor Ohsumi initially studied yeasts. However, he concluded 
that the phenomenon of autophagy was not confined to yeasts, but 
is one of the most basic cell functions found in a variety of organ-
isms, from plants right up to humans. This set off the current boom 
in research into autophagy around the world. Publications on auto-
phagy have grown from around ten per year in the early 1990s, to 
over 2000 per year at present, and the number continues to grow 
rapidly.

Professor Ohsumi describes the situation this way:
“As research into autophagy has expanded, it has become clear 
that it is not simply a response to starvation. It also contributes 
to a range of physiological functions, such as inhibiting cancer 
cells and aging, eliminating pathogens and cleaning the insides 
of cells. We have also begun to see a small explosion in research 
that demonstrates a new function with the knocking out genes 
that contribute to autophagy. However, there is still much we do 
not know about the mechanism of autophagy and this calls for 
serious study. I hope to go on to study autophagy at the molecular 
level, to tackle the mechanism head-on. That is my mission.”

Professor Ohsumi became involved with autophagy in 1988. After 
earning his Doctor of Science in Physiology from the Graduate 
School of Science at the University of Tokyo, he worked as a post-
doctoral fellow at the Rockefeller University in the US. He returned 
to the University of Tokyo, working first as a research associate 
and then as a lecturer in the Faculty of Science. In 1988 he was 
appointed associate professor in the College of Arts and Sciences 
at the University of Tokyo at the age of 43. This was the first labo-
ratory that he ran. He had been working on the transport of materi-
als to the vacuoles in yeasts in the Botany Laboratory under 
Professor (now Emeritus Professor) Yasuhiro Anraku, but decided 
to turn this over to Professor Anraku’s laboratory and set out on a 
new project. It was then he decided to elucidate the mechanism of 
the the degradative function of the vacuoles in yeasts, which later 
tied in to his research on autophagy.

“While working in Professor Anraku’s laboratory, I chose the 
transport of materials to the yeast vacuoles as my research 
project, because no one else was studying it,” Professor Ohsumi 
said.

Vacuoles are a type of organelle in living things and they are limited 
by vacuolar membranes. They are filled with cell sap (or mostly salts 
solution). Especially they account for around 90% of the cell volume 
in plants. Back in the 1980s, vacuoles were simply regarded as inert 
organelles and the repositories of wastes in the cells.

However, when Ohsumi was attempting to isolate the nuclei in yeast 
cells as a postdoctoral fellow at the Rockefeller University, he found 
a layer of clearly concentrated organelles at the top layer in centri-
fuge tube that was to be discarded, and noticed that these were 
vacuoles. He wondered whether or not these vacuoles played an 
important role in the cells.

Upon leaving Rockefeller University 
and  re tu rn i ng  to  t he  Facu l t y  o f  
Science at the University of Tokyo, 
Ohsumi began serious research into 
yeast vacuoles. He was the first to 
discover that yeast vacuoles actively 
transport substances such as amino 
acids and play a role in the homeo-
stasis of metabolites and ions. This 
brought him considerable success 
and has shaped h is approach to 
research, that of undertaking what 
no one else was doing, ever since.

“I started out with a love of the 
microscope.  Vacuoles are  the 

only organelle visible under the light microscope, and I often 
observed them. My observations under the microscope were the 
main reason I was able to discover these hitherto unknown 
functions of vacuoles,” he said.

“Doing something no one else is doing” was also the motivation 
behind choosing to elucidate the mechanism of lytic function of 
yeast vacuoles when be branched out on his own in 1988. Vacu-
oles are organelles that not only store waste materials inside cells, 
but also contain various degradative enzymes. However, what was 
degraded inside the vacuoles, and how it was done, were stil l 
complete mysteries in those days.

At first, Professor Ohsumi considered whether it would be possi-
ble to observe what was occurring inside the vacuole under a 
microscope. In the absence of nutrients, yeasts fall into a state of 
starvation. Next they then turn to forming spores inside the cells, 
which allows the cells to ride out the starvation. He thought that if 
vacuoles had a degradative function, it would probably become 
most active in a state of starvation when the cells were forming 
spores. If it were possible to halt the lytic function in the vacuoles, 
it should then be possible to discover what was being degraded.

He procured mutant yeasts, which had no hydrolytic enzymes in 
their vacuoles, and using a light microscope he began observing 
what occurred in the vacuoles during the state of starvation. This 
was when he discovered autophagy.

“When I observed yeasts that had been starved for several 
hours, I found that large numbers of small granules accumulated 
inside the vacuoles and that they were highly mobile. The gran-
ules were single-membrane bound structures which contain a 
portion of cytoplasmic materials. The granules were drawn into 
the vacuoles and presented the appearance of Brownian move-
ment. The Brownian movement occurred because yeasts con-
tain so small amount of proteins and are low in viscosity. This 
made a great impression on me and I spent hours watching 
them,” Ohsumi said.

This was the first time anyone had actually seen the working of the 
autophagous function of vacuoles. When the degradative enzymes 
in the vacuoles are present and working normally in a yeast cell, 
any cel lular material col lected in the vacuole is immediately 
degraded. Hence no one had ever seen this before. These days, 
light microscopes provide 2250x magnification, but in those days, 
the maximum was 600x. Professor Ohsumi laughed and said “I’m 
lucky.  I  might  not  have not iced them i f  they hadn’ t  been 
moving.”

Ohsumi then went on quietly, “All my research findings started 
from observations with a microscope. So even now, I always get 
the students who come to my laboratory to work with a micro-
scope. In one sense, this should be the way biology is done and 
I believe that phenomena themselves are important. I want my 

Yeast vacuole in a state of starvation, 
as seen with an electron microscope. 
The large white circles inside the cell 
are vacuoles and we know that a 
portion of the cellular material is found 
inside them.

When a yeast cell is starved, double 
membrane structures will appear within 
the cell. The double membrane 
structures are autophagosomes which 
take in part of the cell material and 
organelles. The outer membranes of 
the autophagosomes fuse with the 
vacuole membrane and their contents 
are gathered into the vacuole. The 
contents taken into the vacuole are 
degraded by the degradative enzymes.

Autophagy can be seen in every single organism, from plants to human beings. 
It is one of the most basic functions of cells. It has become clear that it is not 
simply a response to starvation, but also contributes to a variety of 
physiological functions: inhibiting cancer cells, inhibiting aging, eliminating 
pathogens and cleaning the insides of cells.

1945 Born in Fukuoka, Japan
2009 Professor, Tokyo Institute of Technology
2005 Fujihara Awardouter,
         The Fujihara Foundation of Science
2006 Japan Academy Prizeouter, The Japan Academy
2009 2008 Asahi Prize, The Asahi Shimbun
2012 Kyoto Prize,outer The Inamori Foundation

Honorary Professor
Yoshinori Ohsumi (Molecular Cell Biologist)

students to naturally confirm things with their own eyes and 
hopefully make new discoveries with their own eyes too.”

After his success in witnessing autophagy with a microscope, 
Professor Ohsumi began work on identifying the genes connected 
with autophagy. Autophagy genes are now known as ATG genes. 
A total of 18 ATG genes have been discovered.

In 1996, Professor Ohsumi transferred to the National Institute for 
Basic Biology in Okazaki, Aichi Prefecture, which has the neces-
sary staff and equipment to elucidate the functions of the proteins 
that are encoded by the ATG genes. Several years later, with the 
assistance of research workers at the Institute, Professor Ohsumi 
was able to show autophagy to be one of the most basic functions 
of the cells of many plants and animals. In recognition of this 
string of successes, he was awarded the Fujihara Award, the 
Japan Academy Prize and the Asahi Prize between 2005 and 
2008. He also received the Kyoto Prize for Basic Sciences in 
2012.

Finally, Professor Ohsumi offered this message to the next genera-
tion:
“Today’s young people approve of ‘research in the service of 
humanity,’ while maintaining a steady and conservative outlook. 
That calls for research on humans rather than on yeasts or mice. 
However, you can answer the most basic and important ques-
tions about the nature of life through yeasts. My research was 
able to explain autophagy precisely because I was working on 
yeasts and could observe them under an electron microscope. 
Basically, i ts not easy to define what wil l  serve humanity - 
nuclear power is a good example. So my message to all of you, 
who want to pursue a career in science, is to do what no one 
else is doing, and do what you find truly interesting. Research 
isn’t easy. However, if you’re really drawn to a subject and you’re 
interested in it, you'll certainly overcome all the obstacles, even 
if, say, your work isn’t appreciated for a time. You only live once. 
Others aren’t interested in trivia. In the end, you have to want to 
taste the pleasures of success after all is said and done.”

The most basic function of cells that is common 
to both plants and animals The challenge of doing what no one else is doing

FACES: Tokyo Tech Researchers, Issue 1 - Yoshinori Ohsumi / December 2012

Do the things you find truly interesting

Honorary Professor
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Hirose explains, “We know that the interior of the earth is actually divid-
ed into many layers, just like an onion. When you peel away these 
layers one at a time from the outside in the same way you would peel 
an onion’s skin, you finally come to the core. The mantle above the 
core is also divided into four layers, and by 1974 we had identified 
what the first three layers were made of. When it comes to the lowest 
layer, the fourth layer, however, there were all kinds of hypotheses but 
they all remained in the realm of conjecture. This is why I wanted to 
elucidate the true nature of this material that formed the fourth layer.”

“For the first two years of undergraduate study, my grades were poor, 
so it was impossible for me to get into the popular departments,” says 
Hirose. What supposedly led him to choose the path of geology was the 
limited choice available to him as an undergraduate student at the University 
of Tokyo. In choosing a department, he had only two options: to pursue 
either mathematics or geology. In the end, he chose the geology department 
because he had no aspiration to follow in the footsteps of his father, who 
was a mathematician. The prospect of being able to travel to various places 
under the guise of geological research also aroused his interest in geology.

In reality, however, the research lab he entered performed experimental 
studies, and he was involved in little fieldwork. During his student days at 
the University of Tokyo, Hirose studied magma formed near the surface 
layer of the earth. Using the magma producer available in the laboratory, at 
his own initiative he took up a concept that his academic advisor had been 
mulling over for more than 30 years but had never tried. Surprisingly, Hirose 
succeeded in achieving the dream of his mentor.

Reflecting on this time in his life, Hirose says, “I believe this experience of 
success marked the beginning of my own determination as a scientist 
to take up for the first time in the world experiments that nobody had 
ever attempted.”

In 1995, however, when Hirose left the University of Tokyo to become an 
Assistant Professor in the Department of Earth and Planetary Sciences 
(School of Science) at Tokyo Institute of Technology, he decided to conclude 
his study of magma and focus on a new topic of research. It was then he 
decided to research deeper areas of the earth. His rationale at that time was 
that since he was going to probe deeper areas of the earth, he might as well 
aim for a much deeper place than anyone had ever attempted before. 

Elaborating on his rationale at the time, Hirose explains, “All kinds of 
phenomena are occurring in the boundary region between the earth’s 
crust where we live and the atmosphere. When I considered the earth 
as a whole and the place where the most important processes are 
occurring, it became clear that it is the boundary region between the 
earth’s core and the mantle. That was also one of the reasons why I 
decided to aim for the bottom of the mantle in my research.”

The question then was how to aim for a depth of greater than 2,600 km. Most 
likely, the first idea that springs to anyone’s mind is digging! However, even the 

“In my work over the years I have always tried to demonstrate my own 
particular strengths, and this approach led me to new discoveries that 
I had never imagined. For a scientist, this is a great thrill.” 

These are the words of Professor Hirose spoken in a nonchalant manner. 
While he makes his achievements sound effortless, putting this philosophy 
into practice has been no easy task. The strength of Hirose perhaps lies in 
his ability to realize what he sets out to do.

Hirose’s area of specialization is earth science. In his work, he attempts to 
better understand how the earth began, what state it is in at present, and 
what it will be like in the future by investigating the interior of the earth.

Leading the world in a number of groundbreaking discoveries in earth 
science over the years, Hirose has shed new light on earth science history. 
In recognition of his outstanding achievements, he has received numerous 
awards including the prestigious IBM Japan Science Prize and, in 2011 at 
the young age of 43, the Japan Academy Prize.

One particularly outstanding achievement that has attracted the attention of 
researchers all over the world as the most “significant discovery in the 
history of earth science in 30 years” is his work on post-perovskite, which 
was published in the science journal Science in May 2004. The nature of 
the earth's lowermost mantle, at a depth of 2,600 to 2,900 km from the 
surface, has long been mysterious, because many features of seismological 
observations of this region remain unexplained. Through his work, Hirose 
succeeded in identifying the material of the lowermost mantle for the first 
time, which is now called post-perovskite.

The radius of the earth is approximately 6,400 km. The interior of the earth 
is huge and consists of three layers. In order from the center, they are the 
core comprised of metals, the mantle comprised of rock, and the crust or 
the layer on which we live. A depth of 2,600 to 2,900 km corresponds to 
the bottom part of the rocky mantle overlying the metallic core.

Using diamonds to shed
light on earth’s history
Closing in on the mysteries of the beginning
of earth and life from inside the earth

Kei Hirose
Professor

aged when faced with repeated failures,” beams Hirose. There must 
have been countless failures behind the shadow of success but Hirose 
smiles calmly without showing even a trace of such hardship. 

The discovery of post-perovskite has led to many other revelations. One 
that caught the attention of Hirose is the possibility of a correlation 
between the evolution of earth and life.

The earth’s core consists of two types of matter: an outer core of molten 
metal and an inner core of solid metal. It had previously been assumed 
that the emergence of the inner core occurred about 3.5 billion years 
ago. Hirose’s research, however, revealed that the formation of the inner 
core was facilitated by post-perovskite. And it is now believed that the 
formation of the earth’s core may have occurred as recently as 500 
million to one billion years ago.

“About 500 million years ago is the time when the so-called biological 
explosion known as the Cambrian Explosion occurred. Also, l ife 
emerged on land soon after that. The formation of the earth's inner 
core and such evolution of life may be linked with each other. The 
history of the evolution of life should have reflected the change in 
environments at the earth's surface, which is strongly controlled by 
the interior of the earth when viewed over a long period of time. To 
shed light on the most fundamental mystery of mankind regarding 
when and where life originated and how it evolved, we must unlock the 
secrets of earth's history,” declares Hirose.

In 2012, a project merging earth science with life science was launched by 
the Earth-Life Science Institute (ELSI). ELSI is a joint research center of 
Tokyo Institute of Technology, Ehime University, Institute for Advanced 
Study, and Harvard University. It was selected in 2012 for the World Premier 
International Research Center Initiative (WPI) program promoted by the 
Ministry of Education, Culture, Sports, Science and Technology. As the 
director of this initiative, Hirose says with great enthusiasm, “We want to 
accelerate the elucidation of the mysteries of the origins of earth and life.”

Hirose has the following message for would-be scientists of the next 
generation, “The most important things for a scientist are enthusiasm, 
effort and a little bit of luck. Moreover, in everything you do, it is 
important to first meet the challenge without making up your mind at 
the outset that it is impossible. This simple way of looking at things 
will change your life significantly. If some of you hold the view that you 
may not be able to pursue the scientific path just because your grades 
aren’t good, get rid of such a silly notion immediately and instead 
pursue every challenge that comes your way. When you do that, the 
path to the future will naturally open up before you.”

CHIKYU, the deep-sea drilling vessel that boasts the world’s highest drilling 
capability, is able to reach a depth of only about 7 km.

It is also a well-known fact that the closer we get to the center of the earth, 
the higher the temperature and pressure become. This is where high-tem-
perature and high-pressure apparatus comes into the picture. Pressure at 
the earth’s core reaches about 3.64 million atmospheric pressures, and the 
temperature reaches more than 5,000 K (Kelvin: absolute temperature). 
Therefore, scientists who study the interior of the earth go about their 
research by recreating the conditions at the interior of the earth. They do 
this by conducting high-temperature, high-pressure experiments inside 
laboratories. A crucial point of their research is how successfully they can 
create high-temperature and high-pressure conditions.

One way they do this is through the use of a device called a “diamond-anvil cell” 
where a sample is placed between two diamonds and compressed. A laser 
beam is then applied to heat the sample. After that, the sample is analyzed at 
the SPring-8 synchrotron radiation facility using a high-power x-ray to determine 
into what kind of crystal structure the sample has been transformed.

To aim for conditions like those found at the bottom of the mantle, it was 
necessary to reach 1.20 million atmospheric pressures and a temperature 
of 2,500 K. To learn experimental methods using the diamond-anvil cell, 
Hirose decided to first master basic techniques by taking up a position as a 
visiting investigator at the Geophysical Laboratory of the Carnegie Institu-
tion in Washington D.C.. He held this position for a year and a half from 
1996. Upon returning to Japan, he began full-scale, high-temperature, 
high-pressure experiments.

Realizing a temperature and pressure equivalent to those found at a 
depth of 2,600 km is no small feat. But Hirose never faltered in his 
single-minded devotion to this goal. After a long period of trial and error, 
he finally succeeded in realizing 1.25 million atmospheric pressures and 
a temperature of 2,500 K.

With his heart pounding, Hirose viewed the analytical results of the mate-
rial that had formed and was astounded. Before his eyes appeared a 
material with a crystal structure that nobody had ever imagined. He 
realized that this material, named post-perovskite by Hirose, could offer 
an extremely detailed explanation of that part of the earth that had 
remained a mystery until then.

“Are you familiar with a type of rock called ‘mica’ that peels into thin 
layers like paper? We discovered that post-perovskite has a crystal 
structure just like mica and conducts electricity and heat very well,” 
explains Hirose. 

After th is,  Hirose cont inued to set and break his own records in 
high-temperature and high-pressure experiments. In April 2010, he 
finally succeeded in achieving a pressure and temperature condition 
beyond 3.64 million atmospheric pressures and 5,000 K. In other words, 
he recreated the conditions at the center of the earth for the first time in 
the history of the world. As a result of this achievement, he ascertained 
that the mater ia l  at  the inner core of  the earth has a hexagonal,  
close-packed structure where the iron atoms bond at high density.

“There were four factors that enabled our laboratory to always be first 
at setting new records: the strong passion of our team members to 
reach our goals at all costs; the grinding and polishing engineers with 
brilliant techniques in small factories who continuously honed their 
skills in grinding and polishing diamonds; the synchrotron radiation 
facility SPring-8, which boasts the world’ s highest efficiency; and, 
above all, the dedication of the students at Tokyo Institute of Technol-
ogy, who relentlessly persevered in silence without becoming discour-

Director, Earth-Life Science Institute,
World Premier International
Research Center Initiative (WPI)
launched by the Ministry of Education,
Culture, Sports, Science and Technology 

Professor
Kei Hirose

Interior of the earth, which is divided into many layers of various 
constituent materials and crystal structures.

Aiming straight for the bottom of the mantle

The most signifcant discovery in the history of 
earth science in 30 years

The diamond-anvil cell is a device that 
applies pressure to a sample by placing the 
sample between two diamonds and 
compressing it from both the top and 
bottom. The diamonds in this device are 
16-sided pyramids, with slightly flattened 
tips.

Post-perovskite discovered in 2004

Elucidating the bottom of the mantle, and on to 
the deepest part of the earth

Without knowledge of earth science, it is 
impossible to explain the history of evolution of life

World’s largest synchrotron 
radiation facility

“SPring - 8”

World’s most intense 
X-ray laser beam

High-temperature 
high-pressure

X-ray 
diffraction

Laser beam

perovskite
new phase 

post-perovskite

FACES: Tokyo Tech Researchers, Issue 2 - Kei Hirose / March 2013

9 10



Tokyo Tech Faces and Findingsー stories from the lab ー

“Previously, the focus was on the structural properties of metal 
oxides, such as heat resistance and hardness, but in my case, I put 
them together in multilayers in a form of thin, pure crystals called 
‘thin films’ and investigated the electrical properties at their interface. 
I discovered the phenomenon that while both layered crystalline 
structures were insulators, they were able to conduct electricity at 
their interface due to the presence of high-mobility electron gas. I 
also discovered the intriguing phenomenon that the electrons in one 
side that spill over to the other side due to the charge imbalance 
form two dimensional electrons at the interface, unlike the mecha-
nism that was previously assumed.”

There were several factors that led to Ohtomo getting involved in 
the world of semiconductor development. First, in tracing his roots, 
we are taken back to his final years in primary school. From March 
to September 1985 the International Science and Technology Expo-
sit ion (Tsukuba Expo ‘85) was held in Tsukuba Science City. 
Ohtomo, who had just started junior high school at the time, visited 
the venue many times during that period, accompanied by his 
father.

“My father and I went there at least five times in total. Maybe 
because it was close to my house, but my father was also an electri-
cal engineer, so he must have been interested in it too. His interest in 
electronics was so strong that on weekends, he used to tell me 
about the circuits and cathode ray tubes in televisions when I was 
only in primary school,” Ohtomo reflects fondly.

The Expo showcased an array of pioneering technology, gathered 
from around the world. In addition, this was the time when the 
space shuttle program, which was launched in 1981, dominated 
everyday conversations. By the end of 1986, the high-temperature 
superconductivity boom was in full swing. “I wanted to get involved 
in all kinds of new technology too,” young Ohtomo’ s dreams grew 
bigger.

In  h is  un ivers i ty  en t rance 
examinat ion ,  Ohtomo had 
in i t ia l ly  appl ied to  the 4th 
Academic Group (the field of 
mechanical engineering) at 
Tokyo Institute of Technology. 
This decision was rooted in 
his admiration for the struc-
ture of space shutt les, and 
the desire to get involved in 
the construction of such com-
plex systems himself. In the 
end however ,  he chose to 
e n t e r  t h e  2 n d  A c a d e m i c  
Group (the field of materials), 
which had been his second 

In a laboratory in a research building in the Ookayama South Area, 
in a room that is quiet except for the humming of experimental 
apparatus, a student is avidly staring into a monitor.

“I’m just observing the condition of the crystals using combinatorial 
chemistry [i] techniques. Crackling sounds are emitted from the laser 
that is employed for vaccum deposition of the solids.”

It has been nearly 20 years since 
Akira Ohtomo, head of the laborato-
ry, became involved in research on 
the application of metal oxides to 
next-generation high performance 
electronic devices. Currently, main-
stream materials used for semicon-
ductor  industry  are non-ox ides 
s u c h  a s  s i l i c o n  ( s y n t h e s i z e d  
through the reduction of minerals 
such as metal oxides). Metal oxides are used as insulators to store 
static electricity in small parts of the devices or to prevent the flow 
of current. On the one hand, there were high hopes for metal oxides 
to be used in a variety of applications in electronics, as they exhibit 
a wide range of properties ranging from those of insulators to 
superconductors and even to magnets. Next-generation high 
performance electronic device. However, because many impurities 
and defects form on the interfaces of different oxides, it has not 
been possible for them to be applied to next-generation high 
performance electronic devices, which require structures with few 
impurit ies over a large area. Given the current state of metal 
oxides, Ohtomo sought to improve the quality of their crystal struc-
tures. After many repeat trials and many new ideas of his own, 
Ohtomo’s research results completely overturned current knowl-
edge. He discovered the world’s first metallic interface in the junc-
tion between insulators, which was thought to be impossible. For 
this series of research results, he was awarded the 9th Japan 
Academy Medal Prize in February 2013.

Inf inite possibilities originating
from the materials around us
Pioneering the next generation of electronic materials,
rich in functionality and environmentally benign

Akira Ohtomo
Professor

“I often tell students, ‘what matters most in research is allowing 
yourself to be inspired and having reserves of strength for the dura-
tion, because life is a long race.’ You have to enjoy research. To do 
this, I want them to embrace new perspectives and make new 
discoveries. If you think of something yourself and realize it, you are 
left with excitement and a feeling of fulfillment. These experiences 
‘inspire.’ Although, in reality, most of the time you fail. However, 
if you give up there, you can’t experience the enjoyment of ‘inspira-
tion.’ So I don’ t want them to forget their ‘reserves of strength’ and 
the prospect of a ‘long race.’”

Ohtomo himself has not always travelled an easy road. When he 
belonged to Bell Laboratories in the U.S. as a postdoctoral member 
of the technical  staf f ,  he was troubled by the di f ferences in 
research culture, and was distressed by an incident involving a 
colleague there who fabricated research papers. It was a mental 
blow. Perhaps it was his strong mind, which he cultivated during his 
time in the Yacht Club, that helped him to persevere through these 
difficult times.

“If you have a positive outlook and a resilient attitude in the face of 
defeat, where it is OK to fail now as long as you succeed later, the 
results will follow by themselves. I still believe this to be true.”

[i] The technique where many groups of compounds are synthesized efficiently 
based on combinatorics, and using them according to different purposes.

[i i] An artif icial crystal that is processed into sheet form, and is vital for 
integrated circuit technology. Without this, the IT society of today could not 
have been established.

choice, but was very much in line with his original dreams.

“The tiles covering all over the space shuttles are ceramics. I thought 
that if I research ceramics in the Department of Inorganic Materials, I 
might be able to get involved in space shuttle development in the 
future.”

A decisive encounter occurred when he was a 3rd-year student. 
Ohtomo, who studied at the Ookayama Campus at the t ime, 
became interested in the superconductivity laboratory, which he 
learned about during Yacht Club camp. He visited the laboratory in 
Suzukakedai and immediately thought, “This is right for me!” and 
decided to enter this laboratory. At the time, Hideomi Koinuma, the 
authority in the field, was supervising there.

“I think it was when we went out for a drink, when Professor Koinu-
ma suddenly said, ‘Let’s create electronics with metal oxides!’ At the 
time, this was said to be impossible, so I was surprised. This is 
where my research started.”

Currently, there are three main research themes that Ohtomo is 
working on.

The first is “photocatalysis,” a process in which chemical reactions 
are brought about through sunlight. In recent years photocatalysts 
have come into commercial use. One example is titanium dioxide 
on toilets which acts as an antibacterial. A property of titanium diox-
ide is its ability to break down harmful organic compounds when it 
is irradiated with ultraviolet light. In this way, a titanium dioxide 
coating effectively keeps toilets clean. Ohtomo continues to look 
ahead.

“To make a chemical reaction happen through the absorption of 
visible light, we actually need a non-transparent material. However, 
titanium dioxide is a colorless, clear material so there is only a small 
catalytic reaction with visible light. The search for a non-transparent 
material that works as a catalyst for photolysis of water with visible 
light is now attracting world attention.”

As the non-transparent photocatalytic material, Ohtomo is focusing 
on “iron rust.” If his persistence in improving the quality of metal 
oxide crystals pays off, they may be applied to the development of 
cars that can run on solar power alone, for example. The iron rust 
that we find around us can be used as a material to generate elec-
tricity. It is a dream-like scenario that makes us appreciate the 
potential of catalytic chemistry.

The second theme is the research and development of “power 
devices.” Currently, there is a lot of focus on silicon carbide (SiC) 
as a next-generation power semiconductor with low electrical 
power loss. Ohtomo is conducting research in a collaborative team, 
which has discovered a material better than silicon carbide and is 
now investigating it.

The third theme revolves around “making electronic circuits on 
glass substrates,” and is an extension of something called graphoe-
pitaxy. Graphoepitaxy is a technique that was trendy in the 1980's 
and used in growing high quality semiconductors, whereby glass 
surfaces were made bumpy so that a layer of simple crystals called 
thin films would form. In this way many overlapping layers of simple 
crystal thin film semiconductors can be obtained. With this tech-
nique, it became possible to create large-area semiconductor sub-
strates at a lower cost, which can then be used in applications such 
as substrates for solar cells and liquid crystal displays.

“By applying nanofabrication techniques to the glass surface, the 
synthesis progresses with the crystals arranged in arrays. In this 
way, you can create low-cost semiconductor substrates. The world 
would be quite different if you could make semiconductor substrates 
similar in quality to silicon wafers,[ii] but the size of a tatami mat 
(approximately 1.4m2), for 10,000 yen,” Ohtomo's eyes lit up.

Finally, Ohtomo offers words of encouragement to students who 
have high hopes for the future.

Profile
2009 Professor, Department of Applied Chemistry Graduate School of
         Science and Engineering
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2007 Assistant Professor, Institute for Materials Research Tohoku University
2002 Research Associate, Institute for Materials Research Tohoku University
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         Bell Laboratories, Lucent Technologies
2000 Doctor of Engineering, Department of Innovative and Engineered Materials, 
         Interdisciplinary Graduate School of Science and Engineering,
         Tokyo Institute of Technology
1972 Born in Kanagawa

Major Awards
2013 JSPS Prize, Japan Academy Medal Prize
2011 Gottfried Wagener Prize
2007 Sir Martin Wood Prize

Department of Applied Chemistry
Graduate School of Science and Engineering
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Akira Ohtomo

Early interests sparked by EXPO ‘85, space 
shuttles and the superconductivity boom

Contributing to improvement of the quality of 
metal oxides

Drawing out the true potential of oxides and 
turning dreams into reality
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studies on enzyme-mimetic metal complexes he felt the pull of 
research while at the same time growing gradually more confident 
about his skills as a researcher. Then, as if by fate, he had an 
encounter that led him to do the work he does today.

“I was attending a summer session in the field of coordination 
chemistry, and I heard Professor Fujita give a lecture there. It 
really blew me away. He was starting up his own research lab at 
the time, and he was looking for students who might want to join. 
Well, I took the bait and got reeled in.” (Laughter.)

After finishing his master’s degree Yoshizawa transferred to Nagoya 
University where Fujita was, and there he studied supramolecular 
chemistry as a doctoral student. With his doctorate in engineering, 
he followed Fujita to The University of Tokyo, where he continued 
doing research as a post-doctoral researcher and assistant profes-
sor. He subsequently came back to Tokyo Tech, this time as an 
associate professor.

He moved around quite a bit. “It wasn’t because I couldn’ t get 
along with my advisors or anything!" Yoshizawa protests, a smile on 
his face. “It was definitely hard at times to leave work and places 
that I was familiar with, but I would do my best at the next place 
and then my former professors and colleagues would try to meet 
with me at conferences. The connections don’t stop when you go 
someplace new, you’re still in research and people remain con-
cerned about you and cheer you on. That support has meant a 
great deal to me.”

By studying at each of these places, putting his full effort into doing 
research with his advisors, and achieving his targeted results, 
Yoshizawa has earned the trust of others in his field and gained 
confidence in his own ability to do research.

At present Yoshizawa’s attention is focused on research involving 
anthracene. Anthracene is an organic compound consisting of 

“Do you know how soap removes dirt?”

Michito Yoshizawa’s kind eyes sparkle for an instant as he picks up 
a molecular model. In his lab at the Chemical Resources Laboratory 
at the Suzukakedai Campus, where he pours great energy into the 
development of functional molecules and materials which can 
respond to external stimuli and environmental change, he cheerfully 
embarks on an explanation.

“ T h e  s o a p  w e  u s e  i s  
made chief ly of l inear 
organic compounds. One 
side is water-unfriendly, 
or hydrophobic, and the 
other side water-friendly, 
or hydrophilic. We call 
t h e s e  k i n d s  o f  c o m -
pounds amphiphilic mole-
cules, and when we put 
them in water they come together and form spherical particles with a 
hydrophobic core and a hydrophilic outer surface. This is known as a 
micelle. The dirt that you wash off of your body, or your dishes, 
which is oily in nature, enters into the inside of the micelle. So when 
water is poured over our bodies, or dishes or what have you, they 
become clean. That's the mechanism at work.”

Molecules that stand alone do not exhibit amazing properties. But 
when they come together with others in a well-ordered structure a 
few nanometers in size, they can exhibit unusual phenomena. The 
mechanism by which molecules automatically group together 
based on their mutual interactions to form a particular structure is 
cal led sel f-assembly. This phenomenon has been observed 
throughout living organisms, for example, in the double helix struc-
ture of DNA or the tert iary structure of proteins. I t  was once 
believed impossible to generate such structures artificially, but that 
was before Makoto Fujita, a professor of University of Tokyo and 
doctoral advisor to Yoshizawa, turned established theory on its 
head.

There is one thing in Yoshizawa’s curriculum vitae that immediately 
catches the eye. For each of his degrees, undergraduate, master’s and 
doctorate, he worked in a different laboratory and university. Not 
unusual for students in other countries, but quite a rare thing in Japan.

Yoshizawa did research in catalytic chemistry while earning his 
bachelor's degree at Tokyo University of Agriculture and Technolo-
gy, and then attended Tokyo Tech where he began research in 
coordination chemistry for his master's degree. As he conducted 

Curiosity in the lab led to the creation
of interesting molecules
New possibilities arise in chemistry with
preparation of self-assembling molecules

Michito Yoshizawa
Associate Professor

Although he is still young, Yoshizawa has earned many honors. He 
received the Chemical Society of Japan Award for Young Chemists 
in 2007 and the Young Scientist's Prize of the Commendation for 
Science and Technology from the Ministry of Education in 2010. He 
was awarded the Thomson Reuters Research Front Award, which is 
given to outstanding researchers working in leading edge fields, 
together with Fujita in 2012. This front-runner in the field of chemis-
try, from whom much is still expected, has a surprising past.

“My parents were both math teachers so I was actually better at 
math than chemistry,” Yoshizawa smiles. “Not to say that I didn’ t 
like chemistry....”

Yoshizawa somehow got into science, but it wasn’ t until he was at 
university that he truly felt its full allure. His interest in science only 
grew as he began to pursue his own research in the lab. There are 
sti l l so many depths to explore in chemistry, so much yet that 
remains unknown.

“Chemistry is about making things. And creating things is funda-
mentally interesting work. Especially if you can make something 
no one has ever made before. I think in creating, you continue to 
grow yourself.”

In wrapping up, Yoshizawa extends an invitation to those interested 
in coming aboard.

“Chemistry can surprise you. You can be thinking about some-
thing not all that difficult and come up with a new result. You are 
apt to notice some slight occurrence in the course of carrying out 
a casual experiment and think, Wait a minute - what’s this? In 
other words, if you have the interest and curiosity, they could 
easily lead you to a ground-breaking discovery in the field. First 
get a thorough grounding in the basics, and then come see us at 
Tokyo Tech. There’s a huge, exciting world out there just waiting 
to be discovered.”

[i] The research results were published in the scientific journal of the German 
Chemical Society, Angewandte Chemie International Edit ion, and were 
highlighted in the American Chemical Society’s C&EN. 

[ii] The interaction between sheets of organic molecules such as benzene 
rings. The molecules are arranged like a stack of coins.

three fused benzene rings in a sheet, which shines blue under 
ultraviolet light. The objective is to create nanostructures in various 
forms, such as capsules and tubes, through the skillful exploitation 
of anthracene’s shape and properties.

“We are using a self-assembly technique to connect sheets of 
anthracene molecules together into three-dimensional structures 
which resemble fullerenes or carbon nanotubes in shape. The idea 
is that this might make it easy to create nanostructures with novel 
capabilities.”

Well-designed, new molecules are prepared. They then come 
together spontaneously based on their intermolecular interactions, 
forming nanostructures with intriguing functions. In January of this 
year Yoshizawa, together with group members, published their 
research results in a scientific journal overseas.[i] They synthesized 
an amphiphilic molecule with a curved framework using two anthra-
cene molecules linked by a benzene ring at 120 degree angles. As 
they expected, in water, these molecules assemble into micelle-like 
spherical structures with anthracene shells and become fluorescent 
nanocapsules.

The striking thing about this result is that by using a curved anthra-
cene framework, both hydrophobic interactions and π-stacking 
interactions[ii] act as driving forces. The resulting nanostructures are 
more stable and there is greater control over size than has been the 
case with usual micelles. In addition, the nanocapsules prepared 
by Yoshizawa et al encapsulate various colored molecules in water 
and emit a unique fluorescence through efficient interactions 
between the anthracene shells and the encapsulated molecules.

This ability to create structures as easily as micelles, structures 
containing various capabilities not available in micelles, carries 
great promise for applications with new optical materials.

“Water is key in the research we are doing. When you consider 
that it is something we all use wherever we are and that it’s much 
better for the environment than using organic solvents, we hope 
to see broader applications of this technology in the future. The 
field of medical care, where a drug could, for example, deliver 
medicine to a specific part of the body via a nanocapsule, is 
another area where we would like to see application of this 
research.”
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Chemical Resources Laboratry

Associate Professor
Michito Yoshizawa

The Pull of Curiosity in the Lab

Design of New Functional Molecules for 
Nanoscience

Figure 1: (a) conventional micelle and (b) mimetic diagram of the nanocapsule developed 
by Yoshizawa et al

Figure 2: (a) structure of an amphiphilic molecule with a curved framework; (b) 
three-dimensional structure of a nanocapsule; (c) top - photograph of water solution with 
nanocapsules and nanocapsules which have encapsulated colored molecules; and, (c) 
bottom - photograph under UV light

The Keywords: “Easy to Do” and “Water”

Chemistry is the Science of Making Things

FACES: Tokyo Tech Researchers, Issue 5 - Michito Yoshizawa / October 2013
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ultimately led Takayasu to begin her fractal studies in earnest.

Takayasu studied statistical physics at the Condensed Matter Phys-
ics Laboratory in Nagoya University’s Department of Physics, which 
was conducting research closest to fractals at the time. As a post-
graduate at Kobe University, she went on to study aggregating 
systems with injection, which is where fractals and statistical phys-
ics intersect. Through her work, she attempted to answer why the 
distribution of aerosols (fine particles floating in the atmosphere), 
such as today's oft-discussed PM2.5, follows a power-law distribu-
tion that is fractal in nature.

While still a graduate student, Takayasu had the opportunity for a 
long-term stay in the United States at both Boston University and 
Yale University as a visiting researcher. The former is the home of 
influential statistical physicist Harry Eugene Stanley and the latter is 
where fractal geometry's Dr. Mandelbrot worked. Her dissertation 
was informed in large part by what she experienced at these 
universities. The presence of fractals in every aspect of the natural 
world was a hot topic of study at the time and Takayasu realized 
that it was of key importance to study systems that automatically 
maintained a fractal state. Thus, she made that the focus of her 
research.

After obtaining her doctorate, 
Takayasu continued her studies 
in automobile traffic congestion 
phenomena and Internet packet 
c o n g e s t i o n  p h e n o m e n a  a t  
Tohoku Un ivers i ty  and Ke io  
University, as well as at Future 
University Hakodate. She says 
t ha t  t he  s ta t i s t i ca l  phys ics  
model she developed for auto-
mobile traffic congestion phe-
nomena came to her when she 
was stuck with her family in a 
massive traffic jam while on a 
family trip. “What really causes 
traff ic jams?” she wondered. 
That turned into a family discus-
sion of how cars will stop right 

away when you step on the brakes, but take more time to acceler-
ate when you step on the gas pedal. The asymmetric nature of this 
relationship led Takayasu to guess that this could be the essential 
cause of traffic congestion. She says the model was fully formed in 
her head by the time she got home from the trip.

Not long after this, Takayasu had the chance to talk with an infor-
mation science expert, and she learned that Internet packets are 
very similar in nature to cars on a highway. She decided that Inter-
net traffic congestion would be a good topic for study. Model analy-

“Look - what a beautiful pattern! This is a fractal too.”

She squeezes out some tooth paste 
onto a plastic sheet and covers it  
with another piece of plastic. Slowly 
pee l i ng  i t  back ,  she  revea ls  an  
exquisite dendritic pattern. “I discov-
ered the same type of pattern when 
cleaning the bathtub with my child, 
after shaking some cleansing powder 
onto a sponge, and I came up with a 
simple experiment to reproduce it,” 
says Associate Professor Misako 
Takayasu with a smile. This incident 
speaks volumes about the way she 
engages in life’s daily activities, with 
eyes wide open and in happy pursuit 
of answers.

Fractal geometry is a concept first introduced by French mathema-
tician Benoît Mandelbrot. The word “fractal” describes self-similari-
ty, a complex patterning where any part extracted exhibits a pattern 
similar to the whole. For example, the line depicted by a ria coast-
line when viewed on a map forms an intricate shape, and enlarging 
any part of it reveals the same complex pattern. The extent of that 
complexity can be quantified and expressed volumetrically as frac-
tal dimension.

Takayasu f i r s t  encoun-
tered fractals in 1983 as a 
new s tudent  a t  Nagoya 
University. Mandelbrot’s 
concept and chaos theory 
were just starting to attract 
attention within the scien-
t i f i c  s t u d y  o f  c o m p l e x  
systems and fractal theory 
had not yet been seriously 
studied in Japan. Takaya-

su had wanted to go beyond what she was learning in class to try 
her hand at more cutting-edge research and fractals fit the bill 
perfectly.

“During the summer of my first year at Nagoya University, I took a 
seminar led by Fields Medal-winning mathematician Heisuke Hirona-
ka called On the Wings of Mathematics, and some of us decided to 
translate Dr. Mandelbrot’s The Fractal Geometry of Nature. Scholars 
at the time read the book only in its original language, so we went 
ahead and translated it into Japanese. I remember being so excited 
that even students could be a part of such advanced research,” 
Takayasu recalls. The independent study seminar later started by 
Nagoya Universi ty students, cal led the Fractal  Study Group ,  

Fractals will enrich
our future
Breaking new ground
with fractal phenomenology

Misako Takayasu
Associate Professor

Takayasu and her students in the near future is to contribute to a 
more vibrant business economy and a more stable and secure 
society through the practical application of technologies they have 
developed.

Takayasu has this to say to 
future scientists. “Any time 
you approach a new chal-
lenge, you will face difficul-
ties. Many of my papers that I 
thought were major break-
throughs did not even make it 
to peer review. I know that 
D r .  M a n d e l b r o t  h i m s e l f  
fought a lot of battles before 
his concept of fractals gained 
acceptance. What seems 
o u t r a g e o u s  t o d a y  m a y  
become common sense in the future. I hope that you keep dreaming 
of that day and keep chasing after what you believe.”

“The seeds of scientific study can be hidden in ordinary life and 
casual conversation. The important thing is to think hard about what-
ever it is that you find interesting and never be afraid to ask ques-
tions.”

Glossary
Aggregating system with injection
A system whereby multitudes of particles float in the atmosphere and aggre-
gate upon collision with each other. In general, all particles will aggregate after 
the passage of sufficient time. However, when new fine particles are injected 
into the system (dust, factory fumes, etc.), particle size distribution is known to 
follow power-law distribution.

Fields Medal
A prize awarded once every four years to mathematicians not over forty years 
of age with outstanding achievements. The Fields Medal is viewed as the most 
prestigious award in the field of mathematics.

Power law
Power law is a probability distribution of random variables whereby one varies 
as a power of another. It is frequently observed as the distribution of things, 
physical and otherwise, that differ in size by several orders of magnitude 
occurring in natural and social phenomena such as the size of craters on the 
moon, the size of a catchment area for a river and the distribution of income. 
Most of these phenomena involve things that are small in size but also include 
a few that are significantly larger and account for most of the total effect. 
Research into power-law distribution developed through research into fractals.

sis and measurements made it clear that the highest flow rate 
occurred during the critical borderline state between non-conges-
tion, or low-density packet traffic, and congestion, or high-density 
traffic, and that this was also the point at which the flow rate began 
to fluctuate in fractal patterns. “Common sense tells us that fluctua-
tion interferes with the mastery or control of a situation, but efficien-
cy is increased when fluctuation is being managed in fractals, which 
should help us come to a logical understanding of why fractals exist 
across the board in the natural world, in living organisms, and even 
in human society.”

The 21st century brought an explosion of subjects for fractal 
research with the appearance of big data, or hugely massive and 
complex data sets. The sheer size of the samples that can be taken 
from economic or social data that is generated in financial markets, 
business transactions, POS systems, or in social media like Twitter 
and blogs, helps make it easier to recognize structures and correla-
tions. Research at the Takayasu Lab today concentrates on taking 
a fractal view of various types of big data-related phenomena and 
using statistical physics to develop models.

For example, computer analysis performed on massive data sets 
from business transaction networks of roughly one million Japanese 
companies reveals the sca le - f r ee  cha rac te r i s t i c .  Th is  term 
describes a fractal characteristic in that the number of companies 
engaging in transactions follows a power law. Basing the inquiry on 
the fact that atmospheric aerosol distribution follows power law, 
and applying theoretical analysis of aggregating systems with 
injection, Takayasu proposed a mathematical model of a network of 
business transactions that takes into consideration new companies, 
mergers, acquisitions, and bankruptcies. In doing so, she proved 
that a characteristic of the network would be its automatic conver-
gence into a scale-free steady state. Takayasu continues to 
research fractal characteristics and deviations from fractal models 

in price fluctuations in financial markets. Methodology developed in 
her lab for quantifying market stability is already in use in financial 
markets. Other research includes analysis of blogs and counting 
the number of times certain keywords, like “Christmas” or “tsunami,” 
appear in the character strings entered every day by millions of 
people. Though it is difficult to predict the behavior of individual 
humans, Takayasu found that on a social scale, the heightening of 
interest in or convergence of reaction to a particular event or acci-
dent is represented as a power law function. Takayasu thinks that 
by applying this finding, we may be able to estimate “how many 
people will be interested in a tsunami ten years from now.”

“Going forward, fractal analysis and statistical physics will help us 
explain not just social phenomena, but ecosystems and other phe-
nomena if we continue to collect observational data from a variety of 
fields,” says Takayasu. She is currently pursuing joint research on a 
practical level that is beyond the ordinary scope of scholarly activi-
ty. Such research includes, for example, doing economic data and 
blog analysis in collaboration with corporations. The goal for 
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phenomenon known as injection locking1.

“We could increase communication speed unrestrictedly if it were 
not for noise. However, the bottleneck comes in that noise is hard to 
reduce. It was the injection locking phenomenon that helped break 
this bottleneck.”

As a matter of fact, there is another important point here. Though 
the injection locking phenomenon itself has been known for a long 
time, it too has a bottleneck with regard to control that is difficult to 
overcome when utilizing it in integrated circuits. Okada discovered 
a solution to this by applying reconfigurable technology2.

“Originally, the injection locking phenomenon utilized in integrated 
circuits behaves like a mischievous roughneck and it is difficult to 
make the circuits oscillate at the desired frequency [laughter]. But, 
our lab used reconfigurable technology to control the analog circuit 
properly through software, and to flexibly vary the center frequency 
and band width of the wireless transmission/reception. In this way, 
we reduced the noise.”

In a session of the 2014 IEEE International Solid-State Circuits Con-
ference3 held in San Francisco on February 14, the research group 
of Professor Akira Matsuzawa and Okada et al. made a presenta-
tion about the development of 60GHz (60 billion Hertz) millime-
ter-wave wireless transceivers that can transmit 28 billion bits per 
second (28Gb/s)4. This is the first 60GHz wireless transceiver in the 
world compatible with a 64QAM5 modulation scheme that can trans-
mit 6 bits of information at one time.

Up until now, even with the fastest practical wireless LAN standard, 
only the 160MHz frequency band is available in the 5GHz band. In 
this situation, Okada et al. made a presentation that the 8.64GHz 

“Please put on this white coat and cap, and change your shoes, 
before you enter the lab.”

Prompted by Associate Profes-
sor Kenichi Okada, manager of 
the laboratory, the interviewer 
slipped into a white coat. This 
is for preventing dirt and dust 
from getting into the substrates 
o f  the c i rcu i ts .  Beyond the 
g l a s s  o f  t h e  l a b ,  s e v e r a l  
students are looking into PC 
displays with solemn looks on 

their faces while operating a high-frequency measuring transceiver. 
Their goal is to develop the “world’s fastest wireless transceiver” 
with their own hands.

Recent advances in wireless technologies such as mobile phones 
and wireless LAN for PCs are truly eye-opening. By transmitting 
and receiving uninterrupted radio waves faster and farther, we can 
send high-capacity image data and watch videos on mobile device 
displays. Only ten years ago, such an idea was totally beyond our 
imagination.

The key to the remarkable advances in wireless communications 
lies in the development of circuits utilizing “high-frequency waves.” 
Currently, the frequency band used for wireless communication 
devices such as mobile phones and wireless LAN is under 6GHz 
(Gigahertz). However, since this frequency band is almost fully 
occupied by existing wireless communication devices, only an 
extremely limited frequency range is available for each wireless 
communication standard. Under these circumstances, an electro-
magnetic wave called a “millimeter wave,” which has a wave length 
of 1 - 10 mm and a frequency of 30 - 300GHz, has recently attract-
ed a great deal of attention around the world. Okada is currently a 
front-runner in wireless technology research using millimeter waves.

Millimeter waves provide a wide range of available frequencies and 
also have the potential to increase transmission speed radically. 
However, most of the millimeter-wave wireless transceivers devel-
oped in the past were based on the “heterodyne architecture” which 
uses a two-step process to convert the input signal frequency into a 
different frequency. The problem with this method is its high power 
consumption and its need for many components. To overcome such 
problems, Okada converted the signals for digital data to radio 
waves in one step by using direct conversion architecture which 
past studies have shown to be theoretically difficult. Additionally, he 
succeeded in reducing circuit noise drastically by using a physical 

Kenichi Okada
Associate Professor

says that his emotional support in such difficult times comes from 
his research students.

“Students are motivated by concrete goals. For example, rather than 
saying, ‘make LSI easier to use,’ they are more motivated and find it 
more challenging to ‘increase its speed tenfold.’ It is really fun to do 
research with students like that, and I’m sure it provides motivation 
for both of us.”

Finally, Okada heartily encourages future students based on his 
own experiences.

“Technology in the future can be developed in your own way if you 
properly learn the basics and learn from failures and small successes 
on the way to your goal. Tokyo Tech has a good environment and 
supportive colleagues to help you realize your ideas. Why not give 
Tokyo Tech a chance?”

1 Injection locking phenomenon:
Christiaan Huygens, a Dutch scientist, discovered this phenomenon in the 17th 
century in the synchronization phenomenon between clock pendulums. In 
integrated circuits with multiple oscillators, if one oscillator is disturbed by 
another oscillator at a different frequency, the circuit will malfunction.

2 Reconfigurable technology:
This is a technology that enables the change of circuit configurations in block 
units without turning off the power source. This technology has the advantage 
that multiple wireless services can be switched according to the situation by a 
single set of wireless circuits.

3 International Solid-State Circuits Conference:
The International Solid-State Circuits Conference (ISSCC) is an international 
conference for cutting-edge semiconductors hosted by the IEEE in the United 
States. It is the most prestigious of the semiconductor-related conferences and 
is also called the “Chip Olympics.”

4 Gbps (gigabits per second):
This value represents the number of billions of bits of data that can be trans-
mitted in one second. 1Gbps is 1 billion bps (=1000Mbps).

5 64QAM
This is a digital modulation scheme for doing conversions between digital data 
and radio wave/electric signals. It synthesizes two waves that are out of phase 
with each other by 90 ° and detects each wave by eight steps of amplitude and 
transmits six bits of information at one time. In this connection, 16QAM is the 
modulation scheme that can similarly transmit hexadecimal (4 bits) by detect-
ing four steps of amplitude.

6 CMOS (CMOS, Complementary MOS):
A manufacturing technology/circuit complementarily using n-type and p-type 
MOSFETs (Metal-oxide-semiconductor field-effect transistors).

band frequency, which has a range 54 times wider than existing 
bands, can be utilized with millimeter-wave wireless communica-
tions using the 60GHz band mentioned above. This means that a 
drastic improvement in wireless communication speed is coming 
closer to reality. Moreover, this wireless transceiver can be imple-
mented as a generally used CMOS6 integrated circuit. With a com-
pact circuit area as small as 3.9 mm2 and low power consumption, 
it can be mounted in mobile devices such as mobile phones.

“There is still much room for miniaturization of circuits. In the future, 
we can realize devices the size of a finger ring. In terms of speed, we 
can achieve instant access beyond the concept of a download. My 
ultimate dream is to exceed wired communication in every respect 
eventually.”

The first electronic device Okada was interested in was Hitachi's 
8-bit PC, the “Basic Master Level 3.” This was delivered to his home 
when he was ten years old. He said he was considerably intrigued 
as an elementary school student by the personal computer at a 
time when stand-alone word processors were mainstream. Then he 
became a junior high school student and started to assemble a 
radio by himself. That Okada possessed the motivation to do this at 
such a time is evidenced in where he is today.

“As a matter of fact, I wanted to make a cordless telephone. I tried 
hard to assemble it with transistors pulled out of a broken TV while 
referring to my junior high school textbook of technology and home 
economics. I was so interested in mobile phones that I used one 
which I ‘seized’ from my father when none of my friends even had 
them. In fact, nobody ever called me, because the calling rate was 
too high [laughter]!”

Okada, with his numerous achievements in the world of electronic 
devices stemming from his boyhood curiosity, reflects that he could 
not have reached his current position today alone. The current milli-
meter-wave projects are led by the Ministry of Internal Affairs and 
Communicat ions and there are many th ings that  cannot  be 
achieved without the cooperation of researchers in related fields 
and col laborat ion with companies. Moreover, i t  is extremely 
discouraging when an expected result cannot be achieved. Okada 
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was published in Nature Climate Change. The research incorporated 
changes in both natural and social conditions.

Although Kanae is primarily and widely known as a river specialist, 
his research is not limited to rivers, but also includes various fields 
such as food and renewable energies. However, his scientific roots 
as a researcher originally go back to the field of civil engineering. 
How did Kanae get to where he is now?

Upon reflection, he believes it all started when he picked up a book 
about the state of the global environment in a bookstore when he 
was a high school student.

“This was the t ime when con-
cerns about the global environ-
ment started to gain attention. 
As I began to read some of those 
books, I became shocked and 
said to myself,  ‘We are in big 
trouble!’ Today, environmental 
problems are discussed even in 
middle and high schools, but at 
that time there were almost no 
university faculties or depart-
ments with the word environ-
ment in their names.”

When he entered Natural Sciences I at the University of Tokyo after 
graduating from Nada High School, Kanae had almost no interest in 
either the environment or civil engineering as a major. However, 
after he entered university, he became more interested in these 
subjects as he read more books on the environment. Then he start-
ed to worry about the three alternatives he had when he went on to 
specialized coursework.

“I wondered which way I should go, the Department of Civil 
Engineering or the Department of Geophysics (Earth and Plan-
etary Sciences), or even the Department of Forestry in the Fac-
ulty of Agriculture which is an unusual choice for students in 
Natural Sciences Ⅰ. Finally, swayed by a photo of the Kachidoki 
Bridge in a civil engineering brochure, I decided to enter the 
Department  of  C iv i l  Engineer ing.  In  the  end,  I  became a  
researcher of rivers flowing under bridges [laughter].” Kanae 
smiles with an embarrassed look on his face. The Kachidoki 
Bridge over the Sumida River is known as one of the biggest 
bascule bridges in Japan. When he saw the rounded shape of 
the bridge, his tuit ion told him that, “Anyone who can create 
such a beautiful object can’t be bad!” His decision was cemented.

As a matter of fact, there is a sequel to this story. “Nowadays, I 
stay in contact with people every day through email. In addition 

The Earth is often described as a planet of water. Water is indis-
pensable for organisms including humans, and that is why NASA 
tries to establish the existence of water when they search for extra-
terrestrial life on other planets and celestial bodies. You have prob-
ably heard numerous reports of various global crises associated 
with water as well. Professor Shinjiro Kanae teaches and conducts 
research in the Department of Civil Engineering with a focus on 
fresh water, which is necessary for our daily lives. He originally spe-
cialized in river engineering or river water. In terms of civil engi-
neering, river water calls forth images of the construction and rein-
forcement of river banks and dams, but there is much more to it 
than that.

“Water for a river sometimes comes from rain and sometimes 
from snow. Natural disasters attributed to global warming, such 
as the unprecedented floods in Thailand and the UK, and the 
record-breaking heavy snow in Japan this year, are occurring 
more frequently around the world in recent years. We are doing 
research associated with such disasters.”

One of Kanae’s main tools is large-scale simulation based on infor-
mation obtained from field surveys and satellite remote-sensing. For 
example, let us imagine calculating the risk of flooding for all the 
rivers in the world. First, suppose we set the information for the 
catchment area of a river to one hundred to several hundreds of 
kilometers in scale. Then, geographical information in 1km units 
captured by mesh segmentation is entered into a simulation. Even 
for the calculation of the flooding of rivers on a global scale, this 
level of detailed geographical information is necessary.

In June 2013, Kanae, in collaboration with researchers from the 
University of Tokyo and the University of Bristol in the UK, present-
ed a paper titled “Global Flood Risk Under Climate Change,” which 

Shinjiro Kanae
Professor

areas of civil planning beyond the purely technical. The work of 
civil engineers also includes the rehabilitation of aging infrastruc-
tures and the restoration of nature in industrialized countries. It is 
a field where you can be extremely active in cutting-edge devel-
opments on the international stage. It is also one of the most 
suitable fields for those who want to extend and utilize their 
expertise internationally in the future.”

There is one final thing Kanae would like to say to students. “As 
you know, the School of Engineering at Tokyo Tech has intro-
duced an AO exam (Admissions Office entrance exam) in addition 
to the regular entrance exam. I would like students who studied 
the arts in high school to also come to Tokyo Tech. In order to 
develop infrastructure, persons who can compute formulas are 
necessary of course; however, in addition to technology, aspects 
grounded in the arts such as regional comprehensive planning 
and the analysis of human behavior are also very important. The 
work of civil engineers is positioned between the arts and the 
sciences by its very nature. In the future, a new subject that 
cannot be simply categorized into either the arts or the sciences 
could still emerge. I strongly hope that students who have a wide 
variety of interests will enter the world of civil engineering by 
taking advantage of the AO exam.”

to civil engineers, many of them are in geophysics or agriculture. 
So, regardless of the other routes I could have taken, I would 
have arrived at almost the same place I'm at now.”

Kanae went on to graduate school at the University of Tokyo, which 
meant studying at the Institute of Industrial Science then located in 
Roppongi, for his master’s program. Afterwards he completed a 
doctoral program in the Department of Civil Engineering at the 
University of Tokyo, and was promoted to and employed as an 
assistant professor at the Institute of Industrial Science. In 2003, he 
was assigned as a leader of the 5th project of the Research Insti-
tute for Humanity and Nature in Kyoto and spent all his time going 
back and forth between Kyoto and Tokyo for about three and a half 
years.

“At the busiest time, I made round trips between Tokyo and 
Kyoto three times a week [laughter].” He still loves Kyoto because 
the old plans and facilities of past civil engineers continue to play a 
major role in the city landscape. Every now and then Kanae makes 
one-day trips to Kyoto during the cherry blossom season or on 
other special occasions. “When looking around the streets of 
Kyoto, I am reminded that civil engineering designs time and 
space that can last a thousand years into the future.”

After completing his assignment period, Kanae left Kyoto and 
returned to the Institute of Industrial Science at the University of 
Tokyo. He was then assigned as an associate professor to the 
Graduate School of Information Science and Engineering at Tokyo 
Institute of Technology (Tokyo Tech) in 2009 and took on his 
current position in 2013. He is now planning new research themes 
aiming for breakthroughs in his new lab.

Kanae also maintains his interest in the environment. The Working 
Group II’s report, Vol. 2, the latest report prepared by the Intergov-
ernmental Panel on Climate Change (IPCC), was approved at the 
38th IPCC General Meeting held in Yokohama in March 2014. 
Chapter 3 of Vol. 2 is the chapter on freshwater, Kanae’s speciality 
field. The fact that Kanae’s papers are frequently cited gives him 
considerable motivation. Meanwhile, he considers having relation-
ships with troubled sites in Japan and abroad so important that he 
has joined the site inspection team for Izu Oshima Islands after the 
2013 landslide disasters.

Kanae has been walking a straight line in the field of civil engineer-
ing ever since he was a university student. However, he notes that 
the subjects in the field have been changing bit by bit.

“The term civil engineering often gives the impression of humble 
work, such as dam construction. However, in fact, the percentage 
of internationally active persons who majored in civil engineering 
is very high. They share their expertise not only through techno-
logical assistance for development and environmental preserva-
tion in developing countries, but also make contributions in many 
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continues to be cited today: as of May 2014, it has been cited over 5,000 times.

No. There were many people around me who began superconductivity research in response to the discovery of cuprate superconductors in 1986. However, I 
did not get involved. That was because I did not see how I could beat the competition. What makes it possible to prevail in research, I believe, is achieving 
originality at a global level. I won’t undertake research if its originality is not clear from the start.

However, in 2007 I found that, as I had anticipated, a cement material (C12A7, see the second article), which I had researched for many years, could 
become a superconductor. Contrary to my expectation, the superconducting transition temperature was low. But this research stimulated me to undertake 
superconductivity research. Interestingly, though, it was not in this belatedly begun superconductivity research that I discovered the iron-based semicon-
ductor.

Actually, besides superconductivity research, I was also doing research on imparting magnetic properties to semiconductors.3 In creating semiconductors 
endowed with new properties, I was trying to discover possibilities for new uses of oxide semiconductors. For example, oxide semiconductors can be used 
both for semiconductor memory and magnetic memory, and for operational circuits and magnetic memory. It was in the course of this research that I was 
able to discover the iron-based superconductor.

For imparting magnetism to a semiconductor, I selected layered compounds containing a transition metal that has a large magnetic moment, such as iron, to 
serve as the target material. Among such compounds, I investigated an oxypnictide compound (LaOFeAs) whose main constituent is iron. However, I was 
unable to obtain the desired properties with this material. Of course, it was not a superconductor. So I decided to try to change its electrical properties by 
using a technique for replacing the oxygen ions in LaOFeAs with fluorine ions (see below). Doping carriers by substituting ions of a similar size but of a 
different valence is a common technique in semiconductor research. And when I did that, LaOFeAs became a superconductor. This was the 2008 discovery 
of an iron-based superconductor.

It bears a strong resemblance to the discovery of a cuprate superconductor by Bednorz and Müller. To be exact, they discovered superconductivity in 
hole-doped cuprates and we discovered it in electron-doped LaOFeAs. The results of superconductivity research are not limited to what you plan, but it’s 
important to build your predictions, and to proceed, based on theory. If you proceed at random, without forethought, you won’ t discover any superconduc-
tors. You have to think thoroughly and then attack with all your might. But even then, in the end, you won’ t find that groundbreaking superconductor if you 
don’ t have luck; this is the consensus view of experts in the field.

Also, from that experience I came to believe that, besides your core research, it’s important to conduct research that covers the area around it, if you hope to 
be able to discover superior new materials.

The importance of iron-based superconductors has been recognized. I obtained the opportunity to conduct research on the “Exploration of new supercon-

ductors and related functional materials and application of superconducting wires for industry” from 2009 to 2013, as part of a large, government-funded 
project (FIRST: Funding Program for World-Leading Innovative R&D on Science and Technology). I created a top team of Japan’s ace researchers for this 
project. We sought to discover new superconductors and also conducted research on raising the superconducting transition temperature. Regarding the 
former objective, we synthesized approximately 1,000 candidate substances, among which we discovered 25 superconducting materials (about 70 chemical 
compounds). This is a success rate of 2.5 percent. What do you think when you hear that number? Does it seem low? Actually, in the world of superconduc-
tivity research professionals, it's considered high.

At the same time, we conducted research on raising the superconductor transition temperature of the iron-based superconductor we had initially discovered. 
Instead of replacing LaFeAsO’s oxygen ions with fluorine ions, as we had been doing until then, I thought of replacing them with negative hydrogen ions (H-). 
This is an approach that I successfully applied to a cement compound, C12A7 (12CaO·7Al2O3), in 2002. By doing this, I expected to be able to dope more 
electrons than by replacing them with fluorine ions, and thus raise the superconducting transition temperature. In the end, we were able, as planned, to more 
than double the previous concentration of electrons in the doped material. But this did not have as great an effect as expected on the superconducting 
transition temperature.

However, the use of negative hydrogen ions was linked to an unanticipated discovery. That is, we discovered a new region that displays superconductivity (I 
decided to call it SC-2) which cannot be seen when replacing electrons with fluorine ions (see below). We doped carriers into a parent material that possessed 
magnetism, and when the magnetism disappeared, superconductivity appeared. Until now, there was agreement that ferrous materials can be used as a 
parent material in a state where they are not doped with carriers; but in this research we ascertained that a parent material can also be in a state massively 
doped with carriers. That is, we understood that there exist two parent materials. This is currently attracting attention, in various places, as a finding that will 
lead to new developments in superconductivity research. I don’t know what kinds of developments await, but we are now in a situation where ‘around every 
corner there is another corner waiting to be turned.’ Iron-based superconductor research is going to get even more interesting from here on out!

In the second of this two-article series, Professor Hosono discusses transparent oxide semiconductors, including IGZO, which some call his first major 
achievement. The first catalyst with which he grappled, which was an ammonia synthesis catalyst, is also discussed.

For his discovery of iron-based superconductors in 2008, Professor Hideo Hosono was selected as a Thomson Reuters1 Citation Laureate in 2013 and 
became a leading contender for the Nobel Prize. His passion for materials research knows no bounds; even now he is continuing the search for new func-
tional materials. Professor Hosono doesn’t just operate at the leading edge of research on iron-based superconductors. A transparent oxide semiconductor 
IGZO, which is attracting attention and is widely used to drive displays of smart phones and tablet PCs, is also a result of Professor Hosono’s research. 
Moreover, in catalyst research he has been trying to change the ammonia synthesis process which has remained unaltered for approximately a hundred 
years. How is it that Professor Hosono has been able to undertake research in such diverse fields and achieve major results in each of them? In this and an 
upcoming, second article, we will present Professor Hosono’s achievements and the research style that made them possible.

In 2008 my research group announced that we had discovered an iron-based superconductor: a high-temperature superconductor that contains iron as its 
main constituent. The reason this discovery had an impact is that it overturned the commonly held view that elements like iron, with a large magnetic 
moment, must be inimical to the manifestation of superconductivity (see photograph below, left). Consequently, this discovery had an impact on the world of 
superconductivity.

That seems to be the case. Regarding superconductivity, the discovery of a cuprate superconductor by Georg Bednorz and Alex Müller in 1986 was truly an 
event. When they doped the carriers (holes) in an oxide of copper, which normally conducts almost no electricity, it became a superconductor. Moreover, the 
superconducting transition temperature (the temperature at which a material becomes a superconductor) was -238℃. This was much higher than the super-
conducting transition temperatures of the other metal and alloy superconductors known at the time. This high-temperature superconductor was startling. It 
turned the world upside down.

In superconductivity research even today, many researchers are frantically searching for some material that will become superconductive at a higher 
temperature. With such a material it would then be possible to create such things as maglev (magnetic levitation) trains and power transmission wires with 
almost no energy loss. But superconductivity does not occur unless the temperature is extremely low, which has so far prevented putting superconductors to 
practical use.

Moreover, in the 2000s, the rise in the superconducting transition temperature of cuprate superconductors hit a ceiling. Superconductivity researchers 
concluded that new efforts based on new materials were necessary. That is where our iron-based superconductor enters the picture. As a result, research 
seeking new materials with a high superconducting transition temperature once again heated up worldwide. It was against this background that our first 
paper in 2008 in which we reported the discovery of an iron-based superconductor had the highest number of citations in the world for that year. And it 
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A magnet becomes a superconductor?
The first new high-temperature superconductor discovered in 20 years

“What makes it possible to prevail in research, I believe, is achieving originality at a global 
level. I won’t undertake research if its originality is not clear from the start.”

Manipulating electrons
well to elicit the potential
of materials

A superconductor is floating above a permanent magnet. This is called the Meiss-
ner effect. When a magnetic field is applied to a superconductor, the magnetic flux 
will not penetrate the superconductor as long as the magnetic field does not 
exceed a certain strength. This phenomenon is characteristic of superconductors 
(see drawing below, right). It has thus been thought that materials containing iron, 
which easily become magnetized, could not become superconductors.

The research that is most representative of you and your work is the discovery of iron-based super-
conductors2 correct? This discovery is highly regarded, and is the reason Reuters named you a leading 
candidate for the Nobel Prize.

Would you say that this impact rekindled superconductivity research worldwide?

Did this major achievement result from long years of superconductivity research?

Ordinarily, electricity flows through a metal (for example, iron) but not through a metal oxide (ferric oxide). Moreover, it 
was commonly believed that metals like iron, which have the ability to become magnets, would not become supercon-
ductors. However, the iron-based superconductor which Professor Hosono discovered in 2008 is a pnictide (P or As) 
containing iron. Why was a pnictide containing iron able to become a superconductor?

It was because Professor Hosono achieved both a structure in which the electrons could move (electricity could flow) 
even in the presence of oxygen, and a chemical constituent that eliminates the magnetism of iron (see drawing).

The true identity of the iron-based superconductor is LaOFeAs, an oxypnictide compound whose main constituent is 
iron. This compound has a structure with alternating layers of LaO and FeAs. With this structure, however, electrical 
resistance does not become zero (the compound does not become a superconductor) even if the temperature is 
lowered. Therefore, Professor Hosono thought of changing the electrical properties by electron doping. Electron 
doping consists of injecting electrons into the interior of a material. In the case of LaOFeAs, some of its oxygen ions (O2−) are replaced with fluorine ions (F−). 
Each time one oxygen ion is replaced with one fluorine ion, the result is that the material becomes doped with electrons. The electrons that are injected flow over 
the FeAs layer, and enhance the conductivity of the FeAs layer and diminish the antiferromagnetism. When the temperature becomes low, they create a state of 
superconductivity with zero electrical resistance and perfect diamagnetism. Thus, an iron-based superconductor is born.

“Transparent materials” cultivated the eye of a researcher

Professor Hosono, 1986

While many researchers were just beginning superconductivity research, I felt I should continue research on transparent mate-
rials (to be discussed in the second article), which I greatly liked. I researched them for many years, obsessed with their trans-
parency. The reason I abandoned this obsession is that I began research aimed at imparting magnetism to semiconductors. 
To impart magnetism to a material, the material must contain a transition metal that has spin, such as iron or cobalt. But mate-
rials that contain such metals are not transparent. Transparent materials are similar not just in appearance, but also have 
many properties and electron states in common. By having researched such materials for many years, I feel that I was able to 
cultivate an eye for looking at materials.

The iron-based superconductor that Professor Hosono discovered

It’s said that you discovered the iron-based superconductor by chance, but can it not be said that 
you intentionally created it through the technique of ionic substitution?

Six years have passed since the discovery. Superconductor research has come quite a long way 
since then, wouldn’t you say?
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Professor Hideo Hosono is a leading candidate for the Nobel Prize for his research on iron-based superconductors. He has been focusing on transparent 
oxide materials in his research and made significant achievements. One such material, C12A7 (12CaO·7Al2O3), a constituent of alumina cement, is at the heart 
of all of his research. Professor Hosono spoke about the allure of transparent materials and their potential as well as about his research achievements.

I am still researching them. The clear crystal glasses used for drinking whiskey are sparkly and beautiful, wouldn’t you say? I love transparent materials. I’ve 
been researching them ever since I was in graduate school, trying to somehow relate them to electrons. In 1993, I moved to Tokyo Tech as an associate 
professor. That was when my research partner at the time, Professor Hiroshi Kawazoe (currently professor emeritus), had just begun research on new trans-
parent conductive oxides. Until then I had been working on photonic glass at the Nagoya Institute of Technology, but when I came to Tokyo Tech, I was able to 
continue research on transparent materials.

I began research on transparent amorphous oxides around the time that Masahiro Yasukawa, now a professor in the Department of Materials Science and 
Engineering at Kochi National College of Technology, obtained his experimental results. While searching for a new transparent oxide semiconductor made of 
crystal, he discovered that an amorphous thin film of silver antimonite (AgSbO3), which he had obtained by chance, had electron mobility that was comparable 
to that of crystal. Amorphous materials are non-crystalline, that is, the atoms are not regularly aligned. In technical terms, they are materials that display no 
sharp peaks in x-ray diffraction. At the time, it was commonly believed that unless a material has atoms that are nicely aligned, like crystal silicon (Si), elec-
trons could not move smoothly for electricity to flow. Research on amorphous silicon was being actively conducted, but it was understood that, compared to 
crystalline silicon, it was much harder for electrons to move. Therefore, no one thought that amorphous oxides, which are insulators in most cases, could make 
superior semiconductors.

It was reasonable for people to dismiss the potential of amorphous oxide semiconductors and 
assume that they would be far inferior to crystalline semiconductors even if such materials could 
be created. But I had a good feeling that this was going to be it. I started thinking about how 
amorphous oxides could have high electron mobility and immediately came up with a model. This 
was a model for a materials system that allowed electrons within amorphous oxides to be as 
mobile as they are in crystal - a system which later led to the creation of the IGZO semiconductor. 
To explain it simply, until then it was believed that in order for electrons to move smoothly, atoms 
had to be nicely lined up as they are in crystal. But I noted that it would be sufficient to have 
well-linked metal ion orbitals (the spaces where electrons can enter and move). It’s easy to under-
stand if you think of the orbitals of atoms as metal balls. Imagine a string of metal balls. When the 
balls are lined up straight, they represent a crystal; when they are in a state of disarray, they are 
amorphous. However, as with the metal balls, the orbitals of electrons are spatially spread out and 
spherical in shape, and if one makes contact with its neighbor, the electrons, even when in disar-
ray, are still able to move smoothly. The orbitals of atoms can take various shapes, and these 
shapes and the spacing of the orbitals are important (see next page).

continues to be cited today: as of May 2014, it has been cited over 5,000 times.

No. There were many people around me who began superconductivity research in response to the discovery of cuprate superconductors in 1986. However, I 
did not get involved. That was because I did not see how I could beat the competition. What makes it possible to prevail in research, I believe, is achieving 
originality at a global level. I won’t undertake research if its originality is not clear from the start.

However, in 2007 I found that, as I had anticipated, a cement material (C12A7, see the second article), which I had researched for many years, could 
become a superconductor. Contrary to my expectation, the superconducting transition temperature was low. But this research stimulated me to undertake 
superconductivity research. Interestingly, though, it was not in this belatedly begun superconductivity research that I discovered the iron-based semicon-
ductor.

Actually, besides superconductivity research, I was also doing research on imparting magnetic properties to semiconductors.3 In creating semiconductors 
endowed with new properties, I was trying to discover possibilities for new uses of oxide semiconductors. For example, oxide semiconductors can be used 
both for semiconductor memory and magnetic memory, and for operational circuits and magnetic memory. It was in the course of this research that I was 
able to discover the iron-based superconductor.

For imparting magnetism to a semiconductor, I selected layered compounds containing a transition metal that has a large magnetic moment, such as iron, to 
serve as the target material. Among such compounds, I investigated an oxypnictide compound (LaOFeAs) whose main constituent is iron. However, I was 
unable to obtain the desired properties with this material. Of course, it was not a superconductor. So I decided to try to change its electrical properties by 
using a technique for replacing the oxygen ions in LaOFeAs with fluorine ions (see below). Doping carriers by substituting ions of a similar size but of a 
different valence is a common technique in semiconductor research. And when I did that, LaOFeAs became a superconductor. This was the 2008 discovery 
of an iron-based superconductor.

It bears a strong resemblance to the discovery of a cuprate superconductor by Bednorz and Müller. To be exact, they discovered superconductivity in 
hole-doped cuprates and we discovered it in electron-doped LaOFeAs. The results of superconductivity research are not limited to what you plan, but it’s 
important to build your predictions, and to proceed, based on theory. If you proceed at random, without forethought, you won’ t discover any superconduc-
tors. You have to think thoroughly and then attack with all your might. But even then, in the end, you won’ t find that groundbreaking superconductor if you 
don’ t have luck; this is the consensus view of experts in the field.

Also, from that experience I came to believe that, besides your core research, it’s important to conduct research that covers the area around it, if you hope to 
be able to discover superior new materials.

The importance of iron-based superconductors has been recognized. I obtained the opportunity to conduct research on the “Exploration of new supercon-

ductors and related functional materials and application of superconducting wires for industry” from 2009 to 2013, as part of a large, government-funded 
project (FIRST: Funding Program for World-Leading Innovative R&D on Science and Technology). I created a top team of Japan’s ace researchers for this 
project. We sought to discover new superconductors and also conducted research on raising the superconducting transition temperature. Regarding the 
former objective, we synthesized approximately 1,000 candidate substances, among which we discovered 25 superconducting materials (about 70 chemical 
compounds). This is a success rate of 2.5 percent. What do you think when you hear that number? Does it seem low? Actually, in the world of superconduc-
tivity research professionals, it's considered high.

At the same time, we conducted research on raising the superconductor transition temperature of the iron-based superconductor we had initially discovered. 
Instead of replacing LaFeAsO’s oxygen ions with fluorine ions, as we had been doing until then, I thought of replacing them with negative hydrogen ions (H-). 
This is an approach that I successfully applied to a cement compound, C12A7 (12CaO·7Al2O3), in 2002. By doing this, I expected to be able to dope more 
electrons than by replacing them with fluorine ions, and thus raise the superconducting transition temperature. In the end, we were able, as planned, to more 
than double the previous concentration of electrons in the doped material. But this did not have as great an effect as expected on the superconducting 
transition temperature.

However, the use of negative hydrogen ions was linked to an unanticipated discovery. That is, we discovered a new region that displays superconductivity (I 
decided to call it SC-2) which cannot be seen when replacing electrons with fluorine ions (see below). We doped carriers into a parent material that possessed 
magnetism, and when the magnetism disappeared, superconductivity appeared. Until now, there was agreement that ferrous materials can be used as a 
parent material in a state where they are not doped with carriers; but in this research we ascertained that a parent material can also be in a state massively 
doped with carriers. That is, we understood that there exist two parent materials. This is currently attracting attention, in various places, as a finding that will 
lead to new developments in superconductivity research. I don’t know what kinds of developments await, but we are now in a situation where ‘around every 
corner there is another corner waiting to be turned.’ Iron-based superconductor research is going to get even more interesting from here on out!

In the second of this two-article series, Professor Hosono discusses transparent oxide semiconductors, including IGZO, which some call his first major 
achievement. The first catalyst with which he grappled, which was an ammonia synthesis catalyst, is also discussed.

For his discovery of iron-based superconductors in 2008, Professor Hideo Hosono was selected as a Thomson Reuters1 Citation Laureate in 2013 and 
became a leading contender for the Nobel Prize. His passion for materials research knows no bounds; even now he is continuing the search for new func-
tional materials. Professor Hosono doesn’t just operate at the leading edge of research on iron-based superconductors. A transparent oxide semiconductor 
IGZO, which is attracting attention and is widely used to drive displays of smart phones and tablet PCs, is also a result of Professor Hosono’s research. 
Moreover, in catalyst research he has been trying to change the ammonia synthesis process which has remained unaltered for approximately a hundred 
years. How is it that Professor Hosono has been able to undertake research in such diverse fields and achieve major results in each of them? In this and an 
upcoming, second article, we will present Professor Hosono’s achievements and the research style that made them possible.

In 2008 my research group announced that we had discovered an iron-based superconductor: a high-temperature superconductor that contains iron as its 
main constituent. The reason this discovery had an impact is that it overturned the commonly held view that elements like iron, with a large magnetic 
moment, must be inimical to the manifestation of superconductivity (see photograph below, left). Consequently, this discovery had an impact on the world of 
superconductivity.

That seems to be the case. Regarding superconductivity, the discovery of a cuprate superconductor by Georg Bednorz and Alex Müller in 1986 was truly an 
event. When they doped the carriers (holes) in an oxide of copper, which normally conducts almost no electricity, it became a superconductor. Moreover, the 
superconducting transition temperature (the temperature at which a material becomes a superconductor) was -238℃. This was much higher than the super-
conducting transition temperatures of the other metal and alloy superconductors known at the time. This high-temperature superconductor was startling. It 
turned the world upside down.

In superconductivity research even today, many researchers are frantically searching for some material that will become superconductive at a higher 
temperature. With such a material it would then be possible to create such things as maglev (magnetic levitation) trains and power transmission wires with 
almost no energy loss. But superconductivity does not occur unless the temperature is extremely low, which has so far prevented putting superconductors to 
practical use.

Moreover, in the 2000s, the rise in the superconducting transition temperature of cuprate superconductors hit a ceiling. Superconductivity researchers 
concluded that new efforts based on new materials were necessary. That is where our iron-based superconductor enters the picture. As a result, research 
seeking new materials with a high superconducting transition temperature once again heated up worldwide. It was against this background that our first 
paper in 2008 in which we reported the discovery of an iron-based superconductor had the highest number of citations in the world for that year. And it 

Original research is lonely work, so I think being able to endure loneliness is a prerequisite for producing original results. Even 
in FIRST I limited the opportunities for members to learn about what the others were doing in their respective research to one 
general meeting every six months. I think I was able to maintain a good feeling of tension among the members. Of course, at the 
general meetings they totally disclosed their research to each other and discussed strenuously to promote everyone’s overall 
progress. When you want to do something original, you can’ t be afraid of loneliness. Because originality is truly something 
achieved alone.

In the graph, the vertical axis represents superconducting critical temperature; the horizontal axis, electron concentration.

The graph, or phase diagram, shows the extent of ion substitution and the relationship of this to superconducting critical 
temperature. Electrons were injected which increased the electron concentration in the oxypnictide compound (LaFeA-
sO) where the main constituent is iron. In the graph, in the gray dome on the left, oxygen ions were replaced with 
fluorine ions; in the pink dome on the right, oxygen ions were replaced with negative hydrogen ions.

Looking at the gray dome on the left side of the phase diagram, it is apparent that when oxygen ions were replaced with 
fluorine ions, electrons could only be injected up to a concentration of about 15 percent. This is because the oxygen 
cannot be replaced with fluorine to any greater extent. It was thus impossible to know what happened on the right side of 
the phase diagram. Professor Hosono reflected, “With such little information, it’s impossible to meaningfully discuss superconductivity.” But when oxygen ions (O2-) 
were replaced with negative hydrogen ions (H-), it was possible to inject ions to a concentration of more than 50 percent, and he discovered that there is a second 
dome, the pink one on the right side of the phase diagram. Why this came about in this way remains to be explained. 

The discovery of a new superconductor mechanism

Don’t fear loneliness

FIRST research colleagues

Explanation of Terminology

1 Thomson Reuters:
A global information services company headquartered in the United States. Each year before 
the Nobel Prize announcements, Thomson Reuters announces its Citation Laureates (research-
ers who are considered leading contenders for the Nobel Prize on the basis of the number of 
citations of their published works). It is often thought that people who receive this award are 
likely to win the Nobel Prize too.

2 Superconductivity:
This is a phenomenon of zero electrical resistance and perfect diamagnetism (the expulsion of 
all magnetic lines of force) that occurs in certain materials when they are cooled to a charac-
teristic temperature. These materials are called superconductors.

3 Semiconductor:
Materials can be classified by the ease with which electricity flows through them. There are 
“conductors,” like metals, which readily conduct electricity; “insulators,” which do not conduct 
electricity; and “semiconductors,” which have an intentionally controllable conductivity level 
between that of conductors and insulators. Semiconductors are neither conductors nor insula-
tors, but the ease with which electricity flows in them can be controlled by design, so they are 
used as a material in electronic equipment such as transistors.

Hydrogen ions and the “Hosono-style periodic table” 
Hydrogen usually becomes positive ions, but actually it can also become negative ions. I noticed this when I was doing research on changing the electrical prop-
erties of the cement material C12A7 (to be discussed in the second article). I thought that someday I would be able to use negative ions of hydrogen (H-). And, 
indeed, I eventually used them for injecting electrons into LaOFeAs.

Hydrogen appears at the top left of the regular periodic table. But in my periodic table it is placed in the top middle, because it becomes both positive and nega-
tive, depending on the circumstances.

With regard to SC-2, we wouldn’ t have been able to discover it if we hadn’ t had the idea of trying to use negative ions of hydrogen. I take pride in the fact that 
this discovery was something that only we could have done. After this region became known, some people said various things, such as, “There must be other 
domes, too, don’ t you think?” [Laughter]. Maybe there are. Perhaps the hard part is only beginning.

Hideo Hosono
Professor

Manipulating electrons
well to elicit the potential
of materials

Electric current passed through a transparent amorphous oxide material

I heard that you were doing research on transparent oxides before
you began research on superconductivity.

You then discovered a transparent amorphous oxide semiconductor which
led to the creation of the IGZO semiconductor. Is that correct?

At the time (1995),  amorphous silicon was at its zenith, so there were around 800 papers 
presented at the 16th International Conference on Amorphous Semiconductors, but mine 
was the only one on amorphous oxides. The reaction to it was all but non-existent.
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This material consists of cage-like structures and various atoms and electrons can be contained within them. In the case of electrons, however, they are loosely bound 
when they enter, so they can easily get out. The ammonia synthesis catalyst uses this property. With this catalyst, it should be possible to synthesize ammonia with 10 
times the efficiency of the traditional method.

Of course, it wasn’ t easy, and our research is only in the preliminary stages. The Haber-Bosch process is not such an easy process to replace. After all, it is considered a 
monumental achievement. We want to create a process that can synthesize ammonia under simple conditions - under ordinary pressure and at as low a temperature as 
possible - and in a place where hydrogen can be obtained on-site. After about ten years and many failed attempts, I was able to make this material into a catalyst. With 
ammonia synthesis, the key is the transfer of electrons, so the surface where nitrogen and the catalyst meet is important. Therefore, I needed to somehow observe the 
surface of the C12A7 electride at the atomic level. Some people told me that this was probably impossible since the material has a complicated crystalline structure with 
no cleavage. But Yoshitake Toda, who at that time was a third-year doctoral student (currently a specially appointed lecturer), really worked hard on it, and in 2010, we 
were able to observe the surface structure of the material using a scanning tunneling microscope (we were also greatly helped by Professor Hiroyuki Hirayama, an expert 
in surface science). As a result, I was able to understand why using C12A7 electride as a catalyst hadn’t gone well until then. As it turned out, the cages on the surface 
were broken and the electrons couldn’ t go into them. Since I discovered that the cages could be rebuilt by heating the electride to an appropriate temperature range, I 
began to seriously test the material as an ammonia catalyst. I wanted to get a catalyst expert to participate, so when I was about to begin the FIRST Project, I went and 
asked Professor Michikazu Hara of the Materials and Structures Laboratory if he could help us. He responded by telling the story I mentioned earlier about how ammonia 
catalyst is cursed [laughter]. However, when I told him about a mechanism that I came up with for transferring electrons, he immediately agreed to participate. After all, 
Professor Hara began his research on catalysts because he was fascinated by ammonia synthesis. This is how the effort to develop a new ammonia catalyst moved 
ahead.

Since 2012, I’ve been conducting the Ministry of Education, Culture, Sports, Science 
and Technology’s Element Strategy Project. Element strategy is an initiative for 
developing new materials to make a sustainable society possible. I also began a 
new program for JST last October called The Materials Science and Application of 
Electrides, which was selected as ACCEL’s first project. I wanted to freely conduct 
my own research and not be bound any longer by government projects, but that 
doesn’ t seem to be in the cards [laughter]. However, I think that all of the research 
I've done until now is encompassed by the term “element strategy,” and I look 
forward to continuing to work on superconductivity, transparent oxide semiconduc-
tors and catalysts.

In the Element Strategy Project, we proposed new ways of thinking about materials 
research. Towards that end I’ ve selected young project members in their 30s and 
40s, and we’re conducting research in close cooperation with the High Energy 
Accelerator Research Organization, the National Institute for Materials Science, and 
the Center of Computational Materials Science of the Institute for Solid State Physics 
at the University of Tokyo. I think we’ve been able to put together a very interesting 
organization. The time span for the project is ten years, so we haven’t taken up 

There is a material that has been a staple of my research for about 30 years 
(see Figure 3). It is a material called C12A7 (12CaO·7Al2O3), which is a constit-
uent of alumina cement, and it’s of course transparent (in powder form it’s 
white). It ’s endlessly fascinating. It ’s kind of l ike a toy chest for me. For 
example, C12A7 was initially an insulator, but I tried to change its electrical 
properties by replacing oxygen ions accommodating its crystal structure with 
electrons. When I did that, it first became a transparent semiconductor, then it 
became a metal (when the temperature is lowered, electrical resistance is 
decreased), and in 2007, it also became a superconductor.

It’s well known that ammonia (NH3) is an important component of fertilizers. In 
recent years, however, its value has risen as a storage material for hydrogen (H2), 
which is used in fuel cells. Hydrogen is a gas so its volume is large, which makes it 
difficult to store and transport. But if it can be stored in the form of liquid ammonia 
and then separated out when necessary, the problem can be solved. Since about 
100 years ago, ammonia synthesis has been carried out using the Haber-Bosch 
process. There have been researchers who took on the challenge of developing a 
new method of ammonia synthesis, but nobody has succeeded in replacing the 
Haber-Bosch process. The subject of ammonia synthesis is thus said to be cursed.

Why is the Haber-Bosch process so difficult to replace? The reason is that, in order 
to synthesize ammonia, it is first necessary to break the strong triple bonds of 
nitrogen molecules (NΞN) and convert them into two nitrogen atoms. To do that, I 
theorized that a material that has two contradictory properties would be effective, 
namely a material that transfers electrons easily, like an alkali metal, but doesn’t 
react with nitrogen. The C12A7 electride is a material that has both of these proper-
ties. So, with its surface supported by minute particles of ruthenium to capture N2 - 
an idea first proposed by the late Professor Emeritus Atsumu Ozaki and Professor 
Emeritus Ken-ichi Aika of Tokyo Tech - we tested it as a catalyst. As a result, the 
ammonia synthesis reaction proceeded smoothly (see next page).

You must be referring to IGZO. It’s an oxide semiconductor composed of indium, gallium, zinc and oxygen. It has begun to be used in tablet PCs, smart phones, and, 
recently, large organic EL televisions. In 1996, when we published a paper on amorphous oxides, we specifically mentioned which metal oxides can have high mobility 
even when they are amorphous. Among them were of course indium, gallium and zinc. IGZO allows a high-density ceramic material to be easily prepared, and by using a 
common method called sputtering, thin films can be made from this material on a large-sized glass plate. I think that this is one of the primary reasons why IGZO was put 
into practical use very quickly among a variety of candidate materials I proposed.

There was almost no reaction [laughter]. I presented the paper at the International Conference on Amorphous Semiconductors held in August 1995 in Kobe. That was 
when amorphous silicon was at its zenith, so there were around 800 papers presented, but mine was the only one on amorphous oxides. The reaction to it was all but 
non-existent. However, when our article appeared in Nature in 2004, we got a great reaction. In the article, we used IGZO as an example to show that thin film transistors 
(TFTs) made of transparent amorphous oxide have ten times the mobility than those made of amorphous silicon. There was a demand for semiconductors that could be 
easily made into TFTs with greater mobility. Ten years after the conference in 1995, I gave a presentation on amorphous oxide semiconductors at a plenary session of the 
same conference held in Lisbon. The General Chair was a researcher from Europe who remembered my presentation in 1995. I prefaced my presentation by saying, “This 
is a kind of revenge for the lack of reaction to my talk at the conference in 1995.” It was an emotional moment for me.

Around the year 2000, flexible transistors and devices fabricated on plastic substrates 
characterized as “flexible electronics” started being researched extensively. They are 
based on organic semiconductors, but I believed amorphous oxides would be much supe-
rior for flexible electronics applications. In particular, they have much greater mobility than 
organic semiconductors. They are also much more chemically stable. At present, high-defi-
nition technology used in IT devices are rapidly advancing, and materials with high 
electron mobility will become critical to accommodate this. Needless to say, transparent 
semiconductors are particularly suitable for application in conventional displays.

I actually would like to see transparent amorphous oxide semiconductors used to make 
large organic EL displays. Organic EL displays are said to be the next-generation display 
technology that will replace LCDs, but they stil l face certain technical obstacles. In 
addition to the unevenness and instability of the pixels, they cannot compete with LCDs in 
terms of how large they can get. I think these problems could potentially be solved by 
using new materials, namely transparent amorphous oxide semiconductors.

anything that will produce immediate results, but I think interesting results will certainly be produced down the line. Unlike with this project, my research group will be 
undertaking the ACCEL project for the most part.

I don’t think I’ ve produced any great results yet, but I try to have a broad perspective when I work with materials. I believe that it’ s important to precisely understand 
where a certain material fits in the big picture and whether you’ re dealing with a special case or a general case. This is not something that should be done by intuition 
alone. I’ ve studied a variety of subjects, including organic chemistry, inorganic chemistry, solid-state physics, and materials, so I think I have quite a bit of fundamental 
knowledge, and I try to fully utilize it in carrying out my work.

Basically my field is chemistry. But the research of solid materials involves both chemistry and physics, so I stopped feeling the need to separate them and ended up 
calling them “science.”

Originally, I didn’ t have any strong desire to work on materials. When I was hired as an assistant professor at the Nagoya Institute of Technology, I worked under 
Professor Emeritus Yoshihiro Abe, and there was an event that made me realize that the development of new materials can have a big impact on the world. As a result, I 
came to think that materials research is great and I chose to pursue this path. Also, my attitude toward materials changed greatly when my daughter was born. In the 
world of materials, people call new materials “next-generation materials.” Initially this term didn’t have any particular meaning to me. But when my daughter was born, I 
understood its true meaning. I knew then that materials research is research that is useful for the betterment of society and essential for life, and I came to feel a sense of 
pride in being involved with materials. I thus call myself a materials scientist.

We’ve learned that all of Professor Hosono’s achievements are produced as a result of him first accurately understanding the properties of the materials and then working 
on them to elicit new functions. His broad knowledge of the sciences gives him the unique ability to identify these hidden functions. I am greatly looking forward to what 
he will discover next.

I understand that this material has already been put to practical use. 

The world’s reaction must have been amazing when your paper was published.

Atoms each have a set number of electrons that exist in small regions called orbitals. Orbit-
als have various shapes and spacing, which are determined by the type of atom. When two 
atoms join together, or couple, their orbitals overlap closely. Electrons move where orbitals 
overlap, so electricity flows.

For example, in the case of silicon, which is often used as a semiconductor, the orbitals 
overlap in the crystalline state as shown in the top left image of Figure 1. Silicon orbitals 
have an orientation, so when silicon is in the amorphous (non-crystalline) state, the overlap-
ping regions become small. As a result, electricity is not able to flow as nearly as well as 
they can in the crystalline state.

On the other hand, consider ionic materials where coupling occurs in spherical orbitals that 
are spatially spread out such as the s orbital of p-block cation (see images on the right in 
Figure 1). In this case, the materials may become amorphous with irregular alignment of 
atoms, but that would have little effect on the path of the electrons (the overlapping orbitals) 
as long as the spherical orbitals are spread out widely. As a result, electricity is able to flow 
seamlessly even in the amorphous state. Professor Hosono noticed this and identified the 
combinations of atoms that have such orbitals in his paper.

Why certain materials are able to
conduct electricity well even if they are amorphous 
(non-crystalline).

Figure 2. Types and shapes of electron orbitals of atoms
Electrons in atoms each move along specific orbitals.
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Figure 1. The paths traversed by electrons in covalent and 
ionic semiconductors
With ionic oxide semiconductors, the spherical s orbitals of the 
p-b lock meta ls  over lap n ice ly  in  both  the crys ta l  and 
amorphous states. With covalent semiconductors, the orbitals 
overlap perfectly in the crystal state, but they are hardly able 
to keep such well overlapping positions in the amorphous state 
due to the high anisotropy of orbitals and structural random-
ness. 

This material has now become a catalyst for ammonia synthesis, right?

The C12A7 electride catalyst would change the 100-year-old ammonia synthesis process

“Catalyst experts reportedly claim that it’s best 
not to work on ammonia synthesis because it is 
cursed. However, although C12A7 doped with a 
high concentration of electrons (C12A7 electride) 
easily emits electrons, like an alkali metal, I 
discovered that it is a unique material so 
chemically stable that you can touch it with your 
bare hand. I felt that this should do the trick.”

The wonders hidden in undergraduate 
laboratory experiments

When I was a newly minted assistant professor at the Nagoya Institute of 
Technology, I oversaw undergraduate student experiments. A colleague of 
mine in a neighboring division was overseeing an experiment involving the 
synthesis of C12A7. When I went there to shoot the breeze, I noticed some-
thing interesting. C12A7 is made by mixing, melting and then solidifying 
calcium carbonate and alumina. From its molten state at a high tempera-
ture, it is cooled and solidified. At this temperature, it was supposed to 
become colorless, but I noticed that it became deep yellow. Then, it was 
rapidly cooled until it turned into transparent glass, but when it was heated 
again, an enormous number of bubbles (containing oxygen gas) were 
generated in the entire sample. I wanted to know why these seemingly 
strange phenomena occurred in such a commonplace material, and wound 
up taking up this subject as my own research topic. You may be surprised 
that there are new discoveries hidden in student experiments, but I think 
there are many elementary things that we actually don’ t understand. Since 
then I have tried various things on this cement material. Nowadays it’s 
become somewhat famous as a multifunctional material, and I think I 
deserve some credit for that [laughter]. 

I wish Japanese companies would be more aggressive in putting the results of basic research conducted at Japanese universities and research centers to 
practical use. If they could mention that they’re using university-developed technology, that would go a long way toward increasing the motivation of young 
researchers and students.

Promotion of university-developed technology

Is it true that there is a go-to material in your materials research?

What do you think the future holds for amorphous oxides?

Location of atomic nucleus Electron

s orbital px orbital pz orbital dxy orbital dx2y2 orbital dx2 orbital

sp3-orbital
Oxygen2p-orbital

Metal ns-orbital

Figure 3.    C12A7（12CaO・7Al2O3)    
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This material consists of cage-like structures and various atoms and electrons can be contained within them. In the case of electrons, however, they are loosely bound 
when they enter, so they can easily get out. The ammonia synthesis catalyst uses this property. With this catalyst, it should be possible to synthesize ammonia with 10 
times the efficiency of the traditional method.

Of course, it wasn’ t easy, and our research is only in the preliminary stages. The Haber-Bosch process is not such an easy process to replace. After all, it is considered a 
monumental achievement. We want to create a process that can synthesize ammonia under simple conditions - under ordinary pressure and at as low a temperature as 
possible - and in a place where hydrogen can be obtained on-site. After about ten years and many failed attempts, I was able to make this material into a catalyst. With 
ammonia synthesis, the key is the transfer of electrons, so the surface where nitrogen and the catalyst meet is important. Therefore, I needed to somehow observe the 
surface of the C12A7 electride at the atomic level. Some people told me that this was probably impossible since the material has a complicated crystalline structure with 
no cleavage. But Yoshitake Toda, who at that time was a third-year doctoral student (currently a specially appointed lecturer), really worked hard on it, and in 2010, we 
were able to observe the surface structure of the material using a scanning tunneling microscope (we were also greatly helped by Professor Hiroyuki Hirayama, an expert 
in surface science). As a result, I was able to understand why using C12A7 electride as a catalyst hadn’t gone well until then. As it turned out, the cages on the surface 
were broken and the electrons couldn’ t go into them. Since I discovered that the cages could be rebuilt by heating the electride to an appropriate temperature range, I 
began to seriously test the material as an ammonia catalyst. I wanted to get a catalyst expert to participate, so when I was about to begin the FIRST Project, I went and 
asked Professor Michikazu Hara of the Materials and Structures Laboratory if he could help us. He responded by telling the story I mentioned earlier about how ammonia 
catalyst is cursed [laughter]. However, when I told him about a mechanism that I came up with for transferring electrons, he immediately agreed to participate. After all, 
Professor Hara began his research on catalysts because he was fascinated by ammonia synthesis. This is how the effort to develop a new ammonia catalyst moved 
ahead.

Since 2012, I’ve been conducting the Ministry of Education, Culture, Sports, Science 
and Technology’s Element Strategy Project. Element strategy is an initiative for 
developing new materials to make a sustainable society possible. I also began a 
new program for JST last October called The Materials Science and Application of 
Electrides, which was selected as ACCEL’s first project. I wanted to freely conduct 
my own research and not be bound any longer by government projects, but that 
doesn’ t seem to be in the cards [laughter]. However, I think that all of the research 
I've done until now is encompassed by the term “element strategy,” and I look 
forward to continuing to work on superconductivity, transparent oxide semiconduc-
tors and catalysts.

In the Element Strategy Project, we proposed new ways of thinking about materials 
research. Towards that end I’ ve selected young project members in their 30s and 
40s, and we’re conducting research in close cooperation with the High Energy 
Accelerator Research Organization, the National Institute for Materials Science, and 
the Center of Computational Materials Science of the Institute for Solid State Physics 
at the University of Tokyo. I think we’ve been able to put together a very interesting 
organization. The time span for the project is ten years, so we haven’t taken up 

There is a material that has been a staple of my research for about 30 years 
(see Figure 3). It is a material called C12A7 (12CaO·7Al2O3), which is a constit-
uent of alumina cement, and it’s of course transparent (in powder form it’s 
white). It ’s endlessly fascinating. It ’s kind of l ike a toy chest for me. For 
example, C12A7 was initially an insulator, but I tried to change its electrical 
properties by replacing oxygen ions accommodating its crystal structure with 
electrons. When I did that, it first became a transparent semiconductor, then it 
became a metal (when the temperature is lowered, electrical resistance is 
decreased), and in 2007, it also became a superconductor.

It’s well known that ammonia (NH3) is an important component of fertilizers. In 
recent years, however, its value has risen as a storage material for hydrogen (H2), 
which is used in fuel cells. Hydrogen is a gas so its volume is large, which makes it 
difficult to store and transport. But if it can be stored in the form of liquid ammonia 
and then separated out when necessary, the problem can be solved. Since about 
100 years ago, ammonia synthesis has been carried out using the Haber-Bosch 
process. There have been researchers who took on the challenge of developing a 
new method of ammonia synthesis, but nobody has succeeded in replacing the 
Haber-Bosch process. The subject of ammonia synthesis is thus said to be cursed.

Why is the Haber-Bosch process so difficult to replace? The reason is that, in order 
to synthesize ammonia, it is first necessary to break the strong triple bonds of 
nitrogen molecules (NΞN) and convert them into two nitrogen atoms. To do that, I 
theorized that a material that has two contradictory properties would be effective, 
namely a material that transfers electrons easily, like an alkali metal, but doesn’t 
react with nitrogen. The C12A7 electride is a material that has both of these proper-
ties. So, with its surface supported by minute particles of ruthenium to capture N2 - 
an idea first proposed by the late Professor Emeritus Atsumu Ozaki and Professor 
Emeritus Ken-ichi Aika of Tokyo Tech - we tested it as a catalyst. As a result, the 
ammonia synthesis reaction proceeded smoothly (see next page).

You must be referring to IGZO. It’s an oxide semiconductor composed of indium, gallium, zinc and oxygen. It has begun to be used in tablet PCs, smart phones, and, 
recently, large organic EL televisions. In 1996, when we published a paper on amorphous oxides, we specifically mentioned which metal oxides can have high mobility 
even when they are amorphous. Among them were of course indium, gallium and zinc. IGZO allows a high-density ceramic material to be easily prepared, and by using a 
common method called sputtering, thin films can be made from this material on a large-sized glass plate. I think that this is one of the primary reasons why IGZO was put 
into practical use very quickly among a variety of candidate materials I proposed.

There was almost no reaction [laughter]. I presented the paper at the International Conference on Amorphous Semiconductors held in August 1995 in Kobe. That was 
when amorphous silicon was at its zenith, so there were around 800 papers presented, but mine was the only one on amorphous oxides. The reaction to it was all but 
non-existent. However, when our article appeared in Nature in 2004, we got a great reaction. In the article, we used IGZO as an example to show that thin film transistors 
(TFTs) made of transparent amorphous oxide have ten times the mobility than those made of amorphous silicon. There was a demand for semiconductors that could be 
easily made into TFTs with greater mobility. Ten years after the conference in 1995, I gave a presentation on amorphous oxide semiconductors at a plenary session of the 
same conference held in Lisbon. The General Chair was a researcher from Europe who remembered my presentation in 1995. I prefaced my presentation by saying, “This 
is a kind of revenge for the lack of reaction to my talk at the conference in 1995.” It was an emotional moment for me.

Around the year 2000, flexible transistors and devices fabricated on plastic substrates 
characterized as “flexible electronics” started being researched extensively. They are 
based on organic semiconductors, but I believed amorphous oxides would be much supe-
rior for flexible electronics applications. In particular, they have much greater mobility than 
organic semiconductors. They are also much more chemically stable. At present, high-defi-
nition technology used in IT devices are rapidly advancing, and materials with high 
electron mobility will become critical to accommodate this. Needless to say, transparent 
semiconductors are particularly suitable for application in conventional displays.

I actually would like to see transparent amorphous oxide semiconductors used to make 
large organic EL displays. Organic EL displays are said to be the next-generation display 
technology that will replace LCDs, but they stil l face certain technical obstacles. In 
addition to the unevenness and instability of the pixels, they cannot compete with LCDs in 
terms of how large they can get. I think these problems could potentially be solved by 
using new materials, namely transparent amorphous oxide semiconductors.

anything that will produce immediate results, but I think interesting results will certainly be produced down the line. Unlike with this project, my research group will be 
undertaking the ACCEL project for the most part.

I don’t think I’ ve produced any great results yet, but I try to have a broad perspective when I work with materials. I believe that it’ s important to precisely understand 
where a certain material fits in the big picture and whether you’ re dealing with a special case or a general case. This is not something that should be done by intuition 
alone. I’ ve studied a variety of subjects, including organic chemistry, inorganic chemistry, solid-state physics, and materials, so I think I have quite a bit of fundamental 
knowledge, and I try to fully utilize it in carrying out my work.

Basically my field is chemistry. But the research of solid materials involves both chemistry and physics, so I stopped feeling the need to separate them and ended up 
calling them “science.”

Originally, I didn’ t have any strong desire to work on materials. When I was hired as an assistant professor at the Nagoya Institute of Technology, I worked under 
Professor Emeritus Yoshihiro Abe, and there was an event that made me realize that the development of new materials can have a big impact on the world. As a result, I 
came to think that materials research is great and I chose to pursue this path. Also, my attitude toward materials changed greatly when my daughter was born. In the 
world of materials, people call new materials “next-generation materials.” Initially this term didn’t have any particular meaning to me. But when my daughter was born, I 
understood its true meaning. I knew then that materials research is research that is useful for the betterment of society and essential for life, and I came to feel a sense of 
pride in being involved with materials. I thus call myself a materials scientist.

We’ve learned that all of Professor Hosono’s achievements are produced as a result of him first accurately understanding the properties of the materials and then working 
on them to elicit new functions. His broad knowledge of the sciences gives him the unique ability to identify these hidden functions. I am greatly looking forward to what 
he will discover next.

Frontier Research Center
Director, Materials Research Center for Element Strategy

Professor
Hideo Hosono
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It’s actually an ordinary material
C12A7 is a conventional constituent of alumina cement. Having researched it for many years, I see it as a toy chest in which new things can still be found. 
However, in 2000, when I began the JST ERATO Project and told a postdoctoral research fellow that I wanted to manifest electron functionality in a cement 
material, he reacted with disbelief, saying he had never heard of such a thing [laughter]. Dr. Katsuro Hayashi, who became a professor at Kyushu University 
this April, was in charge of this research at the time. He must have been truly worried about whether any positive results could be obtained.

We ended up discovering unexpected functions, such as superconductivity and potential for ammonia synthesis, in materials that are by no means unusual. 
This kind of thing happens in most of my work. The papers that I submit with confidence sometimes get rejected because of unconventional ideas. Every time 
that happens, I gather the necessary data and reassemble the logic to dispel any misunderstandings. It definitely takes perseverance.

Confronting young researchers...

The manufacture of ammonia is still conducted by the Haber-Bosch process, 
which was adapted for industrial use a hundred years ago. Since then, small 
improvements have been made to the process. However, if the elevated 
pressure and temperature requirements of 200 - 1000 atmospheres and 400 - 
600 ℃ are not satisfied, the synthesis reaction will not proceed efficiently. This 
process thus requires a large amount of energy. Professor Hosono is aiming to 
develop a catalyst that will enable ammonia synthesis under rather different 
conditions. The material that is the basis of the catalyst, C12A7 electride 
(12CaO·7Al2O3 doped with a high concentration of electrons), is a cement mate-
rial made from lime and alumina. It is composed of numerous cage-like struc-
tures. Initially, oxygen ions (O2-) are inside these structures. However, when 
heated together with titanium metal, the oxygen ions join with the titanium and 
easily escape, after which electrons (e-) enter. The electrons are easily trans-
ferred outside the cages, so they can transfer to the nitrogen molecules (NΞN) 
and break the strong triple bonds. As a result, with this catalyst, ammonia can 
be synthesized at 1 atmosphere and 400 ℃. Professor Hosono believes this 
temperature may be lowered further.

It must have been difficult to develop an ammonia synthesis catalyst that
competes with a 100-year-old method.

FIRST has ended. How will you proceed with the next stage of your research?

How have you been able to produce such diverse research results?

Finally, I heard that you call yourself a materials scientist.
Could you explain why?

A Word from the Interviewer

Today’s young researchers are excellent in general. But the more talented they are, the more impudent they 
can be. I try my best to keep up with them and engage them in extensive discussions, but that leaves me 
exhausted. I’m steadily losing energy as I get older [laughter]. But I still refuse to retreat. Research is truly 
interesting. I would get tired of playing slot machines in a day or two, but I could never get tired of research 
[laughter].

FACES: Tokyo Tech Researchers, Special Report - Hideo Hosono, Part 2 / September 2014
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collagen. The resulting material had elasticity that existing artificial 
bones did not have. Animal testing has already been completed 
and the safety of the material has been confirmed.

Two types of extracellular matrix, organic collagen and inorganic 
apatite, form the layered structure of bones. Specifically, bone 
tissue is formed through the secretion of collagen by osteoblasts 
and the deposition of hydroxyapatite on the surface of bones. The 
newly developed artificial bone had the composition and structure 
that were nearly identical to those of natural bone.

Professor Tanaka: “A chemical bond is formed between collagen 
and apatite, in other words, between organic and inorganic com-
ponents of bone. The size of hydroxyapatite crystals is 30 nm and 
the size of collagen molecules is 300 nm. The nano-level align-
ment of hydroxyapatite along collagen fibers allows a single mate-
rial to have tensile and compressive strengths similar to those of 
natural bone. By taking advantage of the characteristics of the 
two components, we were able to create a material that is func-
tionally identical to natural bone that bone cells can easy adhere 
to.”

With this, the technology of bone regenerative medicine finally 
advanced.

At a seminar on the new artif icial bone material developed by 
Professor Tanaka, one company showed immediate interest in the 
material. It was Pentax Corporation (now known as HOYA Techno-
surgical Corporation), a leading company in ceramic artificial bone.

Mr. Takehiko Nakajima (Director & Senior Manager, R&D Depart-
ment, HOYA Technosurgical Corporation), who attended the semi-
nar, looks back on that time and says:

“I was working as a sub-section chief. When I heard about the 
material, I immediately knew 
that we would be involved in 
its development and commer-
cialization. Although compos-
ites using polylactic acid and 
other polymers were being 
studied, using a composite of 
collagen and apatite made 
sense to me because they are 
naturally found in the human 
body.”

As Mr. Nakajima expected, 
the company announced that 
it wil l  develop new artif icial 
bone. Then, in 2003, the proj-
ect began as part of the com-

The human body is capable of healing fractured bones by rejoining 
them, allowing injured, immobilized individuals to become mobile 
again. This is due to our cortical bones' regenerative capability.

Bone regeneration is made possible by the interaction between two 
kinds of cells: osteoblast and osteoclast. Osteoclast is a giant cell 
with a diameter of about 50 μm, and it independently absorbs 
(destroys) old bones. Osteoblast, on the other hand, is a small cell 
with a diameter of about 10 μm, and it forms new bones by working 
with many other cells. Bones are always regenerating through a 
perpetual cycle of bone resorption and bone formation.

However, if a bone is lost or damaged due to a disease or an injury, 
it is difficult for the body to regenerate it. Demand for artificial bone 
has increased in Japan in recent years as a solution to this prob-
lem. Professor Junzo Tanaka is a leading researcher who has been 
devoting himself to the development of artificial bone materials for 
more than twenty years.

“Bones are much stronger than people think. A bone about the 
size of a sugar cube can sustain the weight of ten 150 kg sumo 
wrestlers. However, strength alone is not sufficient for artificial 
bones to fully integrate with our own bones.”

Artificial bone was originally designed as a prosthetic material serv-
ing as an alternative to autogenous bone1 graft material, which put 
an enormous burden on patients. Artificial bone was initially made 
of metals and solid ceramics for strength, but the rigidity of the 
materials made it difficult for artificial bone to blend into bone 
tissues, and it could not be used for children for a long period of 
time. In the 1980s, demand for artificial bone skyrocketed due to 
the development of artificial bones made of hydroxyapatite (hydrox-
ylated calcium phosphate), a material similar to natural bone, and 
those made of t r icalcium phosphate, a mater ial  that can be 
resorbed and replaced by natural tissue. However, these materials 
were still too rigid to be processed and adjusted for transplants. 
Although various forms of materials were developed, such as solid 
blocks, powder, and pumice-like materials, problems persisted as 
these materials were difficult to be used in surgical procedures and 
sometimes got completely absorbed after transplant without lead-
ing to bone regeneration.

In 2001, promising research results2 turned the situation around. 
The research was conducted by Professor Tanaka (head of the 
Biomaterials Center of National Institute for Materials Science 
[NIMS] at the time), Dr. Masanori Kikuchi (researcher at the time; 
currently the Center’s group leader), and a research group at Tokyo 
Medical and Dental University. They were successful in developing 
a fibrous material made by mixing hydroxyapatite and biomaterial 

Junzo Tanaka
Professor

Toshiyuki Ikoma
Associate Professor

Associate Professor Ikoma: “We were looking for a way to recycle 
fish scales that get disposed of around seacoasts. That’s how our 
research started. Fish scales are not easily decomposed, and 
there are those from around 2,000 years ago that still remain 
today. We first looked at the collagen of sea bream scales through 
an electron microscope and found that it is very dense. However, 
since the collagen denaturation temperature3 of sea bream scales 
is around 30℃, and we needed something with a higher denatur-
ation temperature, we looked into the tropical regions and came 
upon tilapia.”

Not all fish scales are viable candidates. The essential requirement 
is for the denaturation temperature of collagen to be close to or 
above the human body temperature. Collagen extracted from fishes 
living in low-temperature water, such as salmon and cod, trans-
forms into gelatin due to its low denaturation temperatures. Colla-
gen of fish scales has a strong tendency to restore to the in vivo 
state in a process called fiberization, and it has been discovered 
that cells proliferate well on fiberized collagen, stimulating cell 
differentiation. Furthermore, cells stick to fish scale collagen much 
stronger than they do to pig collagen.

In an experiment jointly conducted with Hokkaido University’s 
School of Medicine, they observed that transplanting high-intensity 
artificial bone using fish scale collagen into rabbits regenerated 
their bones in three months compared to six months using pig 
collagen. In other words, the regeneration speed was twice as fast 
using fish scale collagen.

Professor Tanaka: “If we can speed up the process of bone regen-
eration, I believe we would be able to contribute to medical care 
for the elderly who have diminished osteoblast activity. I can’t say 
for sure, but I believe there will come a day when we can treat 
diseases such as osteoporosis that many elderly people suffer 
from.”

Associate Professor Ikoma followed up with a comment on further 
possibilities:

“As you may know, fish are able to regenerate lost scales. This 
means that, if we can uncover the regeneration mechanism of fish 
scale, it may also become possible to make materials such as 
organs and the corneal stroma using fish cells. We are currently 
collaborating with researchers in the fields of medicine and biolo-
gy from various universities to uncover this mechanism.”

Fish scales may become a part of our eyes and bones. They may 
even be used to regenerate organs. But one thing is for certain: 
organic-inorganic composite materials will pave the way for regen-
erative medicine.

1 Autogenous bone:
It refers to a patient’s own bone. Ilium and ribs are often used for autogenous bone 
grafting.

2 The research results:
The results used by HOYA Technosurgical Inc. for their product development were 
obtained by Professor Tanaka during his career at NIMS as part of Japan Science 
and Technology’s Core Research for Evolutional Science and Technology.

3 Collagen denaturation temperature :
It is the temperature at which triple helical structure of collagen becomes loose and 
changes into gelatin.

missioned development program of Japan Science and Technology 
Corporation (JST). To everyone’s surprise, the project was assigned 
to a new employee, Mr. Daisuke Shoji (currently Team Leader, Mar-
keting/Knowledge Management Section, HOYA Technosurgical 
Corporation), who had just joined the company.

Mr. Nakajima: “As soon as the project started, Mr. Shoji’s name 
came to my mind as the most suitable person to be in charge of it. 
Since the company had never dealt with collagen before, we 
needed someone with a flexible mind who was not bound by con-
vention. In this respect, a new employee such as Mr. Shoji was 
appropriate to lead the project.”

Mr. Shoji, who had dreamed of becoming an engineer since he was 
in middle school, entered Nagaoka University of Technology and 
studied in the Department of Materials Science and Technology 
after graduating from a technical college. Unlike his peers, who all 
took interest in the features of materials and end products, he was 
interested in the manufacturing process. Perhaps his appreciation 
for craftsmanship made him the most qualified candidate for lead-
ing the project, which required persistence.

Mr. Shoji: “I was determined to do my best as a rookie. I still clearly 
remember that, rather than feeling anxious, I could not have been 
happier as a researcher that I could be involved in a project to 
develop a promising new material for artificial bone.”

To prepare for the project, Mr. Shoji was sent to the Tanaka Labora-
tory at NIMS for one year to learn the necessary techniques for 
developing artificial bone.

Despite the challenges of storing and conducting experiments on 
an organic material such as collagen, which decomposes at high 
temperature unlike inorganic ceramics, Mr. Shoji embarked on the 
development of artificial bone immediately upon his return to the 
company. The greatest challenge was deciding on the structure of 
the artificial bone. After careful consideration and listening to the 
voices of medical professionals, the team settled for a sponge-like 
structure, which provided elasticity and ease of cutting. In order to 
make high-density and uniform pores for bone cel ls to pass 
through, they incorporated a technique for creating fine ice crys-
tals, or making ice cream.

Mr. Shoji: “If the pores of a porous medium are too large, elasticity 
decreases. If the pores are too small, elasticity increases but it 
becomes more difficult for cells and blood vessels to enter the 
pores. Therefore, the first point to consider was the size of the 
pores. In addition, clinical doctors required the material to have a 
certain level of elasticity. In order to address both of these issues, 
proper pore size and porosity had to be determined. We tried vari-
ous methods, primari ly focusing on methods used in food 
processing, including ice crystallization, and repeated animal test-
ing in our best efforts to solve these problems.”

A certain level of effectiveness was confirmed with animal testing 
and the problems of pore size and porosity had been solved, but 
immediately before the start of the clinical trial, the team faced a 
new problem: a revis ion of  the Pharmaceut ical  Af fa i rs Law. 
Although some raised their voices to terminate the project, the 
enthusiasm of management, Mr. Nakajima, Mr. Shoji and other 
employees kept the project going. After overcoming many difficul-
ties, the first artificial bone using collagen, “Refit,” was born in 2013. 
The project took 10 years to complete. Looking back on the years 
of fighting an uphill battle, Mr. Nakajima and Mr. Shoji remarked as 
follows: “Those ten years went by quickly.”

Professor Tanaka, who has contributed greatly to the development of 
the field of bone regenerative medicine through various research, is 
now engaged in the study of a promising material with his laboratory 
colleague, Associate Professor Toshiyuki Ikoma. The material they are 
researching is fish scales, in particular scales of tilapia, which mainly 
inhabit fresh and brackish waters in subtropical and tropical zones.

Artificial bones that replace and regenerate lost 
bones

Creating artificial bones 
for faster bone 
regeneration

A rookie who was assigned the task of 
developing artificial bone

The following ten years

Using the regenerative capacity of fish scales to 
help the elderly

New material made by mixing hydroxyapatite 
with collagen

Creating Artificial Bones for Faster Bone Regeneration / October 2014
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radation. Suppose that the stage in which the protein is synthe-
sized based on the genetic information of DNA is its birth. Then, it 
matures by folding, moves to different places, suffers stress under 
pressure, ages into a filamentous protein called amyloid, and 
eventually faces death. We now know that chaperones support 
proteins in every stage of their life cycle. They are indispensable 
for proteins to take shape and properly perform their functions."

Though Taguchi is now a leading researcher on chaperones, he 
wasn’ t always interested in bioscience. After entering Tokyo Tech, 
he initially studied applied chemistry, which had nothing to do with 
bioscience. He devoted himself to the research of organic synthe-
sis in the Department of Chemical Engineering. However, his inter-
est greatly shifted to bioscience with the discovery of the helix 
structure of DNA, one of the greatest discoveries of the 20th centu-
ry. As he got absorbed in reading the book The Double Helix written 
by James D. Watson, one of the discoverers of the DNA-helix, he 
became more and more drawn into the drama that unfolded behind 
the scenes of the great discovery.

Having made up his mind, Taguchi changed his major and decided 
to pursue a master’s degree in bioscience. He moved from Ookaya-
ma to Suzukakedai Campus and entered the laboratory of Tairo 
Oshima, the dean of the graduate school at that time, who signifi-
cantly contributed to the establishment of the Graduate School of 
Biosciences and Biotechnology. He joined the laboratory with 
excitement; however, he was completely in the dark about where to 
start his research. That’s when Masasuke Yoshida, an assistant 
professor at that time, approached him and asked him if he would 
like to conduct research on an interesting protein that had just been 
discovered. Taguchi looks back and says with a laugh that he 
would have never thought that this “interesting protein,” chaperone, 
would later become his main research topic.

“At the time I started my research, the mechanisms of chaperones 
were not known at all. Perhaps that was lucky for me. The subject 
was just starting to attract attention worldwide, and I was able to 
work at the frontier of a cutting-edge field.”

There is a wide variety of chaperones. The type that Taguchi initial-
ly studied was chaperonin. Chaperonin is one of the most typical 
chaperones that supports the folding of proteins, which is essential 
to every cell.

Research on chaperonin has been advanced globally, and it is said 
that a type of chaperonin called GroEL, found in Escherichia coli, 
assists the folding of hundreds of proteins in cells. Details regard-

“As you know, once an egg is boiled and hardened by thermal 
denaturation, it will never be restored to its original condition. 
However, there is a protein in our bodies that makes something 
similar possible,”  says Taguchi with a twinkle in his eyes. Of 
course, a boiled egg can never return to a raw egg. However, 
extraordinary events do occur within life forms. This is true for not 
only eukaryotes such as humans, which have cell nuclei, but also 
procaryotes such as bacteria, which have no cell nuclei. According 
to Taguchi, “Chaperones are necessary for proteins to take shape 
and work in our bodies.” It seems that these “chaperones” have an 
influence on protein denaturation. What exactly are chaperones?

Proteins make up most of the human body. Muscles, skin, hair, 
nails, and even digestive enzymes could not exist without proteins. 
Proteins are string-shaped polymers that consist of linearly con-
nected amino acids. These string-shaped proteins form a spatial 
conformation by being “folded” in order to perform their functions. 
Origami is a close analogy. Origami requires processes such as 
folding, blowing up with air, and so on to form a perfect shape. To 
put it simply, proteins are born with the capacity to perform these 
processes on their own. These processes are called folding, 
discovered by Christian Anfinsen1 in the 1950s.

However, Anfinsen’s results were demonstrated only in test tubes, 
and it was discovered later that folding doesn’t occur so easily in 
cells. This is because amino acids, which are supposed to be 
hidden within proteins, are exposed in the process of folding. The 
exposed amino acids aggregate between molecules if left alone, 
and this inhibits folding. Taguchi and his colleagues have been 
studying a group of proteins called chaperones that prevent the 
aggregation of proteins and assist folding.

“Let’s look at the life cycle of a protein, from its synthesis to deg-

Hideki Taguchi
Professor

Reflecting on his experience, Taguchi gave an inspiring message 
to young researchers:

“Above all, you should completely devote yourself to your field or 
research topic once you enter a laboratory. Read research papers 
and perform experiments as much as possible. You should dedi-
cate yourself to doing these things at least once. Even if your 
efforts do not directly lead you to a career, the experience will 
benefit you in your future endeavors.”

Fur ther ,  Taguch i  s t rong ly  
emphasized that if students 
dedicate themselves to their 
research, they can become 
more knowledgeable about 
their area of study than their 
instructors.

“ S t r i v e  t o  s u r p a s s  y o u r  
mentor. It doesn’t have to be 
in al l  areas. Just focus on 
one, and you’ll be able to do 
it.  Keep this in mind when 
pursuing your research and 
do so with enthusiasm.”

1 Christian Anfinsen (1916-1995):
An American biochemist. He was awarded the Nobel Prize in Chemistry in 
1972 “for his work on ribonuclease, especially concerning the connection 
between the amino acid sequence and the biologically active conformation.”

2 KAKENHI (Grant-in-Aid for Scientific Research) on Innovative Areas:
A government grant offered for the purpose of creating new academic areas or 
supporting alliance between different areas and collaborative research. In 
fiscal year 2014, 8 projects were awarded the grant in the area of biology out 
of 81 applications.

3 Central Dogma of Biology:
A concept in molecular biology developed by Francis Crick in 1958. It states 
that genetic information flows in the following order: DNA →transcription→
mRNA→translation→protein

ing the mechanism of act ion of 
chaperonins have been discov-
e red ,  bu t  the re  a re  s t i l l  many  
th ings,  such as their  funct ions 
within cells, that remain unknown. 
Taguchi has also been investigating 
the mechanism of protein-based 
infectious agents called prions, 
which alter the conformation of 
proteins, by using a model based 
on yeast prions.

“Even though life sciences has 
considerably advanced, we still 
cannot create proteins with cata-
lytic functions--something that life 

forms can do very easily. In a sense, something very mysterious is 
happening. I really enjoy myself every day because I get to con-
duct research on chaperones, which support these mysterious 
functions of proteins.”

Taguchi currently leads research efforts as the representative of a 
new research area called “Nascent Chain Biology,” which was 
selected for KAKENHI (Grant-in-Aid for Scientific Research) on 
Innovative Areas2 in fiscal year 2014.

Although information about proteins is contained in DNA, proteins 
cannot be directly synthesized from DNA. Information within DNA is 
first transcribed to messenger RNA (mRNA), then translated with 
the help of ribosome and transfer RNA (tRNA), and finally synthe-
sized into nascent polypeptide chains (or nascent chains)--proteins 
made of many chained amino acids. Taguchi and his colleagues 
are responsible for advancing research on nascent chains. It is 
impossible to solve the mysteries of life forms without thinking 
outside the box. In order to uncover the mechanism of proteins, a 
new research approach was necessary.

“The Central Dogma of Biology3 considers nascent chains as mere 
intermediates that exist on the interface, or boundary, between 
RNA and protein. However, recent research has revealed life phe-
nomena such as ingenious self-control of folding and quality con-
trol performed by nascent chains, and it was discovered that some 
unique biological functions are performed only in the state of 
nascent chains. Considering this fact, in order to understand all 
aspects of cell regulatory functions centering on nascent chains, it 
is essential for the research of RNA and proteins to be integrated. 
In other words, it is time to break out of the old paradigm.”

20 years have passed since Taguchi shifted his research area from 
applied chemistry to bioscience. He has been at the forefront of 
chaperone research since then.
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In the project, Tadano’s group has started to work on separate 
commercialization of the endoscope control system. In November 
2012, they registered the system as a General Medical Device 
(Class I) and have conducted tests at clinical sites in collaboration 
with the university hospital. Preparation for the start of domestic 
sales in 2015 has been advancing step by step, with future plans to 
enter overseas markets. Commercialization of the forceps manipu-
lator is expected in three to four years. For this, Tadano established 
a company named RIVERFIELD, Inc. in May 2014 with his former 
academic advisor Kenji Kawashima, who still teaches at the Insti-
tute as a visiting professor and is also a professor at the Institute of 
Biomaterials and Bioengineering of Tokyo Medical and Dental 
University. Kawashima serves as president of RIVERFIELD. The 
company name combines “River”, the English translation of the first 
part of Kawashima’s name, and “Field”, the English translation of 
the last part of Tadano's name.

Interested in the world of space engineering, Tadano entered Tokyo 
Tech after graduating from high school in Hokkaido. He changed 
his area of concentration from physics to mechanical engineering 
(Department of Mechano-Micro Engineering, Interdisciplinary Grad-
uate School of Science and Engineering) for the master’s degree 
program, and was thinking of focusing on remote-controlled robot-
ics for construction machinery. At that time, the da Vinci Surgical 
System had just come into the spotl ight and the new trend of 
collaboration between medicine and engineering was starting to 
attract attention. Kawashima asked Tadano if he would be interest-
ed in working on surgical assist robot systems together. Tadano 
sensed that this was a new frontier and immediately accepted his 
offer.

“Just at that t ime, in fact,  Professor Kawashima had been 
engaged in the development of remote-controlled robots for con-
struction machinery, but was searching for new areas to pursue. 

“Move your head. The endoscopic image moves with it.”

Following Associate Professor Tadano’s instructions, I put the 
head-mounted display on and turned my head from side to side 
and then up and down. The endoscopic image on the display in 
front of me moved along with it. Moreover, the image responded to 
even the smallest movements of my head. The image was as clear 
as if I were looking at the area with my own eyes. The robot arm is 
synchronized with an angular velocity sensor that detects head 
movement and moves the endoscope.

This was developed as part of the “Minimally invasive surgical 
assist robot system based on ultraprecise control technology for 
gases,” a project Tadano and his group have been working on 
under the Program for Creating Startups from Advanced Research 
and Technology (START Program) of the Ministry of Education, 
Culture, Sports, Science and Technology. Recent years have seen 
a growth in the popularity of laparoscopic surgery, in which an 
endoscope and small-diameter instruments are inserted through 
small ports to reduce patient burden. Some hospitals are now also 
introducing surgical assist robots. The da Vinci Surgical System1, 
one of the first such robots in the field, is a typical example.

Tadano’s surgical  assist  
robot uses pneumatic actu-
ators instead of the electric 
motors employed in the da 
Vinci  system. I t  features 
pneumatic actuators for a 
manipulator connected to 
the forceps, and an endo-
scope control system that 
remote ly  cont ro ls  them.  
This al lows precise posi-
tioning and a softer touch 
that reduces the risk of damage to organs during surgical proce-
dures. In addition to these advantages, the reduced weight of the 
system makes set-up easier. The most important feature is feed-
back of the contact force to the operator through a pneumatic cylin-
der connected to the forceps. This enables delicate and precise 
control of the contact force for enhanced performance in more 
complicated surgical operations. The robot is expected to rival the 
more expensive da Vinci Surgical System.

“The advantage of a motor-driven device is that it can easily 
achieve a certain level of positioning accuracy through gear-con-
trolled speed reduction, but the contact force tends to be great-
er. On the other hand, a pneumatic device can control contact 
force because it can soften motion by detecting external force. 
Since the robot is designed for surgery, the capability to absorb 
contact force is the greatest advantage of a pneumatic system.”

Kotaro Tadano
Associate Professor

between one year and 18 months.

“Since Engineering students rarely have an opportunity to work 
with doctors at the university hospital during their research and 
development, the experience is very inspiring. In addition, I think 
the chance to see the different perspectives that engineers and 
doctors have through the development of prototypes in their 
school days has a significantly positive impact on each student’s 
future. Above all, it is a precious experience for students to learn 
the entire process of making robots, from concept and design, in 
the course of development with an eye toward commercializa-
tion.”

The future of medical robotics is a future full of dreams. Finally, 
Tadano has a message for young researchers.

“Interest makes even the most difficult challenges enjoyable. This 
is my experience. Find a field or topic that interests and challeng-
es you deeply, something that pulls you toward it, and have con-
fidence in your ability to move forward as you learn and absorb. 
Do this, and opportunities will surely come.”

1 da Vinci Surgical System
A robot surgical system manufactured by US-based Intuitive Surgical, Inc. for 
endoscopic surgery and approved by the U.S. Food and Drug Administration 
(FDA) in July, 2000. In Japan, it received approval for manufacture and 
marketing from the Ministry of Health, Labour and Welfare in 2009, and was 
introduced in hospitals.

2 Confederation of Four Universities
In March 2001, Hitotsubashi University, Tokyo Medical and Dental University, 
Tokyo Tech, and Tokyo University of Foreign Studies joined forces in academic 
collaboration by forming the Confederation of Four Universities. A special 
program based on the confederation was implemented, with the universities 
making courses unique to their respective academic disciplines available to 
students.

Although the da Vinci Surgical System had already been in practi-
cal use, I think he saw something because research on surgical 
assist robotics has a lot in common with his work on remote con-
trol systems. It was against this background that he put me in 
charge of the new research.”

Tadano took this opportunity to step into collaboration between 
medicine and engineering for the development of surgical assist 
robots and began interacting with Tokyo Medical and Dental 
University (TMDU), a member of Confederation of Four Universi-
ties2. Tadano and his group began by visiting doctors on staff at 
TMDU's university hospital to gather information and ask for their 
comments on concept ideas. In the early stage of research, howev-
er, he was often surprised at the difference in the way the two fields 
looked at things.

“I was shocked at first by their completely different sense of time. 
When I suggested a model to a doctor, for example, he said, 
‘That’s good. Can you get it to me next month?’ When engineers 
produce something, they base their design on measurements and 
f igures. Doctors, on the other hand, tend to look at things 
through their feelings. I struggled to figure out how to translate 
those feelings into numerical values. Through the experience, I 
learned there are many challenges in bridging the gap between 
medicine and engineering.”

Development takes more, however, than technical assistance from 
doctors alone. The development of medical robots requires cooper-
ation from various fields, including electrical engineering and 
optics.

“Five or six years ago, a number of companies showed interest in 
the potential of the system to change the world of medicine, but 
they hesitated to move forward to avoid risk, so we found it diffi-
cult to further our research at that time.”

“If things continue this way, we won’t be able to put our research 
into practical use...we need a new breakthrough.” Just then, the 
START project was launched. Tadano submitted an application for 
the project with Kawashima, and it was selected. He tenaciously 
continued his research for more than a decade, and looks back 
with pride.

“We continue with our research everyday with the prospect of 
ult imately constructing a brand new surgical method from 
scratch. I think our ultimate goal is to make surgical procedures 
less stressful to patients and say, ‘Look how easy it is!’ through 
medical robot development with a brand new concept.”

While preparing for commercialization, Tadano has been training 
younger researchers. Students in his lab link their research topics 
for graduate theses to the needs of doctors in the university hospi-
tal,  which means that they must complete systems or robots 
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Is that what affective engineering is about?
Exactly. Affective engineering originated in Japan and has spread 
all over the world. Affective engineering is about how to measure 
emotional reactions and how to apply these measurements in the 
design process. It’s about understanding what people feel when 
they interact with products and using this data to improve design.

How did you become interested in affective engineering?
I was trained as a mechanical engineer, and I worked for a comput-
er-aided design software company for four years after getting my 
first master’s degree. When I was working for this company, I 
noticed that most engineers focused on designing nice technolo-
gies but didn’ t care as much about how people would use them. 
Maybe it’s the human part in me that felt that something was miss-
ing. Today, products such as smartphones are very successful 
because people enjoy using them. So what’s important is not just 
the technologies inside products, but also the enjoyment that prod-
ucts offer.

Do you have a vision of how your field will develop in the future?
In my lab, we are trying to merge two innovative research fields - 
affective engineering and interaction design. Interaction design is 
about how people use their brains, bodies and senses to interact 
with products. For example, when using smartphones, people use 
swiping gestures, which makes the use of their phones intuitive and 
enjoyable. We’re interested in designing interesting interactions for 
users and bringing more sensory qualities to products. We have 
several projects in the lab for designing new communication devic-
es and are trying to imagine futuristic ways of communicating. For 
example, we have a team of students that is designing a device 
that expresses people’s moods. The device has an input and an 
output component. If you touch the input component softly, the 
output component will move gently; if you grab the input compo-
nent aggressively, the output component will vibrate accordingly.

Design is an essential component of every product, from sophisti-
cated computers to household utensils. However, not all designs 
are equal - some designs focus on functional i ty whi le some 
emphasize user experience. Céline Mougenot, a native of France 
who joined the Tokyo Tech faculty as an associate professor in 
2011, studies the relationship between design and the emotional 
experience of product users. One of the fields that she specializes 
in is kansei or affective engineering. This effective approach to 
translating emotional experience into product design originated in 
Japan and has spread throughout the world. Mougenot’s lab com-
bines affective engineering with interactive design to offer a new 
perspective on user-centered experience.
 

What is your main area of research?
The name of the field is engineering design. My background is 
actually in product design and mechanical engineering. Mechani-
cal engineering is about designing machines and systems, while 
engineering design focuses on people’s experience with machines 
and systems. In engineering design, we care about not only tech-
nology itself, but also how people interface with technology.

What is unique about your lab?
My lab is part of the mechanical engineering department, but we 
conduct research on how people use technology. We focus on 
people as much as we do technology and care about how people 
use products that have been designed by engineers. When engi-
neers design products, they mostly care about functionality, but in 
our lab, we are especially interested in people’s experience, includ-
ing emotional experience, with using products. There are two 
important sides to product design: one is functionality, which is 
about engineering, and the other is emotion, which is about how 
people interact with products. My lab is unique in that we care 
about the feelings that people experience when using technologies.

Céline Mougenot
Associate Professor

From the point of view of design, the ways in which cities can be 
used is just as important as their appearance. Tokyo may be better 
designed than Paris in terms of how people are able to access and 
use what the city offers, such as the transportation system. Also, in 
Japan there are many products with amusing design such as toilets 
fitted with pressurized water sprayers and warm seats. These prod-
ucts are useful and pleasant to use - a perfect design if you ask 
me!

What are the advantages of pursuing your research at Tokyo 
Tech?
I think I joined Tokyo Tech at a very good time because there are 
many things in education and research that are related to design. 
For example, in our department, we are creating a design space 
with several faculty members where people can gather for design 
projects and conduct design activities such as brainstorming, 
prototyping, and user testing. Also, Tokyo Tech attracts students 
from many different countries, so there is diversity here. Diversity 
helps foster creativity, as I can observe in my lab where students 
come from six different countries. This is a very exciting time to be 
at Tokyo Tech, both for faculty and students.

What message would you like to give to Tokyo Tech students?
I would encourage everyone to go abroad and interact with interna-
tional students. Traveling and meeting new people will enhance 
your creativity, which will make you a better engineer.

Today, we tend to demater ia l ize many things. For example, 
hand-written letters have been replaced by emails. This limits the 
use of our bodies and senses. With typed text, all messages look 
and feel the same. I believe that affective engineering and interac-
tion design will contribute to the development of devices that 
involve our bodies and senses to a greater extent, and thus will 
lead to greater enjoyment for product users.

How does the scientific study of design benefit society?
The scientific study of design will lead to new methods for design - 
such as methods used in testing users and collecting data in order 
to improve design. These studies will lead to better products in 
terms of usability and pleasure. The first scholar who studied 
design scientifically was Herbert Simon in the United States. In 
1969, he published a book called The Sciences of the Artif icial. 
Design is part of everything around us that is artificial - furniture, 
computers, and even the building that we’re in. Anything that is 
designed can be improved by the scientific study of design.

What brought you to Japan?
My first visit to Japan was back in 2005 when I spent my summer 
vacation working as a research intern. My professor, who had stud-
ied in Japan for a few years, recommended me to go overseas to 
expand my horizons, and that was the only reason I came to Japan. 
I did not have any special attachment to Japan at that time. Howev-
er, my second visit was a bit different. This was when I applied to 
the University of Tokyo as a postdoctoral fellow. This time I realized 
that Japan has an appealing culture. Tokyo is a really big city with 
many interesting cultural activities, and at the same time, it’s safe, 
quiet, and clean. I ride my bicycle a lot in Tokyo, whereas in Paris, 
it is much more difficult to get around by bicycle. I enjoy the quality 
of life in Tokyo.
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Design is not simply a matter of aesthetics. Mougenot explains 
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sciences is also necessary for understanding how people 
perceive products. Affective engineering captures the multifac-
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“Quantum mechanics,” Nishimori continues, “has been applied to 
current computers in, for example, semiconductor products such 
as memory and CPU. The problem is that its application is limited 
to hardware. But now quantum computers incorporate quantum 
mechanics into software and algorithms.”

There are two models of quantum computers. One is called the 
circuit model. Although extensive research has been conducted on 
this model, we still have a long way to go before a practical device 
for real-life use can be realized because the model is susceptible to 
noise, and tens of mil l ions of qubits and precise control are 
required for its commercialization.

The other is the quantum annealing model proposed by Nishimori 
and his student, Tadashi Kadowaki, in 1998. Quantum annealing is 
designed to solve combinatorial optimization problems, and is 
different from the traditional approach in that it does not involve 
algorithms or programs in the usual sense. Quantum annealing has 
been widely recognized as a model that has enabled the realization 
of quantum computers with commercial value.

To better understand combinatorial optimization problems, let’ s 
take a look at the traveling salesman problem (TSP). TSP seeks the 
shortest possible route that a salesman can take to visit each city 
on a given map exactly once before returning to the origin. Apply-
ing quantum annealing to TSP, we can express TSP in a quantum 
mechanical formula to find a solution using parallel computations. 
The quantum annealing model is resilient to noise, and its broad 
real-life applications include the scheduling of transportation and 
enhanced efficiency in image recognition for medical diagnosis. In 
addition, it requires thousands, rather than tens of mill ions of 
qubits, which makes wide commercial dissemination in the near 
future a real possibility.

 “Quantum mechanics is an incredibly difficult concept to under-
stand,” Professor Hidetoshi Nishimori says when explaining the 
mechanism of quantum computers, which have been attracting 
attention for their potential to greatly surpass the speed of existing 
computers. “This is perhaps best summed up by a quote attribut-
ed to Richard Feynman*, one of the founders of quantum electro-
dynamics and winner of the Nobel Prize in Physics: ‘If you think 
you understand quantum mechanics, you don’t understand quan-
tum mechanics,’” Nishimori points out.

In the visible world, water in rivers and oceans is a substance 
affected by environmental factors such as current and wind, which 
generate states such as waves. In the quantum world of sub-atomic 
particles, on the other hand, substance cannot be distinguished 
from state. Matter exhibits both characteristics of particles and 
waves, i.e. substance and state. Furthermore, the laws of Newto-
nian physics do not apply. Quantum mechanics, the mysterious 
physics based on these characteristics, is now applied to the 
design of quantum computers.

Computers can be thought of as an aggregate of switches with only 
two states, “0 or 1,” or “on or off.” Individual switches are counted in 
units of bits. While bits on current digital computers can only be “0 
or 1,” a single qubit on quantum computers can be both “0 and 1” at 
the same time.

Now, what can we do with this? Digital computers require 2N calcu-
lations to encode data into binary digits (bits), which means that the 
greater N is, the more time is required for calculations. Quantum 
computers, however, perform multiple calculations in superposition 
states instead of performing individual calculations. This allows 
them to quickly process extremely large amounts of numbers simul-
taneously, giving them a decisive advantage over conventional 
computers.

Hidetoshi Nishimori
Professor

Nishimori concludes with a message to Tokyo Tech students.

“It is of course important to solve problems with known methods, 
but it is sometimes important to try very different, unconventional 
approaches. Always keep your eyes open and try to find different 
perspectives. This will lead you to a breakthrough.”

* Richard Phillips Feynman (1918-1988)
Richard Phillips Feynman was an American theoretical physicist. In 1965, for 
his contributions to the development of quantum electrodynamics, Feynman 
received the Nobel Prize in Physics along with Julian Schwinger and Shinichiro 
Tomonaga.

“Combinatorial optimization is remarkable in that it is also useful 
in machine learning—a discipline that focuses on the development 
of computers with the ability to learn through example inputs and 
respond accurately to language and images.”

Although Nishimori leads the research in quantum computing, he 
was not very interested in physics as a high-school student 
because he thought it puts emphasis on memorization of given 
formulas rather than logical reasoning. He couldn’ t enjoy it like his 
favorite subject, mathematics. However, Nishimori eventually 
majored in physics.

“Professor Masuo Suzuki, who taught statistical mechanics, 
talked so enthusiastically about his research topics during his 
lectures that I was thoroughly fascinated.”

Nishimori’s attraction to statistical mechanics came both from the 
exciting topics it presented and from the enthusiasm exuded by 
Professor Suzuki. He was exposed to spin glass problems, a hot 
topic of discussion at the time. This eventually brought him to the 
formulation of quantum annealing theory in the 1990s. When he 
noticed similarities between spin glass theory and the theory of 
neural networks introduced by American physicist John Hopfield in 
1982, he saw an opportunity to introduce quantum effects into the 
formula and a door to an innovative field opened.

“There are rare moments when everything you have learned sud-
denly comes together in your mind. When I looked at what roles 
quantum effects play in neural networks, I saw clear similarities to 
thermal, non-classical effects.”

There were many researchers working on annealing but no one had 
looked at it in combination with quantum mechanics. Nishimori did, 
and that eventually led to his success.

There has recently been significant progress in research and devel-
opment in the field of quantum computers. In 2013, Google and 
NASA purchased the D-Wave Two, the world's first commercialized 
quantum computer, from D-Wave Systems, Inc. in Canada. In Sep-
tember 2014, Google announced it would start development of 
related hardware. It is globally recognized that the fundamental 
idea behind these quantum computers was based on the theory 
established by Nishimori and Kadowaki.

“Improvements in the efficiency of the methods to solve combina-
torial optimization problems have big impacts on society. The 
D-Wave Two computer system uses 512 qubits. In theory, it con-
tains 2512 states simultaneously. If development proceeds as 
planned, in a few years, quantum annealing machines will be able 
to solve some combinatorial optimization problems that cannot be 
solved by existing supercomputers.”

Department of Physics 
Graduate School of Science and Engineering

Professor
Hidetoshi Nishimori

An innovative theory for designing computers 
capable of possibly performing a tremendous 
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Optimization greatly improves efficiency
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in the human brain and spin glass problems

Can quantum annealing machines solve
combinatorial optimization problems efficiently 
in the future?

Innovative theory for
designing quantum
computers
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1984 Assistant Professor, School of Science, Tokyo Institute of Technology
1982 Research Associate, Rutgers University, USA
1982 Doctor of Science, Department of Physics, Graduate School of Science, 
         University of Tokyo
1981 Research Associate, Carnegie Mellon University, USA
1977 Bachelor of Science, Department of Physics, Faculty of Science, 
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Courtesy of D-Wave Systems, Inc.

An example traveling salesman problem

START

GOAL
&

!

FACES: Tokyo Tech Researchers, Issue 13 - Hidetoshi Nishimori / April 2015

37 38



Tokyo Tech Faces and Findingsー stories from the lab ー

Terahertz development and application, however, has always been 
inhibited by two major obstacles. One is low image resolution. 
Images are created by exposing objects to light and radio waves. 
Shorter wavelengths produce greater detail, which increases reso-
lution. Longer wavelengths, however, deliver low resolution. Tera-
hertz wavelengths are longer than light, making images coarser. 
The other obstacle has been the lack of detectors compatible with 
terahertz radiation. Terahertz photon energy is too low to measure 
as light and too high to measure as radio waves, which means 
extremely low detection sensitivity. Measuring terahertz requires 
maximization of output involving an extremely large system. It is 
these two obstacles Kawano set out to overcome.

Kawano tried to increase image resolution to facilitate measure-
ment. He installed a mechanism that generates a small amount of 
near-field light by irradiating terahertz radiation into holes that are 
smaller than wavelengths, and added a detector function into an 
all-in-one semiconductor chip. This increased resolution from 100 
micrometers1 to 400 nanometers2 (1/540 of a wavelength), making it 
possible to measure fields smaller than wavelengths.

Next, Kawano developed a compact spectroscopic device capable 
of monitoring a broader frequency band. He used graphene, a 
material for which Andre Geim and Konstantin Novoselov received 
the Nobel Prize in Physics in 2010. Graphene allowed Kawano to 
increase the detection frequency from 0.76 to 33 THz, making 
broadband measurement possible. In 2014, Kawano worked with 
Rice University and Sandia National Laboratories in the US to jointly 
develop a terahertz detector employing a carbon nanotube array.

“Graphene is a honeycomb lattice of carbon atoms. Theoretically, 
the electron mass is zero. The electron speed is 1/300 that of 
light, which is exponentially faster than other materials. A carbon 
nanotube is one-dimensional linear material that detects oscilla-
tions in the terahertz radiation field while ignoring vibrations 
perpendicular to the nanotube.”

“While often thought of as very different, light and radio waves are 
both electromagnetic waves. What distinguishes the two is 
frequency.”

This is how Associate Professor Yukio Kawano begins his introduc-
tion to terahertz waves. The terahertz is a unit of frequency for elec-
tromagnetic waves. Electromagnetic waves, formed by the vibra-
tions of electric and magnetic fields, propagate through space and 
substance. These include gamma and X-rays with a wavelength 
shorter than light, and micro and radio waves with a longer wave-
length.

Terahertz frequencies cover a range of about 1 THz between light 
and radio waves. Although the potential of terahertz technology has 
been suggested by research, it has long been considered a diffi-
cult area and not much work has been done in the field. As applica-
tions are now appearing, however, it is again attracting more inter-
est. 

Terahertz waves exhibit great variability-they are permeable like 
radio waves and travel in straight lines like lasers. Since terahertz 
waves penetrate materials such as paper, wood, and plastic, 
images according to the rate of permeability of substances can be 
obtained. Using the shapes of these images, non-contact identifica-
tion of substances is possible. Due to their rectilinear propagation, 
terahertz waves can also be reflected by a mirror and focused by a 
lens. In addition, when terahertz waves are irradiated to substanc-
es, they resonate with (crystall ine) semiconductor lattice and 
biopolymer vibrations and absorb electromagnetic energy in chemi-
cal substances. In consequence, substance-specific spectra 
occur. Different chemical substances display different spectral 
characteristics, making it possible to identify impurities in pharma-
ceutical products in a non-destructive way. Other potential applica-
tions include the inspection of semiconductors and IC cards for 
quality control, preventing food contamination, monitoring water 
levels in flora, testing for toxic materials, inspecting historical items 
such as paintings or paper money to facilitate restoration or detect 
forgery, and pathology testing to detect cancer cells.

Yukio Kawano
Associate Professor

Since childhood, Kawano has been an avid reader with a wide 
range of interests, including classical literature. He even thought 
about pursuing the humanities. He tends to consider things without 
separating them into categories. As he shifted from the field of 
science to engineering at RIKEN, he was merely following his inter-
ests. This led him to results. Kawano looked back on what brought 
him to where he is now.

“My experience has shown me that science and engineering are 
linked. Therefore, I believe that collaboration across academic 
fields to deepen one’s own fields of research and discover new 
areas contributes to the future development of science. I hope 
that all Tokyo Tech students will first concentrate on expanding 
the fundamental elements of their individual research. If they do 
this, their potential is unlimited.”

1 Micrometer
One micrometer is 10-6 meters, 1 millionth of a meter, or 0.001 millimeters.

2 Nanometer
One nanometer is 10-9 meters, 1 billionth of a meter, or 0.000001 millimeters.

3 Quantum Hall effect
The quantum Hall effect is a phenomenon in which the longitudinal resistance 
of a two-dimensional electron system, created by confining electrons in a 
plane, such as at the different joint interfaces of semiconductors, becomes 
zero at low temperatures and in strong magnetic fields, under which Hall resis-
tance is quantized. Nobel Prizes in Physics were awarded in 1985 and 1998 for 
the results of research on the quantum Hall effect.

4 Femtosecond
1 femtosecond is 10-15 seconds (1 quadrillionth of a second).

Terahertz detectors also need to be cool for increased sensitivity. 
To solve this issue, Kawano utilized a carbon nanotube array in the 
detector. This innovation made use at room temperature possible 
and has been very highly regarded. 

Kawano took his undergraduate and graduate degrees at the 
University of Tokyo. He continued his study of semiconductor phys-
ics, most notably the quantum Hall effect3, after becoming an assis-
tant professor at his alma mater. He was interested in terahertz 
waves, but wanted to know about semiconductors as he felt that 
high resolution terahertz measurement could possibly contribute to 
the visual-control of semiconductor structure. At the time, however, 
his focus was still on the basics of semiconductors. 

He moved to RIKEN and started working on terahertz waves. 
“RIKEN was excellent because there were no walls between 
research fields,” says Kawano. RIKEN provides a free environment 
for researchers to engage in interdisciplinary studies. All research-
ers are encouraged to contact and seek knowledge from scientists 
in different fields. With his desire to explore the potential of semi-
conductor physics, Kawano realized that terahertz waves might be 
a tool for research. With this realization, he began focusing on tera-
hertz development and application.

He moved to Tokyo Tech in 2011 and broadened his studies to 
include terahertz application to biotechnology and other industries 
through joint research with private companies. He has also contin-
ued his work on single-molecule measurement and other funda-
mental studies.

“Research on the future application of terahertz waves in observ-
ing and controlling the quantum state in solid matter and the char-
acteristics of electron waves is progressing.”

The presence of terahertz radiation in electron wave interference 
destroys the characteristics of an interference pattern. If we can 
restore it to its original state, we can control it. Kawano’s studies 
have already achieved results that have brought him one step 
closer to this goal.

There are a number of problems to be solved before commercial-
ization. The cost of producing measurement devices, for example, 
is a factor. If costs remain high, the technology will not be practical. 
Reducing the cost of the femtosecond4 laser remains a challenge. It 
requires the development of a high-sensitivity low-noise semicon-
ductor detector which uti l izes mass-produced semiconductor 
chips.

It is also necessary to improve the power of the oscillator and 
increase the sensitivity of the detector. Many researchers around 
the world are working on the development of oscillators. At Tokyo 
Tech, Professor Masahiro Asada has taken the initiative in oscillator 
research and development.

Quantum Nanoelectronics Reseach Center (QNERC)
Department of Physical Electronics
Graduate School of Science and Engineering

Associate Professor
Yukio Kawano

Exploring the last frontier of the electromagnetic 
spectrum

Nano-carbon miniaturizes detection and 
spectrometer devices

Curiosity led to exploration of a different area - 
Semiconductors

Link between science and engineering

Harnessing the potential of
unexplored terahertz waves

Figure 1. Terahertz frequency range

Figure 2. Terahertz detection setup
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sudden, impending sense of crisis, academic, business, and gov-
ernmental sectors recognized that fossil fuels such as oil and coal 
would not provide limitless energy.

“My family ran a business selling daily necessities wholesale, and 
the oil shock hit us hard. Soap and other oil-based products soon 
ran out and calls from our retailers insisting on supplies made 
daily life a huge challenge. I vividly recall a tense, sometimes 
menacing atmosphere.”

After graduating from high school, Ishitani chose to study chemistry at 
Kobe University. He attributes his choice to his love for chemistry, but 
also the vivid memory of the energy crisis, something that motivated 
him on the path to photochemistry. One day as a 4th-year undergradu-
ate student, he stumbled across a magazine article on the process of 
converting light to chemical energy, and the idea grabbed him immedi-
ately. At this time the topic of conversion of light energy to chemical 
energy was becoming increasingly popular.

“The article was written by Professor Zen-ichi Yoshida of Kyoto 
University concerning the potential to solve the energy crisis with 
a purely chemical approach. I was very impressed with this, and I 
knew instantly that this was the only path for me! [laughs]”

Many obstacles lay ahead, but the article had well and truly cap-
tured his imagination. From Kobe, Ishitani moved to Osaka Univer-
sity — an institution with a photochemistry lab — and met Doctor 
Chyongjin Pac, a world photochemistry authority and mentor. 
Ishitani consolidated and fine-tuned the fundamentals taught by the 
doctor through activities at the Hahn-Meitner Institute in Germany, 
the National Research Institute for Pollution and Resources of the 
Agency of Industrial Science and Technology (presently the Nation-
al Institute of Advanced Industrial Science and Technology), the 
University of North Carolina at Chapel Hill, the University of Notting-
ham, and Saitama University.

At Tokyo Tech, Ishitani currently engages in developing highly 
efficient photocatalysts.

“As concern over the increase in global warming intensifies, the 
view that fossil fuel consumption must be minimized is becoming 
increasingly strident. However, I see another key problem: the 
depletion of carbon-based materials such as organic compounds 
and synthetic polymers, most of which are petroleum-derived. 
Knowing how to maintain the stable production of carbon com-
pounds is critical and directly linked to modern life.”

Ishitani identifies the challenges for humanity as three major issues: 
energy, global warming, and carbon-based materials. Aiming to kill 
three birds with one stone, research into the conversion of carbon 
dioxide into practical, energy-containing substances such as oil 

Photochemistry refers to a branch of chemistry where reactions are 
triggered by applying light, not heat, as the energy source. In 
response to the absorption of light, one compound transforms into 
another in a reaction based on changes in its atomic bonds.

“The interesting fact is that thermal and photochemical reactions 
can often derive completely different products from identically 
structured compounds. Attracted to the mysteries of photochem-
istry, many global researchers, including myself, have performed 
countless research activities in the field.”

Expressing his fascination at the infinite potential of photochemis-
try, Professor Osamu Ishitani's eyes shine. He is a researcher with 
more than three decades of experience in artificial photosynthesis, 
a promising science often contrasted with solar energy-based 
biological photosynthesis.

Energy resource shortage is a serious problem for modern society. 
As a result, there are high expectations for photochemistry in 
various areas including solar fuel synthesis. Despite now being in 
the spotlight, photochemistry studies originally started with a com-
pletely different focus, according to Ishitani.

“The origins of photochemistry research date back to the late 
1800s. Since then, the idea that light would produce different 
compounds from heat has spawned vigorous attempts to apply it 
to various compounds and study the results.”

Despite originating out of curiosity, the path to photochemical 
research swayed toward solar fuel synthesis following the two oil 
shocks which threatened global society in the 1970s. Amid a 

Osamu Ishitani
Professor

Ishitani’s research in the future. His insatiable quest has now shifted 
away from rare metals to the use of other more readily available 
ones. Accordingly, a new “CREST” project based on Japan Science 
and Technology Agency (JST) Strategic Basic Research Program 
initiatives was launched in academic year 2015. The project - led 
by Assistant Professor Hiroyuki Takeda at the Ishitani-Maeda labo-
ratory - focuses on the application of manganese and iron complex-
es as photocatalysts.

“This may mark a major step toward commercializing highly 
efficient CO2 reduction as manganese and iron are far more abun-
dant and affordable.”

Ishitani concludes with encouragement for younger generations.

“Define your goals and dreams and act on them. This will enable 
you to enjoy the laboratory activities you take on in your fourth 
year. Everyone should find something they want to do, therefore 
you should visit specialists and listen to them attentively in order 
to pinpoint what that something is. Be ambitious when choosing 
your lifetime career.”

Finally, he expresses his pride and high expectations for the culture 
of Tokyo Tech.

“All Tokyo Tech faculty members consider their research to be 
best in the world. Naturally, I have faith in my team as the world’s 
leaders in photochemical CO2 reduction. Consider this: you too 
can be number one when you exceed my research. Tokyo Tech 
makes it all possible. Believe in your potential and jump into our 
world!”

1 Metal complex
A molecule in which a non-metallic atom or ion, a so-called ligand, bonds to a 
metal or metal ion.

2 Quantum yield
The ratio to indicate the efficiency level at which photons (light) are absorbed 
by reacting molecules in photochemical reactions (number of products gener-
ated via a photocatalyst ÷ number of photons).

3 Photon
Smallest unit of light. 

using light energy is underway. This would allow use of solar light 
energy to obtain ideal carbon cycles which generate energy and 
carbon resources while helping to reduce CO2 emissions. However, 
the benefits remain merely theoretical in the absence of efficient 
photocatalysts.

“To date, the prevailing view has been that highly efficient chemi-
cal reduction of CO2 into useful substances is not practical or 
feasible. Actually, until the late 1970s, the only efficient CO2 
reduction method involved electrolysis using currents generated 
from solar batteries. The fact that spontaneous CO2 reduction 
occurred when light was applied to photocatalysts was already 
known. However, efficiency was extremely low as suitable photo-
catalysts had not yet been tested.”

However, fate conspired to boost Ishitani’s CO2 reduction photocat-
alyst research when he was still an undergraduate. It was the emer-
gence and publication of an astonishing research result in the 
mid-1980s.

“Professor Jean-Marie Lehn, a French supramolecular chemistry 
researcher and Nobel Laureate in Chemistry, discovered the abili-
ty of a rhenium complex1 to convert light to chemical energy. 
Despite its low durability and the fact that nobody had ever used 
such a rare metal complex as a photocatalyst, its conversion 
efficiency proved excellent, featuring a 15 percent quantum yield2. 
Simply put, when 100 photons3 are absorbed into the photocata-
lyst, 15 carbon dioxide molecules change to form carbon monox-
ide. This was extraordinary, and I remember feeling goose bumps 
when reading the paper.”

The encounter eventually prompted Ishitani to start researching 
photocatalysts based on rhenium complexes in the 1990s. The 
initial 15 percent quantum yield obtained in Professor Lehn’s exper-
iment has been constantly improved by Ishitani, reaching 82 
percent in 2013. He has been and remains among the best in the 
world in this field.

Nevertheless, practical utilization of his research is still unlikely 
anytime soon, he admits.

“However much lab test results may improve, rhenium remains a 
rare metal and is not sufficiently prevalent on Earth for its use to 
be commercialized. I was happy with the positive evaluation of my 
research, of course, but I couldn’t afford to dwell on that. Instead, 
I had to decipher the mystery of how rhenium complexes could 
selectively reduce carbon dioxide.”

Clarifying the nature and behavior of the factors behind rhenium 
complex CO2 reduction would facilitate the practical application of 
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Figure: Rhenium-ruthenium photocatalyst
Ishitani enhanced photocatalyst efficiency by bonding together ruthenium
and rhenium complexes, given that the former absorbs visible light more
efficiently than the latter.

N

Ru

e-

Re

N

N

N

N

N N CO

X

CO

CO
CO

CO2

1. Visible light absorbed

2. Electron transfer

Rhenium 
complex

3. Carbon dioxide 
     reduced

OH

N

Ruthenium 
complex

FACES: Tokyo Tech Researchers, Issue 15 - Osamu Ishitani / July 2015

41 42



Tokyo Tech Faces and Findingsー stories from the lab ー

Over 200 years have passed since Alessandro Volta2 invented the 
battery in 1800. However, present common knowledge about 
primary and secondary batteries may soon be a thing of the past. 
The key to this revolution lies in the electrolytes that conduct elec-
tric current.

Electrolytic solution is a core component of commercially available 
batteries. High-performance lithium batteries apply organic solvent3 
for this purpose. Organic solvent, however, is combustible, creating 
safety concerns. The all-solid-state lithium batteries being devel-
oped by Kanno replace organic solvent with solid material, signifi-
cantly improving safety while making it possible to handle larger 
amounts of electricity. The travel distance of an electric automobile 
utilizing this type of battery, for example, can be increased from 
200 km to 500 km on a single charge. A more compact design is 
also possible as all-solid-state lithium batteries do not require the 
safety devices required for organic solvent.

“Solidity reduces combustibility and increases safety. Further-
more, all-solid-state lithium batteries function over a wide range 
of temperatures and easily pass current to provide increased 
power. Quick recharge is also a feature. While all-solid-state lithi-
um batteries have great merits, their one disadvantage is in initi-
ating a contact because, unlike organic solvent, contact requires 
an interface. If we can solve this problem, the goal of commer-
cialization will be within reach.”

Finding the best material to initiate contact was the key to a new 
chapter in the history of batteries. Amidst the fierce competition that 
takes place in the world of material development, Kanno was the 
first to identify the right one.

In 2011, a research group composed of Kanno and colleague 
Masaaki Hirayama (associate professor at Tokyo Tech), Toyota 
Motor Corporation, and the High Energy Accelerator Research 
Organization (KEK) created the world's first lithium superionic con-
ductor (Li10GeP2S12) capable, at room temperature, of conducting 
lithium ions faster in solid state than in liquid state. This lithium 

Amidst the non-stop production and consumption of energy all 
around us, batteries function as practical sources of “canned 
energy” that can be accessed when needed. For many, the word 
brings to mind disposable dry-cell batteries — primary batteries — 
which can come in the form of low-cost manganese, longer-lasting 
alkaline, or higher-efficiency lithium types. When introduced, lithium 
batteries quickly found wide application and today power our 
watches, cameras, and calculators.

The advent of the lithium ion battery brought added convenience to 
people's lives. Lithium ion batteries are rechargeable, or secondary 
batteries, that make use of carbon and other materials to store 
lithium ions. In addition to improving device function, these com-
pact high-power cells contributed significantly to the reduction in 
device size and weight. Used in mobile phones and laptops since 
1991, lithium ion batteries are also widely applied in hybrid and 
electric automobiles. As development continues, the importance of 
lithium ion batteries is increasing in leaps and bounds.

“I could have never imagined how much lithium ion batteries 
would contribute to society when I first started research on lithi-
um in 1980.”

Professor Ryoji Kanno has spent more than 30 years synthesizing 
the inorganic materials that are essential in improving battery 
performance. In addit ion to the development of l i thium cells, 
Kanno’s research group is currently working on the enhanced func-
tionality of solid oxide fuel cells1, which are gradually gaining popu-
larity as home-use fuel cells, and the development of energy con-
version systems based on an innovative new concept. The group’s 
multifaceted approach to the creation of materials is bearing fruit.

Currently, Kanno is mainly focusing his energy on the development 
of all-solid-state lithium batteries, which have undoubtedly over-
turned existing conventions.

Ryoji Kanno
Professor

“I believe that following your interests is of paramount impor-
tance in achieving results. Setting your goal is the first step. Once 
it is set, you must wholeheartedly continue moving toward it. 
These two elements are the keys to success. If your position and 
environment allow you to work towards your goal, then you have 
already achieved a certain happiness. My experience tells me 
that this is true.”

Kanno describes his own goal as contributing to society through 
the development and commercialization of rechargeable batteries 
utilizing the materials he has created. In addition to unleashing 
personal happiness, the realization of products packed with the 
spirit and conviction of researchers like Kanno brings joy and con-
tentment to the lives of others.

1 Solid oxide fuel cells
High-efficiency home-use fuel cells which generate electricity through the 
chemical reaction of oxygen and hydrogen, with exhaust heat used to boil 
water. Also known as SOFCs.

2 Alessandro Volta (February 18, 1745 - March 5, 1827)
Italian physicist known as the inventor of the electrical battery. Utilized zinc 
and copper as electrodes, and water with either sulfuric acid or sodium 
chloride as electrolysis solution.

3 Organic solvent
Organic chemical compound capable of dissolving substances such as 
ethanol, benzene, and chloroform, which are normally insoluble in water. 
Liquid state at ordinary temperatures and pressures.

4 High-pressure synthesis
Synthesis method that involves heat treating raw ingredients under gigapascal 
level pressure (GPa = 109 Pa) in a sealed pressure medium. The difference in 
compressibility between the positive and negative ions of constituent elements, 
or transfer to high density phases makes it possible to synthesize supercon-
ductive materials that cannot be synthesized under normal pressure.

5 Thin-film fabrication method
Kanno-Hirayama Laboratory succeeds in growing a crystal on the top of a 
single-crystal substrate (epitaxial growth) and synthesizing a thin film used for 
solid battery and lithium ion battery experiments.

superionic conductor exhibits twice the conductivity of existing 
lithium ion conductors and ionic conductivity that surpasses organ-
ic solvent, the electrolyte used in existing lithium ion secondary 
cells. Needless to say, this discovery accelerated the development 
of all-solid-state lithium batteries. The incombustibility and safety 
together with increased conductivity were key elements in the com-
mercialization of electric automobiles and the improvement of 
hybrid vehicle performance, and caused excitement in the world of 
next-generation high energy density battery research.

“In the battery-related world, the most significant change after 
mobile phones and computers will be seen in automobiles. Along 
with innovations in transportation, it is necessary to develop an 
alternative to fossil fuels with an eye on power, safety, stability, 
and eco-friendliness. I believe that we as materials experts need 
to realize the potential of rechargeable batteries as that alterna-
tive. This is our chance to show our knowledge and ability.”

Researchers involved in materials development often call them-
selves “materials experts” or “synthesis experts.” Kanno’s back-
ground as a researcher, however, is not in materials synthesis only.

After studying inorganic materials synthesis methods such as 
high-pressure synthesis4 at Osaka University, Kanno moved to the 
electrochemistry laboratory at Mie University to conduct research 
on lithium in 1980. Although Kanno’s doctoral thesis was on lithium 
ion conductors, Mie University was the start ing point for the 
research that led to solid battery development.

Following this, he moved to Kobe University. It was here that he met 
Professor Yoji Kawamoto, a well-known researcher of the optical 
properties of glass. Although from a different field, Kanno was influ-
enced by Kawamoto’s views and methods. His experience with 
Kawamoto led to the development of a thin-film fabrication method5, 
one of the material research methods that Kanno and his laboratory 
staff are fascinated with. In 2001, Kanno joined Tokyo Tech where 
he continues his research on the border of materials synthesis and 
electrochemistry.

“Our laboratory has grown to more than 40 staff members and 
students.  We have seen def ini te progress in each area of  
research — materials development, solid batteries, thin film syn-
thesis, and improvement of fuel cell performance. I feel it is soon 
time to reap what we have sown. We continue to further our 
high-quality research on materials creation which may well bring 
a few surprises to the world.”

Materials development can take ten years, while commercialization 
may require another ten or twenty. The development of recharge-
able batteries, too, has been an exercise in true commitment and 
perseverance. Due to Kanno's extraordinary efforts in the past, his 
message to current Tokyo Tech students carries great weight.
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Figure: All-solid-state lithium battery system

All solid-
stateC CoO2

Positive 
electrode

Negative 
electrode

Positive 
electrode

Negative 
electrode

Li+ Li+Li+ Li+

Li+ Li+Li+ Li+
Li+

Li+

Li+X-

X-

X-

Li+

Li+

Li+X-

X-

X-

Li+ Li+Li+ Li+

Li+ Li+Li+ Li+

C CoO2

Li+ Li+Li+ Li+

Li+ Li+Li+ Li+

Li+ Li+Li+ Li+

Li+ Li+Li+ Li+

Li+ Li+Li+ Li+

Li+ Li+Li+ Li+

Organic electrolyte solution Inorganic solid electrolyte

FACES: Tokyo Tech Researchers, Issue 16 - Ryoji Kanno / September 2015

43 44



Tokyo Tech Faces and Findingsー stories from the lab ー

Young researchers invited by Hosono are also involved in projects 
here. Three of them were asked for their thoughts on element strat-
egy research, the Genso Cube, and the development of research 
professionals.

Matsuishi: I have been involved in the creation of electride com-
pounds2 for ten years. I also conduct research on iron-based super-
conducting substances, and am currently looking at hydrogen. 
Using hydrogen as a negative ion in materials can improve super-
conducting performance and add new functions.

As for practical applications, we are prone to think of joint research 
with companies. However, I am dealing with a broader concept — I 
am applying unconventional concepts to create new substances 
that benefit the betterment of society in general, for instance in 
terms of energy issues. Cement, an oxide composed of calcium, 
silicon, and aluminum, is a good example. It has been thought that 
oxides composed of typical elements whose atomic numbers are 
low do not allow electricity to 
pass through them. However, 
looking at the crystal structure 
of cement, it should conduct 
electricity regardless of its con-
stitutional elements. This con-
cept allows us to discover new 
electrides.

Tada: My role is to search for 
new materials using computer 
simulations, discover new func-
tions, and create new concepts 
that allow us to clarify phenom-
ena which, at first glance, look 
complicated. In the search for 
electrorides, we make use of a 
materials database based on 
electronics structure calcula-
tions to find the composition 

A new facility for the Materials Research Center for Element Strate-
gy (MCES), informally called the Genso Cube (genso meaning “ele-
men t ”  i n  Japanese ) ,  s t a r t ed  ope ra t i ons  a t  Tokyo  Tech ’s  
Suzukakedai Campus on June 3, 2015. Materials and Structures 
Laboratory Professor Hideo Hosono heads MCES as its director. 
Hosono invented IGZO-TFT, an oxide semiconductor suitable for 
driving l iquid-crystal panels and organic electroluminescent 
displays, and an iron-based superconductor, a discovery which 
has countered conventional wisdom. MCES was established in 
August 2012 to conduct research for the benefit of society through 
the creation of innovative materials using elements with high 
Clarke1 numbers, in other words, those abundant in Earth’s crust.

As its nickname suggests, the Genso Cube has a cubical design, 
and is fitted with special equipment for high-precision experiments. 
The building features a transmission electron microscope (TEM) and 
an electron probe micro-analyzer on the basement floor, a lecture 
room seating 129 people on the 1st floor, joint research laboratories 
for companies and external research institutions on the 2nd floor, 
and laboratories for Tokyo Tech researchers on the 3th, 4th, and 5th 
floors. It is highly regarded as an open global research base by 
researchers both at home and abroad. “We want to conduct 
research that will defy conventional wisdom on elements,” Hosono 
explains. In order to do so, the director has focused his efforts on 
achieving results that lead to industrialization, creating new materi-
als science trends, and constructing an environment that facilitates 
the development of excellent researchers.

Spirit of new materials 
creation
Genso Cube ー New focal point
for promising young researchers
in materials science

Tomofumi Tada
Associate Professor

Satoru Matsuishi
Associate Professor

Masaaki Kitano
Associate Professor

at al l  as expected. If  I  had been the only one involved in the 
research, I would have concluded that the electride could not be 
used as a catalyst. However, by using a scanning tunneling micro-
scope (STM)4 and other devices, the Hosono group had already 
clarified that the maintenance or destruction of the electride surface 
structure (cage-like structure) significantly affects electrical con-
duction characteristics. This helped us to discover that immobiliz-
ing metal nano-particles without destroying the surface structure 
significantly improves catalytic performance.

The group consists of researchers specializing in a wide range of 
fields. I believe that listening carefully to their ideas and applying 
them to our research will spark new ideas.

Matsuishi: Researchers specializing in different fields have differ-
ent ways of thinking. For example, researchers looking at catalytic 
reactions handle agents, which we generally think are dangerous, 
without any problems. Computational models of physical proper-
ties, which I personally think are difficult, may not be a problem for 
researchers who are familiar with the proper models. Before we 
collaborate with companies, it is important for us to collaborate with 
other researchers at Tokyo Tech.

Tada: Materials are of course directly connected to our daily lives. 
Taking advantage of new materials for home appliances and cloth-
ing can change our lifestyle drastically. In addition to the motivation 
to discover new materials, collaboration with other researchers can 
free us from our own limiting thoughts, leading to a broadened 
viewpoint and new directions in the search for materials, and in turn 
providing strength in our search for a breakthrough.

Tada: Professor Hosono is a strong distinguished leader. From his 
leadership, I recognized that, when many researchers having simi-
lar or different viewpoints are engaged in a project as a team, it is 
necessary to find areas of focus and create a big flow that abso-
lutely leads to a successful goal.

In addition, it is also necessary to maintain a positive motivation to 
continue the same research. The strong support by Professor 
Hosono also helps us to keep this motivation. I, therefore, need to 
find my own ways of advancing my research and maintaining a 
motivating environment for younger researchers. This is essential in 
encouraging the next generation.

Kitano: What I have learned from my experience is that everyone 
should struggle with adversity. I want to emphasize this to my 
students. When I was engaged in joint research with Professor 
Hosono as an assistant professor, I was becoming desperate work-
ing on a project for one month without any results. The professor 
was stern. “That can’ t be right. Keep working and you will succeed,” 
he said. This changed my attitude and helped me to continue. And 
three months later, I achieved results.

If we engage in enjoyable and attractive research, we improve 
ourselves naturally. The director often reminds us of this. Following 
my research interests has made me what I am. I will pass this down 
to the next generation.

Matsuishi: Opportunities for exchanging ideas with researchers 
beyond the boundaries of individual fields have increased signifi-
cantly. When students working with superconductive materials 
measure physical properties, they often use existing measuring 
devices rather than creating their own. On the other hand, in the 
research on catalysts that Dr. Kitano is involved in, they start by 
processing the glass and metal they will be working with. It is a 
great environment for both researchers and students to see the 

ratios and structures of positive and negative ions for electrides. In 
this way, we can identify potential candidates for electrides in terms 
of energetical stability.

Although computational simulations are executable even for hypo-
thetical compounds, researchers and companies engaged in mate-
rials synthesis and catalytic applications with the goal of commer-
cialization insist on cost-effectiveness and environmental con-
sciousness. It was tough at first to adjust and design our calcula-
tions from this viewpoint because I did not have ideas regarding 
the requirements that experimental researchers consider of the 
highest importance. However, as I experienced many difficulties in 
true materials designing that cannot be acquired through computer 
simulations only, I realized the importance of adopting a broader 
perspective.

Kitano: I am mainly involved in researching whether the electrides 
mentioned by Dr. Matsuishi can be developed and applied to cata-
lytic reactions. While social need is important, I have realized, upon 
looking back on my discovery of potential ammonia synthesis using 
an electride with greater performance than that of conventional 
catalysts, that we should look beyond merely satisfying a need.

A major method for synthesizing ammonia, the Haber-Bosch 
process3, was established 100 years ago, and researchers involved 
in the development of catalysts have not seen a need to replace it 
with other methods. We presented a completely different concept 
for ammonia synthesis using an electride catalyst. Many companies 
asked us to expand the use of this method for other applications 
rather than just using i t  as a replacement synthesis method. 
Through this, I realized that involvement in new materials and cata-
lysts, and the dissemination of such information, can create new 
needs. In the case of joint development, companies sometimes tell 
us that methods reported in academic papers may not be applica-
ble in commercialization. Therefore, flexible thinking is required.

Kitano: Researchers tend to focus on their own specializations, but 
we also get information from people in different fields. An example 
of this is Dr. Tada’s simulations suggesting the possibi l i ty of 
producing new materials. Conversations with Dr. Matsuishi often 
spark completely new ideas and perspectives on data that previ-
ously looked mediocre to me. I carry high hopes that this interaction 
will lead to significant breakthroughs in the future.

When we use electrides as catalytic material, for example, we 
immobilize metal nano-particle catalysts on the surface. Metal 
nano-particles are immobilized in a dispersed state with a general 
method used by researchers engaged in catalyst research. Howev-
er, the electride catalyst prepared by this method did not perform 

Exterior of the Genso Cube

Transmission electron microscope
station in the Genso Cube

Thin-film synthesis and characterization equipment

Research at the Genso Cube strives for practical 
applications.
How do you emphasize this in your research?

Creation based on unconventional concepts

What kind of thinking is required to achieve effective 
breakthroughs in materials science research and to 
create new trends?

Bringing in ideas from researchers in different 
fields

What do you think about developing young researchers 
as leaders, and the stimulus you get at MCES?

What has changed after your move to Genso Cube?

Attractive research naturally develops 
researchers

tational materials exploration, has attracted much attention around 
the world. MCES is required to show a successful strategy of com-
putational materials science for the discovery of new materials.

The Genso Cube exhibits an excellent function that allows us to 
carefully analyze the simulation results by comparing them with 
experimental data by other researchers. Everyone can share the 
progress and results of their research at the Genso Cube at any 
time.

Matsuishi: The number of laboratories that deal with substance 
synthesis has been decreasing in every country. Some experiments 
carry life-threatening risks if we make mistakes. However, we do not 
shrink away from such risks. Instead, we do our best to ensure 
safety by simulating experiments, and we continue working toward 
our goal of creating new materials.

I have synthesized new materials. However, I often doubted their 
usefulness. Although I was involved in the synthesis of electrides, I 
could not connect their application to ammonia synthesis. However, 
I also realize that attempting to synthesize materials with the aim of 
producing something useful alone is not enough to make a scientif-
ic discovery. It is always essential to think about development and 
use together. This is materials development that truly considers 
function. New materials are those that lead to fundamental break-
throughs in a wide range of scientific fields. The Genso Cube has 
the human resources and facilities needed to produce such new 
materials.

process of development from the beginning in neighboring labora-
tories.

Tada: In this new building, students in our laboratory enjoy their 
research life in the student room of the Hosono Laboratory, allowing 
them to come into contact with hot information and topics. It is an 
excellent environment for young theoretical researchers and 
students. Although the amount of information they obtain may 
sometimes be overwhelming, it is definitely a great experience for 
their development in the long run.

Kitano: The Hosono Group has achieved many innovative results in 
materials research. Therefore, the public is always looking forward 
to their next innovation. I also feel the pressure of such expecta-
tions. However, it is natural for people to have great expectations 
for our research as what we are doing is discovering new methods 
in the field of science. I appreciate having such an excellent envi-
ronment to conduct research in. My hope and aspiration is the 
creation of new catalyst materials based on original concepts.

Tada: Materials informatics5, a state-of-the-art approach in compu-
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Young researchers invited by Hosono are also involved in projects 
here. Three of them were asked for their thoughts on element strat-
egy research, the Genso Cube, and the development of research 
professionals.

Matsuishi: I have been involved in the creation of electride com-
pounds2 for ten years. I also conduct research on iron-based super-
conducting substances, and am currently looking at hydrogen. 
Using hydrogen as a negative ion in materials can improve super-
conducting performance and add new functions.

As for practical applications, we are prone to think of joint research 
with companies. However, I am dealing with a broader concept — I 
am applying unconventional concepts to create new substances 
that benefit the betterment of society in general, for instance in 
terms of energy issues. Cement, an oxide composed of calcium, 
silicon, and aluminum, is a good example. It has been thought that 
oxides composed of typical elements whose atomic numbers are 
low do not allow electricity to 
pass through them. However, 
looking at the crystal structure 
of cement, it should conduct 
electricity regardless of its con-
stitutional elements. This con-
cept allows us to discover new 
electrides.

Tada: My role is to search for 
new materials using computer 
simulations, discover new func-
tions, and create new concepts 
that allow us to clarify phenom-
ena which, at first glance, look 
complicated. In the search for 
electrorides, we make use of a 
materials database based on 
electronics structure calcula-
tions to find the composition 

A new facility for the Materials Research Center for Element Strate-
gy (MCES), informally called the Genso Cube (genso meaning “ele-
men t ”  i n  Japanese ) ,  s t a r t ed  ope ra t i ons  a t  Tokyo  Tech ’s  
Suzukakedai Campus on June 3, 2015. Materials and Structures 
Laboratory Professor Hideo Hosono heads MCES as its director. 
Hosono invented IGZO-TFT, an oxide semiconductor suitable for 
driving l iquid-crystal panels and organic electroluminescent 
displays, and an iron-based superconductor, a discovery which 
has countered conventional wisdom. MCES was established in 
August 2012 to conduct research for the benefit of society through 
the creation of innovative materials using elements with high 
Clarke1 numbers, in other words, those abundant in Earth’s crust.

As its nickname suggests, the Genso Cube has a cubical design, 
and is fitted with special equipment for high-precision experiments. 
The building features a transmission electron microscope (TEM) and 
an electron probe micro-analyzer on the basement floor, a lecture 
room seating 129 people on the 1st floor, joint research laboratories 
for companies and external research institutions on the 2nd floor, 
and laboratories for Tokyo Tech researchers on the 3th, 4th, and 5th 
floors. It is highly regarded as an open global research base by 
researchers both at home and abroad. “We want to conduct 
research that will defy conventional wisdom on elements,” Hosono 
explains. In order to do so, the director has focused his efforts on 
achieving results that lead to industrialization, creating new materi-
als science trends, and constructing an environment that facilitates 
the development of excellent researchers.

at al l  as expected. If  I  had been the only one involved in the 
research, I would have concluded that the electride could not be 
used as a catalyst. However, by using a scanning tunneling micro-
scope (STM)4 and other devices, the Hosono group had already 
clarified that the maintenance or destruction of the electride surface 
structure (cage-like structure) significantly affects electrical con-
duction characteristics. This helped us to discover that immobiliz-
ing metal nano-particles without destroying the surface structure 
significantly improves catalytic performance.

The group consists of researchers specializing in a wide range of 
fields. I believe that listening carefully to their ideas and applying 
them to our research will spark new ideas.

Matsuishi: Researchers specializing in different fields have differ-
ent ways of thinking. For example, researchers looking at catalytic 
reactions handle agents, which we generally think are dangerous, 
without any problems. Computational models of physical proper-
ties, which I personally think are difficult, may not be a problem for 
researchers who are familiar with the proper models. Before we 
collaborate with companies, it is important for us to collaborate with 
other researchers at Tokyo Tech.

Tada: Materials are of course directly connected to our daily lives. 
Taking advantage of new materials for home appliances and cloth-
ing can change our lifestyle drastically. In addition to the motivation 
to discover new materials, collaboration with other researchers can 
free us from our own limiting thoughts, leading to a broadened 
viewpoint and new directions in the search for materials, and in turn 
providing strength in our search for a breakthrough.

Tada: Professor Hosono is a strong distinguished leader. From his 
leadership, I recognized that, when many researchers having simi-
lar or different viewpoints are engaged in a project as a team, it is 
necessary to find areas of focus and create a big flow that abso-
lutely leads to a successful goal.

In addition, it is also necessary to maintain a positive motivation to 
continue the same research. The strong support by Professor 
Hosono also helps us to keep this motivation. I, therefore, need to 
find my own ways of advancing my research and maintaining a 
motivating environment for younger researchers. This is essential in 
encouraging the next generation.

Kitano: What I have learned from my experience is that everyone 
should struggle with adversity. I want to emphasize this to my 
students. When I was engaged in joint research with Professor 
Hosono as an assistant professor, I was becoming desperate work-
ing on a project for one month without any results. The professor 
was stern. “That can’ t be right. Keep working and you will succeed,” 
he said. This changed my attitude and helped me to continue. And 
three months later, I achieved results.

If we engage in enjoyable and attractive research, we improve 
ourselves naturally. The director often reminds us of this. Following 
my research interests has made me what I am. I will pass this down 
to the next generation.

Matsuishi: Opportunities for exchanging ideas with researchers 
beyond the boundaries of individual fields have increased signifi-
cantly. When students working with superconductive materials 
measure physical properties, they often use existing measuring 
devices rather than creating their own. On the other hand, in the 
research on catalysts that Dr. Kitano is involved in, they start by 
processing the glass and metal they will be working with. It is a 
great environment for both researchers and students to see the 

ratios and structures of positive and negative ions for electrides. In 
this way, we can identify potential candidates for electrides in terms 
of energetical stability.

Although computational simulations are executable even for hypo-
thetical compounds, researchers and companies engaged in mate-
rials synthesis and catalytic applications with the goal of commer-
cialization insist on cost-effectiveness and environmental con-
sciousness. It was tough at first to adjust and design our calcula-
tions from this viewpoint because I did not have ideas regarding 
the requirements that experimental researchers consider of the 
highest importance. However, as I experienced many difficulties in 
true materials designing that cannot be acquired through computer 
simulations only, I realized the importance of adopting a broader 
perspective.

Kitano: I am mainly involved in researching whether the electrides 
mentioned by Dr. Matsuishi can be developed and applied to cata-
lytic reactions. While social need is important, I have realized, upon 
looking back on my discovery of potential ammonia synthesis using 
an electride with greater performance than that of conventional 
catalysts, that we should look beyond merely satisfying a need.

A major method for synthesizing ammonia, the Haber-Bosch 
process3, was established 100 years ago, and researchers involved 
in the development of catalysts have not seen a need to replace it 
with other methods. We presented a completely different concept 
for ammonia synthesis using an electride catalyst. Many companies 
asked us to expand the use of this method for other applications 
rather than just using i t  as a replacement synthesis method. 
Through this, I realized that involvement in new materials and cata-
lysts, and the dissemination of such information, can create new 
needs. In the case of joint development, companies sometimes tell 
us that methods reported in academic papers may not be applica-
ble in commercialization. Therefore, flexible thinking is required.

Kitano: Researchers tend to focus on their own specializations, but 
we also get information from people in different fields. An example 
of this is Dr. Tada’s simulations suggesting the possibi l i ty of 
producing new materials. Conversations with Dr. Matsuishi often 
spark completely new ideas and perspectives on data that previ-
ously looked mediocre to me. I carry high hopes that this interaction 
will lead to significant breakthroughs in the future.

When we use electrides as catalytic material, for example, we 
immobilize metal nano-particle catalysts on the surface. Metal 
nano-particles are immobilized in a dispersed state with a general 
method used by researchers engaged in catalyst research. Howev-
er, the electride catalyst prepared by this method did not perform 

Night view of the Genso Cube

Multi-floor stairwell inside the Genso Cube

tational materials exploration, has attracted much attention around 
the world. MCES is required to show a successful strategy of com-
putational materials science for the discovery of new materials.

The Genso Cube exhibits an excellent function that allows us to 
carefully analyze the simulation results by comparing them with 
experimental data by other researchers. Everyone can share the 
progress and results of their research at the Genso Cube at any 
time.

Matsuishi: The number of laboratories that deal with substance 
synthesis has been decreasing in every country. Some experiments 
carry life-threatening risks if we make mistakes. However, we do not 
shrink away from such risks. Instead, we do our best to ensure 
safety by simulating experiments, and we continue working toward 
our goal of creating new materials.

I have synthesized new materials. However, I often doubted their 
usefulness. Although I was involved in the synthesis of electrides, I 
could not connect their application to ammonia synthesis. However, 
I also realize that attempting to synthesize materials with the aim of 
producing something useful alone is not enough to make a scientif-
ic discovery. It is always essential to think about development and 
use together. This is materials development that truly considers 
function. New materials are those that lead to fundamental break-
throughs in a wide range of scientific fields. The Genso Cube has 
the human resources and facilities needed to produce such new 
materials.

process of development from the beginning in neighboring labora-
tories.

Tada: In this new building, students in our laboratory enjoy their 
research life in the student room of the Hosono Laboratory, allowing 
them to come into contact with hot information and topics. It is an 
excellent environment for young theoretical researchers and 
students. Although the amount of information they obtain may 
sometimes be overwhelming, it is definitely a great experience for 
their development in the long run.

Kitano: The Hosono Group has achieved many innovative results in 
materials research. Therefore, the public is always looking forward 
to their next innovation. I also feel the pressure of such expecta-
tions. However, it is natural for people to have great expectations 
for our research as what we are doing is discovering new methods 
in the field of science. I appreciate having such an excellent envi-
ronment to conduct research in. My hope and aspiration is the 
creation of new catalyst materials based on original concepts.

Tada: Materials informatics5, a state-of-the-art approach in compu-
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The public have great expectations for MCES.
What do you think MCES should be?

Materials are the key to fundamental 
breakthroughs in science and technology

1 Clarke
American geochemistry pioneer Frank Wigglesworth Clarke (1847-1931) first 
examined the chemical composition of rocks in Earth’s crust. Russian geologist 
A.E. Fersman continued the study of elements in the crust, and proposed that the 
numbers used to represent the quantities of elements be named “clarkes” to honor 
the American. Elements with high Clarke numbers are abundant, while those 
with low ones are rare.

2 Electride compounds
Compounds in which electrons serve as anions. The first room temperature stable 
electride was realized using an alumina cement ingredient, 12CaO·7Al2O3.(C12A7). 
Utilizing the characteristics of chemical inertness and thermal stability of the 
C12A7 electride, and electrons that emit easily, it is applied to high-functional 
catalysts and electronic materials, and has the potential of being capable of 
solving food and energy issues, and contributing broadly to a highly informa-
tion-based society.

3 Haber-Bosch process
A representative ammonia synthesis method utilizing nitrogen and hydrogen on an 
iron-based catalyst at high pressure of 200-300atm and 400-600° C. Developed by 
Professor Fritz Haber at the Karlsruher Institute of Technology in 1906, and 
industrialized by Carl Bosch, BASF engineer in 1913.

4 Scanning tunneling microscope (STM)
This microscope makes it possible to bring a conducting tip very near to the 
surface or surface-adsorbed molecules of conductive substances, and observe 
the condition and structure of electrons at the atomic level from the resulting 
tunneling current. It was developed by Gerd Binnig and Heinrich Rohrer in 1982.

5 Materials informatics
This is a method of innovative materials development through the analysis of 
accumulated data in materials science utilizing computers and networks. This 
method is expected to be effective for reduction of the research period from 
materials discovery to practical application to half.

Ever-expanding possibility of a small rock
Japan is strong in material development and still at the world's top level. Howev-
er, no one can guarantee that Japan will be in the current position after three 
years. There are few researchers who are seeking new materials from their heart. 
Many people think that there is little room for expansion, but this is not true. If 
you take a careful look underneath, you can find a lot of undiscovered materials. 
The field of materials is fertile for such discovery.

Working together under one roof
People inspire people. We are not inspired only by others’ research papers. We 
are inspired by our five senses. It is extremely important for us to feel that we will 
be able to achieve. People are not improved by others. People, who are capable 
of being improved, improve. The most important thing in the drive to improve 
ourselves is to find opportunities and environments where we are inspired by 
others. The Genso Cube is excellent in this sense because all of us here have 
similar spirit and ambition. 
(Extracted from the keynote lecture at MCES opening ceremony on June 3, 2015)

Present and future of materials development

Hideo Hosono
Founding Director, Materials Research Center
for Element Strategy (MCES)

Spirit of new materials creation / October 2015
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Mechanism of hypoxic cell-specific imaging probes

“Using optical in vivo imaging techniques on a small animal such 
as a mouse enables visualization of  not only the location, size, 
and spread of cancerous cells. but also the ‘status’ of their activi-
ty at the cellular level, which is crucial for monitoring the effect of 
new medicine tested on cancer cells. Several issues such as 
limited observation depth remain before clinical application, but 
diagnosis equipment that utilize optical systems are actively 
being developed worldwide and will greatly facilitate early cancer 
detection and treatment in the near future.”

The determinative characteristic of cancer cells, something normal 
cells lack, is their ability to survive even in a hypoxic microenviron-
ment, where the level of oxygen normally required by living organ-
isms to produce energy is limited. Hypoxic regions located far from 
blood vessels are also deprived of nutrition. Cancer cells in the 
hypoxic regions make every effort to survive in such a severe 
microenvironment, such as by suspending division to save energy 
and moving to a better microenvironment. They also rapidly resume  
proliferation once oxygen and nutrition levels improve. Kondoh 
cites such hypoxic cancer cells as a major obstacle to leading 
cancer treatments such as radiation therapy and chemotherapy.

“Radiation therapy is highly rated and can be the first choice for 
many patients outside Japan. Its biggest advantage is that it 
pinpoints affected areas while being non-surgical and non-inva-
sive, but its major downside is its limited effectiveness against 
hypoxic cancers.”

Hypoxic cancer cells are less sensit ive to radiation because 
oxygen introduced during treatment enhances the damaging effect, 
known as the “oxygen effect.” Many anticancer drugs target active-
ly-dividing cells and are less effective on hypoxic cancer cells 
remaining in a state of suspended proliferation. Hypoxic cancer 
cells have been a major stumbling block for effective cancer thera-
pies.

Sensing a potential breakthrough, Kondoh currently researches 

Cancer has been the primary cause of death in Japan since 1981, 
claiming 370,000 lives in 2014 alone1. It has become a national 
disease, attacking one in two people, one in three of whom dies as 
a result.
　
More optimistically, though, cancer is no longer an automatic death 
sentence. Medical advances mean early diagnosis and treatment 
can even allow patients a full recovery, whereupon a new challenge 
emerges: how to pinpoint the location and state of cancerous cells 
to treat them effectively. Some scientists are tackling this challenge 
using the latest biotechnology for new examination and cure meth-
odologies. Professor Shinae Kondoh, who joined the Graduate 
School of Bioscience and Biotechnology in 2010, has been one 
such pioneering researcher.

Cancer refers to the formation of malignant cells due to genetic 
damage. Once formed, cancerous cells proliferate like wildfire, and 
unlike normal cells, are uncontrollable by biological functions. It is 
virtually impossible to prevent and eradicate such cells, mainly due 
to multiple unidentifiable factors involved in the genetic damage 
mechanism. This is further exacerbated by the way the cancer 
functions. I t  exploits normal t issue and cel ls such as blood, 
lymphatic vessels, and macrophages (white blood cells) to form a 
cancer microenvironment while rapidly multiplying. Such environ-
ments can create excellent markers to specify the affected loca-
tions, but remain highly elusive when conventional analysis meth-
ods are used.

In response, Kondoh has developed an in-vivo imaging system 
capable of monitoring the quantity and activity of intratumoral 
hypoxic cancer cells precisely and in real time while leaving normal 
cells unscathed. The optical imaging system uses fluorescent 
probes comprising near-infrared fluorescent dyes and biolumines-
cence reporters artificially introduced to cancer cells. Since the 
fluorescent probes are selectively accumulated in hypoxic cancer 
cells and the reporters express an enzyme (luciferase), which 
produces bioluminescence, only in hypoxia, hypoxic cancer cells 
can be visualized by fluorescence and bioluminescence imaging, 
respectively.

Shinae Kondoh
Professor

“I did it because I had to. I was so busy that I couldn’ t even take 
pre- or post-maternal leave. I was involved in an experiment until 
the day my babies were born,” she said with a laugh.

Her ef for ts paid of f  and today,  the nursery is  a ref ined and 
well-managed facility.

Even after numerous tests and trials in her advanced research to 
challenge the modern-day national disease, family life, and child-
care, Kondoh’s facial expression betrays not the slightest hint of 
previous hardship when recounting the story. It seems she enjoyed 
the struggle and therein lies her strength. Her message to students 
is more enthusiastic than the words that describe her research.

“University life is more about what you do in the process, rather 
than the results you achieve. Once your learning has finished, the 
next step is to test your determination to see if you can push 
through the path you chose. Don’t choose the easy job, or 
because there are many positions available. Use your time at 
Tokyo Tech to examine your aptitude and reflect on things 
repeatedly until you are absolutely sure. There is no room for 
later regrets. To do so, fully absorb what you can learn now and 
march straight on in the path in which you believe.”

Horizontal collaboration transcending research fields is crucial for 
cancer  research .  Accord ing to  Kondoh,  Tokyo  Tech is  “a  
dream-come-true research venue with many front-runners in 
materials, information, and machinery research, all of which are 
indispensable to new medical development research.” The day 
when her ceaseless and insatiable endeavor bears fruit may be close 
at hand.

1 2014 statistics
Sourced from the “Annual Est imated Total of Vi tal  Stat ist ics of Japan” 
published by the Ministry of Health, Labour and Welfare.

2 Target-binding peptides
A peptide refers to a chain of multiple amino acids. Being artificially synthesiz-
able, peptides are also used to create vaccines. Target-binding peptides indicate 
peptides bound with specific target molecules (proteins, sugars, and lipids).

3 Hiroto Okayama
Okayama is a researcher specializing in life science innovation, biological 
science, and surgical clinical medicine. He served as Assistant Researcher at 
the National Institutes of Health in the U.S. from June to September 1984, has 
been Professor at the Research Institute for Microbial Diseases, Osaka Univer-
sity since April 1989, Professor at the Faculty of Medicine, University of Tokyo 
since April 1992 and was Professor at the Graduate School of Medicine, 
University of Tokyo from April 1994 until March 2011.

pharmaceutical products targeting hypoxic cells, optimal drug 
delivery systems, and the prevention of malignant transformation. 
Projects include developing cheap target-binding peptides2 which 
can replace antibody drugs, creating an efficient drug delivery 
system, searching for new drug targets, and revealing mechanisms 
of metastasis.

“Highly resistant to anticancer therapies and with a self-sus-
tained ability to survive, hypoxic cancer cells are like the root of 
all evil. Detecting and eradicating them at an early stage can 
surely save many lives, regardless of the cancer type.”

Kondoh’s childhood experience of being helped through constant 
illness by medicine gradually shaped her dream of developing 
medical drugs and led her to a pharmaceutical university. After 
graduation, Kondoh opted to learn immunopharmacology at gradu-
ate school, only to find the lab door tightly closed to women. “The 
classrooms as well as the labs were closed to me,” she reminisc-
es with a smile. So, after casually watching a TV program on immu-
notherapy in the U.S., Kondoh made a quick decision to enroll at a 
medical school in New York. She received a one-year scholarship 
from the Rotary Foundation which helped her cover daily expenses 
and tuitions fees. Immunology was the popular course at the time, 
so Kondoh eventually opted for Immunovirology instead. This deci-
sion prompted her to specialize in tumor virology at graduate 
school once back in Japan.

“The Immunovirology course in the U.S. was related to vaccine 
development research, which differs from the cancer research in 
which I’m currently involved. Anyway, I was tried and tested in a 
harsh environment with no special privileges for foreign students 
with substandard English proficiency. Anyone getting a C, the 
lowest score on the evaluation scale, was immediately expelled 
from school.”

Despite the challenges, Kondoh extended her U.S. stay by two 
years, completing the master’s program in Microbiology and Immu-
nology. Upon returning to Japan, she established cancer research 
as her  specia l ty  a t  Osaka Univers i ty ’s  Graduate School  o f  
Medicine. After obtaining a doctoral degree, she considered joining 
a company, but was again discouraged by a comment heard at the 
company’s employment test — Even women with doctoral degrees 
would be rated no more highly than junior college graduates.

Determined to dedicate her life to research, her passion, she joined 
a team named Okayama Cell Switching Project owned by the 
Research Development Corporation of Japan and led by Hiroto 
Okayama3, her mentor and then researcher at Osaka University. 
Since then, her efforts have centered on research at universities, 
including Kyoto University, where she spent time before coming to 
Tokyo Tech.

Kondoh didn’t ignore her private life either. During her years of 
intense research, she married and had two children, who were 
entrusted to a nursery on campus. When the nursery later faced the 
crisis of closure due to the retiring childcare workers and small 
number of children — three at the time — Kondoh took the initiative 
to find childcare workers in person, so it could remain open. 

Department of Electronic Chemistry
Interdisciplinary Graduate School of Science and
Engineering

Professor
Shinae Kondoh

Developing optical imaging systems for 
detecting hypoxic cancer cells

Aiming to conquer hypoxic cancer cells

Love for research paved the way

Carefully defining personal aptitude for the 
future

Profile
2010 Professor, Department of Biomolecular Engineering, Graduate School of
         Bioscience and Biotechnology, Tokyo Institute of Technology
2008 Professor, Graduate School of Medicine, Kyoto University
2004 Associate Professor, Graduate School of Medicine, Kyoto University
1999 Assistant Professor, Graduate School of Medicine, Kyoto University
1993 Research Associate, Okayama Cell Switching Project, Research Development  
         Corporation of Japan
1990 JSPS Research Fellow
1989 Doctor of Medicine, Graduate School of Medicine, Osaka University
1984 Master of Virology, Department of Microbiology and Immunology, 
         Albany Medical College of Union University
1981 Bachelor of Pharmaceutical Sciences, Faculty of Pharmaceutical Sciences, 
         Gifu Pharmaceutical University

A determined quest
toward new horizons
in cancer treatment

FACES: Tokyo Tech Researchers, Issue 17 - Shinae Kondoh / February 2016

Bioluminescence imaging of cancer cells in a 
metastatic cancer mouse model.
(The color reflects the number of cancer cells. 
The highest density appears in red and the 
lowest density appears in blue.)
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Mechanism of hypoxic cell-specific imaging probes

“Using optical in vivo imaging techniques on a small animal such 
as a mouse enables visualization of  not only the location, size, 
and spread of cancerous cells. but also the ‘status’ of their activi-
ty at the cellular level, which is crucial for monitoring the effect of 
new medicine tested on cancer cells. Several issues such as 
limited observation depth remain before clinical application, but 
diagnosis equipment that utilize optical systems are actively 
being developed worldwide and will greatly facilitate early cancer 
detection and treatment in the near future.”

The determinative characteristic of cancer cells, something normal 
cells lack, is their ability to survive even in a hypoxic microenviron-
ment, where the level of oxygen normally required by living organ-
isms to produce energy is limited. Hypoxic regions located far from 
blood vessels are also deprived of nutrition. Cancer cells in the 
hypoxic regions make every effort to survive in such a severe 
microenvironment, such as by suspending division to save energy 
and moving to a better microenvironment. They also rapidly resume  
proliferation once oxygen and nutrition levels improve. Kondoh 
cites such hypoxic cancer cells as a major obstacle to leading 
cancer treatments such as radiation therapy and chemotherapy.

“Radiation therapy is highly rated and can be the first choice for 
many patients outside Japan. Its biggest advantage is that it 
pinpoints affected areas while being non-surgical and non-inva-
sive, but its major downside is its limited effectiveness against 
hypoxic cancers.”

Hypoxic cancer cells are less sensit ive to radiation because 
oxygen introduced during treatment enhances the damaging effect, 
known as the “oxygen effect.” Many anticancer drugs target active-
ly-dividing cells and are less effective on hypoxic cancer cells 
remaining in a state of suspended proliferation. Hypoxic cancer 
cells have been a major stumbling block for effective cancer thera-
pies.

Sensing a potential breakthrough, Kondoh currently researches 
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to treat them effectively. Some scientists are tackling this challenge 
using the latest biotechnology for new examination and cure meth-
odologies. Professor Shinae Kondoh, who joined the Graduate 
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to multiple unidentifiable factors involved in the genetic damage 
mechanism. This is further exacerbated by the way the cancer 
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ments can create excellent markers to specify the affected loca-
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hypoxic cancer cells precisely and in real time while leaving normal 
cells unscathed. The optical imaging system uses fluorescent 
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fluorescent probes are selectively accumulated in hypoxic cancer 
cells and the reporters express an enzyme (luciferase), which 
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can be visualized by fluorescence and bioluminescence imaging, 
respectively.
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challenge the modern-day national disease, family life, and child-
care, Kondoh’s facial expression betrays not the slightest hint of 
previous hardship when recounting the story. It seems she enjoyed 
the struggle and therein lies her strength. Her message to students 
is more enthusiastic than the words that describe her research.

“University life is more about what you do in the process, rather 
than the results you achieve. Once your learning has finished, the 
next step is to test your determination to see if you can push 
through the path you chose. Don’t choose the easy job, or 
because there are many positions available. Use your time at 
Tokyo Tech to examine your aptitude and reflect on things 
repeatedly until you are absolutely sure. There is no room for 
later regrets. To do so, fully absorb what you can learn now and 
march straight on in the path in which you believe.”
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dream-come-true research venue with many front-runners in 
materials, information, and machinery research, all of which are 
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can replace antibody drugs, creating an efficient drug delivery 
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medical drugs and led her to a pharmaceutical university. After 
graduation, Kondoh opted to learn immunopharmacology at gradu-
ate school, only to find the lab door tightly closed to women. “The 
classrooms as well as the labs were closed to me,” she reminisc-
es with a smile. So, after casually watching a TV program on immu-
notherapy in the U.S., Kondoh made a quick decision to enroll at a 
medical school in New York. She received a one-year scholarship 
from the Rotary Foundation which helped her cover daily expenses 
and tuitions fees. Immunology was the popular course at the time, 
so Kondoh eventually opted for Immunovirology instead. This deci-
sion prompted her to specialize in tumor virology at graduate 
school once back in Japan.

“The Immunovirology course in the U.S. was related to vaccine 
development research, which differs from the cancer research in 
which I’m currently involved. Anyway, I was tried and tested in a 
harsh environment with no special privileges for foreign students 
with substandard English proficiency. Anyone getting a C, the 
lowest score on the evaluation scale, was immediately expelled 
from school.”

Despite the challenges, Kondoh extended her U.S. stay by two 
years, completing the master’s program in Microbiology and Immu-
nology. Upon returning to Japan, she established cancer research 
as her  specia l ty  a t  Osaka Univers i ty ’s  Graduate School  o f  
Medicine. After obtaining a doctoral degree, she considered joining 
a company, but was again discouraged by a comment heard at the 
company’s employment test — Even women with doctoral degrees 
would be rated no more highly than junior college graduates.

Determined to dedicate her life to research, her passion, she joined 
a team named Okayama Cell Switching Project owned by the 
Research Development Corporation of Japan and led by Hiroto 
Okayama3, her mentor and then researcher at Osaka University. 
Since then, her efforts have centered on research at universities, 
including Kyoto University, where she spent time before coming to 
Tokyo Tech.

Kondoh didn’t ignore her private life either. During her years of 
intense research, she married and had two children, who were 
entrusted to a nursery on campus. When the nursery later faced the 
crisis of closure due to the retiring childcare workers and small 
number of children — three at the time — Kondoh took the initiative 
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observation of real-time physical changes such as earthquake waves, 
ground transformation such as expansion of mountains, and changes 
in magnetism utilizing a global navigation satellite system (GNSS) and 
clinometers. Most active volcanos are constantly monitored in this 
way.

The second is geological observation. This involves evaluating volca-
nic potential by estimating and analyzing the form and scale of past 
eruptions through petrological, geological, and mineralogical survey of 
the amount and dispersion of ejecta and the chemical composition of 
lava.

The third is geochemical observation, Nogami's specialty. Volcanic 
activity is the emission of energy and matter, whose change can be 
monitored by continuously measuring the chemical composition of 
various gases, lake water, and other substances. Volcanic gas 
consists mainly of steam and other components such as sulfur dioxide 
(SO2), bisulfite (H2S), and carbon dioxide (CO2). Obtaining samples 
from a mixture of these components requires plenty of experience and 
special technology, but because volcanic gas travels fast, monitoring 
and quick assessment of subsurface conditions is possible. For sever-
al years prior to the 1976 eruption of  Mount Kusatsu-Shirane in 
Mizugama, former Tokyo Tech professor Joyo Osaka2 and members 
of his research group monitored changes at the site through geo-
chemical observation. The observations allowed his group to predict a 
phreatic explosion for the first time in the world. Using this method, 
abnormalities were also detected three months prior to the eruption of 
Unzen Fugendake3 in 1990, which allowed warning of the potential 
eruption to be given.

"While geophysical observation can detect volcanic activity, it is 
still difficult to understand whether magma is involved or to ascer-
tain the current condition of a volcano. Chemical analysis of the 
ejecta, however, makes it possible to monitor specific changes in 
volcanic activity. In other words, we can explain whether the 
volcano will become more active or settle down."

Nogami explains that integrating geography, physics, and chemistry 
allows us to better understand volcanic activity.

An active volcano is defined as one having fumarolic activity or that 
has erupted within the past 10,000 years. There are 110 active volca-
nos in Japan, 47 of which have been designated for monitoring by the 
Coordinating Committee for Prediction of Volcanic Eruptions, which 
Nogami is a member of. These are constantly monitored by the Mete-
orological Agency of  Japan. Among them, the observation and 
research of 25 active volcanos are prioritized. However, only few 
national universities, including Tokyo Tech, Kyoto University, and 
Kyushu University, are involved in the project. To make matters worse, 
a lack of leading researchers looms in the near future.

The Tokyo Tech Volcanic Fluid Research Center has joined forces 
with the Volcano Disaster Management Council of Kusatsu Town in 
Gunma Prefecture, where Mount Kusatsu-Shirane is located, and 
representatives from other prefectures such as Iwate and Toyama, to 

"What happens when a volcano erupts in Japan?"asks Professor 
Kenji Nogami at the Volcanic Fluid Research Center1 in Kusatsu, 
Gunma Prefecture. The Great Taisho Eruption at Sakurajima, Kagoshi-
ma Prefecture in 1914 was the largest volcanic disaster that Japan 
encountered in the 20th century. The spread of volcanic ash was 
reported as far away as Chichijima, Ogasawara, 750 miles to the 
southeast, and Sendai, 750 miles to the northeast. An equally large 
eruption could happen in Japan at any time.

"Ash from volcanic eruptions overseas has been known to reach 
the stratosphere, and ash from large eruptions in Japan can rise to 
more than 10,000 meters. That is enough to cover the whole Japa-
nese archipelago. Such eruptions have a serious impact on trans-
portation. Air traffic is grounded due to severely decreased visibili-
ty and the very real risk of accident due to high-temperature ash 
clogging plane engines, something that actually happened to a 747 
over Indonesia in 1982. Ash can also shut down expressways and 
rapid rail lines such as the shinkansen. When traffic networks are 
interrupted, supply chains are affected and the delivery of food 
and other important commodities is delayed. Some experts predict 
that Mount Fuji will erupt sooner or later, and there are numerous 
other volcanos in Japan that may erupt and throw communities 
and regions into turmoil."

The eruption of Mount Ontake in September 2014 is still fresh in peo-
ple's memories. The total number of dead or missing reached 63. That 
disaster was exacerbated by the type of eruption. Nogami explains 
the impact of phreatic explosions.

"Eruptions caused by phreatic explosions are much more difficult 
to predict than those caused by magmatic explosions. In a mag-
matic explosion, high-temperature magma flows into rock crevic-
es, which causes an earthquake swarm, ground transformation, 
and expansion of the volcanic body. In terms of chemical condi-
tions, the composition and emission of volcanic gas change. In a 
phreatic explosion, magma is not directly involved. Instead, volca-
nic gas and the steam generated by it cause the explosion. It is, 
however, extremely hard to know where and how much steam has 
accumulated, and preceding phenomena are also weak and infre-
quent. The Mount Ontake eruption was a phreatic explosion. While 
the scale was not large, it occurred at the worst possible time, just 
before noon when climbers were sitting down to eat their lunch on 
a fine Saturday in fall. That increased its impact greatly."

Although phreatic explosions are difficult to predict, Nogami says a 
method for doing just that is in sight.

There are three approaches to volcano monitoring. The first is geo-
physical observation. The most traditional method, it involves the 
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the benefits of volcanos."

Nogami spends most of his time each year in the mountains of Kusat-
su. Smiling, he says that he is more comfortable being outside than in 
the laboratory. When he was a child, he was always at home reading. 
He read all the books in the library at his elementary school. His 
parents were very worried, and decided to have him join the Boy 
Scouts. This started his lifelong interest in nature, and he continues to 
be a Boy Scout leader to this day. You never know what will be a 
turning point in your life, he says.

Nogami also has a message for students who are studying science 
and engineering.

"Try to broaden your view. Look at things from a wider perspec-
tive. In order to do so, it is necessary to go out and observe, get 
out of the virtual world of the lab. Working with actual objects is 
essential in all fields of research. While this does not always have 
to be outdoors, you need to see, touch, and observe. You should 
be willing to reach out and explore. Such experience increases 
your motivation to improve your skills and deepen your insight."

1 Volcanic Fluid Research Center
Because the world's first successful geochemical prediction of a phreatic explosion was 
the result of observations at Mount Kusatsu-Shirane, the Kusatsu-Shirane Volcano 
Observatory was established in 1986 in cooperation with the former Ministry of Health 
and Welfare and Kusatsu Town. The facility was reorganized and renamed in 2000.

2 Joyo Osaka
A professor emeritus at Tokyo Tech who specialized in geochemical research of 
volcanic eruptions. He was the leading expert in submarine volcano research. Osaka 
passed away in November 2011 at the age of 86.

3 Unzen Fugendake
A large volcanic eruption that caused a magmatophreatic explosion after a phreatic 
explosion in the crater on the east side of the Fugendake peaks of Mount Unzen, and 
the crater of Kujukushima on November 17, 1990. On June 3, 1991, a pyroclastic flow 
occurred in the area that ended with 43 people dead or missing in Shimabara City at the 
foot of the Fugendake peaks.

promote cooperation and information sharing. Unfortunately, the Volca-
nic Fluid Research Center suffers from a staffing shortage.

 "Volcano disaster management has three major pillars: observa-
tion, prediction, and action. The Volcanic Fluid Research Center 
has a volcano observatory that enables us to conduct research 
utilizing a wide variety of data. In cooperation with the Meteoro-
logical Agency, we base our predictions of volcanic activity on this 
data and information. One result of this research has been that 
Gunma Prefecture and Kusatsu Town have built a shelter at Mount 
Shirane that can accommodate 2,500 people. Because the main 
objective of predicting volcanic eruptions is to save lives, such 
projects should be promoted in other areas as well. The problem, 
though, is the declining number of individuals going into this area 
of research."

"Volcanos are active everywhere in Japan, even when they are not 
erupting. We need to work  together  in training more young 
researchers to prevent a critical shortage of manpower in volcano 
prediction research and disaster control."

Volcanos are not found only on land, but also in the seas around 
Japan. Tokyo Tech has conducted a wide array of research in coop-
eration with the Japan Coast Guard for more than half a century in 
places as far away as the Ogasawara archipelago and Ryukyu 
Islands. It has been 10 years since Nogami took over oceanic volcano 
observation from Professor Osaka, who first became Nogami's mentor 
during his days at Okayama University.

"Chemical analysis is essential in monitoring submarine volcanos. 
Collecting samples is difficult, however, because it requires a spe-
cial vessel. For this reason, we can only collect samples on certain 
occasions. What we usually do instead is look at the characteris-
tics of the area and coloration on the ocean surface from the air."

The ocean surface above the crater of a submarine volcano becomes 
muddied as a result of volcanic activity. This is caused by the sedi-
mentation of elements via the neutralization of alkali in the seawater 
and acid contained in the hot water gushing out from the submarine 
volcano. The result is called discolored seawater. Nogami points out 
that the unique research Tokyo Tech has carried out opened the way 
to ascertain the state of a submarine volcano using only photos and 
surface samples. When a submarine volcano around El Hierro at the 
west end of the Canary Islands in the Atlantic Ocean erupted in the 
fall of 2011, Nogami and his co-researchers at the site monitored the 
conditions and consulted with local government officials.

"The problems resulting from submarine eruptions differ from 
terrestrial eruptions, but both can have a significant effect on 
human activity. Japan has 14 volcanic islands that are home to 
approximately 27,000 residents. If one of these volcanos should 
erupt, residents can be evacuated. However, it is more difficult to 
determine if and when they can return to the island. Submarine 
volcanos also have the potential to affect shipping. If the pumice 
stones ejected from volcanos get caught up in the engine cooling 
systems of tankers and cargo vessels, serious problems can 
result. Volcanic ash can interfere with radar and GNSS. New land 
masses generated by submarine volcanic activity create issues 
related to territorial rights and exclusive economic zones, which 
means that submarine volcano research is directly connected to 
national interest."

Kusatsu, home of the Volcanic Fluid Research Center, is famous for 
hot springs. Many may not know that the town is truly an eco-city 
because it utilizes volcanic activity to its advantage daily. The abun-
dant hot spring water generated by the volcanic activity of Mount 
Shirane not only supplies the resort baths that tourists visit, but is also 
used together with a heat exchange system to supply hot water to 
households. For more than 30 years, hot spring water running in pipes 
installed under most roads have been used to melt snow.

"There is no other town in Japan which takes such advantage of 
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Examples of synthesized natural organic compounds

Three elements of synthesis

cleavage and recombination of chemical bonds, all of which present 
quite a challenge. Suzuki sought to meet these challenges as a 
pioneer in the field of organic synthesis.

There are two major facets of organic synthesis research — the 
development of reactions utilized in synthesis and the strategic plan-
ning to combine synthesis reactions. In terms of the former, Suzuki 
developed innovative methods for the construction of carbon skele-
tons and stereocontrolled synthesis2 utilizing chemical species with 
high reactivity such as benzyne and nitrile oxide. In terms of the latter, 
he successfully achieved a wide variety of syntheses targeting the 
hybrid structure of natural organic compounds, in which structural 
complexities derive from different biosynthetic pathways such as 
carbohydrates, terpene (biological material produced by a variety of 
plants, insects, and fungi), and polyketides3.

Suzuki says that organic synthesis is like working a jigsaw puzzle. 
Imagining the completed form of the compound he wants to create, 
Suzuki then takes the pieces apart in his brain, designs a combination 
of pieces, and rebuilds the structure. This is not, however, as easy as 
it sounds. In order to construct a complete compound, three elements 
are essential.

Of primary importance is the design of the basic skeleton. As men-
tioned, organic compounds consist  of  carbons. However, these 
carbons have a wide range of structures. Higher fatty acids such as 
linoleic acid have a linear chain structure while steroids have a 
multi-cyclic structure. The first step in the synthesis of compounds is 
to understand the basic skeleton of the molecules to be produced and 
search for a method of construction.

The second important element is that of functional groups. Functional 

It is hard to imagine today's world without the medicines that keep us 
healthy or the plastic products that bring convenience to our everyday 
lives. Despite their diversity, these products — called organic com-
pounds  — share the feature of a carbon skeleton making up their 
backbone. In addition to itself, carbon also bonds easily with elements 
such as hydrogen, oxygen, and nitrogen, making the number of poten-
tial organic compounds formed through the combination of these 
elements infinite.

Except for water and minerals, our bodies are composed mostly of 
organic compounds, with the sixty trillion cells in each of us surround-
ed by nucleic acids, proteins, carbohydrates, and fats working in 
concert to maintain life. When this harmony is disturbed, illness usually 
results. In the past, our ancestors sought cures in their natural environ-
ment. They found through experience that natural organic compounds 
in animals, plants, and microorganisms had special qualities and bene-
fits.

The problem was that many of the most effective ingredients of these 
were rare in nature and hard to come by. In today's world, the artificial 
synthesis of organic compounds is commonplace, but this was not the 
case before the late nineteenth century. It  wasn't until 1882 that 
German chemist Friedrich Wöhler1 accidentally discovered that an 
organic compound, urea, was produced when he heated an inorganic 
compound — ammonium cyanate — in a test tube. This marked the 
birth of artificial organic synthesis and the beginning of a new area of 
science. Today, organic compounds artificially produced from coal 
and petroleum, fabrics, and highly functional materials such as organic 
electroluminescence materials are indispensable in our daily lives. 
Added to these are the numerous designed and synthesized pharma-
ceuticals inspired by the structure of natural organic compounds.

According to Professor Keisuke Suzuki, "There is a fine line between 
a drug and a poison, and it is often the case that natural organic 
compounds are both bioactive and toxic. If we change the molecu-
lar structure, however, we can increase bioactivity and decrease 
toxicity. Take ivermectin, for example, a compound discovered by 
Nobel Prize winning Japanese biochemist Satoshi Omura. Its 
discovery made it possible to prevent blindness caused by oncho-
cerciasis, a parasitic disease affecting millions in Africa. Ivermectin 
was developed by hydrogenating avermectin, a product of micro-
organisms in soil samples collected in Shizuoka Prefecture. This 
massive potential is what makes organic synthesis so attractive."

While the above modification of natural product structures is called 
relay synthesis, there is another distinct approach known as total 
synthesis. Starting from scratch, that is, with simple easily available 
materials, researchers seek to synthesize compounds with complex 
structures via a number of reactions, a process called multistep 
synthesis. The synthesis of compounds with complex structures 
requires the selection of suitable starting materials, the application of 
appropriate reactions in the appropriate order, and the selective 

Keisuke Suzuki
Professor

sometimes feel that nature is testing us. It is this difficulty that 
appeals to me. Every day is a new intellectual challenge,"Suzuki, 
who is now engaged in the synthesis of safflower pigments and antibi-
otics, says.
In 2015, Suzuki's research was recognized with the Japan Academy 
Prize."I was deeply honored to receive such a prestigious award 
even though I have not yet reached my goal. This award has moti-
vated me to exert even more effort in my work,"he says.

Suzuki always keeps in mind the slogans of his mentor Mukaiyama: 
"The deeper you dig with faith, the newer you find," and "Honesty, 
cheerfulness, passion." He also clearly recalls the words of another 
mentor in his second hometown, Dieter Seebach, professor emeritus 
at the Swiss Federal Institute of Technology in Zurich: "One can 
certainly plan research, but not the results."

"I focus on curiosity-driven research," says Suzuki. "Research that 
goes as planned does not mean it is successful. We conduct 
research partly in the hope of finding something new even if our 
research does not go as smoothly as planned. I want students to 
learn the fundamentals, but I also want them to establish innova-
tive hypotheses and develop their own research. Don't be afraid of 
mistakes. From unexpected results emerges new value."

1 Friedrich Wöhler （1800-1882）
Wöhler discovered crystalized urea by chance while heating ammonium cyanate. He 
showed that organic compounds could be synthesized from inorganic compounds.

2 Stereocontrolled synthesis
An asymmetric carbon atom is attached to four different substituents. The four 
substituents can be arranged in space in two different ways that are mirror images of 
each other (isomers), which leads to the creation of so-called left-handed and 
right-handed versions of the same molecules. A compound with (n) asymmetric carbon 
atoms has 2n isomers (diastereoisomers), which are hard to separate. However, 
chemical reactions have recently enabled us to develop a method of acquiring the 
necessary isomers. This is called stereocontrolled synthesis.

3 Polyketides
Polyketides are compounds with cyclic structures that are produced by certain living 
organisms. They comprise a wide range of complex compounds produced when acyclic 
ketone is synthesized from acetyl-CoA and malonyl-CoA. Many pharmaceutical 
products and agricultural chemicals are derived from polyketides.

4 Teruaki Mukaiyama （1927- ）
Mukaiyama has been engaged in the development of a wide variety of unique organic 
compound reactions, including the Mukaiyama aldol reaction. Recipient of the 
prestigious Order of Cultural Merit, he is Tokyo Tech's honorary professor, and 
professor emeritus at the University of Tokyo and the Tokyo University of Science. He 
was previously researcher emeritus at Kitazato University Center for Basic Research.

groups are specific clusters of atoms attached to the carbon chains 
that are responsible for chemical reactions and provide chemical char-
acteristics to specific molecules. Organic molecules can be compared 
to fish, where carbon skeletons are the fish bones and their functional 
groups are the fish meat.

The third important element is stereochemical control. Suzuki explains 
this using the flounder as an example. Some flounders have eyes on 
the left side of their heads while others have them on the right."Floun-
ders are similar but completely different," he says, "which makes 
them wonderfully analogous to our research. If we want to make a 
flounder with eyes on the left side, we need to make a structure 
specific to that left-eyed species and add some meat to complete 
the body. The key to successful synthesis is the combination of 
three elements — creating carbon skeletons, arranging functional-
ities, and controlling stereochemistry."

It  sounds easy, but there are many difficulties in the process of 
synthesis. Teruaki Mukaiyama4, Suzuki's former academic advisor at 
the University of Tokyo, focused on the development of new reactions 
because he saw this as the way to produce something from nothing. 
He complimented this with synthetic studies, which he saw as the way 
to apply results from the new reactions to other bigger possibilities. 
This thinking motivated Suzuki to pursue the development of reactions. 
He was also secretly looking into synthetic studies, which at the time 
were unrelated to his graduate work. His experience in both fields, 
however, boosted his research work after he accepted a position at 
Keio University.

In reality, reactions and syntheses are two sides of the same coin, 
which means that we need both in our research. It is really just like 
mountain climbing. The development of reactions is like the prepara-
tion for the climb, while making synthesis plans is like selecting a route. 
It takes good equipment and the right route to make it to the top. 
Suzuki mentions another challenge that needs to be overcome before 
the summit of the mountain can be reached.

"Molecules with complex structures have strong characteristics 
and are hard to manipulate. Returning to our analogy of mountain 
climbing, it's like we are facing an obstacle preventing us from 
making the final push to the summit. I have experienced such 
obstacles in my work and have broken through. In research, just 
as in mountain climbing, reaching the peak is the greatest reward."

The challenge lies in the acquisition of pure compounds. Natural 
organic compounds with complex structures are chemically unstable 
and often hard to purify due to their special characteristics. In addition, 
if the target compounds are water-soluble, everything becomes even 
harder in terms of synthesis and final purification. This interferes with 
the synthesis of natural organic compounds with complex structures, 
which is a challenge for the future.

"Many molecules that play specific roles in nature have attractive 
structures. We aim to produce such molecules through organic 
synthesis. Although nature has no difficulty in creating such mole-
cules, we are forced to endure the process of trial and error. We 
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common appliances, Akagi is now focusing on large-scale construc-
tion machinery rather than the devices most people are familiar with.

"Inverters," Akagi says, "are already a component in hybrid vehi-
cles, and manufacturers are now actively promoting the electric 
motorization of construction machinery as well. I am working with 
construction material suppliers on the joint development of mining, 
construction, and heavy industrial machinery. This is an area that I 
am very interested in. Hybrid vehicles require 50 kW inverters. 
Super-large dump trucks employed in mining require 1,000 kW 
inverters. These are equivalent to those mounted on shinkansen 
coaches."

Super-large dump trucks have tires that measure about four meters in 
diameter. Mounting 1,000 kW inverters would increase efficiency by 
one percent and reduce electricity use by about 10 kW. The increase 
in efficiency would also make it easier to cool power electronics devic-
es, make devices more compact, and reduce the cost of inverter 
production."This is, however, easier said than done," Akagi com-
ments.

"The stability and efficiency of high-voltage high-current power 
converters may deteriorate with large loads," he continues. "Finding 
a way to improve efficiency is a very interesting challenge for me."

"When dealing with high voltage and current, it is necessary to 
have a sensible power conversion circuit even if the circuit looks 
complicated. However, thinking out or identifying a sensible power 
conversion circuit requires a combination of comprehensive knowl-
edge and creative intuition, which come from having fully under-
stood the essentials of power conversion and having gained prac-
tical experiences in power conversion. It's very much like the stra-
tegic board game of Go, in which we can describe a move as 
tactically good or tactically bad. Even if it is patented, no one is 
going to use a tactically bad power conversion circuit. This con-
cept of tactics is often difficult for students to grasp. It is crucial 
for them to understand the true essence of power conversion and 
accumulate relevant experiences."

It may be due to this dogma that when Akagi decides to embark on 

Power electronics technology is applied in a wide range of home 
appliances such as air  conditioners, refrigerators, and washing 
machines, and other important indoor elements such as LED and 
fluorescent lighting. A prime example of this technology is the inverter1, 
an energy-saving system that is, among other things, used to control 
the rotation speed of the motor that drives the compressor in air 
conditioners.

"The inverter plays a key role in power conversion and control 
systems. It converts direct current to alternating current, often 
utilizing semiconductors, and is also used to regulate electric 
power. This applies to solar power generation too. Power electron-
ics converts direct current from the panels to 50/60 Hz alternating 
current and transmits it to the electric power system," says Profes-
sor Hirofumi Akagi, a man with 43 years of power electronics research 
experience under his belt.

Power electronics research can be divided into two major areas: the 
development of high-speed low-loss power semiconductor devices 
capable of on/off switching to achieve efficient electric power conver-
sion, and the application of these power semiconductors in compo-
nents such as power inverter circuits, control devices, and motor 
drives. Akagi is working on the latter, an area directly connected to 
product development conducted by private sector companies.

Power electronics emerged in 1957 with the invention of silicon-con-
trolled rectifiers (thyristors), which are semiconductor devices capable 
of tolerating high voltage and power. Since then, research has resulted 
in the development of low breakdown voltage, high-speed semicon-
ductor devices such as MOSFETs2, IGBTs3, and newly structured 
high-voltage large-current semiconductor devices with reduced power 
loss and increased usability. Mean-
while, control technology utilizing 
analogue and digital signal process-
ing has also seen remarkable devel-
opment. As a result, power electron-
ics technology has found applica-
t ions  in a  varie ty  o f  f ields  as  a  
f unda men t a l  t e chno lo g y  t ha t  
supports modern-day lifestyles. It  
drives the development of computer 
power supplies, home and office 
appliances, industrial equipment, 
ra i lwa ys,  au tomobiles,  mar ine  
vessels, and aircraf t, as well as 
power generation, transmission, and distribution systems.
Akagi continues, "An American academic association predicts that 
by 2030, 80 percent of the world's electricity will be generated or 
consumed through power  electronics technology. This is an 
extremely important fundamental technology that not only helps to 
save and create energy, but also provides real solutions to global 
environmental and energy issues."

Despite the broad application of power electronics technology in 

Hirofumi Akagi
Professor

hometown as professor at Okayama University and spent nine years 
researching power electronics before joining Tokyo Tech, where he had 
taken his master's and doctoral degrees. He took over the laboratory where 
he had carried out research as a graduate student. Looking back, Akagi 
says that he felt a deep sense of responsibility and mission, as he does 
today. 

"The research environment at Tokyo Tech is excellent. Our power elec-
tronics lab is directly related to manufacturing and provides students a 
wide range of opportunities to experience modeling, analysis, simulation, 
experimental device design and production, data measurement, and 
characteristics evaluation, which cover the requirements of engineering 
research and are useful for research and development at both compa-
nies and universities after graduation. Tokyo Tech is also proud that its 
education and research paradigm focuses not only on the experimental 
aspect, but also on the theoretical one. Tokyo Tech's strength lies in 
providing a research environment that combines know-how, technology, 
and advanced equipment. I hope more students are able to take full 
advantage of these benefits. The Institute has excellent students from 
overseas who promote interactions beyond the boundaries of culture. 
Some have acquired doctoral degrees and passed the most advanced 
Japanese language proficiency tests. As a result, they have been hired 
by Japanese companies and bear core responsibilities in the research 
and development of power electronics."

Japan leads the world in power electronics technology, the driving force of 
which has been the nation's advanced railway system, a source of childhood 
fascination for the professor. This attraction appears undiminished. With his 
eyes on the future, Akagi feels that Japanese and international researchers 
alike have a continuing responsibility to work toward realizing more effective 
use of electricity.

1 Inverter
A power conversion circuit that changes direct current to alternating current. Inverter air 
conditioners make it possible to adjust compressor revolutions, and enable rapid cooling 
and heating, and detailed temperature control. Inverters also make it possible to achieve 
a significant reduction in energy use.

2 MOSFET
Metal-oxide-semiconductor field-effect transistor. A type of field effect transistor 
utilizing silicon. MOSFET utilizing silicon carbide (SiC) is a next-generation high-voltage 
high-current power device.

3 IGBT
Insulated-gate bipolar transistor. A bipolar junction transistor mounting MOSFET in the 
gate section and the major high-voltage high-current power device.

4 IEEE
Institute of Electrical and Electronic Engineers, an international organization in the field of 
electric and electronic engineering with its headquarters in New Jersey. IEEE has 
420,000 members, making it one of the largest technical professional organizations in 
the world.

research partnerships with companies, he selects a research topic 
which requires five to ten years of work. Companies often look one or 
two years down the road, but very rarely envision the next ten years. 
The reason for this is the tremendous cost of research. Few compa-
nies want to solely take on this burden. Universities, on the other hand, 
can continue research on the same topic as long as they have fund-
ing. In such cases, the cost for companies drops to about one tenth. 
This is what has continuously allowed Akagi to conduct joint research 
with private sector partners.

"I first learned about power electronics in college, but my interest 
in engineering really started in my childhood," Akagi reflects on his 
past. He was born and raised in Okayama city, where his father was 
working for the Japanese National Railways. Living near the station, he 
saw the steam engine locomotives hauling passengers and freight 
every day. On a family trip, a glimpse of the newest limited express at 
Kyoto station, the Kodama 151 series, is still a very clear memory.

Akagi smiles as he talks about making rubber-band-powered planes in 
elementary school. "I bent thin bamboo strips in warm water to 
make a frame, and pasted paper on the wings, tail assembly, and 
tail fin. I sprayed it with water and let it sit overnight so that the 
paper would tighten and strengthen the frame. When I flew it, it 
swooped up, then dived down suddenly, and crashed. I adjusted it 
here and there, trying again and again until it finally flew level and 
long. This was my start in manufacturing."

Becoming more and more enthralled by manufacturing, Akagi entered 
the Department of Electrical Engineering at Nagoya Institute of Tech-
nology. He was interested in electric power and energy, including elec-
tric motors and generators, control theory, and electric power system 
engineering. Still, his main interest was in power conversion circuits 
and systems. It was here that he first encountered the field of power 
electronics technology and the use of silicon semiconductors to 
control electric power. He was amazed by the fundamental technology 
used to control torque on the direct-current (DC) motors that drove 
the 1.5 kV DC electric railcars. In his fourth year, in April 1973, he 
joined a research group focusing on power electronics technology. 
This was the beginning of his adventure into research which would 
become his lifework.

A big turning point for Akagi was research on the theory of instanta-
neous reactive power in three-phase circuits, which he presented at 
the International Power Electronics Conference in April 1983 while 
working as lecturer at Nagaoka University of Technology. Active 
power consumes electricity in alternating-current circuits, reactive 
power does not. At universities worldwide, active and reactive power 
are taught  in single-phase circuits, and are then expanded to 
three-phase circuits. Instantaneous reactive power requires information 
on past voltage and current, which automatically renders it inaccurate 
because information in the past cannot be instantaneous. In the 1970s, 
researchers and engineers working on power electronics technology 
around the world tried to solve this problem, but no one was able to 
establish a convincing theory. Akagi, thinking in reverse, began with 
three-phase circuits to define instantaneous reactive power and 
utilized formulas to establish its physical meaning.

Akagi explains, "The definition and physical meaning was consis-
tent with speculation, which prompted experts to accept it as 
valid. Currently, this theory of instantaneous active and reactive 
power in three-phase circuits is called the p-q theory."

As soon as he established the p-q theory, he applied it  to  a  
three-phase power conversion system and experimentally verified 
operating characteristics that had until then been impossible to obtain 
through the application of the conventional reactive power theory. His 
research paper was published in the July 1984 issue of the IEEE4 
Transactions on Industry Applications, the world's most authoritative 
journal in the field of power electronics, and he gained the admiration 
of power electronics researchers and engineers worldwide. The total 
number of citations from the conference paper presented in 1983 and 
the Transactions paper published in 1984 reached 4,000, a number 
that continues to increase over 30 years after the two papers were 
first presented and published.

After leaving Nagaoka University of Technology in 1991, Akagi returned to his 
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Hatano is now focusing on the development of a diamond sensor, 
which has attracted attention around the world due to its potential 
application to biology.

In a diamond crystal, carbon atoms can be replaced by nitrogen 
atoms to create nitrogen-vacancy complexes (NV centers). Negatively 
charged NV centers exhibit a magnetic property called electron spin1. 
Green light  radiation causes the emission of  red fluorescence. 
Depending on the magnetic field, fluorescence processes change, and 
magnetic field strength and direction can be detected. Diamond 
sensors apply these characteristics, and the imaging of a magnetic 
field is enabled.

Diamond sensors are superior to other sensors because they allow a 
wider range of spatial resolution — from nanometers to millimeters — 
and have a high magnetic sensitivity. Another outstanding characteris-
tic is that while SQUID magnetic sensors conventionally require a low 
temperature, diamond sensors operate at room temperature.

Diamond sensors enable scalable application to spatial resolution, 
which is required for the nanometer-level analysis of protein structures, 
submicron cell measurement applied to drug delivery and immunologi-
cal testing, and micron-level analysis of medical imaging, medicines, 
foods, and noninvasive measurement.

Hatano wants to address issues in both the dynamic use of diamond 
sensors in power device semiconductors and the application of 
diamond sensors at the nanoscale. In order to do so, she facilitates 
integration of research in areas such as the life sciences, theoretical 
physics, materials sciences, and her specialty — electronics and elec-
trical engineering — and promotes collaboration with overseas 
researchers.

Hatano's research on diamonds is an outgrowth of her general interest 

"While we think of diamonds as very expensive jewelry, they can 
actually be made using methane and hydrogen. Diamonds are 
really just carbon, a light and simple element. Their simple yet 
unique characteristics create significant potential for use in a wide 
range of purposes, including generation of environmental energy 
and biological applications," says Professor Mutsuko Hatano.

Hatano joined Tokyo Tech with the goal of developing diamond-based 
semiconductors for use in power electronics and sensors.

Diamonds, although nonconductive, can be altered to function as 
semiconductors with the addition of phosphorus and boron. Silicon, the 
most common semiconductor, is widely used in memory devices and 
microprocessors. It is also used in power devices. As power devices 
are key for social infrastructure that facilitates smart grids, high 
capacity is required. As a result, the demand for high-capacity power 
production with minimal loss during power conversion calls for the 
development of new semiconductor materials.

The thermal conductivity of diamonds is 14 times greater than that of 
silicon, and electrical field resistance is 30 times greater. High thermal 
conductivity allows the release of heat, which can reduce the size of 
cooling systems normally required during the generation of increased 
levels of electric power. High electrical field resistance suppresses 
power conversion losses. With these characteristics, diamonds are the 
ultimate semiconductors for electronic devices that require several 
kilovolts (kV) of  power, such as those used in electric vehicles, 
railways, and power transmission.

Although the formation of diamond-based n-type  semiconductors, 
whose conduction carriers are electrons, and p-type semiconductors, 
whose conduction carriers are electron holes, has been achieved, the 
difficulty has traditionally lain in the formation of the lateral p-n junction, 
which is the basic structure of devices. Collaborating with researchers 
at the National Institute of Advanced Industrial Science and Technolo-
gy, Hatano established a lateral p-n junction, which was then applied 
to a junction field effect transistor (FET) prototype. This was the 
world's first high-voltage power device, whose application to power 
supply optimization in smart grids is significantly reducing environmen-
tal impact.

Mutsuko Hatano
Professor

"I came to Tokyo Tech with a clean slate," Hatano says.

The professor moved 
from Hitachi L td. to  
Tokyo Tech in July 2010, 
a  change she made 
after deciding to shift her 
focus to  education. 
Although her work at 
Hitachi was fulfilling and 
secure, she chose a 
completely  dif ferent  
environment because 
she dislikes complacen-
cy, opting instead to 
follow a scrap-and-build life. At first, she felt the stark contrast between 
private enterprise and university. Sharing her struggle with students, however, 
she was able to show that, regardless of the occasional ups and downs, 
anyone could start from zero at any time.

Hatano has a message 
f o r  T o k y o  T e c h  
s t u d e n t s .  " I t  h a s  
become increasingly 
important to create 
new and innovative 
v a lue  r a the r  tha n  
simply focus on prob-
lem solving. Tokyo 
Tech students should 
apply their knowledge 
to the creation of new 
value and the design of 

a new society through cooperation with people specializing in a wide 
range of fields. With mutual understanding and cooperative competition, 
things that you simply can't create alone emerge."

To conclude, Hatano reveals a secret. When producing artificial diamonds for 
sensors, some diamonds become pink. We are not exactly sure why this 
happens. Naturally colored diamonds are rare and sell for incredibly high 
prices overseas. In 2013, a 59-carat pink diamond sold for 8.3 billion yen. "I 
dream of being surrounded by diamonds one day, like 007," Hatano 
smiles. Her research continues.

1 Electron spin
The rotation of charged electrons, which can be regarded as a circular current, 
generates a magnetic field along the axis of rotation.

in science, something that was sparked during her early childhood. On 
her fourth birthday, she received Virginia Lee Burton's Life Story from 
her grandfather. This children's story of the history of Earth impressed 
her deeply. Hatano's parents both have science backgrounds, and 
she often talked with her father about things such as which atoms 
made up the food they were having for dinner. She was also excited 
by the experiments in her elementary school science class. The 
professor looks back happily on her childhood. She says that the 
educational environment at home and school worked well for her, 
considering Japan's need to compete globally in the field of science 
and technology in order to compensate for its lack of natural resourc-
es.

At Hitachi, Ltd., where she was hired after graduating from university, 
Hatano was engaged in fundamental research on superconductivity 
and quantum effect devices for 12 years. During her employment, she 
also earned her doctorate. She then worked as a project leader in 
research and development for  the commercialization of  mobile 
displays, and projects related to environmental energy electronics.

Hitachi sent her to participate in joint research at University of Califor-
nia, Berkeley (UCB) for three years in 1997. That experience had a 
great impact on her way of thinking and approach to research. Her 
specialty was electronics, but she chose to collaborate with a profes-
sor specializing in machine engineering. Through the accumulation of 
research on heat, they deepened their mutual understanding and 
discovered a new field, something that was extremely meaningful for 
her.

"Coming from different backgrounds, our discussions had a syner-
gistic effect that led to the establishment of a new field. Changing 
specializations and jobs is common in Silicon Valley. Through such 
mobility, technology and know-how are expanded to a wide range 
of locations. This leads to the establishment of new startup com-
panies," Hatano says.

The professor was exposed to a wide range of stimuli living in a differ-
ent culture. When she moved to UCB, her firstborn was an elementary 
school student while her second daughter was in nursery school. At 
that time, Silicon Valley was experiencing its peak period of new start-
ups. The elementary school attended by her first  daughter had 
students from over ten different countries, reminding Hatano that 

Silicon Valley was attracting specialists from around the world. The 
infrastructure, however, was struggling to keep up with the rapid 
growth in population, and schools had reached capacity. In an effort 
to counter this, Hatano was involved in the establishment of a new 
elementary  school in cooperation with other  companies in the 
region — HP Inc., Xerox Parc, and numerous startups. Some of the 
classes were taught by employees from universities, NASA, and major 
enterprises.

"My daughter's classmate's mother was a professor at Stanford Univer-
sity. She dissected a cow's eye for the students, which wowed every-
one. Until then, my daughters had only had the chance to dissect frogs, 
making that an unforgettable experience for them," Hatano reminisces.
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Field survey near Ishigaki Island, Okinawa

"Coral is a sessile animal that eats plankton, which it catches with 
its tentacles. However, this provides only a limited part of the 
energy required for it to live. The remaining part is obtained from 
photosynthetic algae called zooxanthellae, which live within the 
coral tissue. Bleaching occurs when these symbiotic algae lose 
their pigment under, for example, thermal stress caused by high 
water temperature, turning the coral completely white," Nadaoka 
explains.

Loss of pigment in the photosynthetic algae means that they are inca-
pable of photosynthesis. The nutrients required by the coral are no 
longer available, eventually leading to starvation and death. The death 
of the coral significantly interrupts the entire food chain in the ecosys-
tem. The negative impacts are immeasurable.

The professor continues, "From the view point of controllability, we 
have to presume that global warming will continue for  a few 
decades and hence the risk of coral bleaching will increase further. 
From this perspective, the so-called ‘resilience’ of ecosystems 
becomes important for ecosystem conservation. Namely, abnor-
mally high seawater temperature in summer, which may cause 
coral bleaching, will occur once every few years and even more 
frequently in the future. With this in mind, it is of great importance 
that we consider how to accelerate the recovery of coral reefs 
after each bleaching event, that is, how we can increase resilience. 
In order to achieve this, it is necessary to reduce local anthropo-
genic impacts on coral reef ecosystems such as the inflow of red 
clay and excessive nutrients from surrounding areas. Unfortunate-
ly, ecosystem resilience is declining. It is therefore our immediate 
mission to take effective measures to stop this declining trend."

In addition to Okinawa, Nadaoka has established and managed a wide 
range of projects in other areas of Japan and Southeast Asia with the 
aim of realizing a sustainable and resilient socio-ecological system 
(SES) as an effective framework for conservation and restoration, 
including disaster prevention, of coastal ecosystems at risk.

In the Science and Technology Research Partnership for Sustainable 

Life on Earth has survived 4 billion years of change. Including forms of 
life that have become extinct, our planet has been home to some 30 
million species. Various biotic communities interact with each other 
and also with the surrounding environment. Such an interacting system 
is called an ‘ecosystem’ . Its soundness may not be maintained if the 
balance in the ecosystem is disturbed by human impacts on it.

Professor Kazuo Nadaoka and his research group have conducted 
surveys and research on coastal ecosystems with a focus on their 
conservation for about twenty years. Specifically, they have surveyed 
and analyzed ecosystems in tropical and subtropical coastal areas, 
mainly coral reefs, with the aim of conserving them from a wide range 
of environmental threats and feeding their research output back to the 
local communities which rely on ecosystem services.

"Coral reef ecosystems are at greatest risk. At the 10th Meeting of 
the Conference of the Parties to the Convention on Biological 
Diversity (CBD-COP10) held in Nagoya in October 2010, participat-
ing countries adopted targets collectively known as the Aichi 
Biodiversity Targets. In one of the 20 targets, the coral reef eco-
system is specified as an ecosystem requiring urgent conservation 
action. Coral reefs are typical ecosystems that indicate their  
vulnerability to various environmental stresses caused by human 
activities and climate change," Nadaoka says.

Nadaoka points out that coral reefs in tropical and subtropical zones 
are threatened by a wide range of complex factors, which include not 
only global-scale factors such as climate change, but also various 
local-scale human-induced environmental issues.

For example, coral reef ecosystems in Okinawa, Japan are facing 
threats of red-silt runoff from adjacent land areas and excessive nutri-
en t  discharges,  which  are  thought  t o  cause  ou tbreaks  o f  
crown-of-thorns starfish (Acanthaster planci), known as typical preda-
tors of corals. Furthermore, coral bleaching, which results mainly from 
rising water temperatures, has also produced significant damage. This 
phenomenon was damaging to the Ryukyu Islands particularly in 1998 
and 2007. Most recently, 2015 and 2016 have seen the worst coral 
bleaching in history throughout the world.

Kazuo Nadaoka
Professor

sustainable development of the regions."

Nadaoka was engaged in physical oceanography and coastal engineering 
before he started research on conservation of coastal ecosystems. After 
graduating from the master's program in civil engineering at Tokyo Tech, he 
spent the next five years as a researcher at the Port and Harbour Research 
Institute of the former 
Ministry of Transport.

In  19 8 3 ,  N a d a o k a  
returned to Tokyo Tech 
as an assistant profes-
sor as requested by his 
former academic super-
visor, Professor Emeritus 
Mikio Hino. The turning 
point, however, came in 
his late 30s in Okinawa, 
where Nadaoka was 
dispatched to teach an 
intensive course on fluid dynamics at the University of the Ryukyus.

"I gave the students their  final assignment at the end of  the 
course. I asked them to write about two water-related issues in 
the Okinawa Islands. I was surprised to find that most of  the 
students brought up the issue of red clay runoff from land into 
adjacent coral reefs, along with water shortages in the Islands. At 
that time, I had been thinking about the need for  integrated 
approaches combining the study of land and coastal oceans for 
properly tackling coastal environmental problems. I took, therefore, 
strong interest in the problems in Okinawa."

Inspired by the students, Nadaoka has today become one of the lead-
ing researchers in the search for environmental solutions that reflect 
both global and local viewpoints. He has a message for Tokyo Tech 
students, the same message he has always given to the students 
engaged in research with him:

"Rather than simply be shown or presented, research findings are 
best used for establishing concrete plans of action towards a 
sustainable environment and improved society. For such plans to 
ultimately succeed, it is also necessary to include people of the 
community and government in discussions to deepen trust and 
cooperation, and to ensure proper coordination until actual imple-
mentation is reached. This ability to put findings to practical use is 
extremely important for researchers."

Development (SATREPS) program jointly organized by the Japan 
Science and Technology Agency (JST) and the Japan International 
Cooperation Agency (JICA) to address global-scale issues overseas, 
Nadaoka — as a project leader — has facilitated various collabora-
tions with other research institutions.

The five-year Coastal Ecosystem Conservation and Adaptive Manage-
ment under Local and Global Environmental Impacts in the Philippines 
(CECAM) project began in 2010. Based on investigation of the mecha-
nisms maintaining biodiversity of the coastal ecosystems and their 
changes under various environmental stresses, the project developed 
effective schemes for coastal ecosystem conservation with local com-
munity management for  controlling environmental stresses and 
enhancing resilience of coastal ecosystems.

Nadaoka put enormous efforts into implementing the project results in 
local communities and the central government by holding site-based 
meetings and related activities. In these attempts, he realized that 
sharing a sense of crisis  among stakeholders, based on scientific 
evidence generated by the project, was the key to motivating people 
to take effective action for ecosystem conservation.

"There is a beautiful beach resort in Boracay Island, which is locat-
ed in the central Philippines. The beach, however, is experiencing 
severe erosion, putting the island's valuable tourism resource at 
risk. Our surveys and analyses clarified that excessive develop-
ment for tourism had damaged the coral reef ecosystem in front of 
the beach and led to this erosion. If profit-seeking tourism contin-
ues in this way, the deterioration of the ecosystem will progress 
and the beach will disappear. In order to enhance local people's 
awareness about the importance of sustainable tourism develop-
ment, it was necessary to communicate with them by sharing 
scientific evidence obtained in the project about this causal rela-
tionship."

The CECAM project officially ended in February 2015. More recently, a 
new SATREPS project for Indonesia and the Philippines entitled the 
Comprehensive Assessment and Conservation of Blue Carbon Eco-
systems and their Services in the Coral Triangle (BlueCARES), which 
was adopted in May 2016, is now being prepared for full-scale imple-
mentation around March 2017. Nadaoka is the principal investigator. 
The project focuses on blue carbon, biological carbon sequestrated in 
coastal-marine ecosystems, and aims to establish and propose a Blue 
Carbon Strategy for enhancing local efforts to conserve the coastal 
ecosystem and improve its resilience, thereby contributing to the 
mitigation of global warming.

Nadaoka comments, "The benefits we get from ecosystems are known 
as ecosystem services. If we focus on improvement or enhancement of 
only one aspect among various ecosystem services, the soundness of 
the ecosystem may not be maintained. It's far from simple. For example, 
increasing the mangroves or seagrass beds may improve the blue 
carbon function; but doing so alone may adversely affect the ecosystem 
and, for example, reduce the fish catches in the area, an important 
factor of ecosystem services. In the BlueCARESproject we will compre-
hensively evaluate a wide range of ecosystem services that local societ-
ies benefit from, and formulate plans that collectively maximize these 
services. After that, we can proceed to apply these plans to some local 
communities as pilot models. If we can demonstrate success, such plans 
can then be expanded to other local communities. This is what we are 
aiming to do."

He continues, "The coral triangle, the target area of the project, is located 
around Indonesia and the Philippines and has the world's richest ecosys-
tems with high biodiversity. Unfortunately, however, various anthropo-
genic impacts have accelerated their deterioration. In addition to corals, 
seagrass beds and mangroves have also been heavily damaged. As a 
researcher, I hope to contribute to the establishment of specific mea-
sures to realize both effective conservation of the ecosystems and 
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An international consortium involving partners in Japan, the U.S., and 
Europe collects data on patients in different countries, which may help 
clarify intestinal environment changes particular to the Japanese.

"Research on the intestinal environment has progressed in the 
right direction, and I already feel that we are close to realizing suc-
cess in the early detection of colorectal cancer by utilizing our 
findings."

Bioinformatics, an area of science developed through the integration 
of biology and informatics, has played a significant role in the progress 
of research. Bioinformatics combines experiments and measurement 
technology utilizing computers for biological research. It was estab-
lished as an academic field in Japan around the year 2000. Since 
then, Yamada has been active at the forefront of the field.

"As with other academic fields, the field of biology involves a significant 
amount of experimentation. Of course, experimentation is always 
important, but high-throughput experimental techniques have become 
more common in the past twenty years, and the amount of data 
obtained from these fundamental experiments is tremendous. Therefore, 
it was essential to integrate informatics with biology to analyze these 
colossal amounts of data."

Take, for example, human genes, which are composed of a sequence of 
DNA base pairs3 linked together like a chain. The human genome is com-
posed of over three billion base pairs.

"Genomic analysis consists of many techniques, one of which is 
comparison with other genes discovered in organisms. It is like 
looking for 100 letters (i.e. already known genes) in a pile of three 
billion letters. Anal-
y s i s  r e q u i r e s  a  
method of extract-
i n g  t h o s e  1 0 0  
l e t t e r s  f r om  t he  
huge pile."

A s  e x p la in e d  b y  
Yamada, bioinfor -
matics star ts  from 
the input and organi-
zation of  obtained 
da ta  in t o  a  da ta -
ba se.  In  b io logy ,  
obtaining experimen-
tal data has always been key. The accumulated data, however, has 
grown to a massive three billion letters, and analysis and extraction of 
meaning has become difficult. As a result, computer analysis has 
become crucial, and thinking has now shifted significantly — the focus 
is less on simply obtaining data, and more on how to effectively 
analyze that data.

Research is done through teamwork, but someone must be in the 
driver's seat to make decisions about the direction of research. When 
a research team is "driving their car," the driver steers while the 
passengers serve as navigators or fill other supporting roles. In the 
past, researchers in experimental biology were the drivers while 

"A wide range of bacteria live in the human body. There are some-
where in the neighborhood of one thousand different types, and 
some 10 to 100 trillion total bacteria in each of us. The number of 
cells in the human body is 38 trillion, so bacteria, while being living 
entities of their own, are not foreign substances. They are an 
essential part of us," says Associate Professor Takuji Yamada, a 
leading researcher of intestinal environments.

"Although the influence of these bacteria is not yet completely 
known, it is natural to think that they are somehow involved in all 
activities within the body because normal bacterial flora account 
for nearly half of all our cells. Recently, genomic analysis1 has 
become a key factor in tailor-made medical care2. While the bacte-
ria in our bodies are not related to our individual genome, they 
replace themselves through continuous replication. In addition, 
normal bacterial flora differ in each individual. Therefore, in terms 
of medical care, we need to examine not only the genome but 
bacteria as well."

Yamada works to identify bacteria in the large intestine with the hope 
of making significant progress in realizing a method for the early 
detection of colorectal cancer.

"Normal bacterial flora in the human body total approximately 1.5 
kg, and most of these are in the large intestine. Until recently, 
intestinal bacteria were classified as either good or bad. However, 
research has revealed that this kind of classification is too simplis-
tic. There are many unknown bacteria whose influence on the 
body is not yet fully understood. Therefore, I decided to focus on 
the relationship between intestinal bacteria and colorectal cancer. 
While the major cause of gastric cancer is Helicobacter pylori, I 
thought there must be another specific bacteria associated with 
colorectal cancer."

The number of colorectal cancer patients is increasing in Japan, and it 
is one of  the leading causes of  death in the country. The most 
common examination for the disease — testing for occult blood in 
stool — is cheap, but test accuracy is low. Only about four percent of 
patients who test positive for occult blood actually have cancer. Endo-
scopic examination is more accurate, but has not gained widespread 
popularity because it is expensive and physically invasive. Yamada 
felt that looking at bacteria in the intestine may lead to an easier and 
safer method for early detection. Recent research results have boost-
ed his confidence.

"Research conducted in Europe and the U.S. has revealed that 
certain bacteria increase in the intestines of progressive colorectal 
cancer patients, and we are now comparing endoscopic examina-
tions and genetic data of the intestinal environment in cooperation 
with the National Cancer Center  Japan and Keio University," 
Yamada explains.

Early detection of colorectal cancer allows for early intervention, which 
increases the survival rate and significantly reduces physical burden. 

Takuji Yamada
Associate Professor

"If intellectual space is circular, then the role of science is to keep 
expanding this circle. I believe that, as a researcher, I should stand at the 
circle's edge and continue pushing its boundaries while maintaining an 
environment in which other researchers can grow and expand, too. I 
don't know what we will find as we push these boundaries, but I do 
know that I am very excited about a new future. I'm sure it will be filled 
with wonder."

1 Genomic analysis
A genome is the genetic material of an organism. Genomic analysis seeks to discover 
the characteristics of an organism using its genetic information. Generally, the analysis 
involves comparison with related species.

2 Tailor-made medical care
This is also called custom-made medical care. The purpose of tailor-made medical care 
is to provide the best care for the individual's needs. Recently, individual genomic 
information is being used to provide care.

3 Base pair
A base pair is a unit consisting of two deoxyribonucleic acids bound to each other by 
hydrogen bonds. The base pair is formed by adenine and thymine (or uracil), or guanine 
and cytosine. The length of genomes and genes is expressed as "x base pairs (bp)."

researchers in bioinformatics supported research from the passenger 
seat.

"This was because researchers in bioinformatics had difficulty 
designing experiments from a biological point of view. Today, how-
ever, researchers specializing in informatics often sit in the driver's 
seat and take the initiative with fresh ideas and new perspec-
tives," says Yamada.

He continues. "Metagenomics analysis, for example, is often employed 
in research on the intestinal environment in my laboratory. This is effec-
tive in clarifying the characteristics of the intestinal environment of 
patients with specific diseases. All bacteria in the intestinal environment 
are separated into small sections for analysis of the genetic sequence. 
At this point, we don't know which species the gene is derived from. The 
data obtained is the genetic sequence, which is rearranged into a 
genome sequence using a computer, somewhat in the way a puzzle is 
assembled. The more genetic information we have, the more likely we 
are to learn which and how many species exist. It also allows us to 
discover characteristics about the intestinal environment through com-
parison between healthy and unhealthy individuals. These ideas are 
provided by informatics researchers with data analysis techniques. They 
have their own way of approaching biological questions through the 
wisdom of informatics."

Yamada focused on the 
hum a n i t i e s  un t i l  h igh  
school. Since his kinder-
garten days, however, he 
was also curious about the 
r e la t i o nsh ip  b e t w e en  
thought and body, which, 
in  the  end,  led  him  t o  
biology.

"When we want to move 
our right hand, it moves, 

but we cannot move someone else's right hand. I was very curious 
about this. 'What is the relationship between our thought and our body? 
How about other organisms?' I asked, but no one could give me a satis-
factory answer."

With these questions on his mind when entering high school, Yamada's 
interests shifted from the humanities to science, and he chose to study 
biology at university. Since then he has been active in the field, and 
more recently the development of talented individuals who support 
and build on his research has become one of his top priorities.

Yamada is actively engaged in expanding the field of biology and 
cultivating next-generation researchers within and beyond Tokyo Tech. 
At the end of the Annual Conference of the Japanese Society for 
Bioinformatics held from September 29 to October 1, 2016, he held an 
open lecture to disseminate information on bioinformatics to the gener-
al public. He also invited high school students to hold presentations on 
the theme of "Bioinformatics research 30 years from now." Yamada 
was encouraged by what he saw and heard. Perhaps reminded of his 
own burning curiosity in high school, Yamada is now fully involved in 
providing the younger generation with a chance to consider their own 
future by urging them to 'dive in' and engage in research.
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