
Volume 13 

WPI-AIMR NEWS
August 31, 2011

Tohoku University

World Premier International Research Center
Advanced Institute for Materials Research



Volume 13 

WPI-AIMR NEWS
August 31, 2011

Tohoku University

World Premier International Research Center
Advanced Institute for Materials Research







Contents

Preface …………………………………………………………………………………………………… 1

Interviews

Motoko KOTANI (Deputy Director, PI, WPI-AIMR)  ………………………………………………… 5

Li-Jun WAN (PI, WPI-AIMR) ………………………………………………………………………… 24

Taro HITOSUGI (Associate Professor, WPI-AIMR) …………………………………………………… 32

News Update

Site Visit by International Working Group of the WPI Program ……………………………………… 59

WPI-AIMR – Cambridge Symposium ………………………………………………………………… 60

WPI-AIMR Opens its New Building …………………………………………………………………… 63

Iron-based Superconductors: Borrowing from Graphene by Seigo SOUMA ………………………… 64

Fabrication of Li-intercalated bilayer graphene by Katsuaki SUGAWARA …………………………… 66

Direct Measurement of the Out-of-Plane Spin Texture in the Dirac Cone Surface State of a Topological 

Insulator by Seigo SOUMA …………………………………………………………………………… 68

Voltage induces superconductivity: new era of searching for matters by Masashi KAWASAKI ……… 70

Voltage induces magnetism: new era of magnetic devices by Masashi KAWASAKI ………………… 71

Gradient biomaterials for soft-to-hard interface tissue engineering by Ali Khademhosseini’s Group … 72

FY 2011 List of Major Governmental Research Funds (As of August 1, 2011) ……………………… 74

WPI-AIMR Outreach Activity Report ………………………………………………………………… 76

Award Information ……………………………………………………………………………………… 77

The Fourth Series of WPI-AIMR Joint Seminars FY 2011 …………………………………………… 78

Research Prospect

Kazue KURIHARA …………………………………………………………………………………… 85

Tomokazu MATSUE …………………………………………………………………………………… 95

Newly Appointed Research Staff ……………………………………………………………………… 105

Global Intellectual Incubation and Integration Lab (GI
3
 lab) ……………………………………… 109

Announcement

Junior Faculty/Post-Doctoral Positions ……………………………………………………………… 113

Graduate Student Scholarship in Materials Science/Engineering …………………………………… 114

WPI-AIMR Workshop Guideline …………………………………………………………………… 115



Appendix

Snapshots …………………………………………………………………………………………… X-1

WPI-AIMR Staff List ………………………………………………………………………………… X-7



1

Recovery from the Terrible Disaster on March 11  

and New Deputy Director Professor Motoko Kotani 

Yoshinori Yamamoto 

Director, WPI-AIMR, Tohoku University 

Nearly five months have passed since the terrible triple disasters happened on March 

11—an extremely strong earthquake with a magnitude of 9.0, gigantic tsunami with 

heights of 10-20 meters (in some places greater than 30 meters), and the Fukushima 

Nuclear Power Plant problem. Now, things in Sendai have recovered to a level similar 

to that before the disasters. However, people in the coastal area are still experiencing 

serious problems. The activity of our AIMR institute, as well as of Tohoku University, 

has recovered to the same level as before. The situation at Fukushima is gradually being 

improved, but it will take a long time until the problem is settled completely. During the 

past few months, people all over the world have supported us both materially and 

spiritually, and I deeply appreciate all the offers you provided. It is a pleasure for me to 

say that now we are proceeding vigorously to recover from the disasters and to carry out 

the research activities and education at a much higher pace than before and with 

increased awareness about the earthquake. 

  Recently, Professor Motoko Kotani joined us as a deputy director. She is a 

well-known mathematician around the world. Please look at the Figure 1, which 

illustrates how the vector of AIMR research activities is changed by the injection of the 

mathematical perspective, in comparison with the conventional approach to materials 

science. In the first term of the WPI program (2007-2011), our team consisting of four 

research groups (BMG, material physics, soft materials, and device/system) has carried 

out world-class research of the highest level and performed extensive fusion research. 

For example, the creation of metallic nanoporous catalysts is an excellent example of 

fusion research between modern metallurgy and chemical science, and the development 

of MEMS devices is another example of fusion between device and modern metallurgy. 

Concerning both the outcome of those fusion research and accomplishments in each 

discipline, I think that the quality of science of AIMR has been at the world’s top level. 

AIMR is a very unique materials research institute, in which seemingly totally different 

substances (metals and soft materials) are handled under one roof. This research 

condition has induced the unique fusion research mentioned above. In the second term 

of the WPI program (2012-2017), in addition to this unique fusion research, the 

introduction of mathematical science into the AIMR research groups is sure to not only 
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Interview with Professor Motoko Kotani,

Deputy Director, Principal Investigator, WPI-AIMR 

Mathematical Challenges at AIMR 

Interests in Mathematics – from Harmonic Map to Discrete Geometric Analysis 
Administrative Director Iwamoto (I): Thank you for taking time today. You joined WPI-

AIMR as Principal Investigator at the end of March and are now working as Deputy Director. 

First of all, I’d like to ask where you are from. 

Professor Motoko Kotani (K): I was born in Osaka and lived there until I was ten years old. 

Then, we moved to Kamakura City in Kanagawa Prefecture. 

I: I see. 

K: I went to Kamakura Junior High School affiliated with Yokohama National University, 

Tokyo Gakugei University Senior High School, and then the University of Tokyo. Because I 

went to a high school and a university in Tokyo, I feel like a quasi-Tokyo native. 

I: Were you interested in science when you were a junior high school or high school student? 

K: Yes. 

I: Do you think your teachers had influences on that? 

K: Yes, I think so. 

I: Were you also interested in mathematics? 

K: Yes, I became interested in mathematics when I was at junior high school. 

I: In addition to your interests in mathematics and science, were you also involved in a lot of 

other activities such as club activities? 

K: I preferred to read books or draw pictures alone rather than joining group activities. 

I: Mathematics is a kind of study that you work alone diligently too, isn’t it? 

K: Yes, I think so. A mathematician is just happy without talking to anybody for a week or so  

I: I guess the research style is very different 

from experimental researchers who work in a 

group. The library in the Mathematics 

Department is well stocked, which would 

help.

K: I think so, too. 

I: You received a doctor’s degree in 1990. 

What was the theme of your dissertation? 
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K: Differential Geometry, in particular harmonic map was my specialty. Harmonic map is, in 
simple words, a mathematical model of soap films and soap bubbles. 
I: That was the theme for your doctoral dissertation, and what were your interests after that? 
K: Next, I started working in Discrete Geometric Analysis, which has led me to my current 
research. There are two opposing concepts in mathematics, “Continuous” and “Discrete”, and 
continuous spaces had been the main field of Geometry until at least the 20th century. 
However, in recent years there has been a trend to study discrete geometry. 

One of the backgrounds is the advancement of computers and the fact that it is now 
possible to handle a large volume of discrete data. It is not, however, a smart way to process a 
large volume of data one by one. A core structure should be extracted from the data; 
otherwise there would be no end to the process, even with a very advanced computer. What’s 
needed is a smart method that can detect hidden structures in discrete data, and mathematics 
is very good at that.  
I: So, traditionally only continuous object was studied, but now discrete object is studied too. 
Does it mean the data handled is detached from each other? 
K: Yes. Data is generally discrete, isn’t it? 
I: Yes. 
K: In science, we aim to extract meaningful information 
form a vast amount of data. You draw graphs based on 
experimental data. The data is actually plotted as dots. 
However, you do not get any meaning just through looking 
at these dots. So, you draw a curve to connect the dots, and 
then understand the trend of the data. Like this (see diagram). 
I’ve just drawn a curve readily, but is there any logic? If I 
draw differently, like this, it also goes through all the dots, 

but which one is correct? In science, the process of drawing 
curve must be justified. If there is no theory to justify it, it 
means that the process is based on experience and includes 
some arbitrariness. In order to avoid that, you ask yourself if 
more detailed analysis is needed around here, and if this part 
is really correct, or you come up with an assumption and 
insert different data to prove your conjecture. There is no end to it, and it will require more 
and more data. On the other hand, a small number of dots can capture the fundamental trend. 
If there is a theory that can determine how a curve goes through these dots, there is no need to 
create new dots between the existing dots.�
I: I see. 
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K: This is where mathematics should be used. In other words, it is necessary to create a 
theory that explains how to draw a continuous curve to connect dots. Then, you will not need 
to take most of data. 
I: I see. That’s how you moved from harmonic map to discrete geometric analysis. 

Aim of Research by CREST 
K: My research proposal was approved by CREST Program in 2008. Before then I was 
studying so-called pure mathematics. Despite the background that I mentioned earlier, my 
research before 2008 was to find hidden structures in discrete data from a mathematical 
interest, rather than collaborating with other researchers in different fields. Then, I applied to 
CREST in 2008. This CREST is the first program that provided a large competitive research 
fund for mathematics, apart from Grant-in-Aid for Scientific Research. 
I: Indeed. 
K: Then, I wanted to apply in collaboration with materials science. 
I: I see. 
K: When I applied I took it easy and thought that I would carry on my research on pure 
mathematics and occasionally talk to the researchers in other fields; however, soon after I 
started I realized that there were a lot to learn and I had more opportunities to talk to the 
people in other fields. Around that time I started thinking about collaboration with other 
fields more seriously. 
I: This CREST is supervised by Professor Nishiura at Hokkaido University, and your 
proposal “A Mathematical Challenge to a New Phase of Material Science -Based on Discrete 
Geometric Analysis-” was approved as one of the projects with high social needs. I often hear 
“pure mathematics” and “applied mathematics”. Is your research regarded as applied 
mathematics? 
K: It does not necessarily mean that I have switched to applied mathematics. I have just 
expanded my previous mathematical research. Traditionally pure mathematics and applied 
mathematics were considered to be pair concepts; however, recently it is regarded that they 
can be integrated to create a new academic study, namely, mathematical science. I do 
mathematical science with pure mathematics background. 

I think mutually beneficial relationship between mathematics and other fields can be 
established. Mathematicians directly contact with other researchers in different fields and 
listen to their problems in order to stimulate and expand mathematics into a new direction. 
On the other hand, I hope the researchers in other fields will understand the advantages of 
mathematics. 
I: I see. I understand. 
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Then, your current research for CREST is not something different from discrete geometric 
analysis that you mentioned earlier, but it is rather an extension of it. 
K: Yes, it is more like a development and expansion (smile). 
I: Professor Adschiri from WPI-AIMR is also participating in this CREST group. You and 
Professor Adschiri jointly published a paper about new metallic carbon crystal in 2009 (Phys. 
Rev.Lett.102,055703(2009)). So, you were already collaborating with materials science 
before the start of the CREST. 
K: Yes, it is based on the research with Professor Sunada who is now Adjunct Professor of 
AIMR. Professor Sunada and I have been studying crystal lattices as a part of the study of 
discrete geometric analysis for about ten years since 2000. Later, Professor Sunada made a 
mathematical discovery of the K4 lattice in his own study. Based on mathematical 
requirements, there are only two crystal structures which satisfy natural properties; diamond 
lattice and K4 lattice. If one of the two is diamond, then does the other one - K4 lattice - 
really exist? Professor Sunada and I did not know the answer at that point. However, this was 
definitely significant issue and started discussing with various people in the university. 
Professor Adschiri was very much interested in this and we decided to try to compose it. 

Of course, we didn’t think we could make it easily, so we started from simulations to 
determine the possibility. Then, Professor Sunada, Professor Adschiri, Professor Kawazoe, 
Professor Naito from Nagoya University and I had several discussions and conducted 
simulations, which resulted in the paper that you mentioned earlier. We came to a conclusion 
that although it may not be very stable it will be metastable and can be synthesized. So, we 
decided to make it, and I thought it would be good if we could do this as a subject in my 
CREST project. 
I: So, your research on crystal lattices, which you mentioned arose from the mathematics 
world.
K: Yes. It is completely in the world of mathematics. I incorporated the viewpoint of 
harmonic map that I had been studying into discrete geometric analysis, and thought about 
what would be the most stable and balanced crystal structure based on the theory of harmonic 
map. That is the theme of the joint research with Professor Sunada: standard realization of 
crystal lattices. Standard realization is very 
useful in mathematics as it explains various 
issues. Therefore, I thought it would be useful 
in the real world.  
I: I had a preconceived idea that you would 
abstract various data that was found in 
materials science, but based on what you’ve 
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just told me, now I understand that the research came from the mathematics world.�
K: We mathematicians are amateurs in the materials science field. It has its own great 
accumulated knowledge. Our understandings and opinions on this field will be just an 
amateur’s suggestion. I would rather like to bring a brand-new viewpoint into the materials 
science to hopefully produce a new theory. Of course, this will not be an easy task. 

Mathematics in AIMR 
I: I remember that you emphasized at AIMR’s meeting that mathematics will not be fused 
with materials science, but it will rather help other fields to be fused. 
K: I think of the role of mathematics as a “catalyst”. Each of the four groups in AIMR is 
forming a high peak. If we lower these peaks once then put them together, we can create an 
even bigger peak. To achieve this, it is necessary to input some catalysts in order to promote 
fusion. I think that is the role of Mathematics Unit in AIMR. 

However, at the same time I would like Mathematics Unit to be stimulated by other fields 
and developed further. Then we may be able to start a totally new mathematics from there; 
that is also a motive for my participation. 
I: I see. There are two purposes. Talking about the latter point of view, in the mathematics 
field, for example, the OECD report “Mathematics in Industry” was published and also 
“Mathematics as Deserted Science” was published in Japan in 2006. As a background, did 
you have a concern that it was necessary for mathematicians to send out information to the 
outside world? 
K: Yes. It is of course necessary to do so, and I also think mathematics should change and 
expand. As with any academic field, there is a period for expansion in response to external 
stimulation, and a period for understanding itself based on its own value. I think mathematics 
has had a significant achievement in the latter direction in the last half century. However, as it 
becomes more and more advanced, I think it is becoming more restricted. This is my personal 
opinion and I suppose there are many people with different views. 
I: The latest draft of the 4th Science and Technology Basic Plan also mentions about 
promoting mathematical science. 
K: Yes, indeed. It is for the first time that mathematics is mentioned in the plan. 
I: In addition, Ministry of Education, Culture, Sports, Science and Technology set up the 
Unit of Mathematical Innovation, and the government seems to start tackling it seriously. 
How about in other countries? You were invited to the Max Planck Institute in Germany and 
IHES in France. How mathematics is positioned in those countries? 
K: I think Japan is rather behind in such matters. 
I: I see. As Poincaré was from France, I guess mathematics is very popular there. 
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K: I think so. Mathematics is strongly linked to the science and technology policy and has a 
high status in France. 
I: By the way, how do you describe the difference between theoretical physics and 
mathematics? 
K: The traditional flow starts with pure mathematics and applied mathematics, followed by 
mathematical physics, theoretical physics and experimental physics, and then phenomena. 
Also, some theoretical physicists have a lot more focus on experimental physics while others 
focus on mostly mathematics. However, recent mathematicians are willing to change the 
traditional relation and be more involved in the study of phenomena. It is often the case that 
the same mathematical theory is used in various different academic fields, therefore, I expect 
if mathematics can be involved in these fields directly, various phenomena can be dealt in a 
uniform way. As the state-of-the-art science has become specialized, communication between 
different fields is not very easy at the moment; however, I think if those fields are put on the 
common foundation, namely mathematics, we can share a great source of ideas that has been 
developed individually in each field. 
I: Does it mean that mathematics is used to translate and transfer highly specialized and 
advanced science issues? If so, mathematics will be a keyword in AIMR that is expected to 
accelerate fusion of various fields. 
K: I think that is the role of Mathematics Unit. 

Expectations to AIMR 
I: You have been in AIMR for a few months now. What do you think of the atmosphere? 
K: According to other people, it seems to have changed a lot in one year. I think it seems to 
be improving to a great extent. 
I: Yes. Currently the whole AIMR is working very hard. In addition to the hard work of PIs, 
all researchers, especially mid-career ones, are having discussions diligently. 
K: I can feel there is willingness to discuss seriously and challenge the new directions in 
AIMR. I think AIMR can implement something very advanced that will make it a model for 
WPI. 
I: I see. We hold tea time and joint seminars, 
and young researchers also hold study sessions. 
I would like to develop these activities further. 
Although fusion research is making a progress, 
there may be still a wall between laboratories. 
K: Fusion of different fields is not an easy task. 
You hear a lot of interesting things from people 
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in the different fields, which you think you may be able to develop using your methods. 
However, in reality it is rather difficult to spend energy on these things. You have your own 
research and are competing against the world, so you would like to use 100% of your energy 
for that. Even if you become interested in other things in your research, it is difficult to spend 
time on those, unless there is a strong force that can drive me towards them. 
I: Yes, indeed.�
K: I think WPI can create such systems. Research will not move forward if nobody thinks it 
is interesting. However, if there is an environment that enables us to challenge the issues that 
we have been interested in but have not taken any actions, things may move forward. This is 
a valuable opportunity and I would like to make it successful. It will be great if I can do so. 
I: I agree with you. As you said, it is normal to compete against the world to reach the top of 
a certain field in academic world. It is of course important, but a new academic study may be 
produced as a result of fusion. You already have seen WPI in Kyoto University and Osaka 
University, and you know the University of Tokyo very well for a long time. What do you 
think of AIMR compared to these WPIs? 
K: AIMR is more advanced in several aspects. There has been a trend to create a new 
academic study in research and the result has started to be produced. I think from the 
organizational point of view, it is ahead of others. One of the purposes of WPI program is to 
break the tradition of the university and reform the system for building the world’s top 
research base. Tohoku University has set up an action plan called “Inoue Plan”, and has been 
implementing various system reforms for five years. It is also actively promoting 
international collaborations and public relations. It also supports building independent 
environment for young researchers as well as new academic studies. These are the aim of the 
host university, and AIMR is characterized as a model for these activities. So, I guess the 
system reform is going comparatively well. 
I: I think so too. 

Nurturing Female Researchers 
I: Changing the subject again, you won Saruhashi Prize in 2005, and also play an active part 
in Office for Women Researchers, Tohoku University. It is sometimes pointed out that the 
percentage of female researchers is low in AIMR. How do you think it can be improved? 
K: I am often asked why it is necessary to nurture female researchers. There are several 
viewpoints, but I think it is important to nurture female researchers from the viewpoint of 
diversity. A breakthrough in research is a result of multiple rare events and the possibility of 
its occurrence is really minute. That is why it is important to keep the population rich and 
diverse. It is a waste of opportunity not to have many female researchers for traditional 
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reasons, as they consist of the half of the human resources. Similar to 

mathematics that we talked about earlier, it is an opportunity to incorporate 

a new female point of view, and nurturing female researchers will expand 

the possibility of the development of science significantly. The other 

viewpoint is the improvement of research environment. One of the missions 

of WPI is to create an ideal environment that attracts the world’s top researchers. For this 

reason, creating a better environment for women can be a benchmark. An environment where 

you can concentrate on research and at the same can cherish your private life. A female 

friendly environment is not only beneficial for women but also for human beings. 

I: Yes, indeed. 

K: Especially for the researchers who come from abroad, support for their family life and 

children has to be in place before they can concentrate on their research and to conduct first-

class research. Life-work balance is also important. Creating a female friendly environment 

will naturally create an ideal research environment. For these reasons, I am thinking of 

providing an environment and designing a system where female researchers can flourish. 

I: Basically, issues of female researchers are not just the issues of themselves. 

K: For example, Tohoku University has set up a daycare center for children. It is open at 

convenient hours for researchers, from early in the morning to late in the evening. There is 

also a support system to maintain research activities during child-rearing period. It is not 

difficult to do both research and child-rearing, if there is support from the university and 

understanding of the people around you. It is common for a father researcher to bring his 

children to his lab in other countries. I think such environment will improve the quality of 

research after all. 

I: I think so too. It will improve both private lives and the quality of research. It is also 

important to switch on and off, as you mentioned. 

K: Yes, a new idea will not come out if you cannot relax. When you are in the lab, you 

concentrate. Then when you are attending tea time, you relax and exchange new ideas and 

information. I think “work hard and play hard” attitude is important. 

I: As you kindly suggested various proposals for the new AIMR building, such as 

combination rooms, common spaces, we would like to take them into account from the 

viewpoint of providing a better research environment. 

Study and Passion 
I: By the way, I did some research on your books to see if there was any book that a person 

with arts background like me can understand. Then I found Book Guide Bunko de Yomu 
Kagaku (Book Guide Science Series) published by Iwanami and read your article about 
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recommended books on mathematics for university students. You entitled the article as 
“Were Not Our Hearts Burning Within Us?”, which is a quote from Luke Chapter 24 Verse 
32. Why did you choose this title? 
K: Because I wrote about the “importance of passion” at the end of the article. 
I: Yes, I remember. Passion. 
K: These words are from the scene in Luke where the followers met Jesus Christ after his 
resurrection. The followers argued whether it was really him or not. And then, they asked 
each other “Were not our hearts burning within us while he talked with us?” So, they said 
they could believe it was him. In research, when you meet something that burns your heart, it 
is very important to pursue it, otherwise the research will not be the real thing. I introduced a 
book called Sanpô Shôjo (Mathematics Girl) in this article. It is a story of Japanese 
mathematics in the Edo period. A girl asks herself why she studies mathematics. Some people 
study it because it is a useful tool, and others do so in pursuit of beauty, such as culture or art. 
But she is neither of them. She reaches a conclusion that the reason why she studies 
mathematics is because she had met something that drives her passion and she just wants to 
pursuit it. I suppose research is something like that. There are many elements in research that 
contribute to human society, such as improving human knowledge, culture or our lives. 
However, after all, in order to conduct a good research you need to pursuit something that 
burns your heart and drives your passion. I think that is the real thing. 
I: I see.  
K: Something that burns your heart must have something very important in it, so pursuing 
that will naturally produce useful things for the world that also have cultural and academic 
values. This is what I think of the nature of research, and the reason why I chose that title. 
I: I understand. It’s very interesting. Although the world of academic study is driven by logic, 
passion, not logic, is necessary to get into the world or develop the world. 
K: Yes. 
I: This is also your message for young people. 
K: Yes, it is. 
I: From this point of view, do you think young researchers now are all right? 
K: Of course. When I talk to the young researchers of AIMR, I can see they are highly 
motivated and very active too. 
I: I agree. 
K: Some researchers in my generation are rather shy and do not speak very much in 
international conferences, but the young researchers now take initiatives to talk about their 
research. It is often said that young people have inward-looking attitude or are not interested 
in science, but I do not feel that way at all. I think it is getting much better than my generation. 
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I: I see. It is true that there are more people who do not hesitate and are more proactive. 
Thank you very much for taking your time today. It was very beneficial. Thank you again. 

Interviewer: Administrative Director, W. Iwamoto 
At Kotani Laboratory, 

Science and Engineering General Research Building 
June 28, 2011 
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Interview with Professor Li-Jun Wan, Principal Investigator,  

WPI-AIMR 

“Importance of the Face-to-Face Communication”

Administrative Director Iwamoto (I): Thank you very much for accepting the interview 

immediately after your presentation on structure and the structural transition in organic nano 

devices at our Annual Workshop. You are our PI and you are the Director of the Institute of 

Chemistry of the Chinese Academy of Sciences with which AIMR has a very close 

relationship as our satellite. 

First, can you tell me where you were born in China?  

Professor Li-Jun Wan (W): I was born in Dalian in northeastern China. People always say 

the shape of Mainland China is like a rooster and the northeastern part is just the rooster’s 

head.

I: So you were in Dalian until university. 

W: Yes, in 1978, I entered the Dalian University of Technology. 

I: When you were a child, were you already interested in science and technology?  

W: Hardly, because I was born in the countryside, about 150 kilometers away from the 

center of the city. 

I: So did you like literature instead? 

W: Yes.  

I: Your country has many classical novels like “Romance of the Three Kingdoms” 

(Sangokushi in Japanese) and “Water Margin” (Suikoden) about the 108 heroes. 

W: Yes, you are right. I liked history and classical literature.  

I: Recently I read a Japanese translation of “The Dream of the Red Chamber” (Kouroumu), 

and I was very fascinated by this beautiful love story.

W: Yes, this is a very famous novel. In China, we call “Four great classical novels”, these 

three novels and “Journey to the West” with the monkey hero. “Saiyuki” in Japanese. 

I: I would like to know how a literature youth like you got interested in science and 

technology.  

W: I think it was after I entered university. When I was very young, almost all the schools 

and universities were closed, so I had enough time to learn history and some novels, but I 

did not have the chance to contact real science. 

I: I see. Is it through experiments in scientific subjects at university that you got interested 

in the sciences, especially in the chemical field?    
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W: My major was material science when I was an undergraduate student. At first, I learned 
the traditional metallic materials. There was a boom for materials research and many new 
materials appeared in the world during the 1980s. In universities some traditional majors 
changed to Department of Material Science and Engineering, so we had the chance to learn 
about new materials. 
I: Yes, I see. Until then, there was the Faculty of Metallurgy etc in a classical sense. 
W: Also there were disciplines like casting and heat treatment. 
I: But at that time, new materials and methodologies were developed and so we can say that 
this is a kind of the birth of actual Material Science.  
W: In particular in material science, I think. The discourse maybe was interdisciplinary 
resource theory, compiled with metallic chemistry and physics. Therefore, I had the chance 
to learn chemistry, physics, and other new materials. 
I: I see. After your undergraduate course, did you go straight to the master course?  
W: No, I was at a factory related to surface treatment for almost two and a half years. 
I: So you experienced working in the private sector. 
W: Yes, and then I went back to Dalian University of Technology for my master’s degree. 
During this period, I was still working on surface treatment like surface plating and metallic 
deposition. I studied the structure of the surface field. At first I studied the film structure 
and then imparted the interfacial production by using TEM (Transmission Electron 
Microscopy).
I: I heard that the Nobel Prize Laureate, Wolfgang Pauli, said, “God made solids, but 
surfaces are the work of the devil.”    
W: Then after finishing my master’s course, I went to Dalian Maritime University where I 
started my research. At that time I used TEM to study film, surface and interface. As I said, 
this is because material science, in particular surface treatment, is very close to chemistry, 
like surface plating, electro-deposition and the electrochemical process. 
I: I see. So knowledge of chemistry is very important for analyzing surfaces. 
W: I had experience of using TEM for a long time and I am always interested in new 
technique. Around 1984 to 1987, a new technique was STM (Scanning Tunneling 
Microscope). Dr. Rohrer who is participating in this Workshop is the Father of STM. In 
China, I looked for it in the world, where there is a lot of this technique now. Then, I found 
Tohoku University and Professor Itaya. 
I: So is it as a doctorate student that you came to Tohoku University?   
W: Yes, we published the paper in the same journal “Journal of Vacuum Science and 
Technology”.
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I: At that time were you already acquainted with Professor Itaya? 

W: Yes, I know him and his STM technique from journal. I used TEM to study the 

structure of film and the surface structure between film and the substrate. I published a 

paper in the journal. I read the paper from Professor Itaya in the same journal. He imaged 

electrode surface by STM. The results were very interesting.  

I: How long have you stayed in Sendai? 

W: I stayed in Sendai for a long time, continuously for seven years. The first year was from 

1992 to 1993 as a visiting scholar in Itaya Laboratory, and then I entered my PhD course. 

I: I see.  

W: In March of 1996 I finished my PhD at Tohoku University.  

I: Sendai, as you know, is linked with the Chinese writer Lu Xun, and he wrote a very 

moving essay on Professor Fujino.  

W: Professor Fujino is very famous in China. 

I: I have met many Chinese people who, not knowing the city of Osaka, know the name of 

Sendai because of Lu Xun.  

W: He lived here for a long time. When I was in Sendai, I visited the apartment that Lu Xun 

lived in. 

I: I see. What was the theme of your PhD paper?  

W: In situ electrochemical scanning tunneling microscopy of molecular adlayers on 

Rh(111) and Pt(111) 

I: So at that time, did you notice that these researches were very interesting to analyze?  

W: Yes, as a first step I prepared the atomic flattened and clean surface of rhodium, 

palladium and iridium by the technique called flame annealing and quenching. The 

preparation of these atomically flat surfaces is not easy and I think that to this day, not many 

people can do this. 

I: So this is a very sophisticated technique.  

W: Yes. Then by using electrochemical STM we got in situ images which show 

electrochemical reaction process on rhodium surface or platinum surface in solution. The 

observation in electrolyte solution is the most important feature of our STM technique 

compared to other uses of STM. For example, the physicists use STM in  ultrahigh 

vacuum condition. But most chemical 

reactions take place in solutions. Many 

people have interest in understanding 

chemical reactions in solutions.  

I: So even using the STM, the 

physicists’ approach and the chemists’ 
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approach is different. 

W: Yes.  

I: Great! Since 2009, you have been a member of the Chinese Academy of Sciences, 

haven’t you? 

W: Yes. I am very lucky. 

I: No, you are worthy of it. I can understand this from your presentation at the Workshop. 

On the other hand, you presented the outline of the Institute of Chemistry which you lead as 

Director. I am surprised to know the great achievements in your Institute. In the Institute 

there are 97 professors, 450 Researchers and 900 PhD students. 

W: Yes, there are. 

I: I see. So this means that you receive the Ph D students from ordinary universities.  

W: Yes. From individual universities all over China. They take an examination. 

I: I see. 

W: Then, they take a vigorous course, and get credits before going back to the laboratory 

for their research.  

I: Your Institute is really a frontier research center. You have 3 State Key Labs, 7 CAS Key 

Labs, 2 ICCAS Labs and 3 Research Centers. 

W: These are four very important fields that we focus on. Namely, Molecular Nanoscience 

& Technology, Organic/Polymer Functional Materials, Chemical Biology and Environment 

Energy and Green Chemistry. 

I: What is interesting for me is Environment Energy and Green Chemistry.  

W: This can be divided into three parts. First is environmental protection, in particular - 

How to control the pollution. Second is water treatment. By the way, yesterday, I read an 

article in a journal “Kahoku Shimpou (local newspaper in Tohoku region),” according to 

which some Japanese companies and institutes gathered together to discuss water economy, 

and in the future those Japanese companies want to work with some Chinese companies.  

I: That is right. As you know, Japanese technology in water treatment is very developed. 

The Japanese government also wants to export this technology to various parts of the world.   

W: I think this is very good. 

I: And what is the third field? 

W: We will focus on chemical energy, such as lithium-ion batteries, and solar cells with 

functional organic materials and semiconductors.  

I: Excellent. Our Institute also wants to focus on green materials as you mentioned. So it is 

important not only to prevent pollution but also how to economize energy like with solar 

cells.
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W: Most of the solar cells are now made from silicon and other inorganic semiconductors. 
But for chemists, there is still a great challenge in terms of organic solar cells.  
I: I see.  
W:There are several groups in our Institute working in this field to design and synthesize 
new inorganic molecule compounds. They use these new compounds to fabricate different 
solar cells.  
I: On what elements are these new organic compounds based? 
W: Just like some oligothiophene, xylophene and conjected xylophene molecules and other 
molecules with bigger pi electron systems.  
I: That is very interesting. Also AIMR should make an effort to reinforce the soft materials. 
In China also, is there this approach? Not only hard metal; is the field of soft materials now 
very important?  
W: We have a lot of people working in this field of soft materials. The research activities of 
many researchers focus on this field.  
I: Does your Institute of Chemistry have close relations with other institutes?
W: Yes. 
I: So, under the umbrella of the Chinese Academy of Sciences, are there interactions 
between the institutes? 
W: There are. Our academy organized projects that included several institutes. For example, 
besides ours, there are also the Institute of Physics, the Institute of Material Research etc. 
and we have a number of collaborative projects.  
I: So this means there is no wall, and collaboration is very easy. In Japanese universities, if 
one belongs to a faculty, sometimes it is difficult to have good collaboration, but in your 
case it is easy to do that. 
W: We have collaboration. 
I: Good! And I heard that the Institute of Chemistry also has relationships with foreign 
institutes like our AIMR. 
W: Yes. For example, in Japan, we have official agreements with Riken, with Tohoku 
University, and with Institute for Molecular Science. Now, about 20 students from our 
institute are in Okazaki. We organized a winter school; the students flew here for winter 
school.
I: Winter school? Did Institute for Molecular Science (IMS) in Okazaki Research Institute 
organize this? 
W: Yes. This is co-organized by the institutes of several Asian counties and regions such as 
our Institute, IMS and a Korean institute. This year we have winter school in Okazaki, next   
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year it is in Beijing and then to Korea, and also to Taipei. This year the 
school maybe includes Singapore. 
I: Is this to attract young students to the study of chemistry? 
W: And also to exchange emotions. 
I: Yes, I think that for international collaboration, not only at the 
excellent researchers’ level but also at the level of younger researchers 

like doctoral students or post-doctoral student’s level is important. If a researcher stays for 
several years in a foreign country, that will also develop the individual emotionally. 
W: Yes, you are right. First we can learn science and then we can understand foreign 
society and make friends. Friends are also very important. 
I: I myself stayed in a foreign country for a total of 13 years. Naturally, I sometimes feel 
myself that I have another eye to look at Japan. If I have stayed all my life in Japan, I would 
not have known the different angles to see my society. That is also important, I think.  
W: Since our Institute, as you said, collaborates with AIMR, we are exchanging researchers, 
including post-doc students  
I: That’s right. We are now discussing on the possible summer school for graduate students 
to stay in our Institute using our experimental facilities. 
W: Although China is an open country now, we still have a lot of students who have no 
experience in foreign countries. They do not understand sometimes how life is in a foreign 
country, how the society is and how the city is likely to be. Everything is new for them. 
I: That is right. Nowadays, many young Japanese researchers have a tendency to stay in 
Japan. Some say that this is due to the progress of the internet with which, they can collect 
information from all over the world. 
W: Although we have internet, face-to-face is also very important. In China, we have a 
proverb that says “To see once is better than to hear about a hundred times”.
I: We have the same proverb in Japanese. That is right, so now we want to encourage young 
Japanese researchers to go to China, the United States or the United Kingdom where we 
have satellites. As you said, face-to-face is very important and it is essential to know your 
activities on the spot. 
W: It is important not only for exchanging science but also for understanding society. I 
have many friends in Japan. The visiting students from Japan stay in our institute as well as 
in my laboratory for one to two months. The young students become friends very quickly. 
I: I see. This is very important.  
W: Yes, I think in particular for Japan and China, because of the Second World War we still 
have some problems to be solved. So Japanese people may not understand the present China 
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and the Chinese present situation. And the Chinese people also may not understand the 
Japanese very well. 
I: That’s right. 
W: Sometimes we will have some arguments about the policy, however, we can discuss it.  
I: I think that in international relations there is, of course, a difference of views and 
opinions, but nevertheless, what is important is that we can discuss, and as you said, we 
have unfortunate problems in history, but nowadays we can communicate and we can make 
an effort to solve them for the future generation. 
W: Of course. Japan and China are really close geographically and culturally. Therefore, we 
have many connections.  
I: Yes, and we have imported many things from your country. 
W: We also imported many things and introduced advanced technologies from Japan. The 
collaboration is very important. For me, first I am a scientist and also now, I am engaged in 
management as director. I would like to become a bridge that connects Japan and China, in 
particular for the younger generation.  
I: Yes, thank you very much. At the senior researchers’ level, Professor Yamamoto and 
several PIs of AIMR went to your institute to participate in a joint symposium last October. 
I heard that it was very successful.  
W: It was very successful, and at that time there were five professors from AIMR. Although 
they stayed in our Institute for a very short time, we were able to have enough discussions 
with our professors. On our side, our professors also have a very good impression about the 
research and the organization of AIMR. 
I: Yes, and your Institute is a very important partner and satellite of AIMR. I would like to 
reinforce our relationship.  
Finally, I would like to know what your hobby is?   
W: If I have time, what I do first is reading and listening to classical music. 
I: You like classical music? Who is your favorite composer? 
W: Bach.
I: Bach? Great! I heard that there is a Chinese pianist who recorded the Goldberg Variations 
on piano.  
W: Lang Lang maybe. 
I: I forget… But Lang Lang is very popular in Japan. He is very talented.
W: Yes, romantic.  
I: That’s right. In your country, there are so many excellent scientists and so many gifted 
artists.  
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W: We have a large population. We still have a long way to go to reach your level of 

development as a country. We are still a developing country. 

I: But concerning Japan, as you know, some say we have lost our power since 1990, so we 

need to be revitalized. Thank you very much indeed for finding the time for this interview.  

Interviewer: Administrative Director, W. Iwamoto 

  At Sendai International Center 
February 23rd, 2011
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Interview with Associate Professor Taro Hitosugi, WPI-AIMR 

The Best of Man is like Water

Encounter with Science 
Administrative Director Iwamoto (I): I recall that you grew up in Kanagawa Prefecture, 

and graduated from a high school in Kanagawa.  

Associate Professor Taro Hitosugi (H): I graduated from a prefectural high school in 

Kanagawa. Before that, I lived in the US because my father was a semiconductor engineer. I 

think that is where I first came into contact with science and technology.  

I: How old were you when you went to the US?  

H: I lived in the Silicon Valley from third to sixth grade. It is the city where the headquarters 

of Apple Computer is located. I was sent to a local school when I was in the third grade, but I 

did not understand any English and did not have any friends, so I kept crying for about a 

week (laugh). 

I: That is only natural. 

H: But after a week I had already blended in with the new environment. You do not need 

language to communicate with one another when you are a third grader or so. You can 

naturally make friends by playing ball and other things. So I was soon Americanized. 

I: That is right. Because your father was a semiconductor engineer, were you familiar with 

semiconductors and the like since you were little? 

H: Yes, these things were in my head at least. I think my father had an influence on me on 

that point. 

I: So you came back to Japan after you finished elementary school. 

H: Yes. And there was the superconductivity boom at the end of 1986, when I was in high 

school. There were reports about superconductivity in the newspaper every day, and although 

I did not understand much, I thought science was interesting. I think that was one of the 

turning points in my fate. 

I: Oh, I see. 

H: The impression I had at that time that “science is interesting” later came to have a 

meaningful impact. At that time it was only drummed into my head, and the impact was not 

strong enough for me to decide my path back then. 
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Until then, the superconducting transition temperature, which is the temperature at which 

materials become superconductive, had not increased much for decades. However, the 

discovery made by Dr. Bednorz and Dr. Müller of the IBM Zurich Research Laboratory led 

to a major paradigm shift in the world of physics, in which the superconducting transition 

temperature exceeded the liquid nitrogen temperature (77 K) all at once. And many 

researchers ceased their previous research and made a dive into the research of 

superconductivity.

I: These things happened then. 

H: Yes. At academic meetings in the US, discussions normally continue from 9:00 a.m. till 

around 6:00 or 7:00 p.m., but at that time they continued till 6:00 a.m. I hear that discussion 

sessions were held all night long. This shows how excited everyone was and how eager they 

were to hear the latest reports on superconductivity at that time. 

I: That is surprising. 

H: People had the rosy idea of putting it into practical use, which can be said to resolve many 

of the challenges we are facing today. For example, with respect to electric energy, electric 

power is now produced and consumed in Japan. If the superconducting technology is 

established, however, it will become possible to generate power in the Sahara by photovoltaic 

power generation to be transmitted to Japan without any loss. This is just one example of how 

we would be able to resolve the energy issue. Therefore, my final goal in my research is to 

achieve superconductivity at room temperature. 

I: I see. So while you were in high school you decided that you would absolutely major in 

science.

H: Yes, although at that time I did not intend to become a researcher. 

I: Then you entered the University of Tokyo, and studied industrial chemistry in your 

undergraduate course. 

H: Yes, I studied in the Department of Industrial Chemistry. But during the four years of my 

undergraduate course, I did not study at all. 

I: What were you doing? 

H: I was playing rugby all the time. I was playing rugby so much that my professor said, 

“You are among the five people in the Faculty of Engineering with the worst grades,” but I 

somehow graduated.   

I: It is impossible to imagine you like that now. 

H: Now that I think of it, what is important is the fact that I put all my energy into it for four 

years. Then, after I entered graduate school, I made a complete shift to studying. 

I: So you concentrated on rugby during the undergraduate years. 

H: I enjoyed it. 
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I: Did the University of Tokyo have a strong rugby team at that time? 
H: It had quite a strong team then. It was like risking my life for it. 
I: So you still have that kind of spirit. 
H: Yes, I still have that spirit, really. 

Company and University, and the Time Leading Up to the Decision to Become a 
Researcher
I: As was described in Nature (Vol. 466), after you completed your doctoral course, you first 
worked for a private company. 
H: Yes. 
I: And then you changed your path from a private company to a university. When you could 
have stayed at the university immediately after you obtained a Ph. D. from the graduate 
school, why did you choose to work for a private company? 
H: At that time I wanted to see how my achievements would become truly useful in a 
tangible way. I wanted to make the technology I was involved in help improve people’s lives 
and make people enjoy my technology. I thought I would be able to do such things if I 
worked for a company. 
I: So you joined Sony Corporation. 
H: Yes. 
I: What kind of work did you mainly do at Sony? 
H: I was first involved in the development of the optical disk. At that time we were 
developing new technologies that would go beyond the Blu-ray disk. So we had to think 
about what the market will be like in about 10 years, and develop products and technologies 
accordingly. We were in charge of optical disk development, so we had to envisage the future 
of the DVD. But then we reached a conclusion that in the future high-speed internet would be 
widely used at homes, and that very high density semiconductor memories would come into 
the market; and that therefore there would be no room where optical disks such as DVDs 
could succeed. And so our development was discontinued. 
I: Is that the way it goes? 
H: As it turned out, that is the exact social trend seen today. Digital distribution is on the 
increase, and computers without CD-ROMs are becoming more common. Hard disks are 
increasingly replaced by semiconductor memories. Right now we have the Blu-ray 
technology ahead of the DVD, but we cannot think of many suitable applications after the 
Blu-ray. It means that the optical disk technology will go out of use. 
I: So you were of course carrying out your research, but the company had to focus on such 
market trends in 10 or 20 years. That was the kind of environment you were in. 
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H: Yes. 
I: Were you with Sony for about four years? 
H: Yes, for four and a half years. 
I: And then you went back to the university again. 
H: Before that, there was one event that marked my life. As you know, we are manufacturing 
experts. We are very good at thinking what kind of technologies should be combined and 
what kind of technology development is required to produce products. On the other hand, I 
also felt that it would be impossible to see what would really happen to the technologies in 
the future without paying attention to how the technologies were delivered to people after 
they were made into products. That feeling is still with me today. So I wanted to have the 
actual experience of spreading the technologies and products I created. Sony is a very 
interesting company that allows even Ph.D. holders to be transferred to product planning or 
marketing or sales. 
I: I understand. 
H: I already mentioned that the optical disk development project was discontinued. I am by 
nature a person who pushes ahead with things I want to do, so I said I wanted to do marketing 
or sales which I had never actually had any experience in, and I started doing sales activities 
to sell Sony products to the world. I was in charge of sales of small VAIO, which was like 
today’s iPhone. I was making presentations at press conference myself, explaining “This is 
Sony’s new product, and this is Sony’s strategy!” and making statements in magazine and 
newspaper interviews. I was involved in sales promotion in such ways. 

While doing this kind of work, I was always thinking of what kind of work I should spend 
my lifetime doing. And then when I was 30, I finally found out what I should spend my 
lifetime doing; I decided to devote myself to research. Looking at the wide range of functions 
from research to the frontline of sales allowed me to find out for the first time what position I 
would enjoy the most. So I decided to go back to research, and make it my lifetime’s work. 
Of course, I think this decision was greatly influenced by the fact that the idea that science 
was interesting was drummed into my head when I was in high school. 
I: Oh, I see. Your experience in a wide range of things contributed to your decision. 
H: There is another important thing. As I mentioned before, we were indeed making products 
such as the iPhone when I was in Sony, but they did not become hit products like today’s 
iPhone. It was very frustrating, and I tried to figure out the reason. I came up with a 
conclusion that I was trapped in and bound by the belief that I was not allowed to do things in 
certain ways. So now I am constantly trying not to set limitations on myself as much as 
possible.
I: What was the limitation that was in your head at that time? 
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H: Let’s take the example of listening to music. Sony has a music company and therefore is 
very sensitive about copyrights. But the MP3 technology that triggered the success of the 
iPhone does not take the issue of copyright into consideration. Because we had a music 
company, we believed that we were not allowed to adopt technologies like the MP3 
technology. That naturally made the product less user-friendly. That is one example of the 
limitations. Now I am telling myself never to set limitations on myself. If I succeed in 
something, it always serves as a restraint and it will become more difficult to achieve the next 
success.  
I: There are no such limitations in research at universities by nature. 
H: That is right. There are definitely fewer limitations than in companies. So I genuinely 
enjoy my research. Research at the university is fun. I always tell my students that if there is 
something they are interested in, they should take a shot at it and look for work they can 
spend their lifetime doing so they can live their lives to the fullest. I think there are quite a lot 
of people who are interested in something and want to do it, but cannot try it out and are 
reluctantly doing their current work with some dissatisfaction. I hope the students will not be 
like that, and that is the point of my message. 
I: So it means that you should take interest in a variety of things to find out what you want to 
do for yourself. 
H: Yes. I think you can have the greatest happiness if you can find out what you are going to 
spend your lifetime doing. 
I: I agree. And then you became a researcher at the University of Tokyo and joined the 
AIMR about two months after its establishment. 
H: That was in December 2007. If I am not mistaken, I heard that I was the first full-time 
researcher employed from outside Tohoku University. I also attended the opening ceremony 
of the AIRM that was held in November that year. 

Characteristics of Research 
I: Can you explain very briefly your research at the AIMR? 
H: I can summarize it as an attempt to examine 
the characteristics of solid substances to 
achieve applications utilizing these 
characteristics. In simple terms, it is materials 
research for electrical products, to downsize 
and enhance the performance of mobile phones 
or to achieve higher speed and lower power 
consumption of computers, for example. 
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I: Therefore, it is important to measure the materials at an extremely micro level or examine 
their characteristics, among other things. 
H: Yes. 
I: I understand that the main tool you use for your research is the Scanning Tunneling 
Microscope (STM). You recently wrote a book called Sosa Tonneru Kenbikyo Gijutsu 
(Scanning Tunneling Microscope Technology) with Professor Hashizume as part of the 
Butsuri-no-Sekai (World of Physics) series of Iwanami Koza.  
H: Yes. 
I: Upon your recommendation, I read the first chapter of the book. People like Dr. Rohrer and 
Dr. Binnig appear in that chapter. You use the characteristics of waves and so on using the 
probe a sample. 
H: We examine the atomic ordering or atoms themselves. Atoms are just so small at 10–10

meters, so people do not think that all things are made of particles. For example, water looks 
smooth, but it is also a collection of particles. The amazing technology that enables us to see 
each one of these particles became available in the early 1980s. And it caused a sensation in 
the fields of physics and chemistry. 
I: Yes, and that was indeed the huge achievement made by Dr. Rohrer and Dr. Binnig. 

So the microscope you have here in the AIMR is the STM? 
H: Yes. The equipment we have on the first floor is the STM. We created laboratory 
equipment that we can boast to the world about, and we intend to press on with research 
using it.  
I: I understand. 
H: Things are comprised of atoms or molecules. So we are trying to understand them first, 
and then understand their aggregation. We are frequently discussing hierarchic structure at 
the AIMR, recently. It is the idea of viewing the clusters made up of atoms and molecules as 
a group, and viewing more than one cluster sticking together as a mass as well. We are 
heading for the direction of reestablishing materials science by breaking down the materials 
to such hierarchic structure. 
I: In the end you are going to take a look at bulk properties. 
H: Yes. In reality, at some level the materials start to have functions. We are trying to 
identify the origins of the functions and introduce a mathematical perspective, and establish 
new materials science by expanding this approach to more materials. These are the things we 
are discussing. 
I: What you are working on now is very basic research. By the way, the AIMR has 
announced that the future direction of its output will be “green materials.” How will your 
research contribute to this end in specific terms? 
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H: One of the several projects we are working on is the development of lithium-ion batteries. 
We are quite focused on this project. 
I: What kind of research is it specifically? 
H: An electric car with a nominal range of 200 km was recently brought to the market. But 
the actual range will be decreased to around 100 km if the air conditioner is turned on or if 
the car is caught in a traffic jam. A range of 100 km is not even enough for a trip from Sendai 
to Tokyo. In order to make electric cars that can travel 500 or 600 km, technology to increase 
the capacity of batteries becomes important. Moreover, it is important that the batteries can 
be charged instantaneously. It would be a big problem if it took hours to charge the batteries, 
so it is necessary that batteries can be charged promptly. We are working to develop a 
technology to achieve these things, and the materials hold the key to its success.  
I: I see. These things are important. 
H: The other project is the research on transparent conductors, which are used in light-
emitting diodes, solar cells and liquid crystal displays. An innovative improvement of 
transparent conductors will enable brighter lighting with lower power consumption and lead 
to the improvement in the efficiency of photovoltaic power generation. These things will lead 
to more green society. It is important here that we are heading for the direction of not using 
scarce metals. As the phrase “rare metal (critical material)” often appears in newspapers, 
there is the risk that we are going to use up all the elements with small reserves on earth, and 
industries will no longer be able to continue. For example, if the current situation continues, 
the liquid crystal display industry will be dead when the supply of indium runs out. So, 
transparent conductors that do not use indium will play an important role. On such a 
backdrop, the Ministry of Education, Culture, Sports, Science and Technology (MEXT) is 
promoting the Elements Science and Technology Project, and Ministry of Economy, Trade 
and Industry (METI) is pushing ahead with the Rare Metal Substitute Materials Development 
Project. The research on transparent conductors is part of such projects. 
I: I understand. So in that sense, your research will contribute greatly to green materials. 
H: Yes. Our research consists of three pillars. 
I: The three pillars are the understanding of oxides by the STM, lithium-ion batteries and 
transparent conductors. 
H: Yes. These are all oxides. We are carrying out projects to understand oxides on the atomic 
level to put them to use for society. 
I: That is wonderful. One of the characteristics of the AIMR is the fusion research. You 
stressed the importance of the fusion of research in the May 2010 issue of “The Monthly 
Journal of MEXT”. Specifically, which groups are you advancing the fusion research with? 
H: We often carry out research with people in the chemistry field, such as the Teizer 



39

Laboratory or the Adschiri Laboratory. 
I: In concrete terms, what kinds of research are these? 
H: For example, together with Assistant Professor Hojo in the Adschiri Laboratory, we are 
attempting to create new materials by combining the technology of producing tiny 
nanoparticles using liquids, which the Adschiri Group excels at, and the vacuum technology 
in which we have strength. Currently the Adschiri Laboratory is able to produce square 
nanoparticles of 10 nanometers or less, and we are trying to add a function to them. We are 
trying, for example, to attach material B to the nanoparticle of material A, and create a new 
dumbbell-like material of A-B as a material with a new function. 
I: That is indeed the fusion research. 
H: It would be quite a challenge if we had to bring results in one or two years, but we have 
been making gradual progress through such efforts. 
I: Do you think that the AIMR provides you with a favorable environment in which to work 
on such a fusion research? 
H: I think it is a very comfortable environment because each laboratory is making efforts to 
enable cross-laboratory research. The other thing I like about it is that the people on the 
Katahira Campus of Tohoku University attach great importance to horizontal ties. In other 
words, I have a lot of opportunities to get to know people, even in laboratories I do not know. 
I: Do you feel that Tohoku University has more opportunities like that compared to other 
universities?
H: Yes. I feel that there are definitely more such opportunities compared with the University 
of Tokyo, where I worked before. I think this Katahira has the culture that enables people to 
get to know various kinds of people. People who have worked for both the University of 
Tokyo and Tohoku University say that Tohoku University is extremely good in that you can 
have more horizontal connections. I have connections not only within the AIMR but also 
with the Institute for Materials Research (IMR) and the Institute of Multidisciplinary 
Research for Advanced Materials (IMRAM). Maybe I get to know people at the pub in 
Ichiban-cho (laugh). 
I: Do you especially feel that way about the Katahira Campus? 
H: Yes, I love the Katahira Campus. People are very friendly. I get to know a lot of people. It 
starts with lending or borrowing the equipment for collaborative research, and then your 
relationships widen. Connections are vital for research.  
I: Within the AIMR, various active discussions are held among associate professors or 
lecturers in particular. 
H: Yes, very active discussions are held. Those of us, particularly the people in this building 
(the AIMR Annex Building) are all new here, and we have a strong sense of unity from the 
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beginning, so we have a lot of exchanges.  

Lessons Learned from the Earthquake Disaster—Safety and Security  
I: You told me about the STM, but what happened to the microscope when the earthquake hit 
on March 11? 
H: There was less damage caused to the microscope itself than expected. I first thought it was 
a serious situation, but as a result of precise examination, we found that there was little 
damage. 

I think there were two reasons for this. For one thing, it was fortunate that it was located on 
the first floor. The other reason is that there are a lot of devices incorporated in the 
microscope to isolate vibrations because it is easily affected by vibrations. Specifically, the 
microscope is equipped with a vibration isolation device called active damping system, which 
works to suppress vibrations that can be constantly felt when cars drive in the street, for 
example. So I think it suppressed the strong shaking, and it was able to avoid the worst 
shaking successfully. The STM that weighs 1.5 tons moved about 5 cm on the anti-vibration 
plate, but actually there was minimum damage. 
I: That was good.  
H: Yes, I really think it was good. The situation on the fifth floor was terrible, though. 
I: Then the STM on the first floor can actually be used now. 
H: Yes. However, we cannot conduct any experiment because of the continued aftershocks, 
since the STM is very vulnerable to the shaking of the ground. So although the equipment 
may be repaired, that is not the end of our battle. In short, we cannot conduct any experiment 
until the aftershocks are over. So time is very important. 
I: Yes, that is the problem. 
H: That is the very tough part. Further, in the laboratory on the fifth floor, gas cylinders that 
were fixed to the floor as part of the earthquake countermeasures fell, and various laboratory 
equipment and measurement instruments also fell, which are currently under repair. But we 
can manage things as long as they can be resolved with money. The problem is the time. A 
vast amount of time is being spent on recovery. 
I: Because various kinds of research are advanced in the world in the meantime. 
H: Yes. The most important aspect of the damage caused by the recent earthquake is that it 
has a great influence on a researcher’s career. There is no way of recouping the time during 
which you cannot conduct any research. It is fatal for a researcher’s career. 
I: I understand. 
H: This can only be overcome using your brains. It would mean that we may not be able to 
conduct any full-fledged research using the STM during the next six months or year, but we 
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have to do what we can ahead of time. All we can do is make changes to the 
research plan in a well-coordinated manner. 
I: If you just sit and complain that things cannot be fixed or aftershocks do 
not end, you cannot move forward. 
H: If you just sit and pray that the aftershocks will be over as soon as 

possible, it is not going to do any good. So you have to change the research plan. This is truly 
survival. At any rate, I think what is required of us is to produce output by using our brains. 

Also, we suffered from a lot of psychological damage. After March 11, everyone was 
saying that we would pull things together somehow, and the new school year started on April 
1, and we all thought we would make a new start, making preparations to resume our research. 
Then we were hit by an aftershock on April 7, and many things were destroyed again. If this 
is repeated, we are going to lose a lot of time.... 
I: It is a difficult situation from the perspective of maintaining motivation for research. 
H: I think it would require less time and cost until recovery if we expected earthquakes to 
definitely occur and prepared for future earthquakes with thorough measures.  

I also think that the earthquake posed a big question as to the modality of science. I had 
always used the words “safety” and “security” as synonyms, but I learned that they are quite 
different. I realized that the sense of “safety” is to understand in your head that your body 
will not be hurt and so on, and the sense of “security” is to understand in your heart that you 
can live a truly quiet and really peaceful life, I mean, a relief from the bottom of your heart. I 
think today’s science had focused on the aspect of “safety.” 
I: You are referring to the announcements from governments such as, “the numbers are 
below the standard, so there is no problem,” and things like that. 
H: Yes. You do understand that it is okay in your head because it does not harm you when 
seen from a statistical perspective. This is “safety.” But that alone is not sufficient. The 
absence of “security (a relief from the bottom of your heart)” leads to hoarding and harmful 
rumors. The important challenge for science to tackle is to consider what should be done to 
recover the sense of “security.” 

When an accident occurs, for example, if it takes a long time till you can feel you are “safe,” 
it will be difficult to recover your sense of “security,” but if you can recover a sense of 
“safety” quickly, you may be able to recover your sense of “security” promptly as well. It is 
not only how fast you can do it, but I think the role of science is to help people recover their 
sense of “security.” 
I: I agree. I believe that will then lead to social contribution.  
H: Yes. I feel that Japan has the great ability of providing not only “safety” but also “security” 
to countries in trouble, and that by doing so Japan may be able to truly contribute to these 
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countries. I do not know clearly what Japan should do, though. I strongly feel that we need to 

focus on the area of “security.” What are the materials that can help people recover their 

sense of security? There is a lot left for materials science to do. 

I: It is important for Japan to learn lessons from these things and communicate to the people 

in other countries what we have learned. 

H: It will be great if we can do that. I think Japan is good at these things; learning and 

creating new things based on what it has learned. I think that is the very thing that Japan 

ought to do. 

I: I agree. This is important. 

Research Environment Surrounding Young Researchers 
I: From our point of view, you are a young researcher. 

H: Thank you for calling me young (laugh). 

I: You are Independent Investigator at the AIMR as well. As we head for the second phase, 

can you give advice to the people who are in the generation younger than you as to how they 

should move ahead with their efforts? 

H: They are definitely all very motivated, so I have nothing more I can say to them. Rather, I 

feel it is more important to think about what we can do for them. 

In that sense, one thing that is necessary is to establish a good research environment. This 

is also a challenge for the WPI. We receive a harsh evaluation every year, but we need to take 

a longer-term view of research. So a researcher needs to be properly evaluated based on his or 

her views or potential, even in cases where there has been no output yet. That way we can 

develop them as good human resources. 

I: It is difficult, but that is the important point. 

H: Currently, the researchers are often not evaluated based on such standards, but only based 

on their output such as the annual number of papers. I feel this approach is adversely 

demotivating them, which is not good. They are making their best efforts, so I think it is 

important that we view them from a long-term perspective. 

At companies, it often happens that the mission of your division changes or the division 

becomes unnecessary because the policy of the entire company changes. Then people become 

preoccupied with these things the moment they happen, and they can no longer concentrate 

on their work. So unless it is decided in advance, from a long-term perspective, to which 

extent things are surely going to be completed, you cannot focus on your work. For example, 

suppose you are developing superior experimental equipment in the AIMR, if you feel you 

have to go to the next place soon, you cannot concentrate on your research. 

I: Yes, I see your point. 



43

H: So it is important that the management people have a strong will. If their policies are clear 
and solid, I think the research performance will naturally follow.  
I: That is the difficult part. Nowadays we surely have accountability, with the amount of 
competitive funds on the increase. On the other hand, it is understandable if it is a span of 
five years or so, but we are asked the number of papers every single year. It may be 
acceptable if it is at the level of being reflected in the annual salary and so forth, but the 
situation is quite harsh if it is going to change the direction or the destiny of the organization. 
H: Yes, it is an important point because it is also related to the morale of the researchers. I 
think the current situation is that if the policies at the management level are not stable, people 
at the research level are not able to engage in research comfortably. 
I: This issue is also related to the government’s science policy. 
H: I think that is exactly the point. If the government’s science policy is to foster the WPI, 
and there is a certain timeframe set from the beginning, of ten years for example, it is 
necessary to at least ensure the management of the research institute without discussing 
whether it should be continued or not. Of course, when a certain degree of policy change is 
necessary, it needs to be implemented. But when the positions of the researchers are not 
guaranteed, solid research cannot be conducted. I think this is a big issue.  
I: That may be true. 
H: So I think all of us need to discuss again what kind of research institute would produce 
results. We need to reconsider both the policy decision of the research institute and the 
improvement of the research environment as combined issues. 
I: I think the mobility of human resources is also important on the other hand. 
H: It is very important. But I think it is more wasteful than anything when even the superior 
human resources become unnecessarily nervous and cannot achieve good performance. This 
is a very important point. 
I: After all, research institutes are supported by the human resources. 
H: If talented human resources do not come to us, our program will not succeed, either. 
I: Yes, you are right. 
H: When questioned whether the AIMR has an environment that attracts talented human 
resources, we should not hesitate in our answer even for a moment. It is a question of whether 
we can tell talented people to “come work with us” with confidence. We need to improve the 
organization so we can say that. I think this is the challenge we are going to face in the 
second phase.  
I: Yes. This is probably going to be a major topic of discussion. 
H: Yes. There are a lot of good things about AIMR, but I think there is still a lot left to do in 
terms of how to support foreign researchers. I do not think there is sufficient structure to 
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incorporate the opinions of foreign researchers. So I think we may want to have regular 
opportunities to listen to the opinions of foreign researchers about their research environment. 
I: I think our communication in English has improved significantly. 
H: Yes, we have seen a lot of improvement in that area, but I am concerned about whether 
this place really provides positive opportunities for their career. In general, positive reports 
come to us easily, but negative reports are shut down to a management level, so we have to 
be particularly careful about that. I think we need to request the foreign researchers to provide 
us with negative reports. 

In a company, the human resources department would communicate with the employees 
directly and listens to them to incorporate everyone’s opinions. So we also need to have 
someone reliable in charge, and incorporate people’s opinions without fail. 
I: It is not that we are going to do that to evaluate people or anything, but rather to learn 
about the environment… 
H: Yes, it is absolutely vital to ask about their research environment. 
I: It is at least necessary to listen to them. 
H: I think such a system should be established to provide active support to foreigners. If we 
can incorporate their opinions and create a good research environment, they feel happy about 
joining the AIMR, and they will tell other people, in the next institute they work, that they 
liked the AIMR 
I: And they will speak to many people about us. 
H: Yes. Without that, I do not think the brain circulation, which is the motto of the WPI 
program, will be realized. So the point is whether people can move to the next workplace, 
feeling happy that they spent time in the AIMR. In order to help people become happy here, 
of course it is important to make efforts by themselves, but I think how we approach them is 
also important. So it will be our challenge in the second phase to create such a system. 
I: This is indeed a point we should think about as management. 
H: I ask you to do so. I think it is one important point. 

Everyone is motivated, so the issue is how to enhance their performance. I always believe 
that “the best of man is like water.” It is not a sake brand (laugh). These are the words of Lao-
tse, which mean that good things or successful events are like water. Water can freely change 
its shape and blend in with its surroundings, and benefits all things. Since the researchers are 
sufficiently motivated, if a good research environment is established, things will naturally run 
smoothly like water. Therefore, I think our role is to remove any obstacles that demotivate 
young researchers. 
I: That is right. Thank you very much for sharing your opinion on a variety of issues today. 
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Interviewer: Administrative Director, W. Iwamoto 
At Hitosugi Laboratory, WPI-AIMR Annex Building 

May 17th, 2011
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Site Visit by International Working Group of the WPI Program  

Program Director Toshio Kuroki and the International Working Group of the WPI 

Program led by the Program Officer in charge of AIMR, Yoshihito Osada, made a site 

visit to AIMR on August 10 through 11, 2011. The site visit has been held once a year 

since FY2007 for the purpose of assessing the state of our project implementation 

through discussions with AIMR members and a site observation. This year, the exercise 

has high importance as the objective of the visit is especially to ascertain the progress 

made since the WPI’s founding in 2007, in view of an interim evaluation.

On the first day, Director Yamamoto gave an overall briefing on the AIMR’s 

progress, the group leaders presented the research of each of their groups, and young 

researchers made poster presentations. Following these sessions, overall discussion was 

conducted between visitors and AIMR members. On the second day, the Center 

Director gave a briefing on the new AIMR main building and facilities, and the visitors 

went around them. Finally, a post-site-visit discussion was conducted between visitors 

and AIMR members. Very fruitful discussions with the visitors were held throughout 

the sessions. The International Working Group will report their views to the WPI 

Program Committee which will make a final evaluation of the performance of WPI 

Centers.

International Working Group Members:  

Yoshihito Osada, Program Officer, Special Advisor at RIKEN 

Samuel M. Allen, Professor at Massachusetts Institute of Technology, USA 

Hideo Hosono, Professor at Tokyo Institute of Technology 

Colin Humphreys, Professor at University of Cambridge, UK 

Yasuhiko Shirota, Professor at Fukui University of Technology 

Samuel I. Stupp, Professor at Northwestern University, USA 

Tomohiko Yamaguchi, Deputy Director at Nanosystem Research Institute,  

National Institute of Advanced Industrial Science and Technology 

Toyonobu Yoshida, Professor at the University of Tokyo 



60

WPI-AIMR – Cambridge Symposium 

Susumu Ikeda 

   The WPI-AIMR – Cambridge Symposium was held on June 14, Tuesday, 2011 at Pfizer 

Meeting Room in the Department of Materials Science & Metallurgy, University of 

Cambridge. So far, our collaboration has been carried out mainly in bulk metallic glasses 

(BMG). The purpose of this symposium was to extend the collaboration to other discipline, 

such as chemistry, physics, and device/system construction in order to enlarge the scope of 

collaboration with University of Cambridge, one of the satellites of AIMR. In this 

symposium, theoretical groups covering chemistry and physics, chemists, biochemists, 

surface scientists and optoelectronic physicists got together and prospect of our 

comprehensive and interdisciplinary collaboration was confirmed. 

The delegates from two institutions are as follows. 

Cambridge: Prof. Lindsay Greer, Prof. Michiel Sprik, Prof. Daan Frenkel,

Prof. Neil Greenham, Dr. Erwin Reisner, Prof. Paul Midgley, Dr. Caterina Ducati 

WPI-AIMR: Prof. Yoshinori Yamamoto, Prof. Kazuto Akagi, Dr. Ikutaro Hamada,  

Prof. Masaru Tsukada, Prof. Tadafumi Adschiri, Prof. Taro Hitosugi, Prof. Katsumi Tanigaki, 

Prof. Motoko Kotani, Prof. Susumu Ikeda 

   The symposium was started with the opening remarks by Prof. Lindsay Greer and Prof. 

Yoshinori Yamamoto. Prof. Greer kindly welcomed us and expressed his deep concern�

about the situation of Sendai after the disaster. Prof. Yamamoto replied to this comment and 

appreciated the thoughtfulness and hospitality of Prof. Greer and delegates from University 

of Cambridge. Recent research interest and results were presented as follows and meaningful 

discussion was made for our future cooperation. 

Atomistic Studies on Solid-Liquid Interfaces 
   Dr. Ikutaro Hamada showed his results of first-principles calculations of the 

electrochemical reactions, which are relevant to the hydrogen fuel cell reaction. Dynamical 

process of the chemical reaction H
+
 + e

- � 1/2H2 at the water/Pt(111) electrode interface, via 

Heyrovsky and Tafel steps, were studied using the blue-moon ensemble molecular dynamics 

simulation, and microscopic mechanism of the reaction was discussed.

   Prof. Kazuto Akagi presented the first-principle calculation of the structure and dynamics 

of water at the solid/liquid interfaces. He emphasized that analysis of the higher-order 

information such as size distribution and life-time of ring structures in the hydrogen bond 



61

network can provide important clues to understand various properties of the interfacial region 
including chemical reactivity. 
Theoretical Studies in Physics and Chemistry 
   Prof. Masaru Tsukada introduced current activity of his group to establish the theory of 
molecular nanostructures. He also emphasized the importance of their SPM simulators which 
his group has developed pioneeringly. In order to investigate the nanostructures by 
collaboration between experimental and theoretical researchers, such simulators are very 
useful for discussing the phenomena observed by SPMs. 
   Prof. Michiel Sprik presented the recent results using a combination of density functional 
theory based molecular dynamics (DFTMD). He showed the computed result of the 
TiO2/H2O interface and compared the calculated conduction- and valence-band edges with 
the experimental data. The main purpose of this calculation was to study the oxidative 

dehydrogenation of a water molecule absorbed on the TiO2 surface. 
He suggested that using the solvation free energy of H+ as energy 
reference led to good computational result of the conduction-band 
edge while not good in the estimation of the valence-band edge. He 
concluded that the activation by the surface is largely due, not to a 

reduction of the ionization energy, but the increase of the acidity of 
the water molecule. 
   Prof. Daan Frenkel described his current study on the numerical 
exploration of routes to design novel, self-assembling structures 
and materials; simulation of equilibrium and nonequilibrium 
properties of soft materials. He introduced novel Monte Carlo techniques to predict the 
thermodynamic stability of complex structures such as DNA-coated colloids. He also 
mentioned their exploration of novel dynamical simulation techniques to predict the process 
of structure formation from a meta-stable parent phase.  
Hybrid Material 
   Dr. Erwin Reisner showed the catalytic activity of enzymes. He described [NiFeSe]-
Hydrogenase from Desulfomicrobium baculatum (Db) attaced to dye-sensitised TiO2

produces H2 with high efficiency. Hydrogenases are microbial enzymes that catalyze the 
selective and reversible interconversion of H2. He also described that TiO2 nanoparticles 
(NPs) modified with a photosensitizer and the CO2-reducing enzyme CODH I from the 
anaerobic microbe Carboxydothermus hydrogenoformans (Ch) provide an extraordinary 
catalyst for CO2 photoreduction (CO2 � CO). 
   Prof. Tadafumi Adschiri talked about his material synthesis technique using supercritical 
water and focused his talk on the results of CeO2, the catalytic oxide widely used for cleaning 
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automobile emission. He first introduced the previous data of CeO2 nanocrystals investigation 
and showed the latest challenge to obtain the most active crystal surfaces for improving the 
catalytic activity. They succeeded in obtaining such nanocrystals exposing the most reactive 
(100) surfaces by attachment the organic molecules to the surfaces, hindering growth in that 
direction. He also commented on possibility of collaborative study with Dr. Reisner's group. 
Electron Microscopy and Optoelectronics 
   Prof. Taro Hitosugi introduced the strategy of his research group. In particular, he focused 
on the oxide thin films and showed some recent results of the high quality oxide thin films 
such as LaAlO3 grown on SrTiO3 by pulsed laser deposition (PLD) technique and STM 
investigation of the surface. One of their goals is to obtain novel electronic properties by 
making atomically ordered oxide films and/or atomically controlled oxide-oxide interface 
structures with homo- and hetero-epitaxy. 
   Prof. Katsumi Tanigaki talked about recent advancement of light-emitting organic field-
effect transistors (LE-OFETs). He described that their goal was to realize electrically-driven 
organic laser using LE-OFETs and for this purpose he encouraged the fusion research with 
Prof. Yamamoto’s group to obtain new organic semiconductors with high mobility and high 
luminescence efficiency. He emphasized that the molecular design appropriate for LE-OFETs 
has gradually been clarified. 
   Prof. Paul Midgley presented the vivid 3D images of the nano-structured materials obtained 
by the tomography technique using transmission electron microscopy (TEM). In the same 
way as X-ray computed tomography (CT), many projection (transmission) images are 
acquired with sample rotation and reconstruction computation is carried out to obtain the 3D 
data set. So far, their Electron Microscopy Group succeeded in 3D imaging of many kinds of 
materials, including a result obtained in collaboration with Prof. Adschiri. He also mentioned 
the use of electron energy loss spectroscopy (EELS) technique for imaging. 
   Dr. Caterina Ducati showed some instances of 3D imaging with the TEM tomography, for 
example, the observation of Grätzel Cell. She also presented her recent challenge, imaging 
the photo active sites in materials by irradiating the specimen in the TEM equipment using 
the light introduced through an optical fiber from outside light source to the specimen side. 

   After each presentation we had an animated discussion. For example, some challenges 
which should be attempted in our collaboration were proposed. The symposium made an 
important step for our further collaboration and provided many suggestions for our joint 
research. The success in this symposium largely due to the careful arrangements by Prof. 
Greer and we would like to thank his great hospitality. 
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Fig. 1: Schematic illustration of the Dirac 

cones in BaFe2As2 and the bright points (�) in 

momentum–energy (k–E) space. The atomic 

structure of the compound is shown on the 

right.

Iron-based Superconductors: Borrowing from Graphene 

Seigo Souma 

The paper “Observation of Dirac Cone Electronic Dispersion in BaFe2As2” was 

published in Europhysics Letters (EPL) has been selected for one of the EPL Most Cited 

Articles for last 25 years (1986-2011). 

The outcome was also featured on Physics Today on April 25. 

The following paragraphs give a detailed description of the title. 

The discovery of iron-based superconductors in 2008 reenergized the field of 

superconductivity research, all the more so because the electronic properties of these 

new compounds have proved to be complex and full of surprises. Few, however, would 

have expected that these superconductors would display features similar to those of 

another material that has recently attracted the excitement of scientists — graphene. 

A team of researchers led by Takashi 

Takahashi of the WPI-AIMR had been 

studying the iron-based compound 

BaFe2As2 in order to gain new insights 

into its magnetic properties, particularly 

with respect to the ‘spin-density wave’ 

(SDW) order previously reported for this 

material. The team discovered that the 

compound has a Dirac cone-like 

electronic band structure
1
 — the same 

feature that gives graphene its 

exceptional properties. 

BaFe2As2 is the parent compound of one member of the iron-based superconductor 

family. It is widely accepted that superconductivity in these iron-based compounds, as 

in the cuprate superconductors, is present in the parent compound but suppressed by 

another property, usually magnetism. The parent compound is induced into its 

superconducting state by adding impurity atoms and cooling it to extremely low 

temperature. 
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The researchers examined the parent compound BaFe2As2 using a technique known as 
angle-resolved photoemission spectroscopy, which revealed two bright points of photon 
emission in momentum space below the SDW temperature (Fig. 1). Focusing on these 
points and studying emission as a function of energy and momentum, the team then 
discovered the Dirac cone — a band structure that describes how electrons behave like 
massless relativistic particles at certain points in momentum space. 

The similarity with graphene is not complete, however. While the Dirac cone of 
graphene is symmetric with respect to momentum, that for BaFe2As2 is distinctly 
asymmetric and displays small pocket-like features and nodes, features that present 
intriguing targets for future research. 
The team’s results have broad implications for many of the actively studied topics in 
solid-state physics. Aside from graphene, Dirac cones have also been observed in 
‘topological insulators’, a class of materials that are at once both insulating in the bulk 
and metallic at the edges. “Whoever would have thought that iron-based 
superconductors, one of the hottest materials in materials science, would exhibit 
low-energy physics similar to graphene?” says Pierre Richard, one of the lead 
researchers involved in the discovery. “With our findings, people will have to think 
more carefully on the connection between all of these materials, which could lead to the 
development of new functional materials with exotic properties.” 

Reference 
Richard, P., Nakayama, K., Sato, T., Neupane, M., Xu, Y.-M., Bowen, J.H., Chen, G.F., 
Luo, J.L., Wang, N.L., Dai, X., Fang, Z., Ding., H. & Takahashi. T. Observation of 
Dirac cone electronic dispersion in BaFe2As2. Physical Review Letters 104, 137001 
(2010).

Physics Today: 
http://blogs.physicstoday.org/thedayside/2011/04/fashionable-physics.html 
EPL:
http://iopscience.iop.org/0295-5075/83/4/47001 
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“Fabrication of  Li-intercalated bilayer graphene” 

K. Sugawara
1
, K. Kanetani

2
, T. Sato

2
, and T. Takahashi

1,2

1 WPI Advanced Institute for Materials Research, Tohoku University 
2 Department of Physics, Tohoku University 

Intercalation of atoms or molecules into layered materials causes various interesting 

changes in the electrical and chemical properties. Graphite intercalation compounds 

(GICs) have a high potential for technological applications like chemical catalysis and 

storage of intercalants [1].  Lithium (Li) intercalated graphite (Li-GIC) has been widely 

used as an anode material in the rechargeable battery [2].   However, it is unclear 

whether the intercalation of Li atoms is possible in the thinnest limit, namely in bilayer 

graphene.  Fabrication of Li-intercalated bilayer graphene is very important for 

developing a new nano-scale ion battery with a high charge/discharge rate [3]. 

We have succeeded in fabricating Li-intercalated bilayer graphene for the first time 

and studied the electronic structure with angle-resolved photoemission spectroscopy 

(ARPES) [4].  We have tried to fabricate Li-intercalated bilayer graphene by depositing 

Li atoms with a SAES getter on a graphene sheet grown on a SiC surface. Figure 1 

shows a comparison of Fermi surface (FS) determined by ARPES between pristine and 

Li-deposited bilayer graphene.  Pristine bilayer graphene shows a single FS at the K 

point in the Brillouin zone, while Li-deposited 

bilayer graphene exhibits two different types 

of FSs in the same momentum region; a 

closed triangular-shaped FS (S1 FS) and a 

relatively larger open-type FS (S2 FS). There 

are additional FSs (S3 and S4) around the G 

point, which are produced by the band-folding 

of S2 and S1 FSs, respectively, due to the 

�3x�3R30° superstructure of ordered Li ions 

as observed by the LEED measurement. These 

experimental results unambiguously indicate 

that deposited Li atoms are certainly 

intercalated in the bilayer graphene sheet with 

a well-ordered manner as in bulk GIC (Fig 1 

(c)).  The present experimental result opens a 

promising pathway for developing a new 

Figure 1  Fermi surface of (a) pristine 

and (b) Li-intercalated bilayer 

graphene determined by ARPES. (c) 

Crystal structure of Li intercalated 

bilayer graphene.  
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nano-scale ion battery with a higher charge/discharge rate and a reduced volume change. 

References 

[1] M. S. Dresselhaus and G. Dresselhaus. Adv. Phys. 51, 1 (2002). 

[2] J. R. Dahn et al., Carbons and Graphite as Substitutes for the Lithium Anode, 

Industrial Chemistry Library 5, 1 (1994). 

[3] A. S. Aricó et al., Nature Mater. 4, 366 (2005). 

[4] K. Sugawara et al., AIP Adv. 1, 022103 (2011). 
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“Voltage induces superconductivity: new era of searching for matters” 

Masashi Kawasaki 

WPI Advanced Institute for Materials Research, Tohoku University & School of Engineering Univ. Tokyo 

Discovery of new superconductors is one of the most influential events in materials science. 

This has been accomplished by experiments based on empirical knowledge or alchemy; mixing 

some elements to produce new materials phases. Soon after the Onnes’s discovery of 

superconductivity 100 years ago, people had mixed metallic elements to synthesize new 

inter-metallic compounds in the first generation (See Fig. 1). When new discoveries had stopped 

(Nb3Ge, critical temperature (Tc) of 23K), people shifted the strategy to mixing some dopant 

elements into insulating materials to make them conducting (second generation). The significant 

breakthrough in this approach was the discovery of high critical temperature (Tc) cuprates (Tc < 

135K). Instead of these dopants, one could use a concept of field effect transistor (FET), where 

charge carriers are electrostatically injected into insulating (semiconducting) compounds.  

Collaborating with Prof. Y. Iwasa, we have developed a new way of accumulating charge carriers 

with a density two orders of magnitude greater than ever accomplished in conventional FET. This is 

the electric double layer (EDL) transistor. This EDL concept was revealed 130 years ago by 

Helmholtz and is now used as super-capacitor in modern electric vehicles. Figure 2 shows a 

schematic of EDL transistors where insulating crystal is in contact with an ionic liquid that behaves 

as electrolyte. With applying a few volts to the gate, one can accumulate up to 10
15

cm
-2

 charge 

carriers; note that it is greater than the surface atomic density of 6x10
14

 cm
-2

. This accumulation 

induced superconductivity in SrTiO3 and ZrClN, which were known to be superconducting also by 

chemical doping
1,2)

. Now, we discover KTaO3 can be superconducting by electron doping, which has 

been impossible because of the lack in miscibility of any dopant element
3)

. This discovery is a clear 

indication that we are entering the third generation of finding new superconductors that may give us 

even higher Tc.

1) K. Ueno, et al. Nature Mater. 7, 855 (2008). 

2) J. T. Ye, et al. Nature Mater. 9, 125 (2010). 

3) K. Ueno, et al. Nature Nanotech. 6, 408 (2011). 

Fig. 1 History of superconductor discoveries.  Fig. 2 A schematic of EDL transistor. 
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“Voltage induces magnetism: new era of magnetic devices” 

Masashi Kawasaki 

WPI Advanced Institute for Materials Research, Tohoku University & School of Engineering Univ. Tokyo 

When you heat a matter, the temperature goes up. Similarly, applying a magnetic field induces 

magnetization and an electric field generates charge accumulation in a capacitor. Imagine, if there is 

cross term of these input-output relations. If you can control magnetism by electric field, you will be 

able to make useful magnetic devices with ultra-low power consumption that can replace existing 

memories and logic circuits in computers and smart-phones. There is an interesting materials system 

to accomplish this hard task, called ferromagnetic semiconductors. If you mix magnetic impurities in 

a semiconductor AND inject charge carriers, magnetic moment of impurities are aligned by 

exchange coupling with charge carriers. We made a significant advance 10 years ago
1)

 by finding a 

room temperature ferromagnetism in an oxide semiconductor TiO2 doped with a few % of CoO. The 

magnetism can be turned on and off by changing the oxygen deficiency that defines electron density 

in this semiconductor. The interaction between spin-aligned Co ions and electrons was confirmed by 

so-called anomalous Hall effect; electrons cannot run straight even in zero-magnetic field because of 

ferromagnetic magnetization
2)

. This also implies that the electron spin is also aligned. We now 

demonstrate that the ferromagnetism can be switched on and off by the control of charge carrier 

density in a field effect transistor geometry
3)

. Figure 1 (a) shows a transmission electron microscope 

image of our (TiCo)O2 films taken by Prof. Ikuhara of WPI-AIMR that clearly indicates Co and Ti 

ions are homogeneously mixed. By accumulating emulous amount of charge carriers in an electric 

double layer transistor with (TiCo)O2 as a channel, one can switch on and off the ferromagnetism 

even at room temperature. Fig. 2 shows the switching behaviors represented by the emergence of 

magnetic hysteresis in anomalous Hall effect. We hope this new finding will trigger further 

development in applications for post-silicon technology. 

1) Y. Matsumoto, et al., Science 291, 854 (2001P

2) H. Toyosaki, et. Al., Nature Mater. 3, 221 (2004) 

3) Y. Yamada et. Al., Science 332, 1065 (2011)  

Fig. 1 Scanning transmission electron 

microscope image of a (TiCo)O2 film. 

Fig. 2 Emergence of magnetic hysteresis in 

anomalous Hall effect by a voltage application. 
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cues due to the incorporation of immobilized or soluble factors have been notably used 

for high throughput screening, cell migration studies, axonal guidance and cell 

differentiation. Also, electrospun fibers have a large surface to volume ratio, high 

porosity and good mechanical properties which are favorable for interaction with cells 

and tissue engineering applications. Technical approaches to generate gradient 

nanofibers have been mostly based on surface modification of the ejected fibers 

post-electrospinning. Both, gradient hydrogels and gradient nanofibers, as their 

combination, offer very promising perspectives for ITE due to their design flexibilities 

and functional properties, which could match the complex environment seen at the 

tissue interface and could promote the required heterotypic cell interactions.  

References  

[1] M. Singh, B. Tech, C. Berkland, M. Detamore, Tissue Engineering B, 14, 4, 341-366,(2008). 

[2] A. Seidi, M. Ramalingam, I. Elloumi-Hannachi, S. Ostrovidov, A. Khademhosseini, Acta 

Biomaterialia, 7, 4, 1441-1451, (2011). 

[3] S. Sant, M. J. Hancock, J.P. Donnelly, D. Iyer, A. Khademhosseini, The Canadian Journal of 

Chemical Engineering 88, 6, 899-911, (2010). 

Fig. 1 Illustration of the concept of Interface Tissue Engineering.
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A. Grant-in-Aid for Scientific Research (KAKENHI) (Unit: thousand yen)

Categories Budget
Distribution (*1)

TANIGAKI, Katsumi (PI) 15,100
TANIGAKI, Katsumi (PI) 13,300
ASAO, Naoki 2,100
HITOSUGI, Taro 800

Subtotal 4 31,300
KURIHARA, Kazue (PI) 14,690
ASAO, Naoki 3,510
HAMADA, Ikutaro 1,950

Subtotal 3 20,150
ESASHI, Masayoshi (PI) 4,810
ADSCHIRI, Tadafumi (PI) 33,280
YAMAGUCHI, Masahiko (PI) 36,400
TAKAHASHI, Takashi (PI) 72,410

Subtotal 4 146,900
KOTANI, Motoko (PI) 9,620
TSUKADA, Masaru (PI) 9,880
MIYAZAKI, Terunobu (PI) 6,240
YAMADA, Kazuyoshi (PI) 11,570
MATSUE, Tomokazu (PI) 13,910
IKUHARA, Yuichi (PI) 14,820
YAMAMOTO, Yoshinori (PI) 15,860

Subtotal 7 81,900
NISHI, Toshio (PI) 650

Subtotal 1 650
ASAO, Naoki 1,170
TAKEUCHI, Akira 1,430
SHIMOMURA, Masatsugu (PI) 910
NAKAJIMA, Ken 2,210
SAITO, Mitsuhiro 2,990

Subtotal 5 8,710
KOTANI, Motoko (PI) 1,300
ISHII, Daisuke 2,080
NAKAYAMA, Koji 2,730
ADSCHIRI, Tadafumi (PI) 2,080

Subtotal 4 8,190
ISHII, Daisuke 3,510
HITOSUGI, Taro 17,940
HOJO, Daisuke 22,880

Subtotal 3 44,330
LIU, Hongwen 650
YOSHIDA, Shinya 1,560
MCKENNA, Keith Patrick 1,040
XU, Limei 1,170
JIN, Tienan 2,340
FUJINAMI, So 650
OHSAWA, Takeo 650
HIRATA, Akihiko 1,300
WANG, Zhongchang 1,560
LIU, Yanhui 1,560
TANABE, Yoichi 3,510
JI, Sungdae 1,430
TSUKIMOTO, Susumu 2,470

Subtotal 13 19,890
44 362,020

Scientific Research (B)

Scientific Research (C)

Challenging Exploratory Research

Young Scientists (A)

Young Scientists (B)

Subtotal

FY2011 List of Major Governmental Research Funds
(As of August 1, 2011)

Representative's Name

Scientific Research on Priority Areas

Scientific Research on Innovative Areas

Scientific Research (S)

Scientific Research (A)
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B. Other Grant-in-Aid (Unit: thousand yen)

Representative's Name Distributing Organization Budget
Distribution (*1)

ESASHI, Masayoshi (PI) Japan Society for the Promotion of
Science (JSPS)

Funding Program for World-
Leading Innovative R&D on
Science and Technology

679,000

679,000

C. Research funds consigned from government directly (Unit: thousand yen)

Representative's Name Distributing Organization Budget
Distribution (*1)

ADSCHIRI, Tadafumi (PI) Japan Science and Technology Agency
(JST)

Core Research Evolutional Science
and Technology (CREST) 14,950

TSUKADA, Masaru (PI) Japan Science and Technology Agency
(JST)

Core Research Evolutional Science
and Technology (CREST) 7,800

KURIHARA, Kazue (PI) Japan Science and Technology Agency
(JST)

Core Research Evolutional Science
and Technology (CREST) 71,760

SHIMOMURA, Masatsugu (PI) Japan Science and Technology Agency
(JST)

Core Research Evolutional Science
and Technology (CREST) 19,500

KOTANI, Motoko (PI) Japan Science and Technology Agency
(JST)

Core Research Evolutional Science
and Technology (CREST) 37,713

YAMADA, Kazuyoshi (PI) Ministry of Education, Culture, Sports,
Science and Technology (MEXT) Elementary Strategic Project 9,555

ESASHI, Masayoshi (PI) Japan Science and Technology Agency
(JST)

Strategic International Cooperative
Program 4,620

ADSCHIRI, Tadafumi (PI) New Energy and Industrial Technology
Development Organization (NEDO)

Technical Development of Ultra-
hybrid Materials (Technological
Development of Contradictory
Functional Materials by nano-scale
Structure Control)

197,157

HITOSUGI, Taro Japan Science and Technology Agency
(JST)

Precusory Research for Embryonic
Science and Technology (PRESTO) 22,880

NAKAYAMA, Koji Japan Science and Technology Agency
(JST) Research Seeds Quest Program 5,200

FUJITA, Takeshi Japan Science and Technology Agency
(JST) Research Seeds Quest Program 5,850

IWAYA, Katsuya Japan Science and Technology Agency
(JST) Research Seeds Quest Program 5,200

SATO, Toyoto Japan Science and Technology Agency
(JST) Research Seeds Quest Program 2,950

HITOSUGI, Taro New Energy and Industrial Technology
Development Organization (NEDO)

Grant for Industrial Technology
Research (Financial support to young
researchers)

9,750

414,885

D. Research funds reconsigned through the private enterprise/university (Unit: thousand yen)

Representative's Name Distributing Organization Budget
Distribution (*1)

NISHI, Toshio (PI) New Energy and Industrial Technology
Development Organization (NEDO) Bridgestone Corporation 13,908

SHIMOMURA, Masatsugu (PI) New Energy and Industrial Technology
Development Organization (NEDO)

Fujifilm Corporation, Japan Tissue
Engineering Co., Ltd. (J-TEC) 9,300

TSUKADA, Masaru (PI) Japan Science and Technology Agency
(JST)

Advanced Algorithm and Systems
Co., Ltd. 3,120

TSUKADA, Masaru (PI) Ministry of Education, Culture, Sports,
Science and Technology (MEXT) University of Tokyo 7,000

TANIGAKI, Katsumi (PI) Misitry of Economy, Trade and Industry
(METI) Kuramoto Co., Ltd. 2,394

HITOSUGI, Taro Japan Society for the Promotion of
Science (JSPS) University of Tokyo 30,193

65,915

1,521,820
*1:Budget includes indirect expenses.

1

Project Title

Redistributing Organization

14

6

Total 65

Subtotal

Subtotal

Project Title

Subtotal
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The Fourth Series of WPI-AIMR Joint Seminars FY2011 

The topics of the Fourth WPI-AIMR Seminar Series of Fiscal Year 2011 are 

“Cooperation between Materials Science and Mathematical Science” and composed of 

two parts, i.e.,  (1) ”Mathematical (Math-Mate) lecture + discussions”, and (2) 

“Materials science presentation + discussion” meetings.  The first half of the seminar 

is assigned to lecture/presentation, and the latter half to questions/ (panel) discussions.  

Initial several Seminars should be introductory to form a common understanding among 

WPI staffs on the aim/problems of the collaboration with mathematics.  

As for the part (2), the speakers are chosen from younger/senior researchers mainly 

from WPI-AIMR and they provide topics concerning on the following questions;  

[1] How does he/she expect the cooperation with mathematics or mathematical science? 

[2] What does he/she expect from the concept of “FunctonNsee belowP”

for creating a novel research strategy of materials science?  

[3] How can his/her research topics be seen from the view point of Functon?  

Proposals of a presentation at the Seminar providing any opinions and related topics 

by research members at WPI-AIMR will be most welcome.  But Committee members 

of Seminars may ask research members to give a talk at one of the Seminars at any 

occasion.

Please remind that the participation to this Seminar Series is mandatory.  

��� about Functon ���

Definition of the concept of “Functon” itself is the important theme which will be 

discussed through this seminar series.  Here is a starting point for you to think of it by 

yourself.

What is FunctonN“��	” in Japanese and ChineseP?

Functon is a constituent element of materials showing a certain definite function or    

property, and every material is composed of one or many kinds of assembled functons.  

The size of functons ranges over from the size of atom/molecule to macroscopic size.  

Functons often take spatial or temporal nesting structures, i.e., the structures like 

matryoshka (Russian doll); higher rank functon is formed as an assembly of lower rank 

functons.
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Why Functon?
Functon is a central concept introduced at WPI-AIMR to create a novel research 

strategy of materials science.  Namely we consider materials science can be performed 
without going back to atom/molecule, but by introducing the concept of minimum 
function unit, i.e., functons.  Working on functons, materials science can be effectively 
executed with a help of mathematical science.  So far existing materials science 
remained the science of matter where properties of matter is solved in turn from the 
lower to higher rank, i.e., from atom/molecule level to macroscopic level, which   
therefore treats ordinary (non-inverse) problems in terms of mathematics.  However, a 
true materials science should treat an inverse problem to finding out necessary functons 
to create novel materials with desired function.  Mathematical science should play 
important role for that cooperating with materials science.      

Functons as a target of mathematical sciences 
Mathematical science, of which important tool is the concept of functon helping a 

bridge with the materials science, is needed for solving the difficult inverse problem.  
It should solve how to combine complicated multilayer functon systems for the inverse 
problem.  Furthermore the mathematical science is also expected to help developing 
materials as sensitive but robust, and those with multi-functions responding 
environment change.  Mathematics is also necessary for the control of rare events, and 
for device processes utilizing pattern formation and so on.  These can be also achieved 
with the help of the concept of functons.   

Establishing the concept of Functon 
Elucidation of easy processes forming higher rank functons from the lower rank 

functons, even from those of atoms/molecules level, and forming functons in artificial 
materials, which are related with non-equilibrium open systems, phase transition and 
nucleation core, interface processes, and self-organization, have been major topics of 
individual materials science so far.  However, to create a guiding principle of 
innovative materials science, it is essentially important to explore and establish a 
general concept of “Functon”, and with its bolster, establishing a strategy of a novel 
materials design by solving the inverse problem.  
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Report on the 1
st
 Seminar 

Nobuaki Aoki 

June 24, 2011 

 “A Role of Mathematics in a New Context 

– Seek for Possible Collaborations with Materials Science” 

Prof. Motoko Kotani 

“Algorithms for Segment Packing and Generalized Kakeya's Problem” 

Prof. Takeshi Tokuyama (GSIS, Tohoku University) 

Panel Discussion 

The main topic of the 4th WPI-AIMR Joint Seminar Series is “Cooperation between 

Materials Science and Mathematical Science”, and having the knowledge on the 

relationship between mathematics and materials science is the first step for establishing 

the cooperation.  In the 1st seminar, we had two mathematical lectures and held panel 

discussion as a starting point of our scientific exploration.  

For the first math lecture, Prof. Kotani presented change in the historical role of 

mathematics.  She pointed out problems the human society encounter have become 

more and more complicated and larger in data-size in the late 1980s, and complexity 

beyond the efficiency zone of the existing tools encourages mathematics to 

acknowledge a new position to handle them.  Earlier applications by European Science 

Foundation were also introduced and examples of successful collaboration with 

materials science were reported.   

In the second lecture, Prof. Tokuyama illustrated a suggestive instance of solving a 

problem with the help of accumulation of mathematics over the past hundred years.   

The problem was to determine the smallest area from given line segments.  It was 

solved in the context of computer science, but finding optimal geometric structures 

should be an important theme also in material science.  He mentioned that such a 

solving methodology may bridge mathematics and computational material science.  

The panel discussion was also held.  In order to promote the cooperation with 

mathematics, we started comprehensive consideration on the materials science as the 

combination of element of functions.  Following the introductory talk by Dr. Akagi, 

several examples of “functional unit (electric circuit, structure of document, 

concentration blob in polymer, etc.)” were given by the organizing committee, which 

include a suggestive clue to find a non-material functional unit in materials science. 
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Report on the 2
nd

 Seminar 

Ryo Nouchi 

July 8, 2011 

““Functon” in Adschiri Group’s Research, Fusion of Ideas in WPI, Analogy & Math” 

Prof. Tadafumi Adschiri 

“What Is Functon, Why Functon and What Can Be Functon”

Prof. Katsumi Tanigaki 

Panel Discussion 

In this seminar, two Math-Mate talks were given by Prof. Adschiri and Prof. Tanigaki, 

which were followed by open discussions entitled “What can be Functon (2)” and 

“Functon as a Bridge between Materials Science and Mathematics”.  In succession to 

the 1st seminar, the efforts were made to help materials scientists think of the possible 

collaboration with mathematics. 

In the first lecture, Prof. Adschiri emphasized needs for high heat conductive 

materials to make an efficient recovery system of exhaust heat from automobiles.  To 

obtain materials possessing this function, Adschiri group has developed super hybrid 

materials such as surface-modified nanoparticles, which can be a basic functional 

element of this function.  He also introduced the research results in WPI-AIMR, which 

unveiled similarities between different materials. This kind of analogy between different 

materials can be found further in other materials with the help of mathematics. 

In the second lecture, Prof. Tanigaki mentioned three inventions that have most 

contributed to science and technology: namely, lasers, transistors, and integrated circuits.  

Next, he introduced main research subjects in Tanigaki group, i.e., light-emitting 

organic transistors, Dirac-cone states in Fe-based superconductors, and cage-like 

thermoelectric materials.  He also discussed possible basic functional elements for 

these three subjects.  Finally, he encouraged us to make researches for energy 

harvesting without using pseudoscience like Feynman's ratchet. 

Following the two Math-Mate talks, we had open discussions, which were led by Dr. 

Akagi.  At first, Dr. Ikeda made an introductory talk about the role/importance of 

mathematics to establish a new scientific principle in materials science.  After that, in 

succession to the previous seminar, we discussed about re-examination of functional 

materials as a combination of basic functional elements in order to make effective 

collaborations with mathematics. 



Research Prospect 
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relatively specific tool in the field of colloid 

and interface science.  A major drawback of 

surface forces measurement employing 

surface forces apparatus (SFA) is restriction 

of samples: it is applicable only for 

transparent substrates and liquids because it 

uses FECO fringes for the distance 

determination [1].  We have recently 

developed a novel SFA, a twin-path SFA 

(Figure 1), which is a practically only SFA 

for opaque samples [16].  

Another instrumentation we have 

involved is the shear force measurements.  Taking an advantage from an ability of the 

surface forces apparatus to regulate the surface separation with a high resolution, 

various shear measurements have been developed to study confined liquids.  This paper 

describes the resonance shear measurements (RSM) which we have also recently 

developed [17].  Using this measurement, it is possible to perform measurement for 

nano-rheology and nano-tribology. 

2. Experimental Section 

2.1 Twin-path Surface Forces Apparatus 

(Twin-path SFA) 

A schematic diagram of the twin-path 

SFA is shown in Figure 2.  The top 

surface is fixed to the stainless steel 

chamber and the bottom surface is 

mounted on a double-cantilever spring 

supported by a shaft connected to the 

surface drive system.  The distance 

between surfaces was mechanically 

controlled by the drive system composed 

of a pulse motor (Oriental Motor Co., 

Ltd.) in combination with the differential 

spring.  The displacement of the bottom 

surface was measured using the twin-path 

distance measurement unit. 

Figure 2.  Schematic diagram of the twin 

path SFA.  Laser light (� = 670 nm) goes 

through the window at the bottom of 

chamber and is reflected by the back of 

the disk holder.  The reflected light is 

monitored by the twin path unit.  The 

surface distance is controlled by a 

surface drive system.

Figure 1.  Photograph of a major 

part of the twin-path SFA.   
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The mica surfaces glued on silica 
lenses were mounted in the SFA chamber, 
and the distance between them was 
measured by FECO (Fronges of Equal 
Chromatic Order)  using the common 
procedure [1].  The lower surface was 
driven by a certain number of counts and 
the change in the distance was 
determined.  The displacement/pulse  
thus determined was 0.0050 ± 0.0002 nm 
in the working range of 4 �m. 

The detail description of the twin path 
unit is shown in Figure 3.  The collimated 
light beam emitted from a laser diode (�
= 670 nm) (Applied Techno Corp.), was 
split into several orders of 
interferometric light by a 
diffraction grating.  The +1st order 
diffracted light was entered to the 
SFA chamber from the bottom 
window and reflected by the mirror 
of the lower sample holder, while 
the –1st order diffracted light is 
reflected by the fixed mirrors in the 
twin path unit.  These reflected 
lights are recombined with each 
other on the four diffraction 
gratings attached to the four-
sectored photo diode (Hamamatsu 
Photonics K. K.).  The different 
intensities of the interference pattern with the phase shift of 0, 90, 180, 270 degrees 
were detected by the four-sectored photo diode (Figure 4).  The phase difference 
between the ± 1st order lights is calculated using the following équation[18],

� � � �� �31241 /arctan IIII ���	  (1) 

Figure 3.  Schematic figures of the 
twin path distance measurement unit 
((a) front view and (b) side view).  
The +1st and –1st order beams are 
reflected by the bottom of the disk 
holder and that by the fixed mirrors, 
respectively and are recombined on 
the diffraction grating.  The 
recombined beam is detected by the 
4-sectored photo diode and analyzed 
by the PC. 

Figure 4.  Schematic figure of the changes 
in the intensities of laser light (CH1, solid 
circles; CH2, open circles; CH3, solid 
triangles; CH4, open triangles) and obtained 
phase differences shown as jagged curves 
( 1	 , solid line; 2	 , broken line) on 
approach.
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where 1�  is the phase difference (degree) and I1, I2, I3, and I4 are the intensities of the 
light recorded by Channel 1 (CH1), 2 (CH2), 3 (CH3), and 4 (CH4) of the four-sectored 
photo diode, respectively.  This phase difference shows the jagged curve with the 
change in the surface displacement as shown in Figure 3.  The surface displacement, D
(nm), can be obtained from the équation [18],  

�
�

��
3602

1 1D   (2) 

where �  is the wavelength of laser light (� = 670 nm).  
The resolution of the surface displacement would be low at the steep gradient parts of 

1�  as shown in Figure 3.  To avoid this problem, we calculate simultaneously the phase 
difference, 2� , by equation (3),

� � � �� �24132 /arctan IIII 		��  (3) 

to replace 1�  in equation (2), when the 1�  is in steep gradient parts.

2.2 Resonance Shear Measurement (RSM) 
A photograph and a schematic drawing 

of the device for resonance shear 
measurement are shown in Figure 5.  The 
droplet of a liquid was confined between 
upper and lower solid (typically mica or 
silica) surfaces.  The upper surface was 
laterally oscillated with various frequencies 
by applying the sinusoidal voltage (Uin and 
–Uin) to the two opposite electrodes of the 
four-sectored piezo tube.  The movement of 
the upper surface is monitored by the 
capacitance probe, and the output voltage 
(Uout) was plotted as the amplitude ratio of 
Uout /Uin as a function of frequency.  This is 
the shear resonance curve, which shows the 
maximum amplitude at a characteristic 
(resonance) frequency.  When the upper and 
lower surfaces are in a large separation, the 
height of this resonance peak is sensitive to 

Figure 5.  The device for resonance 
shear measurement : a photograph (top) 
and a schematic drawing (bottom). 
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the viscosity of confined liquid and decreases with decreasing the surface separation.  
When the surfaces come closer, the resonance frequency usually shifts to a higher 
frequency due to the coupling of the upper and lower surfaces mediated by confined 
liquid (due to the contribution of the spring of the lower unit). 

3. Results and discussion 
3.1  Linearity and Resolution of Distance Determination by Twin-path SFA 

We first examined the linearity in the displacement measurement by the twin path 
unit for large displacement range.  The movement of a mirror fixed at the end of the 
surface drive unit was measured by both of a capacitance probe (ST-0535A, IWATSU 
Electric Co., Ltd.) and the twin path unit.  The surface drive unit was operated by a 
pulsed motor with a differential spring (see Figure 2).  The displacement measured by 
the twin path unit and by the capacitance probe well agreed with the calculated value 
using the data (0.008 nm/pulse by FECO for this drive system).  The deviations between 
the measured and the calculated values were ca.  2% for twin-path method and 4% for 
capacitance probe over the 5 �m, respectively.  The measurements by the twin path unit 
showed higher accuracy and linearity than the capacitance probe used in this study.   

In order to examine the resolution of displacement measurement by the twin path 
method, the stepwise motion of 
mirror was given by the pulse motor 
was monitored.  The mirror surface 
was moved by 1 nm (pulse counts, 
200; velocity, 400 counts/s) every 5 
seconds interval and the total 
displacement was measured every 
second.  Figure 6 plots the data at 
every second together with the 
calculated value based on the given 
pulses.  The measured data agreed 
well with the estimated value, and 
the resolution of a current set-up is 
0.2 nm, which is close to the 
resolution by FECO (0.1 nm).  

3.2 Double Layer Force between Mica Surfaces Measured by Twin-path SFA 
In order to demonstrate the reliability of the apparatus, we performed typical 

Figure 6.  The displacements in air 
measured by the twin path method (solid 
line) compared with the calculated value 
from the pulse number of motor (dotted 
line). 
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measurements.  The surface forces 
between mica surfaces in aqueous 
KBr (MERCK, suprapur) (0.1 mM, 
1.0 mM and 10.0 mM) were 
measured by injecting the KBr 
solution into the chamber.  These 
surface force profiles are plotted in 
Figure 7.  The decay lengths of 32 ± 
3 nm, 11 ± 1 nm, 4 ± 1 nm for 0.1 
mM, 1.0 mM and 10.0 mM, 
respectively, were well agreement 
with the theoretical Debye lengths 
(30.4 nm, 9.6 nm, 3.0 nm) [1].  The 
broken lines indicated the 
theoretical fits to DLVO forces of 
the constant surface potential (0.1 
mM, 90 mV; 1.0 mM, 90 mV; 10.0 
mM, 50 mV) and constant surface 
charge (0.1 mM, 0.02 charge/nm2;
1.0 mM, 0.06 charge/nm2; 10.0 
mM, 0.08 charge/nm2) conditions.  
The pull-off force was detected 
only in 0.1 mM KBr solution as 
2.6 ± 1.6 mN/m.  These results are 
well agreement with previous 
results measured by the 
conventional SFA[1,2]. 

3.3  Aqueous NaCl Solution 
Con�ned between Mica Surfaces 
Measured by RSM. 

The dynamics of con�ned water 
thinner than a few nanometers 
were in controversial in previous 
studies [19, 20].  Our study 
employing RSM provided a 

Figure 7.  Surface forces between mica 
surfaces in aqueous KBr solution. The 
solid triangles, open squares, and solid 
squares are the profiles of 0.1 mM, 1.0 mM 
and 10.0 mM KBr solutions. The broken 
lines denote the theoretical DLVO curves 
at constant surface potential and constant 
surface charge conditions.

Figure 8.  Resonance curves for NaCl 
solution (7 mM) confined between mica 
surfaces at seven distances: 345.9 nm, 
1.8 � 0.3 nm (load = 0.14 mN), 1.1 � 0.3
nm (0.24 mN), 0.6 � 0.3 nm (0.55 mN),
0.5� 0.2 nm (1.33 mN), 0.3� 0.2 nm (2.15 
mN), 0.0� 0.3 nm.  The reference states of 
the separation and mica-mica contact in air 
are shown together.  The arrows denote the 
peak position of the resonance curve at the 
surface distances.  The solid lines denote 
the fitting curves to our mechanical model. 
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comprehensive picture for this complicated situation[21].  The viscoelasticity of the thin 

�lm of aqueous NaCl solution con�ned between mica surfaces was measured by shear 

resonance apparatus.  The observed shear resonance curves (Figure 8) at separations 

less than ca.  2 nm indicated that the solution exhibits the high lubrication effects under 

some loads.  The distances were measured using FECO.  The effective viscosity (0:1–

10 Pa s) obtained for the separations less than 1 nm from a mechanical model was 2 – 4 

orders of magnitude larger than the bulk value.  

3.4  Ionic LIquids Con�ned between Silica Surfaces Measured by RSM. 

Recently, we applied RSM for 

ionic liquids.  Two types of 

imidazolium-based ionic liquid (IL), 

1-butyl-3-methylimidazolium 

bis(trifluoromethanesulfonyl)amide 

([C4mim][NTf2]) and 1-butyl-3-

methylimidazolium tetrafluoro 

borate ([C4mim][BF4]), confined 

between silica surfaces were 

investigated by RSM together with 

surface force measurement [22].  

The surface force profiles in the ILs 

showed oscillatory solvation forces 

below the characteristic surface 

separations: 10.0 nm for 

[C4mim][NTf2] and 6.9 nm for 

[C4mim][BF4].  The more 

pronounced solvation force found in 

[C4mim][NTf2] suggests that the 

crystalline property of the IL 

contributes to the stronger layering 

of the Ils adjacent to the surface.  

The resonance shear measurement 

(Figure 9) and the physical model 

analysis revealed that the viscosities 

of the confined Ils were 1�3 orders 

of magnitude higher than that of the 

Figure 9.  Resonance curves for (a) 

[C4mim][NTf2] and (b) [C4mim][BF4]

confined between silica surfaces at various 

separation distances under applied load N.

Reference curves for separated in air (AS) 

and connected by silica-silica contact (SC) 

are also shown. Solid lines denote the best 

fitting curves on the basis of a physical 

model [23]. 
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bulk IL.  This study also focused on the correlation between the resonance shear 

behaviour and the lubrication property of the Ils, and the suspension rheology in the Ils.  

An understanding of the solid-IL interface and of Ils confined in nanospace will 

facilitate the further development of novel applications employing Ils. 

4. Conclusion 

This paper reviews a new surface forces apparatus (twin-path SFA) and resonance 

shear measurement, both we have developed recently.  With the twin-path SFA, it is 

possible to use metals, ceramics and other opaque samples for substrates.  They are not 

only interesting materials but provide opportunities for broader applications of the 

forces measurement: for example, we have constructed electrochemical SFA using gold 

as electrodes [24].  The twin-path SFA is compact compared with the conventional SFA 

using FECO, and easily operated by a computer.  Combining with a spectroscope, 

spectroscopic SFA for fluorescence lifetime measurement was developed [25]. 

The properties of confined liquids are different from those of the bulk due to the 

confinement effect and the interaction of liquid molecules with the surfaces.  They 

attract increasing attention because of recent progress in the preparation of many porous 

materials including nanotubes and the nano-fabrication processes such as nanoprinting 

[25].  Shear measurement based on SFA can offer a useful tool for studying confined 

liquids.  Especially, the resonance method is relatively easy to operate, and applicable 

for both nano-rheology and –tribpology.  Resonance responses are sensitive to changes 

in properties of confined liquids, so it is possible to monitor changes in viscosity, 

traction and triblogical properties, and even stick-slip phenomena, which are often 

correlated with structural and/or packing properties of liquids.  We expect these 

measurements will be more widely used in material science. 
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1. Introduction 

Recently, the development of multipoint measurements and imaging of biomaterials 

has received a great deal of attention due to the strong demand for rapid, comprehensive, 

and high-throughput analyses.  These techniques allow simultaneous detection and 

quantification of multiple analytes.  A variety of array-based biosensing systems have 

been developed so far.  Most of them are based on fluorescence detection or imaging 

because fluorescence measurements typically have high sensitivity and a variety of 

tools for performing the measurements is commercially available.  However, 

fluorescence detection has some disadvantages, such as undesired fluctuations due to 

quenching or emission from non-target materials, shielding by turbid solution, and the 

need to label non-fluorescent species, which may cause toxic side effects during 

analyses.  As an alternative method, electrochemical detection or imaging has also been 

applied for detailed analysis of biomaterials.  Array-based electrochemical devices have 

also been used for multipoint measurements.  The electrochemical signal can be 

processed by conventional electronics in a very cheap and fast manner.  Furthermore, 

miniaturized electrochemical transducers can easily be integrated in a microsystem by 

employing conventional microfabrication technologies.  In the past decade, various 

types of amperometric microelectrode arrays for multipoint measurements and 

bioimaging have been designed and applied to chemical and biological analyses.  These 

electrochemical array devices have substantial advantages, including rapid response 

time and qualitative and quantitative detection.  Scanning electrochemical microscopy 

(SECM) is also a popular electrochemical imaging system [2].  SECM uses a 

micro/nanoelectrode as a scanning probe and provides sample surface electrochemical 

property under physiological conditions without physical contact.  Because of unique 

properties SECM has been applied localized electrochemical measurements.  
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accommodated in the wells [4].  We demonstrate the rapid electrochemical detection of 

the reporter protein—secreted alkaline phosphatase (SEAP)—from a single genetically 

engineered HeLa cell (HeLa-pSEAP) using the addressable microelectrode/microwell 

array device.  Figure 1 shows the operation principle of detection of the reporter protein 

with the addressable device.  The HeLa-pSEAP cells that secrete ALP were randomly 

seeded in the microwells and the amplified current was detected.  The reduction current 

for the microwell with a single HeLa-pSEAP cell increased with time, while no 

meaningful response was detected for the empty wells.  These results indicate that 

SEAP secreted from the cell catalyzes the hydrolysis of PAPP to produce PAP, which is 

accumulated in the well.  

Figure 2 shows an image of the 

reduction current of each microwell 

after 20 min of incubation time.  The 

responses in the empty microwell is 

0.754 ± 0.996 pA while in cell 

occupied microwell is 16.3 ± 5.49 pA.  

Figure 2(c) shows histogram of the 

current responses distribution from the 

cells, unlike the case for ALP beads, 

each single HeLa-pSEAP cell showed a 

different current response, 

approximately 20 % of the cells show 

responses similar to those observed for 

wild-type cells.  These variations in the 

response are due to the different 

expression levels of ALP from 

individual cells and the size variations 

of single cells.  The average amount of 

PAP generated from the catalytic 

reaction of a single HeLa-pSEAP cell 

was calculated from the current 

responses and found to be 3.6 × 10–17 mol for an incubation time of 20 min.  These 

results demonstrate that the present device can be used for highly sensitive and high-

throughput screening to detect the protein expression activity of genetically engineered 

cells at the single-cell level.  Since the ALP has been widely used as a labeling enzyme 

and reporter protein, the present device can be used for the screening of a 

b

c

a b

c

Fig. 2. a) Scheme of cells in the 

microwells. The number represents the 

number of cells in each well. b) Imaging 

of the current responses at 10x10 

microwells. This image was taken 20 

min after the injection of PAPP. c) 

Histogram of the current response 

distribution of the cells. 
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comprehensive analysis of DNA, proteins, and cells [5]. �

3. Bioimaging with micro/nanoelectrode 

devices 

Although the device described above is very 

useful for high-throughput electrochemical 

detection, careful assembly of the device is 

required to align two different glass substrates 

with the row or column electrodes at exact 

locations upon each measurement, which is time-

consuming and results in low reproducibility.  

Furthermore, there is no open space on the device 

for handling samples such as cells, because the 

sensor areas are surrounded by glass substrates 

with electrodes.  In this study, we have 

developed a new device to solve these problems.  

The general architecture, outlined in Fig. 3, provides a means for creating a new 

detection system that enables electrochemical detection based on local redox cycling 

and 1024 addressable sensor points incorporated into a small area (40 mm
2
) for the 

comprehensive imaging of electrochemical species [6].  Interdigitated array (IDA) 

electrodes were incorporated onto glass substrates to arrange a single IDA at each 

sensor point of the device.  IDA electrodes have two interdigitated comb-type arrays, 

each of which consists of planar and parallel metal fingers.9 When the potential of each 

comb-type electrode is appropriately controlled, a species oxidized at an electrode 

finger can be reduced back at the neighboring fingers, resulting in redox cycling for 

amplification of the electrochemical 

signal.  In this study, one comb-type 

electrodes of the IDA connected to a 

column electrode and the other to a 

row electrode. �

The device was applied for 

bioelectrochemical imaging of ALP 

aggregates.  The image followed the 

position of the ALP aggregate in the 

solution and the intensity was 

dependent on the ALP activity of the 

aggregate (Fig. 4).  

Fig. 4. Electrochemical imaging  of ALP. The 

electrochemical response was acquired after 

adding the ALP/BSA aggregate (approximately 1-

mm diameter) (right image). 

Fig. 3. Images of the 32 × 32 

crossing points and the sensor 

point.
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Enzymes, such as ALP, were successfully detected using the device; therefore, this 
device could be used as a comprehensive, high-throughput lab-on-a-chip tool for 
applications such as enzyme-linked immunosorbent assay (ELISA), reporter gene assay 
for monitoring gene expressions, DNA analysis, and cell culture array.  Although an 
application of electrochemical potentials to electrodes may be a critical issue for 
adhesive cells and spheroids, it is unnecessary to bound cells on the electrodes of the 
device since the device has microwells that can trap cells or spheroids on the sensors for 
cell assays.

4. Bioimaging with SECM 
SECM has been applied for evaluating the enzyme and cellular activity estimating 

cell membrane permeability and detecting electroactive metabolic chemicals with short 
life spans.  Membrane protein has also been detected with SECM.  Miniaturization of 
the probe electrode is important for improving the temporal and spatial resolution.  In 
addition, a fine distance regulation system is required to approach the probe electrode 
against live cell surfaces.   

Significant efforts have been made to bring the electrode proximate with sample 
surface.  Nevertheless, it was difficult to apply the system to the measurement of soft 
samples because the force interaction was usually very unstable to serve as a feedback 
signal.  Shear force feedback regulation has also been used for control of the probe 
electrode sample distance [7].  We reported the simultaneous imaging of the topography 
and electrochemical signals of single living cells using shear force distance regulation 
of a ring type nanoelectrode probe.  However, preventing probe-cell contact was still 
difficult because the solution viscosity interfered with the shear force detection.  We 
adopted the feedback regulation used in 
scanning ion conductance microscopy 
(SICM) which uses a nanopipette as a 
scanning probe.  SICM is based on the 
phenomenon that the ion flow through a 
sharp fluid filled nanopipette is partially 
occluded when the nanopipette approaches 
the surface of a sample.  Living cell surface 
topography and dynamic measurements have 
been performed.  Topographical information 
of the live cell surface can be used to improve 
the resolution of other analytical tools [8].  

Fig. 5. SEM micrographs of the 

SECM/SICM probe. 
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We demonstrate a hybrid system of scanning electrochemical microscopy (SECM) 
and SICM with ion current feedback nano-positioning control for simultaneous imaging 
of non-contact topography and spatial distribution electrochemical species [9].  A 
nanopipette/nanoring electrode probe provided submicron resolution of the 
electrochemical measurement on surfaces with complex topology.  The SECM/SICM 
pipette had an aperture radius of 220 nm.  The inner and outer radii of the SECM Au 
ring electrode were 330 and 550 nm, respectively (Fig. 5).  Characterization of the 
probe was performed with scanning electron microscopy (SEM), cyclic voltammetry, 
and approach curve measurements.  SECM/SICM was applied to simultaneous imaging 
of topography and electrochemical responses of enzymes (horse radish peroxidase 
(HRP) and glucose oxidase (GOD)) and single live cells (A6 cells, SCG cells, and 
cardiac myocytes).  The measurements revealed the distribution of activity of the 
enzyme spots on uneven surfaces with sub-micrometer resolution.  SECM/SICM 
acquired high resolution topographic images of cells together with the map of 
electrochemical signals (Fig. 6).  This combined technique was also applied to the 
evaluation of the permeability of electroactive species through cellular membranes.  

Summary 
Bioelectrochemical sensing systems with micro/nanoelectrodes has been applied to 

localized characterization of biomaterials.  The results so far obtained clearly indicate 
that electrochemical measurements afford indispensable information particularly on 
electron and ion-transfer at various biomolecules-related interfaces.  Also, incorporation 
of modern micro/nanofabrication technologies into electrochemical devices will lead 
unique bioelectronics devices which ensure the realization of safe and secure society.
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Curriculum Vitae 

Xingbo GE 
Research Associate

TEL: +81-22-217-5959 

E-mail: xbge@wpi-aimr.tohoku.ac.jp

ACADEMIC:

2006 B.E. in Chemical Engineering, China University of Mining and Technology, P. R. China 

2011 Dr. in Physical Chemistry, Shandong University, P. R. China 

PROFESSIONAL EXPERIENCE: 

2011-present Research Associate, WPI Advanced Institute for Materials Research, Tohoku University 

CURRENT RESEARCH: 

yFabrication and applications of nanoporous metal materials 

yElectrocatalyst for proton exchange membrane fuel cell reactions 

Qinli MA 
Research Associate

TEL: +81-22-217-6004 

E-mail: qinli-ma@wpi-aimr.tohoku.ac.jp

ACADEMIC:

2006 B.S. in Physics, Lanzhou University, P. R. China 

2008 M.S. in Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences,  

P. R. China  

2011 Dr. Eng. in Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences,  

P. R. China 

PROFESSIONAL EXPERIENCE: 

 2011-present Research Associate, WPI Advanced Institute for Materials Research, Tohoku University 

CURRENT RESEARCH: 

yPoly-crystal CoFeB/MgO/CoFeB MTJ optimization and transport property investigation 

yTransport property investigation on epitaxial MgO based MTJs 

yOptimization of MnGa based MTJs 

Photo 
40mm�30mm
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Curriculum Vitae 

Xu ZHANG 
Research Associate 
TEL: +81-22-795-6582 
E-mail: zhangxu.chem@gmail.com    

ACADEMIC:
2006    B.S. in Material Physics, University of Science and Technology of China, P. R. China 
2008    M.S. in Physical Chemistry, Institute of Chemistry, Chinese Academy of Sciences, P. R. China  
2011    Dr. in Physical Chemistry, Institute of Chemistry, Chinese Academy of Sciences, P. R. China 

PROFESSIONAL EXPERIENCE: 
2011-present Research Associate, WPI Advanced  Institute for Materials Research, Tohoku University 

CURRENT RESEARCH: 
�Investigation of surface-catalyzed or surface-assisted reaction employing nanoporous metals  
�Development of functional composite materials based on nanoporous metals 
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Junior Faculty/Post-doctoral Positions 

Tohoku University 

WPI-AIMR

Effective October 1, 2007, Tohoku University created a new Research Institute, the 

Advanced Institute for Materials Research (AIMR), based on an initiative of the  

Japanese Department of Education (MEXT) for World Premier International Research 

Center Initiative (WPI) to bring together scientists involved in research on nano-science 

and technology.  

In the 21
st
 century, material science, broadly defined as the study of how complex/novel 

properties arise in matters/materials from the interactions of individual components, will 

comprise of inter-discipline collaboration. 

(http://www.wpi-aimr.tohoku.ac.jp)   

Over the next few years, as many as one hundred new appointments at the levels of 

post-doctoral fellows and junior faculty will be available.  All innovative researchers 

are welcome as active promoters of basic/applied sciences in the fields of physical 

metallurgy, physics, chemistry, precision mechanical engineering and electronic / 

informational engineering.  

We are continuously looking for excellent applicants throughout the year.  

Please submit  

1) a curriculum vitae,  

2) research proposal (<3,000 words), 

3) summary of previous research accomplishments (<2,000 words), 

4) copies of 5 significant publications, and 

5) 2 letters of recommendation 

by email to:  

aimr@wpi-aimr.tohoku.ac.jp

All files must be submitted electronically in pdf or Word format.  

Applications from, or nominations of, women and minority candidates are encouraged. 
Tohoku University WPI-AIMR is an affirmative action / equal opportunity employer. 
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Graduate Student Scholarship 
in Materials Science/Engineering 

WPI-AIMR
Graduate Student Scholarship 

Effective October 1, 2007, Tohoku University created a new Research Institute, the 

Advanced Institute for Materials Research (AIMR), based on an initiative of the  

Japanese Department of Education (MEXT) for World Premier International Research 

Center Initiative (WPI) to bring together scientists involved in research on nano-science 

and technology.  

In the 21
st
 century, material science, broadly defined as the study of how complex/novel 

properties arise in matters/materials from the interactions of individual components, will 

becomes an essential and most important research topics 

(http://www.wpi-aimr.tohoku.ac.jp)

TU WPI-AIMR is now looking for young motivated Ph.D. graduate student candidates 

in the fields of physical metallurgy, physics, chemistry, mechanical engineering and 

electronic / informational technology.  All innovative M. S. students are welcome as 

active promoters of basic/applied sciences in these fields. 

Applications are continuously screened throughout the year.  

Please submit  

1) a curriculum vitae,  
2) research proposal (<1,000 words), 
3) 2 letters of recommendation, 
4) by email to: 

aimr@wpi-aimr.tohoku.ac.jp
All files must be submitted electronically in pdf or Word format.  
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WPI-AIMR

Workshop Guideline 

Tohoku University’s new Research Institute, the Advanced Institute for Materials 
Research (WPI-AIMR) solicits several applications per year for International 
Workshops in the field of “broadly defined Materials Science.”  
Guidelines:
1) Organizers 
Qualified research staff of academic institutions and public or private research 
establishments can submit the application for an international workshop to be held at 
WPI-AIMR or its Satellite branches, jointly with the WPI-AIMR principal 
investigator(s) whose research interest overlaps with the scope of the workshop. 
2) Financial support 
Under normal circumstances, WPI-IMR supports up to 2/3 of the workshop budget, 
while the organizer is expected to cover the rest. 
3) deadline 
The application must be received at least four months in advance to: 
aimr@wpi-aimr.tohoku.ac.jp

All files must be submitted electronically in pdf or Word format.  
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WPI-AIMR – Cambridge Symposium 

Introductions and Welcome

Atomistic Studies on Solid-Liquid Interfaces

Theoretical Studies in Physics and Chemistry

Prof. Masaru Tsukada Prof. Michiel Sprik

Prof. Daan Frenkel

Dr. Ikutaro Hamada Prof. Kazuto Akagi

Prof. Lindsay Greer Prof. Yoshinori Yamamoto



X-2

Electron Microscopy and Optoelectronics

Prof. Taro Hitosugi Prof. Katsumi Tanigaki

Prof. Paul Midgley Dr. Caterina Ducati

Discussion and Tea Break

Discussion and Tea Break

Hybrid Material

Dr. Erwin Reisner Prof. Tadafumi Adschiri
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The City of Academia

“Sendai-Miyagi” Science Day 2011



X-4

The City of Academia

“Sendai-Miyagi” Science Day 2011
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Bulk Metallic Glasses Group

CHEN,�Mingwei�
> ?@

Principal Investigator,�Professor������������������
+81�22�217�5992
mwchen@wpi�aimr.tohoku.ac.jp

FUJITA,�Takeshi�
AB CD

Associate�Professor�
+81�22�217�5959
tfujita@wpi�aimr.tohoku.ac.jp

NAKAYAMA,�Koji�S.�
EF GH

Associate�Professor
+81�22�217�5950
kojisn@wpi�aimr.tohoku.ac.jp

LOUZGUINE,�Dmitri� V.
IJKL MNOP

Principal Investigator,�Professor�
+81�22�217�5957��������
dml@wpi�aimr.tohoku.ac.jp

HIRATA,�Akihiko
QB RS

Assistant�Professor
+81�22�217�5959
hirata@wpi�aimr.tohoku.ac.jp

LIU,�Yanhui
T UV

Assistant�Professor
+81�22�217�5959
yhliu@wpi�aimr.tohoku.ac.jp

TAKEUCHI,�Akira
WX Y

Associate�Professor�
+81�22�217�5956�����������
takeuchi@wpi�aimr.tohoku.ac.jp

YOKOYAMA,�Yoshihiko
ZF [S

Associate�Professor (Concurrent)
+81�22�215�2199
yy@imr.tohoku.ac.jp

WANG, Junqiang
\ ]^

Research�Associate
+81�22�217�5956
junqiangwang@wpi�aimr.tohoku.ac.jp

CHEN,�Na
> _

Assistant�Professor
+81�22�217�5956
chenn@wpi�aimr.tohoku.ac.jp

ZADOROZHNYY�Vladislav�
`abacdaef gahijafdhga

Research�Associate
+81�22�217�5956
vuz@wpi�aimr.tohoku.ac.jp

CHEN,�Luyang
> kl

Research�Associate
+81�22�217�5959
chenly@wpi�aimr.tohoku.ac.jp

KANG,�Jianli
m no

Research�Associate
+81�22�217�5959
kangjianli@wpi�aimr.tohoku.ac.jp

GE,�Xingbo
p qr

Research�Associate
+81�22�217�5959
xbge@wpi�aimr.tohoku.ac.jp
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GREER,��Alan L.
���� ���

Principal�Investigator
+44�1223�334308�
alg13@cam.ac.uk

MADGE,�Shantanu�V.
��	
 �����

Research�Associate�����
+81�22�217�5956���������
S.Madge.99@cantab.net

HEMKER,�Kevin�J.�
���� ����

Principal�Investigator�������
+1� 410� 516�4489�������������
hemker@jhu.edu

YAVARI,�Alain�R.
��� ����

Principal�Investigator
+�33�(0)�4�76�82�65�16������������
yavari@minatec.inpg.fr

GEORGARAKIS,�Konstantinos

����� ��������

Assistant Professor
georgara@minatec.inpg.fr

TOKUYAMA,�Michio�
� !"

Principal Investigator,�Professor�
+81�22�217�5953�����������
tokuyama@wpi�aimr.tohoku.ac.jp

KIMURA,�Yuto������������������������������������������������
#$ %&

Research�Assistant���
+81�22�217�5954�������������
kimura@athena22.wpi�aimr.tohoku.ac.jp

XU,�Limei������������������������������
' ()

Assistant�Professor��
+81�22�217�5954�������������
limei.xu@wpi�aimr.tohoku.ac.jp
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Materials physics Group

TAKAHASHI,�Takashi�
�� �

Principal Investigator,�Professor������������
+81�22�795�6417������������
t.takahashi@arpes.phys.tohoku.ac.jp

TANIGAKI,�Katsumi�
�� ��

Principal Investigator,�Professor��
+81�22�795�6469�������������
tanigaki@sspns.phys.tohoku.ac.jp

TSUKADA,�Masaru�
�	 


Principal Investigator,�Professor
+81�22�217�5937�
tsukada@wpi�aimr.tohoku.ac.jp

AKAGI,�Kazuto
�� �

Associate�Professor������������
+81�22�217�5940�������������
akagi@wpi�aimr.tohoku.ac.jp

HAMADA,�Ikutaro
�	 ���

Assistant�Professor
+81�22� 217�5938
ikutaro@wpi�aimr.tohoku.ac.jp

TAMURA,�Hiroyuki�
	� ��

Assistant�Professor
+81�22�217�5938
hiroyuki@wpi�aimr.tohoku.ac.jp

SOUMA,�Seigo
�� ��

Assistant�Professor�
+81�22�795�6477
s.souma@arpes.phys.tohoku.ac.jp

SUGAWARA,�Katsuaki
�� ��

Assistant�Professor����������
+81�22�795�6477
k.sugawara@arpes.phys.tohoku.ac.jp

TANABE,�Yoichi
	� � 

Research�Associate
+81�22�795�6468
youichi@sspns.phys.tohoku.ac.jp

ARAKANE,�Toshiyuki
!" #$

Research Associate
+81�22�795�6477
t.arakane@arpes.phys.tohoku.ac.jp

ARAIDAI,�Masaaki
%& '(

Researcher
+81�22�217�5939
araidai@wpi�aimr.tohoku.ac.jp

NOUCHI,�Ryo�
)* +

Assistant�Professor��
+81�22�795�6468�������������
nouchi@sspns.phys.tohoku.ac.jp

XU,�Jingtao
, -.

Research�Associate
+81�22�795�6468�����
jtxu@sspns.phys.tohoku.ac.jp

MITOMA,�Nobuhiko
/0 12

Research�Assistant
+81�22�795�6468
mitoma@sspns.phys.tohoku.ac.jp
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XUE,�Qi�Kun�
� ��

Principal�Investigator
+86�10�62795618
qkxue@mail.tsinghua.edu.cn

LIU,�Hongwen�
� ��

Assistant�Professor
+81�22�217�5948����������
liu@wpi�aimr.tohoku.ac.jp

YAMADA,�Kazuyoshi�
�� 	


Principal Investigator,�Professor
+81�22�215�2035������������
kyamada@imr.tohoku.ac.jp

SATO,�Toyoto
�� �

Assistant�Professor���
+81�22�215�2039�������������
toyoto@imr.tohoku.ac.jp

IKUHARA,�Yuichi�
�� ��

Principal Investigator
+81�3�5841�7688������������
ikuhara@sigma.t.u�tokyo.ac.jp

TSUKIMOTO,�Susumu
�� �

Lecturer
+81�22�217�5934�������������
tsukimoto@wpi�aimr.tohoku.ac.jp

SAITO,�Mitsuhiro�
�� ��

Assistant�Professor�
+81�22�217�5933�������������
saito@wpi�aimr.tohoku.ac.jp

SHLUGER,�Alexander�
����� �� !"#�

Principal�Investigator�
+44��2076791312/+81�22�217�5942�
a.shluger@ucl.ac.uk

MCKENNA,�Keith�P.
$%&' (�)

Assistant�Professor������������
+81�22�217�5942����������
k.mckenna@wpi�aimr.tohoku.ac.jp

TREVETHAN,�Thomas�P.
*�+,!" *�$)

Assistant�Professor�����������
+81�22�217�5942������������
tomt@wpi�aimr.tohoku.ac.jp

WEISS,�Paul�S.�
-.) /��

Principal�Investigator
+1�310�267�5993
psw@cnsi.ucla.edu�

WANG,�Zhongchang�
0 12

Assistant�Professor�
+81�22�217�5934�������������
zcwang@wpi�aimr.tohoku.ac.jp

JI,�Sungdae�
3 45

Assistant�Professor���
+81�22�215�2039������
jsungdae@imr.tohoku.ac.jp

CHEN,� Chunlin
6 78

Research�Associate
+81�22�217�5933�������������
chen.chunlin@wpi�aimr.tohoku.ac.jp
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HITOSUGI,�Taro�
�� ��

Associate�Professor�
+81�22�217�5944�������������
hitosugi@wpi�aimr.tohoku.ac.jp

SHIRAKI,�Susumu
�� �

Lecturer������������������������������������������������������
+81�22�217�5948�������������
shiraki@wpi�aimr.tohoku.ac.jp

TEIZER,�Winfried
�	
�� �����

Junior�Principal�Investigator
+1�979�845�7730
teizer@tamu.edu

OHSAWA,�Takeo
�� ��

Assistant��Professor�����
+81�22�217�5948�������������
ohsawa@wpi�aimr.tohoku.ac.jp

IWAYA,�Katsuya
�� ��

Assistant��Professor�����
+81�22�217�5948�������������
iwaya@wpi�aimr.tohoku.ac.jp

KUMATANI, Akichika
�� ��

Research�Associate
+81�22�217�5948�������������
kumatani@wpi�aimr.tohoku.ac.jp

SHIMIZU,�Ryota
�� ��

Research�Associate
+81�22�217�5948�������������
shimizu@wpi�aimr.tohoku.ac.jp

OLIVEIRA,�Daniel
 �!"	# $%&'

Research�Associate
+81�22�217�5979�
oliveira@wpi�aimr.tohoku.ac.jp

SIKORA,�Aurelien
()#  �*�&�

Research�Associate
+81�22�217�5979�
a.sikora@wpi�aimr.tohoku.ac.jp

KIM,�Kyongwan
+ ,-

Research�Associate
+81�22�217�5979�
kkim@wpi�aimr.tohoku.ac.jp

SUZUKI, Toru
.� /

Researcher
+81�22�217�5948�������������
suzuki@wpi�aimr.tohoku.ac.jp
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Soft Materials Group

ITAYA,�Kingo�
st uv

Principal Investigator,�Professor
+81�22�217�5977����
itaya@atom.che.tohoku.ac.jp

KIM,�Young�Geun
wxy

Assistant�Professor�����������
+81�22�217�5974��
ygkim@atom.che.tohoku.ac.jp

ADSCHIRI,�Tadafumi�
z{ |}

Principal Investigator,�Professor��
+81�22�217�5629���
ajiri@tagen.tohoku.ac.jp�

HOJO,�Daisuke
~� ��

Assistant�Professor
+81�22�217�5631
dhojo@tagen.tohoku.ac.jp

AOKI,�Nobuaki
�� �?

Assistant�Professor
+81�22�217�5631
nobuaki�aoki@wpi�aimr.tohoku.ac.jp

KURIHARA,�Kazue
�� ��

Principal Investigator,�Professor
+81�217� 5673��������
kurihara@tagen.tohoku.ac.jp

TEO,�Boon�Mian�
j� ga�� ���

Research�Associate�
+81�22�217�5675�
boonteo@wpi�aimr.tohoku.ac.jp

INOMATA,�Kyeonga�
�� ��

Researcher
+81�22�217�5675�
inomata@wpi�aimr.tohoku.ac.jp

SAHA,�Swapan�Kumar�
��� ���L ���I

Researcher
+81�22�217�5675�
saha@wpi�aimr.tohoku.ac.jp

TOGASHI,�Takanari
�� ��

Researcher
+81�22�217�5630������������
togashi@tagen.tohoku.ac.jp

HARTON,�Shane
��OL ���L

Research�Associate�
+81�22�217�5630
shane.harton@wpi�aimr.tohoku.ac.jp

LU,�Jinfeng
� w�

Researcher
+81�22�217�5630������
lujf@mail.tagen.tohoku.ac.jp� �����

WATANABE,�Eiichi
 ¡¢£

Researcher
+81�22�217�5631�
eiwata@mail.tagen.tohoku.ac.jp

RANI,�Varu
¤¥ ¦I

Research�Assistant�
+81�22�217�5630��
chauhan@mail.tagen.tohoku.ac.jp

IKESHOJI,�Tamio�
§¨© ª«

Researcher
+81�22�217�5974��
ikeshoji@wpi�aimr.tohoku.ac.jp

MUKKANNAN,�Azhagurajan
¬®L ¯°±¤²�L

Research�Assistant
+81�22�217�5974
mazhagurajan@atom.che.tohoku.ac.jp

KAJIWARA,�Takeshi�
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Research Assistant
+81�22�217�5675�
kajiwara@mail.tagen.tohoku.ac.jp

NAKANO,�Shinya�
E¶ ·¸

Research Assistant
+81�22�217�5675�
nakano@mail.tagen.tohoku.ac.jp
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WAN,�Li�Jun�
���

Principal�Investigator
+86�62558934
wanlijun@iccas.ac.cn

NISHI,�Toshio�
� ��

Principal Investigator,�Professor�������������������
+81�22�217�5926������������
nishi.toshio@wpi�aimr.tohoku.ac.jp

NAKAJIMA,�Ken�
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Associate�Professor�
+81�22�217�5927�������������
knakaji@wpi�aimr.tohoku.ac.jp

RUSSELL,�Thomas�P.�

�� ����

Principal�Investigator������
+1�413�545�2680
russell@mail.pse.umass.edu

YAMAGUCHI,�Masahiko
�� ��

Principal Investigator,�Professor
+81�22�795�6812�������������
yama@mail.pharm.tohoku.ac.jp
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