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Interview with Professor Mingwei CHEN, Principal Investigator, 
WPI-AIMR 
 

“Never Give Up” 
 

 
Professor Chen (C): I was born and grew up in the eastern part of China, a city called 
S zh u. 
Professor Komatsu (K): And how do you write in Chinese character? 
C: This is recorded in the “Three country (Three Kingdom Saga)”, Sangoku Shi in 
Japanese.  It’s a very famous city in the book. 
K: In Japanese, we pronounce this as Joshu. 
C: Chinese call it S zh u.  
K: How far is it from your home to sea coast? 
C: I think it is about 50 km or 60 km.  
K: Very near compared to the size of the country. 
C: Yes, it takes about 1 hour or 2 hours to get to the beach.  This is a very old city in 
Chinese history.  Actually the first emperor we called Dongyu.  He set 9 states in China.  
One is S zh u.  This is also an important city in Chinese history since a lot of important 
battles that changed Chinese history are related to this city. 
K: I see, even the modern Joshu is also a busy town? 
C: Yes, it is.  We have about 2 million or 3 million populations.  We always call this 
city as the door of south part of China and the lock of the north part of China. 
K: Historically very important city.  Also climate should be nice. 
C: It is pretty similar to Sendai. 
K: You were born and spent your childhood there. 
C: Yes.  People like my age, around 40 to 45, are a pretty lucky generation in China 
since we didn’t need to pay for tuition and boarding when we passed the national exams 
and enrolled into colleges.  At that time, the Chinese government covered almost 
everything. 
K: Wonderful.   
C: These days a lot of kids from poor families do not have chances to go to colleges 
because of the expensive tuitions in China.  We frequently heard some sad stories that a 
smart student passed the national exams and accepted by a top university, but his/her 
parents could not afford to support him.   
K: It is very expensive to attend college. 
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C: For a lot of families in China, it is.  But at my time the Chinese Government covered 
everything. 
K: How long the good time lasted? 
C: I think it stopped in the middle of the 1990s.   
K: About 15 years.  Good time, I see. 
C: But at that time very few students can pass the national exams.  If you can pass the 
exams, regardless you come from a poor family or a rich family, Chinese government 
sponsors your education.  I had a lucky time to get my education from college to 
graduate school.  So, I have to say I owe the Chinese Government that gave me all my 
education for free.  
K: Your generation has grown up now.  
C: Yes. 
K: Core persons. 
C:  These days you can see a lot of famous Chinese are at the age between 40 and 50.   
K: Do you have some good memory of your school time, high school or middle school? 
No difficult time, everything always happy? 
C: From primary school, most of my teachers liked me.  They all said I was a smart 
student.  But I was not always the best student.  It is a little bit different, you know.  I 
never ranked number 1 in my classes.  If 50 students are in the class, I could rank the 
top 2 or 3.  If 100 students in the class, I also could rank the top 2 to 5, but I do not 
remember I ranked the number 1 in my classes from primary to graduate schools.   
K: And how did you select your specialty or major? 
C: Well, actually that’s another story.  In China, when you apply for the college, you 
have to select your major first.  At high school, I liked pure science very much.  My 
physics, chemistry and mathematics were very good, and my Chinese writing was also 
very good too. 
K: Chinese writing? 
C: Writing essay.   
K: Essay, sort of composition. 
C: My teachers always read my essays in the class.  When I was selecting the major, I 
had difficult time because personally I liked to be either a writer or a scientist.  But my 
parents wanted me to major in engineering.  They simply worried about my future.  
They said “If you do an engineering major, you can find a job easily when you 
graduate.” 
K: But if it is a pure scientific part, it is difficult to find a job. 
C: Yes.  That’s my parents’ concern.  But I didn’t like engineering too much.  When my 
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father’s good friend came to visit us, my father asked me to talk to 
him.  He was a senior mechanical engineer.  He told me “Even you 
like science, you can also do something in engineering.  The best 
major is physical metallurgy because it includes both engineering 
part and science part, and requires strong background in both 
physics and chemistry.” 
K: Practical theory. 
C: That is the reason why I selected the physical metallurgy as my major.  Now my 
research is a little bit far from engineering side and more close to the basic science. 
K: Very interesting.  Then for your Ph.D. work, what sort of subject did you choose? 
C: Transmission electron microscopy (TEM).     
K: That microscope was produced in China? 
C: No, in Japan. 
K: JEOL or Hitachi? 
C: Hitachi.  My first TEM was Hitachi’s machine. 
K: How much was accelerating voltage? 
C: 200Kev. 
K: 200Kev, quite popular. 
C: That’s a conventional TEM.  You can do bright field imaging; dark field imaging 
and selected area electron diffraction.   
K: And how was the resolution of the microscope at that time? 
C: I don’t remember exactly but it was about 0.3 nm.   
K: What sort of material did you handle with this? 
C: Intermetallic compounds.  Actually, the intermetallic research started from IMR by 
Prof. Izumi in 1979.  He is the first to find boron doping can improve the ductility of 
brittle Ni3Al.  
K: That was the knowledge you had at that time. 
C: Intermetallics research was a very hot topic in 1980 and 1990s, just like today’s bulk 
metallic glasses.  I used electron microscopy to characterize the microstructure, 
deformation behavior and defects of intermetallics. 
K: So you really enjoyed your Ph.D. work by yourself. 
C: I had a very good time.  My two major researches related to the metallic materials, 
intermetallics and now bulk metallic glass (BMG), both started from IMR. 
K: I see.  And is it already understood why boron changes the property of the material 
ductility? 
C: Now people have pretty good sense on this issue.  The boron addition leads to 
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stronger grain boundaries.  
K: Oh I see, the boundary becomes stronger by boron doping.  And is it practically used 
now? 
C: Some intermetallic alloys like TiAl have been used in the aircraft engines. 
K: So that work was quite useful then. 
C: Yes.   
K: It is very interesting.  So intermetallics were a sort of a hot subject all over China 
then. 
C: In the 1990s, it was the hottest topic in the metallic materials field not only in China, 
but also in the United States and Japan.  I think, all around the world, just like today’s 
bulk metallic glasses. 
K: You spent good time for continuing these new topics. 
C: I came to IMR in 1997 and started the research on crystallization of metallic glasses 
using atom probe and TEM.  At that time, bulk metallic glasses just became hot. 
K: Very lucky in a sense. 
C: I worked in Sakurai lab for 2 years.  I have done two important works which are still 
very valuable in today’s metallic glass research.  I am the first person who used electron 
microscopy to find the quasicrystal phase in annealed metallic glasses.  People always 
thought about the correlation between metallic glasses and quasicrystals, simply 
because icosahedron is the most stable structure in metal liquids and metallic glasses are 
just the frozen metal liquids. 
K: After annealing, you found that the… 
C: The quasicrystals. 
K: And this is a kind of Junkessho.  It was proved in a way. 
C: Using the electron microscope, we can see the beautiful 5-fold pattern. 
K: This was published in… 
C: Applied Physics Letters in 1999.  This is still one of the important papers in the 
metallic glass community. 
K: Very interesting.  Because I am a layman of this field, this sort of story is very 
interesting to me and very instructive. 
C: We also used atom probe to prove impurity elements, like oxygen, can dramatically 
affect the stability and formation of the metallic glasses.   
K: Because light element is not easy to detect… 
C: You have to use atom probe.  This is still a pretty important topic in today’s metallic 
glass research.  People are still trying to understand how the impurity elements affect 
the metallic glass formation. 
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K: Carbon and oxygen.  Not hydrogen? 
C: Hydrogen, we cannot detect actually by atom probe, it’s too light.   
K: And did you find something proved? 
C: We proved oxygen induces the crystallization and leads to the loss of glass stability. 
K: Stability of metallic glass will reduce, so easy to be…. 
C: Crystallized during cooling from liquid state. 
K: That means… 
C: You cannot get a large metallic glass sample at a low cooling rate. 
K: Capability of glass forming is reduced. 
C: It reduces because of crystallization.  
K: So little impurity may act as nucleation centre of crystals, yes? 
C: Exactly right. 
K: But to make bulk metallic glasses available for the industry, you need to make 
metallic glasses as large as possible.  How did you do that? 
C: My work suggests that purer elements are better for glass formation. 
K: I see.  It’s quite reasonable because nucleation centre is taken off.  
C: I stayed in Japan for 2 years, and then I moved to the United States.  That’s in 1999. 
K: In 1999, you went to the United States.  What part? 
C: I got a NRC Fellowship from the United States National Research Council.  This 
fellowship sponsors foreigners to work in the research labs managed by the Federal 
Government. 
K: And how many years did you stay? 
C: With this fellowship, I worked for one year in the United States Naval Materials 
Research Center in Monterey, California.  It’s a very beautiful city.  My apartment was 
nearby the beach and we can see the ocean from the windows. 
K: And did you meet nice Professors there? 
C: Yes, I met a nice professor, Prof. Indranath Dutta.  Now he is a professor in 
Washington State University.  In 2000, I moved to Johns Hopkins University where a 
new high-resolution transmission electron microscope, Philips CM300, was just 
installed.   
K: This is also a lucky chance. 
C: The new TEM.  I was really interested to do the high-solution TEM study at that 
time.  You cannot do anything without a good machine.  So when I saw that the TEM, I 
felt very exciting. 
K: Accelerating voltage was how much? 
C: It’s 300Kev.  The point-to-point resolution is about 0.19nm.    
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K: So, how long did you stay there? 
C: Almost four years.  I left there for Japan in November of 2003. 
K: Then you came back to Japan? 
C: Yes, to IMR as a Professor.  At Hopkins, I also had an enjoyable time and met a 
number of intelligent and knowledgeable young scientists and gifted students.  At 
Hopkins, I authored and coauthored about 20 papers, including two papers in Science 
and one in Nature.  The average citation per paper is about 50.  I also broadened my 
research fields from traditional physical metallurgy to ceramics and nano-scicence. 
K: So you expanded your field in ceramics as well? 
C: Yes.  The electron microscope is just a research tool.  You can do everything.  My 
ceramics research started from the collaboration with Dr. Jim McCauley who is a 
famous scientist in ceramic field.   
K: What sort of material? 
C: Boron carbide. 
K: Boron carbide, a very hard material. 
C: Yes, B4C. 
K: B4C.  And what did you find? 
C: We found the shock loading induced local amorphization in the super-hard material.  
This material is very hard along with light weight and has been used as the armor 
ceramic.  About 30 years ago, people found that this material is good for low-pressure 
impact, but not good enough for high pressures.  At a pressure of about 20 GPa, this 
material dramatically loses the shear strength and becomes very soft.  People didn’t 
know why.  Using high resolution electron microscopy, we found that the loss of shear 
strength is associated with pressure-induced local amorphization. 
K: Amorphization takes place. 
C: That makes this material lose the strength. 
K: I see, very interesting. 
C: Yes, this paper was published in Science in 2003.  Because we have a good electron 
microscope, I also started the study on the deformation behavior of nanocrystalline 
metals.  It’s well known that materials become stronger and stronger when grains 
become smaller and smaller,.  
K: The diameter becomes smaller. 
C: And the strength gets up.   
K: Irrespective of materials? 
C: Yes, all the ductile metals show this behavior.  This is called the Hall-Petch 
relationship.   
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K: This is the famous equation. 
C: It tells us an important way to improve material strength and we always try to get 
small grains.  At that time, people wondered whether there are new mechanical 
phenomena when the grain size is small enough, say down to the real nano-regime.  For 
an example, can the Hall-Petch relationship be held when the grain sizes fall into the 
nanometer scale.  
K: To what extent can we go? 
C: Yes, that’s an open question.  There were a lot of discussions about this kind of 
issues.  For the fundamental research, people were looking for new phenomena that 
were induced by the nanosize effect.   
K: What sort of properties did you measure? 
C:  Hardness, yield strength and fracture strength. 
K: And how do they measure hardness? 
C: There are a lot of ways; you can use the indenter you can use… 
K: Can you indent such a small…? 
C: Well, you don’t need to measure individual grains.  It’s still a bulk sample but inside 
grains are small. 
K: I see.  Just like Vickers? 
C: Yes.  Actually, we can also measure the mechanical properties by tension and 
compression testing.   
K: Because I thought it might be very difficult to measure the mechanical properties 
when this grain size is very small. 
C: For the individual grains, it is difficult.  Since we still work with bulk samples, they 
just like conventional materials. 
K: Okay, this is the average. 
C: Yes.  The bulk samples are comprised of nanograins. 
K: So that means that the grain boundary must be counted? 
C: Yes, actually the nanosize effect mainly comes from the grain boundaries.  For 
example, the Hall-Petch relationship originates from the interaction between 
dislocations and grain boundaries.  
K: When the material becomes very small it’s… 
C: When the grain size becomes small… 
K: Then it’s not easy to hold dislocations. 
C: That’s the point.  The theoretical grain size is just about 2 nm for most materials. 
Below this, dislocations cannot be held in individual grains.  But experimental 
observations tell us the critical grain size is about 10-20 nm, much larger than the 
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theoretical one. 
K: Not 2 nm.   
C: We find actually something happened at a grain size of about 10-20 nm. 
K: The experiment you found out that… 
C: There is a transition in deformation behavior when grain sizes are down to about 10-
20 nm.  Using pure aluminum, unusual staking faults and deformation twins can be 
observed in nanocrystalline samples.  In general, aluminum has high stacking-fault 
energy and thus stacking faults and twins are not supposed to operated as textbooks tell 
us.  
K: Pure aluminum. 
C: Yes.  When the grain size is down to to about 10 nm, the deformation of aluminum is 
no longer carried out by normal dislocations, but by twins and stacking faults.  This is a 
true nanosize effect. 
K: I see.  So aluminum behaves as a pure FCC with low stacking fault energy when it 
becomes a small crystal… 
C: This paper was also published in Science in 2003 and it gets a high citation, around 
300 times, up to today.   
K: One thing I was worrying about is that aluminum is very sensitive to oxygen, very 
easily oxidized so not easy to really eliminate oxygen effect. 
C: Yes, but this was observed in bulk samples and thick films.   
K: The sample preparation is very critical. 
C: Very important.  They can be prepared by heavy plastic deformation at low 
temperatures and by PVD. 
K: I see.  Very interesting.  So this is really coming already in the past exciting findings, 
you know.  So I would like to have your papers related to exciting findings.  And your 
principles in research.  This is a kind of motto or your confidence or your belief about 
research… 
C: Big topic. 
K: Anyway, don’t take it very serious.  When you come to something difficult to 
overcome, how do you think?  When you meet with a failure, how can you recover?  
C: I always talk to my friends, my students, “First we have to work hard and work 
smart.  I learned this from Prof. Sakurai.  But, the most important thing to do great work 
is to do something you really love to do.  When you find the thing you love to do, then 
never give up.” 
K: Never give up.  Very good.   
C: That’s important personality, I think, for a good scientist.  When you love it from 
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your deep heart, you should not give up.  You need to keep trying, and keep thinking.   
K: Very good. 
C: For good researchers, I believe they all love what they are doing.  
K: Love? 
C: Yes, love.  If you want to do something great, it starts from love.   
K: So the intellectual curiosity kind of, scientific curiosity. 
C: I think if you see the history, the great achievements all started from love, and of 
course, scientific curiosity. 
K: Okay, very good, very good.  So this can be also a message to the next generation or 
the younger generation. 
C: Actually, you know the founder of the Apple Inc, Steven Jobs. 
K: Steven Jobs, who raised Apple Company. 
C: Yes.  I have heard his speech many years ago.  I forgot where but I remember one 
sentence he said, “All great work started from love.” 
K: Oh I see, love to what? 
C: Love to do what you are doing.  If you can find a thing you really love to do, just do 
it. 
K: Not brain, but from heart. 
C: From your deep heart.  
K: Okay, sure.  And have you got any hobbies?  Working is your hobby; scientific 
research is your hobby. 
C: That is a part.  I like reading.  I like listening music. 
K: What sort of books do you read? 
C: I like the topic on history.  I read a lot of these books, partly because China has a 
long history. 
K: Yes sure, several thousand. 
C: I also like music.  
K: What kind of music?  
C: I like classical music. 
K: What is your favorite composer? 
C: I do not have a very specific composer.  I like most of the famous ones in the 
classical music. 
K: Such as Beethoven, Mozart. 
C: Yes.  I really enjoy listening the classical music.  
K: Violin, piano.  Yes, piano is also a very nice instrument.  The best instrument is 
maybe piano.   
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C: I really like the sound of piano.  But, when I was young, China was so poor and my 
parents could not afford to buy a piano.  I did not have any chance to learn the piano.  
When I came to the United States, I encouraged my son to learn piano.   
K: So is he still continuing to play piano? 
C: Yes, now he likes piano very much. 
K: How many children have you? 
C: I only have one son.   
K: How old is he? 
C: He is now 18.  This summer he just got into college. 
K: And majoring? 
C: Life science. 
K: Life science.  Oh, this is also a very top field. 
C: Yes, I think understanding ourselves may be the most important research in the next 
20 years or even 50 years. 
K: 100% I agree.  That is why I studied 10 years protein crystallization even in IMR. 
C: I see.  That’s exciting.   
K: Yes, indeed.  Okay, thank you very much for very nice talk and interesting stories. 
C: Okay.  Thank you. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Interviewer: H. Komatsu 
in Prof. Chen’s office in the WPI-AIMR Integration Laboratory Bldg,  

December 16th, 2009 
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Interview with Professor Kazuo NAKAJIMA, Graduate School of 
Energy Science, Kyoto University (Former Director of IMR, Tohoku 
University) 
 

“Multi-dimensional Intellectual Curiosity  
and Persistence Are the Source of Breakthrough” 

 
Professor Nakajima (N): I am originally from Kyoto and earned my doctorate in 
Kyoto.  Since there were so many excellent doctors working in the laboratory of 
Professor Yotaro Murakami, there was no room for me to stay there and I got a job at a 
company.  There were not many openings since the economic situation was very bad 
when I graduated from university. 
Professor Komatsu (K): So you are a dyed-in-the-wool Kyotoite.  What year was it? 
N: I think it was in 1975. 
K: I see.  Where did you go in elementary school? 
N: The school faced the botanical garden across the Kamo River. 
K: You were born and brought up around there. 
N: Yes, I used to play around the Kamo River.  I liked sports in my childhood and used 
to play baseball on the bank of the river.  The water was clean with a lot of fish to 
catch and I enjoyed swimming there.  When I was in elementary school, I liked 
reading books.  When I was in the fifth grade, a school library was built.  The first 
book I read was Two Years’ Vacation. 
K: The book by Jules Verne.  That is an interesting one. 
N: The book made me like reading novels. 
K: You encountered a good book. 
N: Around that time science books were not readily available but my parents bought me 
a big science book with various topics including biology and astronomy. 
K: So was your father related to the field? 
N: He was in a technical position.  I read the book again and again and came to like 
science.  Since I read science books earnestly, he told me that I should be a scholar in 
the future and I myself agreed with him.   

However, I decided to work for a company since I could not remain in the laboratory.  
In spite of the bad economic condition, Fujitsu Laboratories welcomed me and I got a 
job there based on the recommendation of my professors.  I was working on the 
four-element phase diagram of compound semiconductors in the doctorate course, so for 
five years after I joined the company I could leverage what I had studied for my work.  
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I was so lucky that I was able to experience the moment when the business was growing 
with the development of long-wavelength semiconductor lasers and light-sensitive 
elements at the burgeoning phase of optical communication. 
K: I agree.  You experienced a good time. 
N: I was not sure what the four-element phase diagram was useful for, but as I joined 
Fujitsu I could utilize it there.  I was very lucky in that way.   

However, I could only work as a researcher to the fullest for the first five years since 
I became a manager early.  I also worked on experiments as much as possible on my 
own as a manager since I wanted to come back to the university some day.  The main 
responsibility that I had was leading my people.  I left the company when I was around 
52 years old, but I was still working as a researcher at that time.  
K: How many people did you manage? 
N: I managed about 15 people when I was a section chief. 
K: That’s a lot. 
N: Yes.  More people to manage means more work to be done.  When I became a 
director, I managed about 30 people. 
K: That’s tough. 
N: Yes, so I was very happy to be able to come to the Institute for Materials Research. 
K: Good for you.  You also talked about that at the last class you gave the other day.  
N: You can choose what you study at your discretion in university but you cannot do 
that in a company.  That is a big difference.   

You also can acquire research funds by yourself and take overseas trips freely when 
you are in university, which you cannot do in a company.  However, when I joined the 
company, even the employees who just joined the company could take business-class 
flights. 
K: You had a nice environment. 
N: That was a little fringe benefit.  I could only take an overseas trip every 2-3 years.  
When you work for a university, you can go overseas every month.  That is really 
wonderful.   

When I was working as a director, I spent a large amount of time on overseas trips.  
As I resigned as a director, I suddenly got more time for myself and I was really 
impressed by that.  The Institute for Materials Research is like heaven for me. 
K: We need to take note that this environment leads to freedom in ideas and research 
flexibility, enabling the expansion of individual free ideas. 
N: In comparison to the company environment, freedom in ideas for research is 
reserved in university.  So I suppose university teachers are doing what they want to do 
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to the fullest.  Research is useful either in application or in basic research.  Those 
researchers working on basic research should provide some results on the basics and 
those who are working on application should make the results useful for the society.  I 
aimed at application.  The reason why I moved from the company to the laboratory 
was that I wanted to study energy materials.  My objective was clear that I wanted to 
study solar batteries.   

I also became responsible for the Science Department, which required the study of 
basic elements.  I specialized in crystal growth and there are many opportunities to 
study basic elements here.  I worked on silicon, but no other people had worked on 
silicon crystal growth from melting based on in situ observation.  I could observe what 
was happening, of which no one could dispute the validity.  I discovered various basic 
phenomena that were actually taking place.  This basic research had a great impact on 
application.  You need to understand the crystal growth mechanism to come up with 
the real technology. 
K: I see.  I understand your goals. 
N: I think I am lucky to be able to experience both corporate culture and university 
culture.  Management, which I used to work on in a company, makes some sense in a 
university setting. 
K: I suppose so. 
N: Management means making your own decision at the end of the day.  I could also 
leverage my company experiences for doing something based on commitments. 
K: I see.  Did your approaches and attitude change a lot as you joined the company in 
comparison with your middle school and high school days? 
N: I had never thought about commercialization or commitment until I joined the 
company. 
K: You only had intellectual curiosity. 
N: If I had more books around me in my childhood, I would have been indulged in them.  
I had more intellectual curiosity than 
others.  I really loved science. 
K: The book which your father said was 
interesting and gave you included all the 
topics of natural science. 
N: Yes, it covered electricity, earth 
science, biology, astronomy, and all other 
areas.  I was really excited about natural 
science.  It was superbly written to 
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make the stories really interesting. 
K: What was the name of the publisher? 
N: I don’t remember it.  A book has a great influence on your life.  The first book 
given to me captured my interest and made me feel I was cut out for science. 
K: Did you join any clubs related to science in middle school and high school? 
N: I was not very active in club activities.  By the way, do you know what a slide rule 
is? 
K: Yes. 
N: I was very good at handling it. 
K: I see.  We used to have slide rules made by Henmi.  They were made of bamboo. 
N: Right.  We were given problems and competed to solve them as fast as possible. 
K: It was like a competition of abacus calculation. 
N: Yes.  I remember I was ranked second in a competition held by the City of Kyoto 
when I was in middle school.  I only missed one problem. 
K: Did you join any club in high school? 
N: My high school was co-ed and thought to be strict in education around that time.  
At school festivals, I enjoyed participating in folk dances and various events. 
K: I see.  It could be very different from the current high school life.  Students do not 
have that much fun since they are given more work to do. 
N: Everybody studied properly but there was an atmosphere to enjoy life. 
K: Could you name some impressive books you read when you were in high school or 
university?  
N: When I was in High School, I read Jean Christophe, Les Thibaults, and War and 
Peace. 
K: You read a lot of classic literature. 
N: I read a lot of those kinds of books. 
K: Did that liberal arts background have an influence on you when you joined the 
company?  Did it change how you interacted with people or how you made decisions? 
N: I think so.  I tried not to cause friction with other people.  I tried to be nice to all 
the people. 
K: You did not like disputes. 
N: At least up until I joined the company, I did not like disputes.  As I joined the 
company and became a manager, I could not just be nice to people.  The life of my 
team members hinged on me.  It is the manager who evaluates the people in the team.  
You need to be strict and rigid.  You also need to be logical enough to be able to 
clearly explain what you have decided.  That is where you need commitment. 
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K: I think I understand what you mean.  Before you became a researcher, how did you 
choose the dissertation theme for your Ph. D., your key to becoming a researcher?  
N: I was majoring in metals as a researcher but I picked up semiconductors for my 
research area.  I thought they would open up a new world.  There were so few 
researches in semiconductors in the metallurgy major.  And I selected the four-element 
phase diagram for my doctorate dissertation. 
K: Did you choose it by yourself? 
N: I was studying phase diagrams in the laboratory with Professor Murakami.  I was 
mainly involved in the study of precipitates in aluminum.  Classes by Professor 
Murakami focused on how to read phase diagrams and how to analyze precipitates in 
alloys, so I was familiar in the topic.  Professor Osamura suggested that I work on four 
elements. 
  I needed to select the number of elements myself.  At that time even the 
three-element phase diagram of compound semiconductors was not yet worked on and 
what was available then was only the AlGaAs three-element phase diagram created by 
Dr. Panish of Bell Laboratories.   

Professor Iwao Hayashi, who was at Bell Labs, was studying double-hetero-structure 
lasers based on AlGaAs semiconductors.  A few years ago a Russian named Alferov 
became a Nobel laureate and he worked on AlGaAs lasers.  I think it was professor 
Hayashi who improved its efficiency.   

When I was in the doctor course, the three-element phase diagram not based on 
AlGaAs drew almost no attention.  However, I thought someone would do the same 
thing if I had started with the study of the three-element phase diagram and picked up 
the four-element phase diagram in my doctorate dissertation.  The four-element phase 
diagram involved complicated calculation and I did not how to decipher results based 
on experiments.  It required three-dimensional analysis.  I had to work on it based on 
a trial and error process at the beginning. 
K: You needed to assemble pseudo binaries. 
N: Since I worked on the four-element phase diagram, I could have been more trained 
intellectually.  I found out that it included many phenomena related to the four-element 
phase diagram.  At first I discovered that the four-element phase diagram of compound 
semiconductors had miscibility gap areas where solid solutions were not formed.  A 
few years later miscibility gap areas for the four-element phase diagram became a hot 
topic and many research results were published.  The topic drew a lot of attention since 
no miscibility gap was detected for the initially-studied AlGaAs semiconductors.  This 
basic research I had worked on based on the four-element crystal helped me in my work 
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immediately after I joined the company. 
K: It was a perfect preparation to join Fujitsu. 
N: If I had not worked on the four-element phase diagram when I was a student, I could 
have needed more time to produce the InGaAsP four-element crystal after I joined the 
company.  Many researchers in the company specialized in electronics.  So even 
researchers who specialized in materials needed to understand what was being discussed 
about lasers and light-sensitive elements at a minimum. 
K: You just mentioned that Dr. Parnish was working with Professor Hayashi. 
N: That’s right. 
K: When Professor Hayashi came back to Japan, the late Professor Masaharu Aoki and 
Professor Sugano of the University of Tokyo suggested we go meet him since we had 
also succeeded in room-temperature laser transmission. 
N:The double-hetero-structure lasers were incredible.  Up until that time, the 
efficiency was quite low, but the carrier was contained inside the active layers and the 
structure became the foundation for semiconductor lasers.   

It was Dr. Panish who produced double-hetero-structure AlGaAs semiconductor 
lasers based on the liquid phase epitaxial growth method and he used the sliding boat 
method. 
K: And it was Dr. Shigeyuki Kimura who assisted him.  He later became the director 
of the National Institute for Research in Inorganic Materials.  He was hired while he 
was doing postdoctoral research and worked on creating phase diagrams day in and day 
out based on the same experiments.  He said he would never do that again. 
N: Liquid phase epitaxial growth requires an accurate phase diagram.  It is the growth 
from liquid-solid equilibrium proximity. 
K: So you had been working on something Fujitsu needed.  Fujitsu was so lucky to 
hire you.  
N: Yes, that was a win-win situation.  If Fujitsu had been unsuccessful in quickly 
developing the four-element crystal based on InGaAsP, it could not have made a head 
start in optical communication.   

When I joined Fujitsu, the company did not know how to make InGaAsP crystal.  
In those days, NEC, NTT, and Bell Labs were also working on it but no company was 
successful in creating the phase diagram based on InGaAsP.  So I wrote a book on the 
InGaAsP four-element semiconductors with researchers from Bell Labs. 
K: I can see that.  Basic research cannot be used for application immediately but 
contributes to advancement after some time. 
N: After all, studying the basics is critical. 
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K: It gives you the impetus to move forward. 
N: If you do not have the basis, you cannot deal with different situations. 
K: That’s right.  If you just seek for the immediate commercialization of technology 
and focus on the accountability towards tax payers, research capabilities will be 
impaired.  That sort of foundation enables ecological solar batteries.  If you just focus 
on one specific area, your ideas will be narrowed down even if you go to research in 
university.  
N: I agree.  When I came to the Institute for Materials Research, I did not think about 
working on silicon.  I wanted to work on solar batteries but compound semiconductors 
looked more interesting.  Since the university had limited facilities in comparison with 
the company, I felt scared about using arsenic and phosphorus.  I did not want my 
students to handle them and decided to pick up silicon. 
K: You have got a point there.  In university you need to think, about risks and costs 
will increase as the equipment you use get more sophisticated.  As a result, you need to 
focus on something you want to work on with as little cost as possible.  
N: I did not think silicon would be a leading area at the onset.  I currently believe it is 
a leading area, though.  You need to adapt your strategy based on changing situations.  
The study of silicon multicrystal solar batteries is one of the areas where we can 
leverage crystal growth to the fullest.  You can apply bias to light-emitting elements 
for optical communication, so they emit light with carrier injection even if they have 
defects and lower luminescent efficiency.   

Solar batteries do not have any bias applied to them externally, so the carrier dies 
with crystal faults. What is required is almost fault-free, perfect crystal.  Creating 
perfect crystal is the name of the game for crystal growth.  Solar batteries are 
never-ending issues for researchers working on crystal growth.  What I am working on 
is something far from perfect.  This is a theme I can work on forever.  As the quality 
is improved, so is efficiency.  It is as simple as that.  This is a good theme for a 
crystal growth specialist to work on. 

I have come across two good themes as a crystal growth specialist.  First, I was able 
to experience the burgeoning phase of light-emitting and light-sensitive elements for 
optical communication based on the creation of the InGaAsP four-element phase 
diagram.  Second was the silicon I selected in order to work on solar batteries.  
Semiconductor devices did not usually use silicon multicrystal bulks but solar batteries 
were the only exception.  You used to put silicon melt in the cubicle so that silicon 
multicrystal for solar batteries was concreted naturally with almost no concept of crystal 
growth applied to it.   
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As we brought the concept of crystal growth to it, controlled the structure of silicon 
multicrystal, aligned crystal grain orientation, enlarged crystal grain size, and changed 
grain boundary characters, it came closer to the quality of single crystal.  So far there 
has been hardly anyone who tried to control the structure of silicon multicrystal bulks, 
but multicrystal has become more sensible as we have discovered the method to utilize 
dendrite crystal by chance and studied how to control the structure.  Then the 
efficiency of solar batteries has been improved with more people paying attention to it.     

It was so lucky for a crystal growth specialist to encounter the theme of silicon crystal 
for solar batteries. 
K: The success of this sort requires the combination of intellectual curiosity and social 
situation changes or the availability of certain materials.  With a good combination, a 
new technology comes out.  
N: As I study silicon more, I find more interesting aspects to it.  I observe silicon 
crystallization in situ, control freely the crystal structure of ingot, and deform silicon 
crystal three-dimensionally at my discretion.  It is an interesting material with more 
aspects to discover.  I have just begun to notice how interesting it is. 
K: I see.  How are you going to work on it going forward? 
N: I am going to work on donation-based research, i.e. silicon crystal science for solar 
batteries, at the Energy Science Laboratory of Kyoto University. 
K: You have a clear-cut plan.  How are you going to staff the operation? 
N: At the initial stage, two assistant professors will help me.  I think it is important for 
them to work on donation-based research while still young so that they can experience 
the significance and methodology of social contribution.  The staff here requires 
management sense.  Donation-based research should be maintained based on the 
responsibility of each individual.  
K: I see.  It is challenging.  Those two assistance professors will help you with 
experiments.  They need to show consistent results in consideration of next steps. 
N: You are right.  In particular, commercialization requires you to present the crystal 
wafers you produce in the laboratory to corporations, let them evaluate them based on 
their own process, and show good characteristics.  You need to produce 
commercial-sized wafers you can place on corporate assembly lines and show equal or 
better characteristics.  Through the process of improving the quality of ingot, you will 
come up with various techniques and excellent technologies which cannot be found in 
companies. 
K: You need to be creative. 
N: Yes.  I am trying to design brand-new devices to be utilized across the world.  As 
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you go through hardships, you come across good results.  You need 
to work your way out in order to accomplish something good. 
K: You said it right.  Could you specify what you can call your 
exciting findings? 
N: In the area of solar batteries, as we precisely controlled the degree 
of supercooling, we succeeded in making dendrite crystal run through 
the bottom of the cubicle at the initial stage of growth, leading to the 

discovery that we could use it to control the structure of silicon multicrystal ingot.  In 
the high-temperature pressure processing method, we found out we could deform 
silicon crystal three-dimensionally at our own discretion so we could use it for the 
X-ray spot light-gathering lens.  In the area of optical communication, device 
specialists showed more results than crystal growth specialists. 
K: It cannot be helped.  Just like in soccer, those who have scored the goals get the 
biggest attention but defense players have to support the whole operation all the time.  
N: It happens all the time as you work on basic research.  However, in the area of 
optical communication, a Nobel prize was awarded last year to the person who 
incrementally improved the purity of optical fibers.  
K: You are talking about Dr. Kao. 
N: Yes.  He was the first Nobel laureate in optical communication.  It was so 
reassuring for us to be able to think that working on technology could lead to a Nobel 
Prize. 
K: The recent Nobel Prizes have focused on technology as the area for their evaluation.  
LSI research also received a Nobel Prize. 
N: Those people who have created devices and shown good characteristics do not know 
that phase diagram is the basis for the production of crystal.  Since I thought I should 
not continue to support the technology behind the scenes, I decided to show the best 
device characteristics in the world.  In the research of silicon multicrystal, I was able to 
deliver conversion efficiency of 18.2%, a leading number for device characteristics. 
K: What was the efficiency ratio until then? 
N: 15 to 16% for solar batteries based on multicrystal.  
K: It went that far. 
N: The average cell efficiency for silicon multicrystal solar batteries would be 15 to 
16%.  If we enlarge the crystal production device of this laboratory, I expect that we 
can come up with 18% on a constant basis.  We need to carefully work on the 
challenges of purity and crystal faults in order to attain 18%.  To attain 20%, we need 
to come close to the quality of single crystal.   
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We are proposing the floating cast growth method where we float silicon crystal in 
silicon melt and make it grow as the technique to realize the quality of single crystal 
based on the cast growth method in a cost effective manner.  This is the next theme we 
will work on.  Another discovery we came up with is the high-temperature pressure 
processing of silicon.  In many fields, more attention is given to the flexibility of 
silicon, which can be deformed in any manner.  Possible examples of the application 
include X-ray spot light-gathering lenses, crystal lenses for neutrons, and X-ray lenses 
for space telescopes.  We discovered this technology when we came across mistakes 
while working on crystal growth.  
K: What is the mechanism like? 
N: We leverage the plastic deformation of silicon crystal just below the melting point.  
As we deform silicon crystal, it goes through elastic deformation.  As we further 
deform it, it usually gets cracked and destroyed, but we have found out that it does not 
go through work hardening just below the melting point and is deformed in any manner 
based on plastic deformation. 
K: So you lower temperature and enable the flexibility of transposition. 
N: We shift transposition and find conditions where superfluous transposition is 
avoided. 
K: Does that create an offset between plus and minus effects?  Is it more likely to take 
place as the temperature goes up?  Will the plus edge and minus edge combine and 
disappear? 
N: We have not yet verified that far. 
K: One side is tension and the other is compression, so they could offset each other and 
lose their effects.  That mechanism must be in place.  So as you adjust annealing 
temperature and time, you may be able to come up with more possibilities. 
N: No one has ever done deformation tests at a high temperature just below the melting 
point, so more discoveries will come out of this.  We have actually found out 
deformation behaviors are greatly influenced by plain orientations. 
K: That’s interesting. 
N: As I discussed this discovery at the applied physics meeting in March, industries we 
did not at all expect showed great interest in this technology.  For example, those in the 
area of laser nuclear fusion observe the reaction of nuclear fusion based on the 
measurement of feeble X-rays and use X-ray spot light-gathering crystal lenses for that 
purpose.   

However, they can only use the crystal lenses deformed based on elasticity limit and 
have difficulty due to impaired accuracy.  Many researchers will be tempted to use the 
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crystal lenses based on this technology. 
K: That sounds interesting.  It is what you call serendipity.  As you miss your target, 
you find out it is actually useful. 
N: That’s right.  I was so surprised to find out it could be so flexible.  
K: I see.  That is very interesting.  Could you give some advice to young people? 
N: First of all, it would be better to determine what you want to do.  I myself have 
been working on research based on a strong conviction to work on solar batteries, so I 
have never been daunted by various problems.  You also need to make a lot of 
mistakes.  Mistakes are there for you to overcome and they give you new discoveries 
as you find something interesting there.  And what is most important is your own 
intellectual curiosity. 
K: I agree.  Did your intellectual curiosity change when you were in the company and 
when you were in university? 
N: I think there is some difference. 
K: You are not framed into a mold. 
N: Even those working for companies could be doing what they like.  However, those 
people who are involved in the development of important products within companies 
are less likely to satisfy their intellectual curiosity since they cannot do what they like. 
K: Unless you cannot satisfy your intellectual curiosity, you cannot boost your morale.  
In most cases, you are not motivated.  As I hear about success stories of Bell Labs and 
others, I somehow sense the atmosphere raising intellectual curiosity. 
N: Bell Labs used to be like that. 
K: Yes, I think so.  Big companies like Fujitsu and Toshiba have some room for it but 
smaller companies need to work on their impending issues. 
N: They need to keep their head above the water.  It was great that Fujitsu let me work 
on the phase diagram.  
K: I think so.  Working on the phase diagram was so wild and very unlike a 
commercial company. 
N: Fujitsu was commendable in that sense.  They had that sort of discretion. 
K: Many people now could be questioning the validity of the phase diagram and think it 
is just a waste of money and time. 
N: Fujitsu did not keep the information closed and let us disclose the data.  Some 
companies try to keep the data unpublished since it is considered as privileged 
information. 
K: As you keep your information open, you get more information. 
N: Universities can keep their information open.  Those companies who let us disclose 
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information are very generous and motivate researchers.  Many good researches have 
come out based on that reason.  
K: And it led to the development of people. 
N: Many people who learned their skills in those days went to research at universities.   
K: In the long run, those laboratories that do not develop the capabilities of staff 
members are failures.  Laboratories creating capable staff are great laboratories in the 
end.  
N: That’s right.  We used to have the energy to do something big although we did not 
know how to do it.  We were so full of energy. 
K: So we need to remind young people of intellectual curiosity. 
N: You need to satisfy your intellectual curiosity.  You need to have your objectives.  
That is the starting point. 
K: In the liberal arts education for the Materials Science Department of Cambridge 
University, professors are required to lecture not on their specialty but areas outside 
their specialty based on their analysis and observation.  It is college professors 
themselves who keep their intellectual curiosity. 
N: That’s wonderful.  It is a little bit off the topic, but when I captured data for 
commercialization, I used to obtain vast ranges of partly meaningless data for the sole 
purpose of writing a paper.  But that made a difference later.  Materials specialists 
should capture data to the broadest possible degree even if it seems to be a waste. 
K: I heard a nice story.  The predecessors of the Institute for Materials Research placed 
dots based on experiment data that were in turn connected into lines.  Materials 
specialists at Tohoku University should not just work based on their brain but take as 
many dots as possible through experiments.   

Torahiko Terada once said that intelligent folks could not accomplish something 
meaningful since they thought they knew the results before they came out, and that 
faithful and consistent efforts would lead to new discoveries. 
N: I think it is the essence of materials specialists. 
K: You cannot achieve good results as far as you are thinking with your brain.  Could 
you talk about your hobby in the end? 
N: When I became the director, I started playing golf. 
K: I see.  That is your recent hobby. 
N: I like playing golf.  I also like history and read a lot of history books. 
K: As you get satisfied with reading books, you may want to go here and there.  I 
enjoyed talking with you today and covering various topics in great detail.  Thank you 
for your time. 
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N: Thank you for bearing with my chitchat today. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Interviewer: H. Komatsu 
At Nakajima Lab, IMR Bldg. I, 

March 24th, 2010 
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Interview with Professor Tomokazu MATSUE, Principal Investigator, 
WPI-AIMR 
 

“Making the Most of a Turning Point” 
 

 
Administrative Director Iwamoto (I): Professor Matsue, you have been a great help 
for WPI-AIMR as an adjunct professor, and as of November 1, you are officially 
assigned to AIMR as a Principal Investigator (PI). 

Welcome on board. 
Professor Tomokazu Matsue (M): Thank you very much. 
I: Is it correct to pronounce your name as “Matsue”? 
M: Yes. It’s a rather unusual name. 
I: I am terribly sorry but I had been pronouncing your name as Professor “Suenaga”, 
judging by the combination of the Chinese characters.  Is this pronunciation related to 
your birth place? 
M: Yes.  I am from Tonami in Toyama Prefecture.  For some reasons there are about 
20 families whose name is pronounced as “Matsue”, which is written in the Chinese 
characters that can be pronounced as “Suenaga”.  I think if I trace the roots, I can 
probably find some reasons.  I have never tried to find out, but I suppose there was an 
origin that gradually expanded, and then remained only in that particular place. 
I: So, were you born in Tonami in Toyama Prefecture? 
M: Yes, I was. 
I: Did you live there until you finished high school?  
M: Yes. I went to a high school there. 
I: After high school, you went to the Faculty of Pharmaceutical Sciences of Tohoku 
University, is it right? 
M: Yes, that’s right. 
I: As a child, were you interested in science and such subjects? 
M: Yes, I liked science.  I was so young that I did not understand the details, though.  
Japan was developing significantly in those days and that made me very interested in 
technology.  I wanted to be an engineer since I was at primary school. 
I: Since your primary school days. 
M: Yes. 
I: Excuse me, but may I ask which year were you born in? 
M: I was born in 1954. 
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I: Oh, same as me.  We were born in the same year, but some people grew up to love 
science and some didn’t….  When we were children, the high economic growth period 
started and there was certainly great interest in science and technology. 
M: There was Tokyo Olympics, and then Osaka Expo’70 was held when I was at high 
school.  It was the time when Japan was very vibrant. 
I: Indeed.  A lot of new products came into our lives. 
M: When I saw new electronic goods, I was very curious to see what was inside.  I 
used to disassemble a lot of things. 
I: The products of those days were not black-boxed like the modern ones… 
M: Yes, they were rather simple, weren’t they? 
I: They make you want to disassemble.  I can understand that feeling very well.  
Then, although you had been living in Toyama Prefecture, you decided to come to 
Tohoku University.  What made you do that? 
M: If you were living in Toyama Prefecture and wanted to go to a university, there was 
a choice of three regions: Kansai, Kanto or Tohoku.  People around me had a very 
good impression about the School of Engineering of Tohoku University.  It seemed to 
have advanced technologies and conduct substantial researches.  I went to the Faculty 
of Pharmaceutical Sciences.  Engineering or pharmaceutical science was a difficult 
choice for me, but at that time I could not decide which one to choose.  Since I was 
born in Toyama, medicine was always around me.  So, medicine seemed to have a 
lower barrier for me, or I was more familiar with medicine.  There was also a lot of 
information related to medicine around me.  I did not especially want to study 
medicine, but when I thought about studying engineering or pharmaceutical sciences to 
become an engineer, the latter sounded more familiar to me. 
I: That’s interesting.  In fact, Toyama is more famous for its medicine than any other 
prefecture. 
M: There are a lot of small pharmaceutical makers in Toyama. 
I: So, there is a tradition of medicine and it was a natural choice for you. 
M: Yes.  Medicine is very close to the people in Toyama. 
I: I see.  After the Faculty of Pharmaceutical Sciences you went to the Graduate 
School of Pharmaceutical Sciences and received a doctor’s degree at Tohoku University.  
What was your main research subject? 
M: Actually, although I studied medicine, or rather, pharmaceutical sciences at the 
Faculty of Pharmaceutical Sciences, I was not sure if it was the right choice.  I was 
more interested in physics and chemistry since I was a child.  You can choose such 
fields in the Faculty of Pharmaceutical Sciences too, but most study involves 
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memorizing the names of medicine.  I was not very interested in this kind of study.  
When I was in my fourth year and had to choose a laboratory, a new professor came 
from the Faculty of Engineering, The University of Tokyo.  It was a very rare case to 
come to the Faculty of Pharmaceutical Sciences from the Faculty of Engineering, and I 
thought I might be able to try something different as it was a new laboratory, so I 
decided to join the laboratory.  I started experiments in the laboratory and found 
research very interesting.  I was not particularly interested in academic study in my 
undergraduate years, though. 
I: You were more interested in doing experiments than memorizing the names of 
substances and medicine. 
M: Yes, it was more interesting to create something using my hands, gather data and 
analyze it.  Since my professor was from an engineering background, I learned a sense 
of engineering from him. 

I was studying organic electrochemistry, which is to create organic substances by 
using electricity.  It is a field of organic chemistry. 
I: Could you give me an example of organic electrochemistry? 
M: For example, put various chemical compounds into water, and then electrify the 
water.  The electricity will cause chemical reactions and that will produce a new 
compound.  Normally, a reagent is used to cause chemical reactions, but instead 
electricity is used in organic electrochemistry. 
I: Was it a new trend at that time? 
M: Yes.  It was a new trend in those days.  It was the early form of green chemistry, 
which is very popular now.  Since electricity is used to cause reactions instead of a 
reagent, it is a very clean method. 
I: I see.  Reagent could produce something harmful that cannot be poured down the 
drain. 
M: Yes, indeed.  It was considered to be a cleaner chemical reaction because of the use 
of electricity, and it was a brand new research field at that time. 
I: I see.  Now I understand. In your case, 
although you studied at the Faculty of 
Pharmaceutical Sciences and the Graduate 
School of Pharmaceutical Sciences as you 
mentioned earlier, you were taking various 
approaches including engineering or a 
scientific approach. 
M: Something like that. 



42

I: I learned from your CV that you had been in the School of Engineering and also in 
the Environmental Studies until recently.  I have an impression that you are very well-
rounded. 
M: It looks like I am moving about. 
I: Your current research field is mainly bio devices, isn’t it? 
M: Yes. 
I: What kind of research in bio devices do you do specifically? 
M: The easiest example is development of devices to measure the level of sugar in 
blood.  Diabetic patients have to measure the level of sugar in their blood by 
themselves, and there is a small device for that job: it has a needle to prick your body to 
get your blood out then measures the sugar level from the blood.  My research 
involves from groundwork to development of such devices.  An easy example would 
be a device to measure bioactive substances. 
I: I was in hospital before and I often heard a nurse asking the patient in the next bed, 
“Have you measured your blood-sugar level?” over the partition curtain.  I was 
wondering what was going on, and also wondering if the patient had to inject by himself.  
Now I know there is a device for that purpose. 

How does it work? 
M: Blood contains sugar.  There are enzymes on the surface of a sensor, and they will 
react to sugar.  When a reaction occurs, an electron will be produced.  Then the 
electron will be measured as a current.  It is a system to capture the reaction of 
enzymes as a current. 
I: It is a clever use of electricity.  Is it called “bio” because it uses enzymes? 
M: Yes.  Because it uses enzymes and also because the target is a bioactive substance. 
I: I see.  In addition, I often hear a term “self-organization”.  Is this also closely 
related to your research? 
M: Yes, it is.  For example, biological materials should be placed on an inorganic 
substrate such as silicon or glass in order to cause a reaction, but the substrate and 
biological materials such as an enzyme or protein will not react very well if the 
materials are not placed on the substrate properly.  For this reason, it is very important 
how biological materials are placed or arranged on a substrate: this is where a technique 
called self-organization is used. 
I: Interesting.  What will be self-organized in this case? 
M: If a bioactive substance such as protein is placed on a substrate, it will arrange itself 
thanks to the interactive effect of the substrate and bioactive substance.  It will stick by 
itself. 
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I: Oh, I see. 
M: This is called self-organization. 
I: Because it does not require human intervention. 
M: Yes.  Actually, the surface of substrates needs various works so that the enzymes 
can be arranged in the way they can function well.  The enzymes cannot be just placed 
on a substrate.  Some work needs to be done to the surface of substrates to help 
enzymes stick to them properly. 
I: And this is also a part of materials chemistry. 
M: Yes. 
I: Tohoku University includes the Institute for Materials Research and has an 
established tradition in hard materials; however, it is said that WPI-AIMR should place 
more focus on soft materials.  In that case, bio-devices will become more important in 
relation to soft materials.  Where do you think Tohoku University stands in the bio 
device field in Japan or in the world? 
M: Tohoku University has strength in the materials and electronics field. It is also very 
strong in MEMS technology.  I think creating bio devices by integrating these fields is 
something Tohoku University is very good at, and it is the field where Tohoku 
University can leverage its own strength. 
I: Is this the reason why you think research on bio devices should be promoted as an 
output in which materials, electronics and MEMS fields are integrated? 
M: Yes, that is my understanding.  I would like to leverage and blend the strengths of 
Tohoku University to create something new. 
I: I agree.  It is an important point.  In fact, when WPI-AIMR started three years ago, 
as we mentioned at the beginning, it was our profession to integrate various fields into 
new material science - from atom and molecule to bio devices. Ideally, I hope we can 
leverage our strength effectively and as a result we can not only make one plus one two 
but also three or even ten. 

Talking about WPI-AIMR, you will meet various hard working researchers in Bio 
Device laboratory such as Dr. Ali Khademhosseini and Dr. Wu Hongkai.  We are 
looking forward to seeing your collaboration with them. 
M: Since I was in engineering for a long time, I tend to think that once I started the 
basis I should carry on to the exit.  But recently I am more likely to think that I would 
rather work with companies at the exit phase in order to bring out my invention to the 
world, and I am trying various things for that.  So, I want to produce something useful 
for the public from my research.  This is my motive. 
I: Another question - we talked about diabetic patients earlier.  Are bio devices also 
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related to drugs? 
M: Yes.  Pharmaceutical makers are working very hard to develop 
drugs, and they have to test how effective the drugs they produced are 
for living bodies.  There are several steps for the test: the first step is 
cell-level testing, and the next step is animal testing.  Recently it is 
not easy to carry out animal testing, as it is discouraged and should be 

kept to the minimum.  Instead, cell level testing should be employed.  There are 
requirements for methods – very efficient methods - to check the effectiveness of the 
drugs at the cell level, since there are various types of cells and so many different kinds 
of drugs.  For example, if cells are integrated into a chip and then a drug is added, it is 
possible to test the reaction all at once.  The pharmaceutical industry and drug makers 
are requesting such devices. 
I: So, you can see the result all at once? 
M: Yes, you can see it all at the same time.  This is called “high-throughput” in 
English. 
I: So, bio devices will be more and more necessary for this purpose. 
M: Yes.  I think it will be used a lot more frequently in the bio field in the future. 
I: I see.  Then, it is a field with a lot of potential. 
M: However, there are still a lot of black boxes in the bio field.  There are many 
unknown factors.  Experts in bio science are trying to analyze such black boxes, and it 
is important how effectively you can incorporate the cutting-edge information of bio 
science.  We do not work in bio-science itself, but we are good at creating devices and 
developing measurement methods.  The most important task is to incorporate the 
cutting edge information into our field. 
I: Even though there is no biologist in WPI, I think it is important how we can apply 
what biologists have found or learned for materials. 
M: Yes, indeed. 
I: Going back to what we talked about earlier, a lot of researches in different fields are 
working together.  It is so called “fusion research”.  We provide opportunities for 
that: for example, we hold “Joint Seminar” about twice a month while holding “Tea 
Time” every week.  I know you have worked with people in various fields previously, 
but I would be grateful if you could take part here, too. 
M: Of course.  It is impossible to do everything by myself, and it is quicker to ask 
opinions of the experts in their fields when I have something I don’t understand. 
I: Yes, indeed.  From this point of view, it is important to cooperate with other people 
– although it is also important to become an expert in a certain field. 
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I heard that you have been working for Japan Society for the Promotion of Science 
(JSPS) as a program officer until recently.  What was included in your job? 
M: I was in charge of building a system for Grants-in Aid for Scientific Research and 
checking whether the system is working correctly, as well as making sure that 
assessment for the grants is carried out properly. 
I: So, it was more about how you can use the grants effectively for the academic 
researches rather than the actual contents of research. 
M: Yes. 
I: Are you interested in the management side of research too? 
M: I’d rather say that I was doing it out of necessity.  However, I could get a lot of 
information through that work. From this point of view, it was very useful. 
I: I agree.  We are also trying to work out the way to obtain the Grants-in Aid for 
Scientific Research as much as we can. 

By the way, changing the subject from your research, what is the motto or slogan of 
your laboratory?  You have a lot of young staff including graduate students. 
M: Just try anything that looks interesting.  Don’t think about it too much from the 
beginning, but use your hands and try anything that looks interesting – this is the motto 
of my laboratory.  I am encouraging the staff to move their hands instead of saying 
they can’t do this or they can’t do that before they even try. 
I: Does it mean that some young staff tends to think theory comes first? 
M: Yes, indeed.  Some of them assume “this will not work” or “it will probably not be 
like that” from the beginning, but you never know until you actually do it, don’t you? 
I: Yes, it is important to just do it without making all sorts of excuses. 
M: Yes, it is really important. 
I: It is only through these experiences that you can open up and widen your capacity.  
So, the young researchers under your supervision in your laboratory are working with 
this spirit. 
M: Yes. 
I: It must be a great pleasure.  In other words, you are encouraging the autonomy of 
the young researchers. 
M: Yes. 
I: Recently I often hear that young researchers are not willing to go abroad. There are 
many reasons for this, but what is your opinion? 
M: I think it is recommended to go abroad - not just staying in Japan - to increase 
opportunity to learn different ways of thinking.  I am also trying to send especially the 
students of the doctoral program to academic conferences abroad so that they can widen 
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their view.  One of my staff who has the doctor's degree is abroad now.  Whenever 
my staffs have been abroad, they come back with a very different view or opinions and 
look more grown up. 
I: I see.  Although the research itself is universal, different countries have different 
approaches to research, don’t they? 
M: Yes. 
I: I once studied public administration in France.  Their teaching method and the way 
to develop theories were very different.  That was a big shock to me, and I learned a lot 
from it. 
M: I see. 
I: In addition, when it comes to basic research, Europe and America has a very strong 
tradition. 
M: Yes, I think so too. 
I: From this point of view, as you mentioned, when young researchers attend workshops 
abroad and meet foreign researchers, it can be expected that they become motivated and 
develop themselves even further. 
M: Indeed. 
I: In WPI we recruit excellent researchers in Japan and from abroad, but I personally 
think that we also have to send out talented Japanese young researchers abroad. 
M: I see. 
I: Talking about the relation with foreign countries, you have studied in America, 
haven’t you? 
M: I studied at University of Wisconsin in America. 
I: Yes, University of Wisconsin.  Which school did you go to? 
M: I studied with Professor Dennis Evans, who specializes in Chemistry. 
I: He is well known in this field, I guess. 
M: Yes.  He is very famous in the field, very smart and intelligent.  However, his 
research was very different from my research for the doctorial course in the Faculty of 
Pharmaceutical Sciences.  As I mentioned earlier, I was studying organic chemistry, 
such as producing organic synthesis by using electricity, but in America the research 
was more about theory.  Theory of electron transfer.  When I was studying in Japan, I 
used to shake a flask to create something, but in America theory was more important 
and I used to spend all day in a computer room doing calculation.  I am very grateful 
that he invited me despite the fact that I was in a totally different field.  I studied 
electrochemistry and the theory of electron transfer really hard there, and it is still very 
useful for me. 



47

I: So, was it the field you never studied in Japan before you went to America? 
M: I was doing a more manual, unsophisticated method in Japan, but it was very 
different over there.  In Japan, I had never used a computer for my research at that time. 
I: When was it? 
M: I received the doctor’s degree in 1981.  At that time there were hardly any 
computers. Although it was possible to do calculation in the large scale computing 
center, I never went there to do calculation. 
I: Nobody did except computer specialist at that time. 
M: However, once I was in America, I was in a computer room all day: I would make a 
program and calculate, then make another program and calculate… I did some 
experiments, but it was more for the purpose of comparing the experiment and the 
theory.  It was very different research. 
I: It sounds great.  Two main pillars of experiment and theory – it will not always be 
possible to do both equally well, as we are not all Da Vinci after all, however, it must 
have been a great experience for your research activity after you came back. 
M: Yes, it has been really useful.  After I came back to Japan, I immediately started 
using simulation.  I was probably one of the earliest who introduced simulation for 
electrode reaction. 
I: By the way, talking about your private life, what is your hobby? 
M: I used to like playing sports and played volleyball when I was young.  I also played 
baseball and went skiing. But recently I mostly watch sports.  When I have a spare 
time I go out by car with my wife to have a nice meal nearby.  That is my hobby these 
days. 
I: It is the best way to relax.  I rarely have a chance to do exercise or play sports, and I 
guess you are also busy with your work… 
M: I cannot be bothered to play sports recently. 
I: By the way, you are involved in a lot of academic societies, and you are the Chairman 
of Tohoku Regional Branch of the Electrochemical Society of Japan (ECSJ).  It is a 
rather large organization. 
M: Yes, it is.  It is the main academic society for batteries including solar batteries that 
is very popular now.  It also does research and development of car batteries, fuel 
batteries and solar batteries.  It is very active and large. 
I: I see.  So, what does the Tohoku Branch do?  Do they coordinate organizations 
such as universities including Tohoku University and companies in six prefectures in 
Tohoku? 
M: Yes. 
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I: It sounds interesting. 
M: Toyota built a new plant in Sendai recently, and there is also a battery company 
jointly owned by Toyota and Panasonic.  So, now the wind is favorable for us. 
I: Indeed.  Lastly, could you tell me your ambition – what do you want to do in WPI? 
M: I think it is important to make the most of a turning point.  It is very rare that you 
stay in one place for a long period these days.  University staffs are on fixed term 
employment.  It was my big turning point to move from Pharmaceutical Sciences to 
Engineering, so was moving from Engineering to Environmental Studies.  I think this 
time will also be a good turning point.  I would like to think that my transfer to WPI is 
an opportunity to develop and progress my research further, and I would like to make 
the most of it.  So, I am thinking of doing something new in WPI, based on my current 
research. 
I: I know you already know some professors in WPI, including Center Director 
Yamamoto, but there are also a lot of talented researchers in the fields that you had little 
contact with before.  I would like to make an effort to provide opportunities to interact 
with each other.  Also, if you can recommend foreign researchers for us to take on, 
even for a short period, I would like to actively work to make it happen. 

Thank you very much for talking to me 

 
 
 
 
 
 
 
 
 
 
 
 

Interviewer: Administrative Director, W. Iwamoto 
  At Matsue Lab, 

Engineering Laboratory Complex Building 
November 9th, 2010 
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The 1st International Symposium on Super-hybrid Materials (ISSM-1) 
  

Tadafumi Adschiri 
 

WPI-AIMR hosted an international symposium on 
super-hybrid materials (SHMs) at the Laboratories for 
Advanced Materials Research (building No.1), Tohoku 
University in Sendai, Japan from September 30 to October 
2, 2010.  The symposium, attended by 109 researchers 
from 11 countries, was a great success thanks to the support of New Energy and 
Industrial Technology Development Organization (NEDO). 

The purpose of this symposium is to provide a forum for exchange cross-fertilization 
of ideas of a variety of fields, i.e., ‘hybridization of ideas,’ coincident with that of 

“Fusion Research” of WPI-AIMR, expecting a widespread 
development of science and technology of SHMs.  The 
topics of the 12 oral presentations and 20 posters varied 
from basic research to application with a focus on the all 
aspects of inorganic/organic nano hybrid materials based 

on nanoparticle technologies.  The topics also include current results of NEDO Project 
"Super Hybrid Materials".  Out of these 12 oral presentations, 6 were presented by 
WPI-AIMR researchers: Self-assembly in a block terpolymer (Adjunct Prof. H. Jinnai), 
hydrothermal synthesis and wastewater treatment in SCW (Visiting Prof. Y.-W. Lee), 
control of nanoparticle and surface structure (Assist. Prof. T. Trevethan), functional 
nanoparticle structures by solvothermal processing 
(Assoc. Prof. D. Ehrentraut), nano-tribology and 
nanorheology (Prof. K. Kurihara), and finally polymer 
nanotechnology (Prof. T. Nishi).  Successful 
achievement of the incompatible multi-functional 
properties of SHMs in the NEDO Project was also 
reported by Prof. T. Adschiri (WPI-AIMR), the organizer of the symposium and a 
leader of the project.  By tuning the affinity of NPs and polymers, the polymer film 
that has high/low refractive index (1.6/1.4) and high trasparency (90%) could be 
achieved and heat conductivity as high as 35 W/mk could be achieved, and the samples 
were demonstrated.  Besides oral presentations, 20 posters were presented by young 
researchers and students. 
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Green materials and green process, key aspects in 
WPI-AIMR fusion research, were stressed as main 
topics, leading to trigger of good discussions 
throughout the symposium.  In consistent with the 
expectations in the opening remarks by Yoshinori 
Yamamoto, Institute Director of WPI-AIMR, 
‘hybridization of ideas’ and fusion of a variety of research fields was successfully 
achieved in this symposium.  It is expected that the outcome of the symposium will 
help future development of both WPI-AIMR & SHMs for the society in view of 
environment, energy, and safety. 
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been playing the important role as the key materials for our sustainable life. 
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The 6th Fraunhofer Symposium in SENDAI 

 
Yu-Ching Lin 

 
In the framework of cooperation agreement between the City of Sendai and 

Fraunhofer-Gesellschaft, European largest organization for applied research, which 
exists since 2005, "The 6th Fraunhofer Symposium in Sendai" was held in Dec. 7th in 
Sendai, Japan.  The symposium proceeded successfully with good presentations and 
talks about their research and activities from totally 19 people from 2 countries; Japan 
and Germany, and with participation of over 120 scientists, engineers and managers 
from many companies, institutes, universities and Fraunhofer. 

The symposium began with opening remarks by Emiko Okuyama, 
who is Mayor of Sendai, followed by the welcome address by 
Professor Masayoshi Esashi, Principal Investigator (PI) at the 
WPI-AIMR. For the introduction of WPI-AIMR, Professor Yoshinori 
Yamamoto, Director of WPI-AIMR gave the speech to the audience 
with anticipating a future strong cooperation between two institutes 
(WPI-AIMR and Fraunhofer-Gesellschaft).  Key point of his talk 
was the strong focus of his institute to develop and apply new materials for a green 
society and create international visible, outstanding research results.  There were also 
talks from WPI-AIMR side by Professor Thomas Gessner (foreign PI), Assistant 
Professor Yu-Ching Lin and WPI visiting scientist, Jörg Frömel. Professor Gessner gave 
talks about business units and core competences of Fraunhofer ENAS.  And Assistant 
Professor Lin gave an introduction about the world class frontier research in the field of 

innovative material MEMS of 
Gessner group within WPI-AIMR  
and also stressed out the remarkable 
international cooperative research.  
And Mr. Frömel talked about the 
latest results of research in the field 
of semiconductor wafer bonding for 
wafer level packaging of MEMS. In 
Assistant Professor Lin’s talk, many 

outstanding results of research at the WPI-AIMR about AuSi eutectic wafer bonding, 
metallic glass film fabrication, BMG molding, micro-mirror fabrication using BMG 
material and nanoporous gold for semiconductor bonding technology have been 
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described to the audience.  That these 
novel and innovative results could only 
be reached by the international 
cooperation and through fusion research 
across different fields was an important 
point of her speech. Not only pictures 
and graphs of research results but also 
the successfully developed prototypes of 
MEMS mirror made from metallic glass 
have been impressively shown to the participants of the symposium by Dr. JaeWung 
Lee, a member of the Gessner group of WPI-AIMR.  This clearly demonstrated that 
the research is not only aimed at academic results, but also towards a visible impact for 
society.  The demonstration of the micro-mirror devices gave great impression to the 
mayor of Sendai and all audience about the success of the research at WPI-AIMR.  
There was no doubt that outstanding research greatly benefited from collaboration 
between WPI-AIMR and the German Fraunhofer and that the future cooperation 
between the two institutes will create great synergy for both of them. 
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Advances in ZnO based heterostructures 
 

Masashi Kawasaki 
WPI Advanced Research Institute for Materials, Tohoku University 

 

ZnO is an oxide semiconductor with a band gap of 3.3 eV, enabling ultraviolet light 
emission upon radiative recombination.  Intense research was triggered by our 
demonstration of highly efficient laser action at room temperature caused by an exciton 
recombination process [1].  It took us 8 years before we succeeded in making p-type 
ZnO to accomplish light emitting diodes (LED) composed of pn-junction [2, 3]. 
However, the color of the light was not ultraviolet but blue as shown in Fig. 1 (a) due to 
the recombination taking place in p-type ZnO with full of defects. In order to prevent 
this, one needs to realize p-type (MgZn)O that have wider band gap than ZnO.  We 
spent sometime to make (MgZn)O of much better quality and found that the interface 
can be very sharp.  When ZnO/(MgZn)O heterointerface was formed, two-dimensional 
electron gas (2DEG) is spontaneously generated due to the discontinuity in electric 
polarization of piezoelectric compounds. Actually, the mobility of 2DEG could be very 
large, over 5,000 cm2V-1s-1 and exhibited integer quantum Hall effect at low 
temperatures as shown in Fig. 1 (b) [4]. This breakthrough was highlighted as a 
milestone in oxide electronics [5-7]. 

One of the prerequisites for making p-type (MgZn)O is to make the host compound 
as intrinsic as possible before the incorporation of an acceptor (N). In case of ZnO, 
pulsed laser deposition enabled this because there can be very pure ZnO single 
crystalline target.  However, (MgZn)O target has to be prepared through conventional 
ceramics processes, yielding in a dirty one with impurities of Si and Al known as donors 
over 100 ppm.  Therefore, we switched to molecular beam epitaxy (MBE) to 
accomplish this prerequisite.  Soon after this, the mobility of 2DEG in MBE-made 
heterostructurs exceeded 10,000 cm2V-1s-1.  Actually, mobility was the only measure 
that can detect the difference in quality of our films because the quality of the films is so 
excellent that any other tool cannot distinguish them due to its instrumental limitation. 
Thus prepared films doped with N turned into p-type and p-(MgZn)O/n-ZnO 
heterojuntion could be used for ultraviolet LED.  Figure 2 (a) shows the appearance of 
LEDs with p-ZnO/n-ZnO and p-(MgZn)O/n-ZnO structures that was coated with a 
green phosphor to visualize the light.  Preventing the electron injection into p-type 
layer by the use of p-(MgZn)O, we could tune the emission at the wavelength where it 
should be [8].  That means, many existing high quantum efficiency prospers will be 
excited so that cheap true-white LED will become possible. 

Our continuing efforts of improving the mobility brought us to an entirely different 
stage of basic research from the interest in LEDs.  When the value exceeds 100,000 
cm2V-1s-1, we start to see fractional quantum Hall effect as shown in Fig. 2 (b) that can 
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be seen only in extremely clean semiconductors such as GaAs, SiGe, and graphen [9, 
10].  Since the effective mass of electrons in ZnO is rather heavy, the strength of 
electron-electron interaction (rS) is more pronounced.  Therefore, we will be able to 
reach a regime that any other material cannot reach, where rS is very large with keeping 
reasonably long scattering time ( tr).  Here, new quantum phenomena are expected to 
exist.  
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Figure 2 After WPI-AIMR.  
Ultraviolet LED with a green phosphor (a) and fractional quantum Hall effect. 

Figure 1 Before WPI-AIMR. 
Appearance of blue ZnO LED (a) and integer quantum Hall effect (b). 
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“Ultrahigh-resolution spin-resolved photoemission spectrometer  
with a mini Mott detector” 

 
S. Souma1, A. Takayama2, K. Sugawara1, T. Sato2, and T. Takahashi1,2 

 
1 WPI Advanced Institute for Materials Research, Tohoku University 

2 Department of Physics, Tohoku University 
 

Spin-resolved angle-resolved photoemission spectroscopy (spin-resolved ARPES) is 
one of most advanced experimental techniques which enables the complete 
determination of all three quantum parameters of electrons, namely, energy (E), 
momentum (k), and spin, and thereby would serve as a powerful method to investigate 
the exotic quantum properties originating in the spin state of electrons [1].  Many efforts 
have been made to develop a spin-resolved ARPES spectrometer based on various 
methods such as the Mott scattering [2], the diffuse scattering [3], and the very-low-
energy electron diffraction [4].  However, spin-resolved ARPES involves an inherent 
difficulty in achieving a high energy resolution because the efficiency of detecting the 
spin polarization is typically three orders-of-magnitude lower than that of non-spin-

Figure 1 Ultrahigh-resolution spin-resolved photoemission spectrometer constructed 
at WPI-AIMR, Tohoku University 
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resolved measurement.  Actually, the 
typical energy resolution of spin-resolved 
photoemission spectrometers has been 
about 100 meV, insufficient for  
investigating various novel materials 
where the spin of electrons plays an 
essential role in realizing the exotic 
physical properties. 

We have developed an ultrahigh-
resolution spin-resolved photoemission 
spectrometer (Fig. 1), which enables the 
direct observation of the spin-resolved 
electronic states with the world-best 
energy resolution (8 meV) [5].  To show 
the high performance of the spectrometer, 
we show in Fig. 2 the experimental data 
obtained for Bi(111) surface.  Spin-resolved ARPES spectra in Fig. 2(c) show that the 
energy bands at the Fermi level and 80 meV are spin-polarized (up and down, 
respectively) along the surface plane (y-axis), but unpolarized along the direction 
normal to the surface (z-axis), in good agreement with the theoretical prediction on the 
surface-Rashba effect. 

The newly developed spin-resolved ARPES spectrometer would contribute to our 
better understanding of various novel phenomena caused by electron spins, such as the 
giant magnetoresistance and the quantum spin Hall effect, leading to the significant 
development of spintronics devices that have attracted much attention as next-
generation, high-speed and low power-consumption electronic devices. 
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Figure 2  (a) Fermi surface and (b) band 
dispersion of surface states of Bi(111). 
Arrows indicate the spin direction at 
specific k points. (c) Spin-resolved 
ARPES spectra of Bi(111) surface 
polarized along y (top) and z (bottom) 
axes. 
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 “Direct Evidence for the Dirac-Cone Topological Surface States  
in the Ternary Chalcogenide TlBiSe2” 

 
T. Sato1, K. Segawa2, H. Guo1, K. Sugawara3, S. Souma3,  

T. Takahashi1,3 and Y. Ando2 
 

1 Department of Physics, Tohoku University 
2 Institute of Scientific and Industrial Research, Osaka University 

3 WPI Advanced Institute for Materials Research, Tohoku University 
 

 Topological insulators are recently attracting significant attentions since they 
materialize a new state of matter where the bulk excitation gap generated by the spin-
orbit coupling (SOC) leads to the appearance of unusual metallic states at the edge or 
surface due to a topological principle.  Such a surface state emerges within the bulk 
band gap and exhibits a gapless electronic band dispersion protected by the time 
reversal symmetry [1].  This novel surface state has been an subject of intensive 
investigations because of not only 
its fundamental novelty but also 
its high potential for spintronics 
devices and fault-tolerant 
quantum computations.  The 
topological 2D surface state has 
been observed in group-V alloy 
Bi1-xSbx, which becomes a 
narrow-gap semiconductor for 
0.07 < x < 0.22, [2] as well as in 
tetradymite semiconductors 
Bi2Se3 and Bi2Te3 [3].  

We have performed high-
resolution angle-resolved 
photoemission spectroscopy 
(ARPES) on TlBiSe2, a member 
of ternary chalcogenides which 
have been theoretically proposed 
as a candidate for a new class of 
three-dimensional topological 
insulators [4].  By utlizing the 

Figure 1  (a) ARPES intensity of TlBiSe2 
around the  point plotted as a function of ky 
and binding energy.  (b) 2D band dispersion of 
the topologically protected ‘Dirac-cone’ 
determined by ARPES.  
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unique capability of ARPES to resolve the electron momentum, we have determined the 
energy band dispersions of bulk and surface electronic states over the entire Brillouin 
zone.  Figure 1 shows a direct evidence for the non-trivial surface metallic state 
showing a ‘X’-shaped energy dispersion within the bulk band gap.  The present result 
unambiguously establishes that TlBiSe2 is a strong topological insulator with a single 
Dirac cone at the Brillouin-zone center.  The observed bulk band gap of 0.35 eV is the 
largest among known topological insulators, showing TlBiSe2 being the most promising 
material for studying room-temperature topological phenomena. 
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Dimensionality-Driven Insulator-Metal Transition in A-Site Excess 
Non-stoichiometric Perovskites 
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M. Kawasaki1,2, and Y. Ikuhara1,3,4 

 
1 WPI Advanced Institute for Materials Research, Tohoku University 

2Institute for Materials Research, Tohoku University 
3Institute of Engineering Innovation, The University of Tokyo 

4Nanostructures Research Lab, Japan Fine Ceramics Center, Nagoya 

 

This paper was published in the “Nature Communications 1, 106 (2010)”. 
 

For decades, how an insulator is transformed into a metal by manipulating either the 
Fermi level or the electronic states has been one of the central themes in condensed 
matter physics, whatever it is a band or Mott insulator [1]. In general, this tuning is 
achieved via either chemical doping to introduce charge carriers, or external stimuli to 
lower the ratio of Coulomb repulsion to bandwidth. Definitely, none have supported a 
seemly counter-intuitive strategy: the application of an insulating layer to induce an 
insulator-metal transition because neither the well pinned Fermi level in the insulator is 
shifted nor the gaps are eliminated.  

In a recent paper [2], we combines experimental studies of atomic structure 
characterization and quantum Hall measurement with the high-precision density 
functional theory calculations to demonstrate an unexpected and unprecedented 
transition from electrically insulating states to metallic states in an A-site excess 
nonstoichiometric perovskite oxide, La0.5Srn+1-0.5TinO3n+1 [3], which is triggered by an 
intrinsically insulating SrTiO3 layer at an atomic scale. The transition is accompanied 
by electron localization due to a complex interplay of electrons and phonons, and is 
unusual as the majority of electrons in the conducting phase are confined within an 
atomic layer forming a two dimensional electron gas (2DEG) as shown in Fig. 1. This 
observation is a significant step toward the revolution of our view on the role played by 
insulating layers on inducing insulator-to-metal transition, and this finding presents an 
important stage in the development of next-generation transparent and environment 
friendly superconductor and thermoelectric devices. 
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Fig. 1 Left: Scanning transmission electron microscopy (STEM) image of the oxide 
with electrically metallic state. Brightest spots represent Sr and darker ones Ti. 
Middle: Element mapping showing the substitution of Sr by La (red). The carriers in the 
insulator are supplied on Ti (white) by La. Right: Distribution of carriers indicating for
mation of 2DEG. 
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A. Grant-in-aid for Scientific Research (KAKENHI) (Unit: thousand yen)

Categories Budget
Distribution

194,090
Subtotal 1 48,100

25,900
9,200
9,300
2,100
1,600

Subtotal 5 48,100
12,350
3,510
3,900

Subtotal 3 19,760
13,390
41,340
36,400

Subtotal 3 91,130
9,230
3,770
9,750
6,760

18,720
24,440
20,800

Subtotal 7 93,470
5,590

780
Subtotal 2 6,370

1,820
1,820
1,690
1,950

Subtotal 4 7,280
900

1,500
Subtotal 2 2,400

7,020
4,160
6,110

11,180
Subtotal 4 28,470

1,950
1,950
1,040
1,690
2,600
1,300
1,040
3,900
2,860
3,250
2,470
2,210

Subtotal 12 26,260
1,287

Subtotal 1 1,287
44 518,617

*1 Budget includes indirect expenses.

HAMADA, Ikutaro

GU, Lin

NAKAJIMA, Ken
TAKEUCHI, Akira
ASAO, Naoki
SHIMOMURA, Masatsugu (PI)

Subtotal

WANG, Zhongchang

UENO, Kazunori

SUGAWARA, Katsuaki

MCKENNA, Keith Patrick

NISHI, Toshio (PI)

FUJINAMI, So
HIRATA, Akihiko
OHSAWA, Takeo
XU, Limei

ISHII, Daisuke

MUROYAMA, Masanori

YOSHIDA, Shinya
HOJO, Daisuke
LIU, Hongwen

MAKINO, Takayuki
ASAO, Naoki
KURIHARA, Kazue (PI)

MATSUE, Tomokazu (PI)
IKUHARA, Yuichi (PI)
YAMADA, Kazuyoshi (PI)
MIYAZAKI, Terunobu (PI)
TSUKADA, Masaru (PI)

KURIHARA, Kazue (PI)

Scientific Research (C)

Challenging Exploratory Research

Young Scientists (A)

Young Scientists (B)

Research Activity Start-up

YAMAMOTO, Yoshinori (PI)

SOUMA, Seigo
SHIRAKI, Susumu

ADSCHIRI, Tadafumi (PI)
YAMADA, Kazuyoshi (PI)

Representative's Name

OHMI, Tadahiro (PI)

HITOSUGI, Taro
ASAO, Naoki
LOUZGUINE, Dmitri Valentinovich (PI)

FY2010 List of Major Governmental Research Funds
(As of November 1, 2010)

Scientific Research on Priority Areas

Specially Promoted Research

Scientific Research on Innovative Areas

Scientific Research (S)

Scientific Research (A)

Scientific Research (B)

TANIGAKI, Katsumi (PI)
TANIGAKI, Katsumi (PI)

YAMAGUCHI, Masahiko (PI)
ADSCHIRI, Tadafumi (PI)

ITAYA, Kingo (PI)

ESASHI, Masayoshi (PI)
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B. Research funds consigned from government directly (Unit: thousand yen)

Representative's Name Distributing Organization Project Name Budget
Distribution

TSUKADA, Masaru (PI) Japan Science and Technology Agency (JST) Core Research for Evolutional Science and
Technology (CREST) 10,790

KAWASAKI, Masashi (PI) Japan Science and Technology Agency (JST) Core Research for Evolutional Science and
Technology (CREST) 51,211

TAKAHASHI, Takashi (PI) Japan Science and Technology Agency (JST) Core Research for Evolutional Science and
Technology (CREST) 33,800

ADSCHIRI, Tadafumi (PI) Japan Science and Technology Agency (JST) Core Research for Evolutional Science and
Technology (CREST) 11,700

KURIHARA, Kazue (PI) Japan Science and Technology Agency (JST) Core Research for Evolutional Science and
Technology (CREST) 80,600

SHIMOMURA, Masatsugu
(PI) Japan Science and Technology Agency (JST) Core Research for Evolutional Science and

Technology (CREST) 24,570

YAMADA, Kazuyoshi (PI) Ministry of Education, Culture, Sports,
Science and Technology (MEXT) Elementary Strategic Project 9,620

FUKUDA, Tsuguo New Energy and Undustrial Technology
Development Organization (NEDO)

Strategic Development of Energy
Conservation Technology 99,999

ESASHI, Masayoshi (PI) Japan Science and Technology Agency (JST) Strategic International Cooperative
Program 3,960

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

Development of Technology for High-
efficiency Convension of Biomass and Other
Energy

9,999

MIYAZAKI, Terunobu (PI) New Energy and Industrial Technology
Development Organization (NEDO) Spintronics Nonvolatile Devices Project 26,998

ITAYA, Kingo (PI) New Energy and Industrial Technology
Development Organization (NEDO)

Research and Development of Nanodevices
for Practical Utilization of Nanotechnology 9,998

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

Grant for Industrial Technology Research
(Financial support to young researchers) 8,060

MIZUKAMI, Shigemi New Energy and Industrial Technology
Development Organization (NEDO)

Grant for Industrial Technology Research
(Financial support to young researchers) 9,932

14 391,237

C. Research funds reconsigned through the private enterpise (Unit: thousand yen)

Representative's Name Distributing Organization Redistributing Organization Budget
Distribution

NISHI, Toshio (PI) New Energy and Industrial Technology
Development Organization (NEDO) Bridgestone Corporation 4,900

ITAYA, Kingo (PI) New Energy and Industrial Technology
Development Organization (NEDO)

 Research Institute of Biomolecule
Metrology Co., Ltd. (RIBM) 7,350

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. 2,808

TANIGAKI, Katsumi (PI) Ministry of Economy, Trade and Industry
(METI) Kuramoto Co., Ltd. 1,009

5 25,367

63 935,221

*1 Budget includes indirect expenses.

Subtotal

Subtotal

Total
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Science Agora 2010 
 

AIMR held a workshop entitled “Discussions on future strategies in science and 
technology in Japan” in conjunction with other WPI research centers and the Japan 
Society for the Promotion of Science (JSPS) at “Science Agora” in Tokyo on November 
20, 2010. 

 
Science Agora - the Greek word “Agora” means “place of assembly” or “meeting” - is 

an open assembly organized since 2006, where participants (scientists, researchers, 
citizens) enjoy, discuss, and share what science brings to us.  The purpose of “Science 
Agora” was to win a better tomorrow.  Everyone should take one more step forward, 
willing to be more informed of, and collectively consider what science brings to us and the 
relationship between science and ourselves. 

 
As a researcher who moved from industry back to 

academia, Dr. T. Hitosugi, Associate Professor at 
AIMR, explained the attractiveness of research at 
the university to the audience at the workshop. 
Three other speakers including a researcher at 
IFReC of Osaka University stressed the importance 
of the innovation that WPI has been working 
towards, and gave them an idea of what is needed 
and how it should be carried out. 

 
All the participants who filled the conference room listened attentively to the lectures, 

and also asked several questions concerning the role of science in society, innovation, 
research, and so on.  

 
The participation of WPI-AIMR strongly reflects its efforts for the promotion of the 

public’s understanding of science through various events. 
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The Third Series of WPI-AIMR Joint Seminars FY2010 
 

The third series of the WPI-AIMR Joint Seminars started from April, 2010.  The aim 
of this seminar series is to enhance mutual scientific communications among research 
staffs in WPI-AIMR to promote further fusion researches and the seminars are 
organized and managed by younger research staffs in WPI-AIMR.  The sessions are 
not constituted only by one way talks based on established research results, but also 
lively discussions and exchange of ideas. 

 
Lineup of the third series of WPI-AIMR Joint Seminars (8th to 12th) 
8th Seminar, Aug. 20, 2010  
Itaya Group    Organizer: R. Wen, A. Lahiri, Moderator: N. Asao 
S. Kobayashi "Introduction/Overview" 
R. Wen "In situ Electrochemical Scanning Tunneling Microscopy" 
A. Teramoto "Atomically Flat Silicon Surface and Silicon/Insulator Interface Formation 
Technologies for (100) Surface Orientation Introducing High Performance MOSFETs" 
T. Matsukawa "Single Crystal Growth of Organic Semiconductors for FET" 
T. Ikeshoji "Angstrom and Pico Second Electrochemistry-first Principles sSimulations" 
9th Seminar, Sep. 3, 2010 
Kawasaki Group    Organizer: T. Makino, Moderator: R. Nouchi 
T. Makino "Overview and “Optical Properties of Low-dimensional Oxide Structure" 
H. Hiraga "Growth and Optical Properties of CuMO2 (M = Sc, Cr, Mn, Fe, Co) 
Delafossite Thin Films" 
K. Ueno "Electric Field Induced Superconductivity in Oxides" 
10th Seminar, Oct. 1, 2010  
Yamamoto Group    Organizer: N. Asao, Moderator: Q. Zhang 
N. Asao "Nanoporous Metals as New Nanostructured Materials Catalysts for Molecular 
Transformations" 
T. Jin "Copper Nanoporous Catalysis in Organic Transformations: Heterogeneous 
Catalytic [3+2]Cycloaddition of Terminal Alkynes and Azides" 
T. Minato "Mechanism Elucidation of Chemical Reaction on Nanoporous Gold 
Catalysts by Fusion of Organic Synthetic Chemistry & Surface Science" 
M. Uzzaman "Molecular Design of Novel -Electronic Systems for Organic 
Electronics" 
S. Ikeda "Light-emitting Organic Transistors Using Newly Synthesized Compounds: 
Toward Electrically-driven Organic Lasers" 
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11th Seminar, Oct. 15, 2010  
Nishi-Nakajima Group    Organizer: K. Nakajima, Moderator: Z. An 
K. Nakajima "Overview of “AFM for Soft Materials” " 
D. Wang "Compositional and Structural Mapping of Polymer Surfaces by AFM Force 
Measurement" 
H. Liu "Study on the Polymer/BMG Composites as Biomaterials" 
S. Fujinami "Expansion of Force Measurement to Viscoelasticity Analysis" 
12th Seminar, Dec. 3, 2010  
Takahashi Group    Organizer: S. Souma, Moderator: D. Hojo 
S. Souma "Overview of “High-resolution Angle-resolved Photoemission 
Spectroscopy”" 
K. Nakayama (in place of Pierre Richard) "Novel High-Tempereture Superconductors: 
Fe-pnictide" 
K. Sugawara "Single-layer and Double-layer Graphite" 
S. Souma "Spin-resolved Photoemission: Surface Rashba Systems" 
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The 8th Seminar (Itaya Group) 
Solid/Liquid Interfaces with Atomic Scale 

 
Organizer: R. Wen and A. Lahiri (Interface PhysChem Lab., Soft Materials) 

 

All the electrochemical phenomena take place at the electrode/electrolyte interface and 
therefore it becomes important to evaluate the interfacial reaction both at atomic as well as in 
macro scale.  Over the last 25 years significant contribution in observing the interfacial 
phenomena at atomic scale has been achieved using electrochemical scanning tunneling 
microscope (EC-STM) [1], electrochemical atomic force microscopy (EC-AFM) and 
UHV-STM techniques which has led to significant technological breakthroughs in electronics 
and semiconductor industries.  To observe the interfacial phenomena at macro scale, an optical 
microscopy technique namely, Laser confocal microscopy with differential interference contrast 
microscopy (LCM-DIM) has been recently developed in our lab.  The new technique has 
already shown results related to gold dissolution in acidic medium over areas of 70 μm2 with 
single atomic layer resolution [2].  

Electrochemistry on semiconducting materials is not only challenging but also important for 
all the electronic industries.  It has been established that ultraflat silicon improves the mobility 
of electron within the surface which enhances the CMOS performance.  As the dimensions of 
silicon surface for CMOS application is in micrometer range, LCM-DIM is a perfect tool to 
characterize the surface quickly.  Similarly, organic semiconductor material, 
5,6,11,12-Tetraphenyltetracene (rubrene) single crystal was also evaluated using LCM-DIM 
technique which showed ultraflat surface over large area and the potential device being 
researched will have better performance.  Further exploitation of the new optical microscopy 
technique in electrochemistry is being researched. 

Finally, simulation in electrochemical systems is important to understand the interfacial 
process in more detail [3].  As most electrochemical phenomena initiates within few 
nanoseconds, it is essential to model the process at the same magnitude.  It was shown that it is 
possible to observe the electrified interface both by experiments and simulations. 
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The 9th Seminar (Kawasaki Group) 
Growth and Properties of Low-dimensional Oxide Structures 

  
Organizer: T Makino (Interface PhysChem Lab., Materials Physics) 

 
On September 3 (Fri.), 2010, in WPI Seminar Room, 5th floor, Integration Lab. Bldg., 

approximately 50 delegates participated in the 9th Seminar.  This event, moderated by 
Ryo Nouchi (Tanigaki Group, Electronic Materials Lab), organized by Takayuki 
Makino (Kawasaki Group, Interface PhysChem Lab), brought them to examine how 
fusion research can be performed based on the research activities of Kawasaki Group.  
  This joint seminar illustrated that many possibilities are available for the future fusion 
research based on the oxide thin films that have been extensively investigated in this 
group  This joint seminar was composed of the following three talks. 
  Dr. Takayuki Makino gave a talk about the optical properties of low-dimensional 
oxide structures  the developments in the field of oxide epitaxial growth have been 
spectacular. He discussed the experimental aspect of the optical properties of ZnO 
heterostructures and Cu-delafossite thin films  the optical nonlinearity of dense 
excitonic systems was also described to determine the interaction process between 
excitons by means of the femtosecond pump-probe spectroscopy  
  Afterwards, Dr. Hiroki Hiraga gave a talk about growth and optical properties of 
CuMO2 (M = Sc, Cr, Mn, Fe, Co) delafossite thin films  The results have been focused 
by targeting Cu-based delafossite compounds  These CuMO2 (M: trivalent metal ion) 
attracts much attention because of unveiled potentials  He reported the epitaxial growth 
and the optical properties of CuMO2 (M = Sc, Cr, Mn, Fe, Co) thin films and its optical 
properties of excitons  

Finally, Dr. Kazunori Ueno presented electric-field induced superconductivity in 
oxides  He has developed of a completely new method to induce superconducting 
states in insulators with an electric double layer transistor (EDLT) device  He 
presented results on electric-field induced superconductivity on SrTiO3 and KTaO3  At 
0.4 K, channel resistance showed a sharp drop to zero, which is the first observation of 
field induced superconductivity on SrTiO3  An EDLT device with KTaO3 single 
crystal was also developed  Attainable sheet charge density of KTaO3 turned out to be 
much higher than the limit by the chemical doping, which led to the successful 
observation of superconductivity at 45 mK.  
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The 10th Seminar (Yamamoto-Asao Group) 
Molecular Synthesis with Nanostructured Materials Catalysts and 

Development of New Organo-electronics 
 

Organizer: N. Asao (Organosoft and Hybrid Materials Lab., Soft Materials) 
 

Molecular synthesis is a powerful tool for creating new functionalized materials from 
simple molecules. The research activities in our lab are based on the following two 
concepts, "Molecular synthesis with materials" and "Molecular synthesis for materils". 

1. Nanoporous metals have attractive materials properties for a wide range of 
applications in catalysis, sensing, and bio-detection due to their high specific surface 
area, and excellent thermal and electrical conductivity. Recently, we have found that a 
nanoporous gold (Np-Au) with the range of pore sizes between 20-40 nm exhibited a 
remarkable catalytic activity in the oxidation of organic silanes with water [1]. The 
reaction proceeded smoothly at room temperature to give a wide variety of organic 
silanols, which are useful building blocks for silicon-based polymeric materials as well 
as nucleophilic coupling partners in organic synthesis. It is well known that gold can be 
activated as a catalyst by depositing small particles on suitable oxide supports. But they 
have tendency to agglomerate to lose the catalytic activity. In contrast, the nanoporous 
gold catalyst is robust and it can be reused repeatedly without any significant loss of 
activity. Further studies to elucidate the reaction mechanism from the surface scientific 
approaches are in progress. 

2. Organic semiconductors have attracted wide interest due to their flexibility, low 
energy consumption, low production costs, as well as large area electronics applications. 
Particularly, ambipolar characteristic is a unique property generally unavailable in 
inorganic semiconductors, which enables the simultaneous injection of electrons and 
holes into an organic crystal and leads to light emission. Based on this background, 
ambipolar charge injection in light emitting organic field effect transistors (LE-OFETs) 
has extensively been studied as one of the promising candidates to realize an organic 
laser. We are working together with Tanigaki group as a fusion research for 
development of new LE-OFETs by designing and synthesizing new -conjugated 
organic semiconductor materials. 

 
References 
[1] N. Asao, Y. Ishikawa, N. Hatakeyama, Menggenbateer, Y. Yamamoto, M. Chen, W. 
Zhang and A. Inoue, Angew. Chem. Int. Ed. in press.  
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The 11th Seminar (Nishi-Nakajima Group) 
Nano-palpation Techniques for Soft and Hard Materials 

 
Organizer: K. Nakajima (Organosoft and Hybrid Materials Lab., Soft Materials) 

 
In this seminar, main focus was placed on the recent activity in Nishi-Nakajima 

laboratory.  In their laboratory, one of the most well-known nanotechnology tools, 
atomic force microscope (AFM), is not merely a tool to observe the surface topography 
of the sample, but a method to measure mechanical properties on nanometer scale.  By 
this unique feature, they have a lot of collaboration projects with companies, which 
include very important issues like CO2 reduction by fuel-efficient tire and the 
contribution to oil mining technology by Carbon nanotube-reinforced elastomers.  Prof. 
Nakajima mentioned that oil crash would be delayed quite a lot with this technique. 

Dr. Wang reported the way to reconstruct “true” surface topography and to develop a 
universal and quantitative mechanical characterization method for polymeric materials 
at nanoscale, by AFM nanomechanical mapping.  The technique has been successfully 
used for characterizing the structure and mechanical properties of triblock copolymer, 
poly (styrene-b-ethylene-co-butylene-b-styrene) triblock copolymer (SEBS) and nylon 
6/polyolefin elastomer polymer blends.  He also showed the possible application of the 
technique to bio-related and bulk metallic glass (BMG) materials.  

Dr. Liu treated biodegradable polymers such as poly (lactic acid) (PLA), poly( - 
caprolactone) (PCL), poly (butylene succinate) (PBS) as biomaterials for the 
applications in tissue engineering.  However, relatively poor mechanical property and 
difficulty in controlling the degradation speed hinders their application.  Here comes 
the blending such polymers and BMGs.  In his talk he discussed the main ideas and 
difficulties and appeal for possible fusion research. 

Dr. Fujinami employed nanomechanical properties mapping method to measure 
natural rubber (NR)/isoprene-co-isobutene rubber (IIR) blend.  The deviation from 
elastic contact model was also mapped into a two-dimensional image, which clarified 
differences of viscoelasticity of NR/IIR.  Mapping the deviation from elastic contact 
model can be a convenient technique to visualize the viscoelastic distribution.  He also 
measured relaxed stress using AFM.  This technique can also be of great use to 
evaluate nanoscale viscoelastic properties. 
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The 12th Seminar (Takahashi Group) 
High-reolution ARPES on Novel Functional Materials   

 
Organizer: S. Souma  

(Advanced Spectroscopy for Materials Physics Lab., Materials Physics) 
 

We gave a brief introduction of angle-resolved photoemission spectroscopy (ARPES), 
and presented three major researches of Takahahsi group in advanced spectroscopy for 
material physics laboratory.  Summaries of each topics are follows;  
(1) Novel high-tempareture superconductors: Fe-pnictide 

Recent discovery of Tc = 26 K superconductivity in an iron-based compound 
electroshocked the material science community which is now racing once more for the 
highest possible Tc.  We presented recent ARPES results obtained on the so-called 122 
class of materials over a wide of doping.  We found the evolution of the multi-band 
Fermi surface and the superconducting gap, and revealed the importance of magnetic 
interband scattering between hole and electron Femi surfaces for emergence of high-Tc 
superconductivity.   
(2) Single-layer and double-layer graphite  

Single-layer graphite (graphene) have attracted a considerable attention because of the 
anomalous properties such as the semimetal-insulator transition and the superconductivity 
induced by intercalation.  We introduced the growth of single-layer and double-layer 
graphene on SiC(0001) substrate and our recent high-resolution ARPES studies on them 
to elucidate the origin of anomalous physical properties.  Upon increasing layer number, 
the energy gap between  and * bands is gradually decreased and at the same time the 
Dirac point approaches EF.  Substrate effect from the SiC and the buffer layer is 
suggested for the origin of opening gap in Dirac-cone band.   
(3) Spin-resolved photoemission: surface Rashba systems 

We have developed an ultrahigh-resolution spin-resolved photoemission spectrometer 
which enables the direct observation of the spin-resolved electronic states with the 
world-best energy resolution (8 meV).  The performance of the spectrometer has been 
demonstrated by Rasha effect on Bi(111) and Sb (111) surface electronic state.  
Spin-resolved ARPES would contribute to our better understanding of various novel 
phenomena caused by electron spins, such as the giant magnetoresistance and the 
quantum spin Hall effect, leading to the significant development of spintronics devices 
that have attracted much attention as next-generation, high-speed and low 
power-consumption electronic devices. 
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Helicene-containing Built-up Macromolecules for Soft Materials 
 

Masahiko Yamaguchi 
 

WPI Advanced Institute for Materials Research, Tohoku University 
Department of Organic Chemistry, Graduate School of Pharmaceutical Sciences, 

Tohoku University 

 
1. Bottom-up Approach towards Soft Materials from Organic Synthesis 

Our approach in material sciences is based on organic synthesis. Organic synthesis 
treats small molecules of angstrom size in a precise manner. We applied this 
methodology to the development of micro- to centimeter-sized materials. A variety of 
approaches to constructing ordered and heterogeneous structures with novel functions 
are conceivable. New science and technology, which we call “Molecular Complex 
Chemistry,” will emerge from the bottom-up study of soft materials.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Another characteristic aspect of our study is the consideration of chirality. Chirality is 
an important molecular phenomenon, and synthetic chemists know how different 
molecules with mirror-image structures may be: Living things are built from one of the 
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enantiomeric amino acids. Chirality is important also in our life as exemplified by right 
hands and left hands. However, it is not known how right hands and left hands are 
formed from single (S)-amino acids. This is an interesting subject in “Molecular 
Complex Chemistry”. Among chiral structures, we are particularly interested in helical 
structures, which have right-handed helices and left-handed helices. 

 
2. Built-up Macromolecules  

Macromolecules have molecular weights ranging from several thousand to several 
million Daltons; they are constructed by connecting small molecular units with covalent 
bonds. Such molecules are important in biological systems and materials, and exhibit 
properties quite different from those of small molecules. Depending on their origin 
and/or application, they are called biological macromolecules (biopolymers) or 
synthetic macromolecules (synthetic polymers). Proteins, DNA, and cellulose are 
typical examples of the former; polyethylene, polyaniline, and polymethacrylates, 
of the latter. Although these two types of macromolecule possess the common 
feature of high molecular weight, their structures and functions differ substantially. On 
one hand, synthetic macromolecules are generally constructed by the repetition of a 
single small molecular unit and are mixtures of compounds with regard to the number 
of units in the macromolecule. Their properties therefore emerge as an average of these 
molecules. On the other hand, biological macromolecules are composed of several types 
of small molecular unit, and their combination and order are very important for their 
structure and function as exemplified by DNA. A biological macromolecule is 
synthesized in a biological system by a programmed build-up method, and functions as 
a single compound with a definite structure. 

Organic synthesis is a chemical method of constructing organic compounds with 
molecular weights generally below one thousand daltons. It is carried out using 
consecutive chemical reactions and purification procedures, and treats a pure compound 
with a definite structure for analysis and use. We considered it interesting to synthesize 
macromolecules by the build-up method using organic synthesis techniques. This 
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method has some similarity to the preparation of biological macromolecules. However, 
it was expected that the extension of the methodology using a variety of natural and 
unnatural small molecular units would result in various properties of macromolecules 
that would be different from those of conventional biological and synthetic 
macromolecules. This new type of macromolecule is referred to in this article as a built-
up macromolecule.[1,2,3]  

Build-up synthesis
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B

A B

C

C

A A C Z. . . . .

2) systematic

D E F G H I

A B C Z. . . . .A B C G H I

A B C Z. . . . .D E F G H I
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Small molecular units
Built-up macromolecules

1) diversity
3) multifunction

discontinuity  
The synthesis of built-up macromolecules by connecting each unit in a stepwise 

manner has several advantages in terms of understanding and controlling the structures 
and properties of macromolecules: 1) It provides pure compounds that can be precisely 
analyzed and used; 2) it provides an opportunity to compare macromolecules of various 
sizes; 3) it provides an opportunity to compare a series of closely related derivatives in a 
systematic manner by changing the structure of small molecular units; 4) in some cases, 
the structure and properties exhibit discontinuities at a specific molecular weight, which 
is noted during the stepwise synthesis. The principle that governs the discontinuity is 
not yet well understand. It was expected that the study of related discontinuous systems 
would lead to the understanding of built-up macromolecule chemistry and to the 
development of novel useful substances.  

From the synthesis point of view, it is interesting to determine whether the existing 
synthesis methods used for small molecules could be applied to the synthesis of built-up 
macromolecules that have a very small reactive site in a large-volume molecule. The 
built-up macromolecules can assume many complex conformations, which further 
complicate the reactivity. It was expected that the study of built-up molecules would 
provide an opportunity to develop highly effective synthetic methods, which could have 
an impact on conventional organic synthesis of small molecules.   

 
3. Helicenes 

Helicenes are a group of ortho-condensed polycyclic aromatic compounds possessing 
nonplanar helical -electron systems. Because of the severe steric repulsions between 
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the terminal groups, the aromatic compounds form strained structures and therefore 
exhibit chirality with either right- or left-handed helicity. Although a variety of 
derivatives have been prepared since their discovery in the 1950s, their properties have 
not been well investigated. Ten years ago, we began a project to explore the chemistry 
of a helicene, 1,12-dimethylbenzo[c]phenanthrene, which is one of the configurationally 
stable helicenes with the fewest benzene rings. We developed a method of preparing 
optically pure dicarboxylic acid 1 in multigram quantities,[4] synthesized various 
derivatives containing the helicene, and examined their properties. In terms of 
nomenclature, (P) indicates right-handed helicity and (M) left-handed helicity. 

 
 
 
 
 
 
 

 
During this study, the use of the helicene as the small molecular unit to construct the 

chiral built-up macromolecules was considered interesting. Our approach is to regard 
the helicene as a chiral equivalent of m-phenylene. Because many organic compounds 
exhibiting important functions have that partial structure, the substitution of the achiral 
aromatic moiety with 1,12-dimethylbenzo[c]phenanthrene can change the structure of 
the original achiral compounds to chiral without markedly changing the original 
structure. In addition, such manipulation provides a diversity of structurally related 
compounds as derivatives of the original single achiral compounds: two enantiomers, 
racemic compounds, and partially optically pure compounds. It should also be noted 
that, if the original compound possesses n parts of the m-phenylene moieties, this 
manipulation provides 2n diastereomers. 

(P) (P)

AdAd hiral

 
Recently, we have added a new helicene, 1,8-di(1-adamantyl)naphthalenes 2.[5] This 

bicyclic helicene does not racemize at room temperature. 
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On the basis of the development of multigram synthesis for optically pure helicenes, 

studies of chiral aromatic compounds have been conducted. Various helicene 
derivatives were synthesized, and shown to exhibit interesting chiral properties. Notable 
concepts established in helical chirality are as follows. 
1) Right/right and left/left rule: In the noncovalent bond interactions of helicenes, (P)-
compounds form a more stable complex with (P)-compounds than with (M)-isomers. 
2) Right-handed helical (P)-helicenes exhibit higher affinity with natural compounds 
such as nuclei acids and sugars than (M)-helicenes. 
3) Helicenes can be used as chiral reagents in molecular recognition, folding/unfolding, 
catalysis, aggregation/deaggregation, and other processes, exhibiting different 
properties from central chiral molecules. 

The study of small molecular helicenes may be extended to built-up macromolecules. 
Such macromolecules form layer structures, controlled bimolecular, and higher 
aggregate structures by the interactions of their helical -electron systems. For example, 
various double-helix forming molecules have been obtained. Gel formation and 
nanoparticle aggregation by the self-assembly of the built-up macromolecules have 
been examined. This is an example of organic synthesis used to integrate the formation 
of substances of various sizes from small molecules to soft materials. 

 
4. Double-helix Forming Ethynylhelicene Oligomers 

Examples of built-up macromolecules containing helicene are ethynylhelicene 
oligomers, which are obtained by connecting the helicene and m-phenylene with a 
carbon-carbon triple bond.[6] The higher ethynylhelicene oligomers formed double-
helixes in solution, and reversibly changed structure from a double-helix to a random-
coil.[7] The process is affected by their structure as well as by conditions such as 
temperature, concentration, and solvent. 
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Me3Si (P)

CO2C10H21 6

SiMe3(P)

(P)-3

 
The structural change is relatively slow, the half-lives being on the order of seconds 

to days, and kinetic studies as well as equilibrium studies could be conducted in detail. 
Kinetic studies using CD reveal an extremely large solvent effect in substituted 
benzenes. The unfolding of (P)-3 in trifluoromethylbenzene (5x10-6 M) is extremely 
slow with a rate constant at 25°C of k < 10-6 min-1. In contrast, when the compound is 
dissolved in iodobenzene, unfolding is complete within 1 min. Varying the benzene 
substituent of the solvents changes the rate constant k over 7 orders of magnitude. The 
value of log k exhibited good correlation with absolute hardness.6 The rate constant k 
decreases in soft solvents, which suggests the soft nature of the nonplanar  
interactions of helicenes. The HSAB principle is related to interactions.  

Under appropriate conditions, (P)-3 reversibly changes its structure from double-
helix dimer and random-coil monomers and back on heating and cooling. By heating 
and cooling, the relative thermodynamic stability reverts between double-helix A and 
random-coil B, which indicates large entropy changes S characterizing the equilibrium. 
In addition, the kinetic aspects of this process are substantial, as noted above. To control 
the reversible process in a precise manner, both thermodynamic and kinetic properties 
need to be understood. This synthetic switching system of a built-up macromolecule 
behaves like DNA. 

A

B A

B

energy

double-helix

random-coil random-coil

double-helix

cooling
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5. Various Double-helix Forming Derivatives of Ethynylhelicene Oligomers 

Various double-helix-forming compounds are suggested by the structure-activity 
relationship analysis of 3. The derivatives 4 and 5 possessing two 
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oligo(ethynylhelicene) moieties were synthesized,[8] and linked by a flexible 
hexadecamethylene linker (3.0 nm) and a rigid butadiyne linker (1.2 nm), respectively. 
Both 4 and 5 form intramolecular double-helices, and undergo thermal and reversible 
transition between a helix and a random-coil. The folding processes of 4 and 5 to form 
the double-helix structure are quite different from those of 3: 1) The folding of 4 and 5 
is accelerated at lower temperatures and characterized by an apparent negative 
activation energy, which can be explained by the presence of an exothermic pre-
equilibrium in the rate-determining step; 2) the folding rates of 4 and 5 are 
concentration-dependent despite the apparent intramolecular reaction, which may be 
attributed to self-catalysis. The results reveal that, although 4 and 5 form similar 
intramolecular double-helix structures analogous to that of 3, the process of the double-
helix-to-random-coil transition is quite different. 

When 4 and 5 are compared, the unfolding rate of 5 is lower than that of 4; the 
reaction of 5 requires a larger activation energy than that of 4. The transition structure is 
destabilized by the rigid linker of 5, and the helix and random-coil states of 5 can be 
separated by gel permeation chromatography (GPC). The linker structure markedly 
affects the aggregation of built-up macromolecules.   

C10H21O2C CO2C10H21

(P) (P)

C10H21O2C CO2C10H21

(P) (P)

X

X

X =
CO2(CH2)18O2C

(P)-4

(P)-5

 
Derivatives of ethynylhelicene oligomers with different side chains were 

synthesized.[9] They also form double-helices in solution, although their stability differs 
considerably. The following order is obtained for the stability depending on the side 
chain structure: C8F17 > CO2C10H21 > alternating CO2C10H21/C8F17 ~ SC10H21. It 
appears that derivatives with the hard m-phenylene moiety form more stable dimeric 
aggregates than those with soft moieties. 

Me3Si (P)

X n-1

SiMe3

X = CO2C10H21             n = 1,2,3,4,5,6,7,8,9
X = CO2C10H21/C8F17  n = 1,2,3,4,5,6,7,8,9
X = C8F17                      n = 1,2,3,4,5
X = SC10H21                  n = 1,2,3,4,5,6,7,8,9,10

(P)

 
Using various enthynylhelicene oligomers with different side chains and 
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stereoisomers, hetero-double-helix formation was examined.[9] When a (P)-oligomer 
with the CO2C10H21 side chain is mixed with a (P)-oligomer with the C8F17 side chain, 
each compound forms a homo-double-helix, which indicates that homoaggregation is 
much stronger than hetero-aggregation. In contrast, a mixture of a (P)-oligomer with the 
CO2C10H21 side chain and a (M)-oligomer with the C8F17 side chain forms a hetero-
double-helix. In this case, the hetero-double-helix is much more stable than the homo-
double-helix. That enantiomeric ethynylhelicene oligomers with different side chains 
forms heteroaggregates stronger than homoaggregates is a general phenomenon. 

C10H21O2C CO2C10H21

(P) (P)
CO2C10H21C8F17

(P) (P)

C8F17 CO2C10H21

(P) (M)
CO2C10H21

C8F17

(P) (M)

+ +

+

C8F17 C8F17

(P) (P)

 
Various double-helix forming compounds with different properties now have become 

available as a result of the study of ethynylhelicene oligomers.[10]  
 

6. Higher Order Structures Formed by Self-assembly of Built-up Macromolecules 
Built-up macromolecules can be used to construct higher-order molecular assemblies 

from micrometer size to centimeter size. When enantiomeric (P)- and (M)-oligomers 
with the CO2C10H21 side chain are mixed in toluene, a gel is formed.[11] Each compound 
by itself does not form a gel, and this system is a novel two-component-gel. It is thought 
that the initially formed hetero-double-helix aggregates forming fibrous structures, in 
which the solvent is incorporated. 
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We consider nanoparticles of controlled size as macromolecules, which can be 
manipulated by the methods of organic synthesis. The aggregation and deaggregation of 
nanoparticles could be controlled by noncovalent bonding interactions of helicene.[12] 
Silica nanoparticles 200 and 400 nm in sizes were grafted TO the (P)-helicene. Such 
chiral nanoparticles aggregate to a size of 5 m in hard aromatic solvents and disperse 
in soft aromatic solvents. The soft/hard phenomenon is related to the previous 
observations in the unfolding of double-helical ethynylhelicene oligomers, and suggests 
strong  interactions between helicenes. 
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Several built-up macromolecules containing helicenes have been synthesized by 

stepwise methods, and they exhibit interesting structures and properties. Starting from 
the chemical synthesis of small molecular helicenes of angstrom size, the method of 
built-up macromolecules integrates the substances into nanometer-sized and even larger 
molecular systems of micro- to milimeter sizes. It is expected that the methodology of 
“Molecular Complex Chemistry” can be used to explore new scientific fields for 
application to soft materials. 
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1. Introduction 

The development of new cell culture techniques and materials remains of great 
importance in biomedical applications, notably for tissue engineering. Since in the body 
cells are exposed to a controlled microenvironment that is regulated by micron scale 
architectural features and signaling cues, the ability to recreate such features by using 
microfabrication techniques is of benefit for generating tissues for transplantation [1].  
One approach to do this is by using microfluidic technologies.  Microfluidics techniques 
can be used to control the flow of liquids or gases in small volumes (microliter to 
nanoliter). Microfluidic devices were initially fabricated in silicon and glass materials 
by using photolithography and etching techniques adapted from microelectronics 
industry in the 1970s [2,3]. In the 1990s, soft lithography was introduced by Whitesides 
and colleagues to build microfabricated systems, including microfluidic channels, in a 
more simplified manner.  Soft lithography is a set of techniques which uses elastomeric 
materials to generate microscale patterns by using approaches such as replica molding, 
microcontact printing, micromolding in capillaries, and microtransfer molding, to 
replicate 2D or 3D patterns [4]. A central component of these techniques is the use of 
polydimethyl siloxane (PDMS) or other elastomeric polymers. PDMS is an elastomer 
with interesting properties for biological applications because it is biocompatible, 
transparent and permeable to gases such as oxygen. PDMS has been widely used to 
fabricate microfluidic channels and networks[5]. A key feature of PDMS is that it can 
be bonded to other PDMS and glass surfaces to build sealed microfluidic channels. 
Given their ability to control fluid flow profiles, microfluidic devices have become of 
interest in various biological applications. For example, microfluidic based chips, also 
known as biochips, have emerged in the marketplace in various formats with 
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applications in biological assays such as DNA sequencing [6], polymerase chain 
reaction (PCR) [7,8], electrophoresis [9], DNA separation [10], protein analysis [11], 
immunoassay [12], cell counting [13,14], and cell culture [15].  
 

An interesting property of fluid flow in microscale channels is that they can flow 
laminarly [16]. This behavior can be quantified by the ratio between the inertial and 
viscous forces, which is known by the dimensionless Reynolds number (Re).  Reynolds 
number is defined by the equation:  Re = VD/μ in which  is the fluid density, V the 
fluid velocity, D the hydraulic diameter of the channel and μ the fluid viscosity. At low 
Reynolds numbers (below 2000), viscous forces are dominant resulting in a laminar 
flow that is characterized by a smooth flow and a low level of mixing in the fluid. At 
high Reynolds numbers, inertial forces are dominant and the flow is turbulent with 
vortices and eddies.  

The ability of microfluidic channels to control the level of mixing in fluids can be 
used to generate stable concentration gradients. Such gradients can be used to recreate 
concentration gradients of chemical cues or material properties properties that are found 
during tissue formation for cellular and tissue engineering. In our laboratory, we are 
using microfluidic systems to generate gradients for use in various biological 
applications using two distinct approaches.  In one strategy, gradients are generated 
perpendicularly to the flow direction while in the other approach gradient are generated 
parallel to the flow direction.   The first system allows for precise spatial control of a 
dynamic gradient, while the second system allows the formation of long-range gradients.   

 
2. Experimental details 

The master mold for fabricating the microfluidic channels is generated by patterning 
a photoresist (SU-8) under UV irradiation on a Silicon wafer. To build PDMS 
microstructures,  the PDMS prepolymers (Dow Corning Corporation, USA) was mixed 
with curing reagent at a 10:1 mass ratio and poured on the master mold. After degassing, 
the PDMS was cured in an oven at 70ºC. The microstructured PDMS layer was then 
peeled off from the master and holes were drilled at the outlet and the inlet of the 
channel. After oxygen plasma treatment the PDMS layer was bonded permanently on a 
glass slide and tubes were fixed at the inlet and outlet. This replica molding technique 
was used for the fabrication of both gradient generator systems. 
 
3. Results and discussion 
3.1 Generating gradients perpendicular to flow direction 
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By building microchannel network of branching and recombining channels, it is 

possible to generate spatial and temporal concentration gradients perpendicularly to the 

direction of flow [17]. These microfluidic systems use the laminar property of the flow, 

for which there is only lateral mixing by diffusion. To investigate the effects of 

biological gradients on cell and tissue cultures, we fabricate such microfluidic systems 

to generate concentration gradients of various growth factors and chemokines that 

influence cell behavior. The microfluidic gradient generator that we fabricate for these 

experiments is comprised of two portions.  The first part of the gradient generator 

contains a tree shape serpentine microchannel, whereas the other part is a chamber for 

cell cultures. The schematic of the microfluidic device pattern is shown in Figure 1A. 

The microfluidic device is 4 cm in length, 1 cm in width and 180 μm in height. The tree 

shaped serpentine channels repeatedly mix and separate different streams allowing them 

to mix by diffusion. At the end of the network, all streams combine in a broad channel 

linked to the cell culture chamber and the gradient is generated perpendicularly to the 

flow. By using this design, we and others have generated stable concentration gradients 

under flowing conditions (see Figure 1B). We are currently using this device to generate 

poly(ethylene glycol) (PEG)-based hydrogels with embedded gradients of adhesive 

peptides (e.g. RGDS)  and signaling molecules (e.g. BMP2) for bone tissue engineering 

applications. The efficiency of the device will be evaluated for the cellular response of 

bone progenitor cells  to this concentration gradient through cell attachment, cell 

density, cell morphology and proliferation. This study would pave the way to 

understand how bone cells respond to the molecular gradients during their development 

and at bone-cartilage interfaces.  It is expected that the outcome of this research help 

bypass the problems of soft to hard tissue interfaces, for which cellular complexity and 

organization of interface tissues remain a challenge during the tissue regeneration.    

 

3.2 System generating gradient parallel to flow direction 

Another method being used in our lab to generate a gradient in a microfluidic 
channel involves introducing two different fluid components to the inlet and outlet of a 
straight channel, respectively [18,19].  This approach can be used to generate gradients 
along the channel and parallel to the flow direction.  In this system, the concentration 
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gradient of the target molecule is created through pumping the solutions in forward and 
backward directions in the channel.  This method has proven to be suitable for 
generating centimeter-long gradients of biomolecules and cells, and to be useful in 
maintaining a wide concentration range of those molecules in the channel. We used this 
method to develop a high-throughput screening system for rapid and accurate drug 
screening. The microfluidic channel (Figures 2 and 3 A) used to generate a gradient 
parallel to the flow direction is 50 mm in length, 2 mm in width, 100 m in height size. 
The method to generate this concentration gradient is illustrated in Figure 2. Initially, 
the channel was filled with deionized water and a 2 L drop of a solution containing the 
molecule of interest (in this case dyes such as trypan blue or rhodamine) was dropped 
onto the inlet and entered the channel automatically due to the passive pump flow. 
Forward flow was further continued by addition of drops until the dyes approached the 
outlet. A backward flow from the outlet side to the inlet side of the channel was then 
induced due to evaporation resulting in the formation of a dynamic concentration 
gradient along the channel. The gradient was immobilized by closing the inlet and outlet 
apertures with two pieces of flat PDMS pieces. A centimeter-long gradient of trypan 
blue dye was formed along the channel (see Figure 3B). Using the same method, a 
gradient of rhodamine solution was generated in the channel. Further quantification of 
the fluorescence intensity profile of rhodamine indicates the formation of an 
exponentially decreasing concentration profile along the gradient (Figure 3C-D).  

 
An aim of this research project is to establish a fast, inexpensive, and efficient 

platform, as an alternative to animal models, for drug discovery and drug screening for 
the treatment of  Parkinson”s disease (PD). PD is a degenerative disorder of the central 
nervous system that impairs patient’s motor skills, speech and other functions. Although 
causes for PD are not known, genetic disorders and neurotoxins have been involved in 
the risk of this disease. Oxidopamine, also known as 6-hydroxydopamine, is a 
neurotoxin that enters the dopaminergic and noradrenergic neurons via the dopamine 
and noradrenaline transporters and causes an active process of neural apoptosis. This 
neurotoxin is used to generate animal models of PD to develop and test new drugs for 
the treatment of PD in humans. In our research project, we aim to build a neural 
microenvironment to detect and quantify the apoptosis of pheochromocytoma neural 
cell line PC12 by using an oxidopamine gradient system in a microfluidic channel. We 
anticipate that neurons will respond to the oxidopamine concentration gradient and that 
we could determine the effective concentration required to trigger neural apoptosis. In a 
next step, PEG-based hydrogels loaded with this effective oxidopamine concentration 
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and with a growth factor neurotrophin-3 (a known counter-actor of oxidopamine) 
concentration gradient will be generated and used for PC12 culture under the same 
conditions. This study may reveal the optimal concentration of neurotoxin and anti-
toxin required for neural apoptosis and neural viability respectively, along a graded 
hydrogel, in a single experiment. It is expected that the outcome of this research will aid 
in bypassing the problems of using animals to study the effect of drugs and toxins, 
which will minimize the cost, time, sample size requirements, ethical issues, and legal 
concerns associated with animal or human use in the process of drug screening. 

 
4. Summary 

We demonstrate that the designed microfluidic devices are capable of generating 

gradients of soluble factors perpendicular and parallel to the flow direction. The 

functionality of both devices has been checked, and the flows speed parameter to 

generate concentration gradients with different solutions has been evaluated and 

optimized. We are currently using these devices in biological applications, in particular 

to control cell behavior under fluidic environment. 

 
Acknowledgements 

We acknowledge Dr. Hongkai Wu (Hong Kong University of Science and 

Technology, Hong Kong /WPI-AIMR, Japan), Dr. Esmaiel Jabbari (University of South 

Carolina, USA) and Dr. Yu-Ching Lin (WPI-AIMR, Japan) for their technical 

discussions we had during experiments. 

 



106
 

 

References 
[1] S. Kumar and C. Wittman, E. Heinzle, Biotechnol. Lett. 26, 1 (2004). 

[2] A. Khademhosseini, J. Borenstein, M. Toner, and S. Takayama, In Micro and 
nanoengineering of the cell microenvironment: technologies and applications, Artech 
House Publishing (2008). 
[3] Y. Xia and G. Whitesides, Annu. Rev. Mater. Sci. 28, 153 (1998). 

[4] P.J.A. Kenis, R.F. Ismagilof, and G. Withesides, Science, 285, 83 (1999). 
[5] J.C. McDonald and G. Whitesides, Accounts Chem. Res. 35, 491 (2002). 

[6] E. Kartalov and S. Quake, Lab. Chip. 32, 2873 (2004). 
[7] N. Bontoux, L. Dauphinot, and M. Potier, In Lab-on-a-chip technology: 
biomolecular separation and analysis, Caister Academic Press, (2009). 
[8] N. Cady, In Lab-on-a-chip technology: biomolecular separation and analysis, 
Caister Academic Press, (2009). 
[9] Z. Fan, C. Das, and H. Chen, In Lab-on-a-chip technology: biomolecular separation 
and analysis, Caister Academic Press, (2009). 
[10] C. S. Effenhauser, G. J. M. Bruin, A. Paulus, and M. Ehrat, Anal. Chem. 69, 3451 
(1997). 
[11] G. Whitesides,  Nature 442, 368 (2006). 
[12] V. Linder, E. Verpoorte, N. F. de Rooij, H. Sigrist, and W. Thormann, 
Electrophoresis 23, 740 (2002). 
[13] S. Moon, H. Keles, A. Ozcan, A. Khademhosseini, E. Hæggstrom, D. Kuritzkes, 
and U. Demirci, Biosen. Bioelec. 24, 3208 (2009). 
[14] D. Morrison, K. Suh, and A. Khademhosseini, In Principles of bacterial detection: 
biosensors, recognition receptors and microsystems. Springer, (2008). 
[15] P. A. Auroux, D. Iossifidis, D. R. Reyes, and A. Manz, Anal. Chem. 74, 2637 
(2002). 
[16] A.E. Kamholz and P. Yager, Biophy. J. 80, 155 (2001). 
[17] N. L. Jeon, S.K.W. Dertinger, D. T. Chiu, I. S. Choi, A. D. Stroock, and G. W. 
Whitesides, Langmuir, 16, 8311 (2000). 
[18] Y. Du, J. Shim, M. Vidula, M. Hancock, L. Edward, B. Chung, J. Borenstein, M. 
Khabiry, D. Cropek, and A. Khademhosseini, Lab Chip 9, 741 (2009). 
[19] J. He, Y. Du, J. Villa-Uribe, C. Hwang, D. Li, and A. Khademhosseini, Adv. Func. 
Mater. 20, 131 (2010). 
 



107
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 
A) Microfluidic tree-line design for generating concentration gradients. The 
microdevice is 4 cm long  x 1 cm wide x 180 μm high. B) Fluorescence image of 
gradient generated with the device from Part A. 
 
 

 

Fig. 2 
Schematic of device to create gradients parallel to flow direction: A) Channel filled with 
water, B) Dye drops added to inlet, C) Diffusion into the channel, and D) Gradient 
generation during backward flow. 
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Fig. 3 
Concentration gradients of trypan blue (A, B) and rhodamine (C, D) in a microfluidic 
channel that used a passive pump-induced forward flow and evaporation-induced 
backward flow to induce gradient formation. 
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GI3 Laboratory 
 

In order to strengthen international fusion/joint research and construct a world 
“visible center”, we started “Global Intellectual Incubation and Integration Laboratory 
(GI3 Lab)” program in 2009.  The original target of GI3 Lab was to establish a global 
stream of young bright brains (young and excellent researchers and students) gathering 
at WPI-AIMR from all over the world.  Now, we expand the target of GI3 Lab to senior 
researchers, integrating existing IFCAM visiting professorship. 
 

Briefly stated, GI3 Lab will accept following researchers. 
1. Senior Researchers: Visiting Professorship and Associate Professorship 
2. Junior Researchers: Visiting Scientists 
 

. Senior Researchers 
Qualified researchers who may be interested in GI3 visiting professorship should first 

contact the WPI-AIMR principal investigators (PIs) of the related research fields.  
Your contact PIs will initiate the further process to materialize the fusion/joint research.    
(1) Tenure: For a period of one to three months.    
(2) Financial: The salary varies, depending on the qualifications, based on the Tohoku 
University regulations.  Roughly speaking, “full professor” receives 600,000 yen per 
month and “Associate Professor” receives 500,000 yen per month.   
 

. Junior Researchers 
We accept excellent young researchers and students who belong to foreign PIs’ 

laboratories as WPI-AIMR visiting scientists.  The PIs who would like to send them to 
GI3 Lab should first contact the host PIs of the related research fields.  The contact PIs 
will initiate the further process to materialize the fusion/joint research.    
(1) Tenure: For a period of minimum a couple of weeks to a maximum of three months.    
(2) Financial: We support living cost of about 100,000 yen per month and actual cost for 
accommodation. 
 
For details, contact General Affairs Section at WPI Office: 
wpi-shomu@wpi-aimr.tohoku.ac.jp 
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GI3 Activity Report of Associate Professor Nicolas GIOVAMBATTISTA  
June 28th, 2010 - July 29th, 2010 
Host: Professor Michio TOKUYAMA 
 

The main goal of this visit was to extend our previous computer simulation work on 
liquid polyamorphism to study polyamorphism in the glass state.  Using computer 
simulations of a non-trivial monoatomic model system, we were able to reproduce two 
of the main transformations that are known to occur in polyamorphic glasses, the 
crystal-to-glass transition (pressure-induced amorphization) and the glass-to-glass 
transition.  These results are relevant since in computer simulations studies of 
monoatomic systems, crystallization is usually unavoidable, even for the short computer 
simulation time scales.  Based on these findings, we wrote a manuscript that has just 
been submitted for publication to the Journal of Chemical Physics. 

Two other studies have also been started, both based on our monoatomic model 
system.  In one of these studies, we plan to explore the glass forming ability (GFA) of 
binary mixtures where one of the components corresponds to our monoatomic non-
crystallizing model.  This will allow us to study the effects of pressure, cooling rate, and 
relative size of the components in the mixture’s GFA.  The second project is meant to 
explore the effect of confinement in the GFA of our previously studied monoatomic 
model system and, in particular, how confinement affects its polyamorphism.  We are 
actually working on these projects and expect to finish them in the next few months.  
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GI3 Activity Report of Associate Professor Esmaiel JABBARI 
July 16th, 2010 - August 15th, 2010 
Host: Professor Ali KHADEMHOSSEINI 
 

The purpose of the short one month visit was to investigate the effect of patterned 
osteogenic/cell adhesion peptides on a gel substrate on cell fate, and to expand the 
collaboration between the WPI-AIMR group in Tohoku University and Jabbari’s 
research group at the University of South Carolina.  We identified the following areas of 
collaboration between the WPI-AIMR research group with expertise in developing 
patterned/gradient substrates and that of Jabbari’s group with expertise in synthesis of 
peptide-conjugated biomaterials: a) developing hydrogels with gradient/pattern in BMP-
2 osteogenic peptide and RGD cell adhesion peptide for controlling cell differentiation 
and b) developing electrospun fiber-reinforced hydrogels with gradient in osteogenic 
and chondrogenic peptides for applications in regenerative medicine.  Preliminary 
experiments were conducted to pattern the surface of poly(ethylene glycol) (PEG) 
hydrogels with RGD cell-adhesion peptide using micro-contact printing with PDMS 
stamps.  A PEG hydrogel precursor solution was partially crosslinked on a glass 
substrate.  Next, the hydrogel was brought in contact with an acrylated-RGD (Ac-RGD) 
coated PDMS stamp to produce a square pattern of Ac-RGD on the hydrogel.  Then, the 
hydrogel was fully crosslinked to covalently attach the RGD peptide to the substrate. 
Osteoblasts were seeded on the patterned hydrogel and the attached cells were stained 
and imaged with a fluorescent microscope.  Results demonstrated that additional 
characterization of the gel is required to prevent the diffusion of RGD pattern away 
from the stamped areas.  Based on the preliminary results, the group at WPI-AIMR and 
jabbari’s groups plan to submit a joint proposal to US National Science Foundation 
(NSF) and JSPS in response to the NSF-JSPS bilateral joint projects to provide financial 
support for the joint collaboration. 
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GI3 Activity Report of Professor Youn-Woo LEE 
July 20th, 2010 - October 19th, 2010 
Host: Professor Tadafumi ADSCHIRI 
 

In WPI, many fusion researches are now going on with Adschiri’s Nano Hybrid Nano 
Particles (NPs) including transparent magnetic hybrid polymers, nano magnetic spring 
with his block-tripolymers and NPs, TiO2-nano porous gold for catalysis, and chiral 
inorganic assembly with his chiral molecule and NPs.  Although all the researchers in 
the above fields are intensively working on the fusion research, to provide NPs from 
Adschiri’s group is a limiting step.  To increase the man-power (number of technicians), 
to make some more set-ups, namely numbering-up, and to establish methodology to 
synthesize the NPs with larger amount in a short time, namely scale-up, are the critical 
issues.  Prof. Tadafumi Adschiri invented supercritical hydrothermal method for 
nanoparticle synthesis around 20 years ago.  One of the most important discoveries of 
this invention is continuous process which is completely new approach.  Many 
researchers in the world began adopting this innovating method to synthesis nano 
materials.  However, this process needs to improve to increase its production capacity 
without losing particle quality.  This can be solved to optimize mixing point design in 
which both the rapid heat transfer (rapid and effective fluid heating from room 
temperature to around 673 K within a second) to ensure the generation of the nano 
particles with narrow PDS and the enough space to ensure preventing from plugging 
should be provided.  To untangle the knot of contradictory phenomena, we have 
desperately sought better solution.  Since I have experienced to design a commercial 
plant in Korea, I have a know-how solve the problem, which involve the optimization 
technology between the  super-rapid mixing of supercritical water and precursor which 
can be achieved by micro channel and the spacious mixing point not to plug but still to 
provide the rapid and effective turbulent heat and mass transfer.  This method was 
commercialized for the first time in 2004 in Korea for CeO2 particles production 
(30t/year), and scaled-up recently (200 ton/year) by Hanwha Chemicals, Co., under my 
supervision.  By end of this year, a new plant with a capacity of 600 ton/yr will be 
constructed for the production of Li ion battery materials for GM electric cars, for 
which his contribution is significant.  I also contributed a lot for the development of 
10,000 t/year combined process of waste water treatment and catalyst recycling.  These 
experiences will apply a new process in which I now am serving as a leader of a 
national project of the biomass conversion to bio-based polymer.  In this project, 
sufficient scientific/technical knowledge of the scale-up for the large scale supercritical 
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reaction process is needed.  Recently, Prof. Adschiri group has developed a novel 
process to prepare the Super Hybrid Materials which need to continuous feeding of the 
quite large amount of modifiers into the reactor.  Even though this technology is a bit 
more complicated than the previous hydrothermal synthesis without modifiers, almost 
the same principle is applied to scale-up the process.  Prof. Adschiri and I continue to 
discuss, debate, ruminate on the issue of scaling-up the supercritical reaction process 
during my visiting professor at WPI-AIMR.  Now Prof. Adschiri and I thought one idea 
to prepare paper filler which is modified by organic compounds.  We are going to apply 
the new idea to our plan.  Increasing ash inorganic content of the paper is one of the 
most effective methods for saving raw materials and improving optical properties and 
better print quality.  However, the increase of filler loading using conventional fillers is 
limited due to severe loss in strength properties, affecting product quality.  This is 
attributed to the fact that the filler is not compatible with cellulosic fibers.  Therefore, if 
we provide filler which is covered by organic modifier, we can make the paper with 
high content inorganic filler.  I already demonstrated to produce CaCO3 particle in 
supercritical water without modifiers.  Next step is to choose proper modifier to produce 
nano particles that are hybrids between organics and inorganics. 

Another study started to investigate extraction organic solvents from nano hybrid 
particles.  Even though hydrothermal synthesis of hybrid nano particles are known to be 
green process, there still are some cases to need a large amount solvent to collect and 
disperse particles.  In order to make dry super hybrid particles, vaporization process is 
the current technology, however, it leads to agglomeration of the particles even though 
the particles are covered by organic modifiers.  One alternative process is the extraction 
process in which supercritical CO2 is used as an extraction solvent.  Since supercritical 
CO2 has a high solvency power to organic solvent compared to super hybrid particle, 
one can remove selectively the organic solvent from the particle surface after collecting 
the particles at the filter.  Another alternative process is the precipitation process in 
which supercritical or liquid CO2 is used as an antisolvent to precipitate the super hybrid 
particles.  In this case, one can extract organic solvent from aerosol by supercritical or 
liquid CO2 effectively to take away solvent power.  My graduate student, Mr. Youn 
from Seoul National University has been working in the field of supercritical CO2 
process, constructed an apparatus and new experiments have been started.  The research 
is going on this aspect and it will be continued by middle of February, 2011 at WPI-
AIMR. 

In summary, Prof. Adshiri and I are challenging to scale up the supercritical water 
synthesis process, which can produce super hybrid particle, especially in the design of 
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the mixing point to increase the production capacity and in the collection of fre flowing 
drying nano particles without agglomeration.  
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GI3 Activity Report of Professor Ze ZHANG 
August 18th, 2010 - September 17th, 2010 
Host: Professor Mingwei CHEN 

 
Study on three important scientific issues were carried out during this a month long 

visiting at CHEN’s Lab. of WPI-AIMR in Tohoku University.   
The first was a continuing investigation on the relationship between the 

microstructure and transport property of the phase transition random memory (PCRAM) 
in an alloy system of Si-Sb-Te newly found in China.  This alloy shows an extremely 
high quality of I-V curve during the reversible phase transition from the amorphous to 
crystalline phases, together with the writing-erasing cycling life, and other key 
parameters concerned.  All of that are the key engineering target physical properties for 
future important PCRAM application.  Our previous experimental results obtained from 
China shows that there is an obvious existence of phase separation during the 
amorphous-crystalline transition.  We found, for the first time, that Si remained as 
amorphous state during the whole transition history of the alloy, whilst there is a 
crystalline Sb2Te3 phase formed during the crystallization process and it became 
amorphous again under certain heat or laser treatments.  All of these experimental 
results imply that the thermal-electrical semiconductor and/or the topological insulator 
of Sb2Te3 plays a major role for the phase transition and the corresponding I-V property 
with sharp difference of 2-4 orders of magnitudes.  The amorphous Si behaves like a 
matrix while the Sb2Te3 acts as nano-particles embedded inside of the matrix.  The 
theoretical analysis of the transportation mechanism of this wonderful alloy was carried 
out here by collaboration with Prof. Chen’s assistance Dr. Guan based on our thorough 
discussions together with Prof. Chen.  He made a systematic calculation of the density 
of state (DOS) from both amorphous and crystalline of Sb2Te3.  The theoretical results 
shown that the crystalline phase of Sb2Te3 is with much high DOS near the Fermi 
energy therefore more conductive compare with its original amorphous state, which is 
agree well with the experimental observations.  This will be very important for the 
future application of the new system of PRAM and it provides also a deeper 
understanding of the science issue from the key engineering requests. 

Another work concerns with the advanced mechanical property of a new generation 
of super-alloy.  Owing to the fact that few degrees of temperature increasing in the 
strength of this alloy at high temperature shall bring tremendous benefits for energy 
saving and low CO2 emission for thermal power generation, this alloy has long been a 
strategic structural material.  The sample we studied here in WPI were brought from 
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China and detailed structure analysis was carried out by collaboration with Prof. 
CHEN’s another assistance Dr. Hirada.  By employing the advance microscopy power 
of the double corrector electron microscope, we could figure out the alloy elemental 
distribution within this alloy before and after high temperature creep at high loading of 
tensile test.  Some experimental results concerning the advanced mechanical property 
have been observed, for the first time, and that is close to publication from our joint 
research carried out during my visit. 

The third work just beginning and it related with a study on an unusual large elasticity 
result from an ultra thin film of nanocrystalline Ni.  The key scientific issue is the grain 
size confinement produced local strain build up under an in-situ tensile test.  In-situ 
electron microscopy observation at atomic scale has been carried out in China and the 
theoretical calculation was down here in WPI by Dr. Guan.  Some tentative results have 
been obtained and it will be continued by the following up task that might be down by 
Prof. CHEN’s team members in WPI-AIMR. 

The helpful discussions with the director of NIMS, Prof. Sukekatsu Ushioda and the 
director of super alloy group of NIMS, shall be very much acknowledged.    
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GI3 Activity Report of Dr. Moustafa ALJERF  
January 14th, 2010 - April 14th, 2010 
Host: Professor Dmitri LOUZGUINE (Professor Alain Reza YAVARI) 
 

The main objective was achieved during this short period of three months at WPI-
AIMR in Tohoku University: to further investigate the role of glassy particles 
reinforcement on mechanical properties of metallic matrix composite.  The conception 
of this new category of metallic matrix composites is based on the fact that metallic 
glass particles become soft above their glass transition temperature Tg so they can act as 
a soft binder and porosity remover.  After compaction to full density and cooling to 
below Tg and down to room temperature, the same glassy particles become the hard 
reinforcing phase. 

In collaboration with WPI-AIMR, we developed a novel aluminum alloy matrix 
composite reinforced by Fe-based glassy particles.  Fine powder of the matrix phase 
(commercial alloy Al6061) and of the reinforcing phase (glassy 
[(Fe½Co½)75B20Si5]96Nb4) were produced by mechanical milling.  Sintering temperature 
of the mixed powder was chosen within the supercooled liquid region of the glass 
slightly above the glass transition temperature Tg and close to the solidus temperature of 
the aluminum alloy.  By examining the microstructure of the new composite, no pores 
in the matrix or in areas adjacent to the metallic glass reinforcement particles of any size 
are visible.  This indicates successful consolidation of the composite to full density 
without any undesirable effects.  The composite shows considerable increase in yield 
strength (550 MPa) relative to the matrix alloy (250 MPa) while keeping noticeable 
plasticity (~14%) prior to fracture. 

The high strength and low mass density of these new composites imply that they 
possess very high specific strength and can be used as replacement for some structural, 
functional or machine parts of heavier alloys such as stainless steels.  This in turn leads 
to weight reduction and significant energy saving in the transportation sector.  Strong 
and light composites are therefore green materials focused on technologies reducing 
CO2 emissions and the improved efficiency of car and aerospace structures and will 
contribute to reduction of emission of gases and the consumption of carbon based fuel, 
harmful for the atmosphere (greenhouse effect), as well as in the release of harmful 
ingredients thus benefitting the overall environment. 

This work is to be added to the previous collaboration with WPI on the same subject 
which gave two publications in 2009-2010 [1, 2] and a new manuscript entitled 
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“Aluminum and magnesium metal matrix composite reinforced by three different 
metallic glasses” is to be submitted to Scripta Materialia for publication. 

 
[1] Dudina, D.V., et al., A magnesium alloy matrix composite reinforced with 

metallic glass. Composites Science and Technology, 2009. 69(15-16): p. 2734-2736. 
[2] Dudina, D.V., et al., Cu-based metallic glass particle additions to significantly 

improve overall compressive properties of an Al alloy. Composites Part A: Applied 
Science and Manufacturing, 2010. 41(10): p. 1551-1557. 
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GI3 Activity Report of Marco HAUBOLD 
March 17th, 2010 - April 5th, 2010 
Host: Professor Masayoshi ESASHI (Professor Thomas GESSNER) 
 

The main objective of the short period research stay at WPI-AIMR in Tohoku 
University was the accomplishment of basic experiments for a laser assisted bonding 
process of substrates, used in MEMS fabrication. The main advantages of affecting just 
a very small region with the laser radiation and the locally limited raise of temperature 
therefore, are unique opportunities in means of applicable materials for MEMS 
production and structure design. Basing on silicon-glass direct bonding, tests have been 
performed in order to evaluate an adequate process window (e.g. wave length, output 
power, focus depth, repetition rate). After a training period at common laser tools by the 
laboratory’s staff, several test runs were performed with pre-bonded samples with 
altered parameter sets, aiming on the enhancement of the mechanical stability. The 
achieved bond was subsequently characterized by pull testing and scanning electron 
microscopy (SEM), providing a good comparison for the different experiments. The 
results showed almost no increase of bonding strength for low energy levels, whereas 
significant changes could be induced at the touching interfaces at certain high output 
powers, resulting in a partly high bonding strength. Samples treated by these settings 
got destroyed during the characterization, proving the potential of bonding technique 
without an additional intermediate layer. The tests provide a basis of further 
investigations. 

 
In addition to the experimental intention, the trip was used to participate in the WPI 

workshop form March 25th to March 27th. The author therefore used the opportunity to 
present his results of a former research project at WPI-AIMR “Bonding Investigations 
of oxidized Silicon Substrates with Metal-based Intermediate Layers” during the 
poster session. 

 
A last purpose of the research trip describes the extension of the scientific exchange 

between the Fraunhofer Research Institution ENAS and the WPI-AIMR in Tohoku 
University. Therefore it is envisaged to join a project of the European Community in 
order to strengthen the collaboration and expand the joint high level research. 
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GI3 Activity Report of Dr. Fei Fei CAO 
June 15th, 2010 - July 14th, 2010 
Host: Professor Yoshinori YAMAMOTO 
 

Two objectives were achieved during this short period of one month at WPI-AIMR in 
Tohoku University. The first was studying the basic experimental operations and 
analytical methods in organic synthesis. During the one month period, I was 
systematically trained to master basic synthetic methods such as extraction, filtration 
and basic characterization methods such as 1H NMR, 13C NMR, IR, UV-Vis and so on. 
The main work I carried out was the synthesis of dithieno[3,2-b:2’,3’- d]thiophene 
(DTT), which followed the reference Organic Syntheses, Vol. 83, p. 209-216 (2006); 
Coll. Vol. 11, p. 843-849 (2009). In recent years, much interest has been focused on 
DTT as a unit in semiconducting organic materials. In particular, the dimer , ’-
bis(dithieno[3,2-b:2’,3’-d]thiophene) and its derivatives have been used as high 
mobility semiconductors in field-effect transistors, with field-effect mobility of up to 
0.05 cm2 V-1 s-1 being recorded. This synthesis may be carried out on the scale of over 
30 g, although the lithiation step is limited on a laboratory scale due to the difficulty in 
cooling largescale glassware. I successfully repeated this whole experiment and 
obtained final as-expected products. I also mastered these organic operations and gained 
knowledge about organic synthesis as well as solar cells from Professor Yoshinori 
Yamamoto in his laboratory. 
Another study was preparing CNT-TiO2 nanocomposite and investigating its application 

in solar cells. In China, I have successfully prepared various TiO2-based 

nanocomposites such as CNT-TiO2, Cu-TiO2 and TiO2-C, and investigated their 

electrochemical performances as anode materials in lithium ion batteries (LIBs). In my 

research, I found that coaxial cable morphology provides a clever solution to the ionic-

electronic wiring problem in LIBs. Since TiO2 was also a promising material for solar 

cells, I collaborated with post-doctoral Akhtar to prepare CNT-TiO2 coaxial nanocable 

during the one-month period. This work is still going on and it will be continued by 

post-doctoral Akhtar in WPI-AIMR. 
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GI3 Activity Report of Dr. Matthew WATKINS 
July 15th, 2010 - August 5th, 2010 
Host: Professor Masaru TSUKADA (Professor Alexander SHLUGER) 

 

Following arrival in the afternoon of Monday 28th of June, on Tuesday 29th of June I 
gave an introductory seminar on part of my research to the Theory Laboratory of the 
Materials Physics Group.  The seminar was focused on ‘DFT-based approaches for the 
simulation of the geometry, chemical reactivity and STS/STM imaging of Titania 
(TiO2) surfaces”.  

The seminar was followed by a presentation by Assistant Professor I. Hamada on his 
recent results on a Strontium Titatanate surface [SrTiO3(001- 13x) 13].  The session 
was concluded by discussion with Prof. M. Tsukada, Ass. Prof. K. Akagi, and Assistant 
Professor I. Hamada on possible applications of the methods presented in my talk to the 
Strontium Titanate line at WPI-AIMR.  Afterwards, I started collaborating with 
Assistant Professor I. Hamada on the activation of both the VASP and bSKAN 
programs at WPI-AIMR.  

On the 29th-30th of June, together with Assistant Professor I. Hamada, we considered 
the details of the input format for both the VASP and bSKAN codes.  This activity was 
carried out on the basis of targeted examples which I provided to Assistant Professor I. 
Hamada. 

On July the 1st, the discussion with Assistant Professor I. Hamada concentrated on the 
execution and output files of both the VASP and bSKAN program with assisted 
preparation of files relative to the study of the considered Strontium Titanate surface for 
both the VASP and bSKAN programs. 

It is my intention to conclude the presentation of the bSKAN program capabilities to 
Assistant Professor I. Hamada on Friday 2nd. 

Finally, arrangements are currently being made with Prof. M. Tsukada to discuss 
possible overlap between the WPI-AIMR line on carbon-cages and a Van der Waals 
corrected – Density Functional Theory method which was developed for my Osaka-
based project in collaboration with Prof. A. Shluger and Prof. K. Tanimura.  
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GI3Activity Report of Dr. Gilberto TEOBALDI 
April 17th, 2010 - April 30th, 2010 
June 27th, 2010 - July 6th, 2010 
Host: Professor Masaru TSUKADA (Professor Alexander SHLUGER) 
 

Following my previous visit in February 2010 I am continuing to discuss methods to 
develop atomic force microscope tip models with Dr Akagi and Prof Tsukada of the 
theory laboratory at the WPI-AIMR.  Realistic atomic-force microscope tip-models are 
vital to carry out (semi)quantitative simulations to aid understanding of experimental 
images.  The models derived from the oxidation of silicon will be of interest in other 
areas as well.  We have discussed the tip models that I have generated since my 
previous visit to the WPI-AIMR in February and how the work could be prepared for 
publication.  Possible deficiencies in the current models due to their low density and 
how to generate better starting structures were discussed.  We decided that clean silicon 
tips, constructed using software developed in Prof Tsukada’s group, will be used as 
initial models and look into the literature on wet silicon oxidation to help refine our 
model.  Looking ahead, the current methods I have used, density functional theory 
based molecular dynamics simulations, are too costly for a fully systematic study of 
silicon oxidation.  To overcome this, I am working to implement a reactive molecular 
forcefield model to allow us to examine the oxidation of these silicon tips when exposed 
to ambient or solution environments.  I will also visit the laboratory of Dr. Fukuma of 
Kanazawa University to expand our collaboration on imaging mechanisms of non-
contact atomic force microscopy in solution.  We will discuss in detail the experimental 
tip preparation procedures that have been used.  Of particular interest are information on 
the thickness of the oxide layer formed on the silicon cantilever, which will suggest 
appropriate starting structures to consider in our simulations.  

A meeting with Prof Louzguine and Dr Caron of the advanced functional materials 
group at the WPI-AIMR has been organised to discuss their experimental results using 
atomic force microscopy to measure friction properties of metallic-glasses.  We will 
consider the role played by surface oxidation of the metallic-glasses in ambient 
condition and how this may lead to surprising frictional properties.  Discussions will 
concern the conditions that the glasses have been exposed to and tip preparation 
procedures.  We will consider how atomistic simulations could be used to aid 
understanding their results.  
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On 29th July I will attend the first “nano-interface” meeting at the WPI, organised by 
Dr Nakajima of the Organosoft and Hybrid Materials Laboratory at the WPI-AIMR.  
The topic of “hydration and water phase behavior in hydrophobic/hydrophilic nano-
scale confinement” presented by visiting scientist Prof. Nicolas Giovambattista will be 
of direct relevance to work on understanding water and surface structure using the 
atomic force microscope.  The meeting will present an excellent opportunity to establish 
further links to the WPI-AIMR. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Announcement 
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The 2011 WPI-AIMR Annual Workshop 
 

 
The 2011 WPI-AIMR Annual Workshop will be held on February 21 through 24 in 

Sendai.  On February 22-24, the workshop will be composed of plenary sessions and 
parallel sessions, inviting world class researchers.  
 

Date : Monday, February 21 - Thursday, February 24, 2011 

Location : Sendai International Center (sessions) & Sendai Kokusai Hotel (reception, lodging)

 
 

In the process of realizing three major goals of AIMR; (1) Invent and develop new 
functionally innovative Green Materials, (2) Establish a new system adequate as a 
World Premier Research Center, and (3) Strengthen international cooperation and 
construct a world visible center, we have been organizing WPI-AIMR Annual Workshop; 
the 2009 Annual Workshop was held in March, 2009 at Miyagi-Zao Royal Hotel and the 
2010 Annual Workshop was held in March, 2010 at Sendai Excel Hotel Tokyu and 
Sendai International Center.  Following them, we are announcing the 2011 WPI-AIMR 
Annual Workshop which will be held on February 21, Monday, through 24, Thursday, 
2011 at Sendai Kokusai Hotel and Sendai International Center.  

The scientific scope of our workshop is “Cutting-edge Functional Materials for Green 
Innovation”.  In the morning of February 22, special session is planned inviting Dr. J. 
Georg Bednorz, 1987 Nobel Prize in Physics Laureate, Dr. Peter Grünberg, 2007 Nobel 
Prize in Physics Laureate, and Dr. Sumio Iijima of Meijo University, also Adjunct 
Professor of WPI-AIMR, a recipient of the Japanese Order of Culture in 2009.  

Plenary sessions and parallel sessions will be organized with presentations by world 
premier researchers of the fields of AIMR research (thrusts), which are Bulk Metallic 
Glasses, Materials Physics, Soft Materials and Devices/Systems Construction.  For 
encouraging younger researchers and further discussing the fusion researches, we also 
have a poster session. 

We would appreciate very much if you would join the Workshop. 
To participate in this Workshop, please resister on the following website. 

 http://www.wpi-aimr.tohoku.ac.jp/workshop/ 
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Tentative Schedule 
February 21 (Monday): Sendai Kokusai Hotel 
17:00 – 19:00 Welcome Reception 
 
February 22 (Tuesday): Sendai International Center 
09:00 – 09:10 Opening session 
09:10 – 11:00 Special session 
11:10 – 12:40 Morning plenary session 
12:40 – 14:20 Poster session 
14:20 – 16:20 Afternoon plenary session 
16:30 – 18:00 Parallel session 
 
February 23 (Wednesday): Sendai International Center 
09:00 – 10:30 Morning plenary session 
10:40 – 12:10 Parallel session 
13:10 – 14:40 Parallel session 
14:50 – 16:50 Afternoon plenary session 
18:00 – 20:00 Banquet at Sendai Kokusai Hotel 
 
February 24 (Thursday): Sendai International Center 
09:00 – 12:10 Morning plenary session (10:30 – 10:40: Break time) 
12:10 – 12:20 Closing remarks 
 
Tentative list of Invited speakers (As of Dec. 10) 
Johannes Georg Bednorz, 1987 Nobel Prize in Physics Laureate 
Jason A. Burdick, University of Pennsylvania 
Fariba Dehghani, University of Sydney 
Rafal E. Dunin-Borkowski, Technical University of Denmark in Lyngby 
Thomas Gessner, Chemnitz University of Technology 
Alan Lindsay Greer, University of Cambridge 
Peter Andreas Grünberg, 2007 Nobel Prize in Physics Laureate 
Zhong-Ze Gu, Su Zhou Southeast University 
Ryan C. Hayward, University of Massachusetts Amherst 
Kevin J. Hemker, Johns Hopkins University 
Sumio Iijima, Meijo University 
Lei Jiang, Institute of Chemistry, Chinese Academy of Sciences 
John H. Perepezko, University of Wisconsin - Madison 
Itamar Procaccia, Weizmann Institute of Science 
Pierre Richard, Institute of Physics, Chinese Academy of Science 
Konrad Samwer, Georg-August-Universität Göttingen 
Ashwin A. Seshia, University of Cambridge 
Takao Someya, University of Tokyo 
C. Suryanarayana, University of Central Florida 
Li-jun Wan, Institute of Chemistry, Chinese Academy of Sciences 
Andrzej Wieckowski, University of Illinois 
Fred Wudl, University of California, Santa Barbara 
Alain Reza Yavari, Grenoble Institute of Technology 
Deqing Zhang, Institute of Chemistry, Chinese Academy of Sciences 
Ze Zhang, Zhejiang University 
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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 21st 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 21st 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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DIRECTORY 
 

As of December 1, 2010 
 

Name              Phone Number E-mail Address 
 (+81-(0)22- _____) 

<Administration> 

1. YAMAMOTO, Yoshinori (Institute Director) 217-5130 yoshi@m.tohoku.ac.jp 

2. IWAMOTO, Wataru (Administrative Director) 217-5965 iwamoto@wpi-aimr.tohoku.ac.jp 

 

<Research Staff> 

<Adschiri Group> 

3. ADSCHIRI, Tadafumi (PI, Prof.) 217-5629 ajiri@tagen.tohoku.ac.jp 

4. HOJO, Daisuke (Assist. Prof.) 217-5631 dhojo@tagen.tohoku.ac.jp 

5. HARTON, Shane (Research Assoc.) 217-5630 shane.harton@wpi-aimr.tohoku.ac.jp 

6. ATASHFARAZ, Mehrnoosh (Researcher) 217-5630 mehr@mail.tagen.tohoku.ac.jp 

7. LU, Jinfeng (Researcher) 217-5630 lujf@mail.tagen.tohoku.ac.jp 

8. MANABE, Noriyoshi (Researcher) 217-5631 manabe@niche.tohoku.ac.jp 

9. TOGASHI, Takanari (Researcher) 217-5630 togashi@tagen.tohoku.ac.jp 

10. WATANABE, Eiichi (Researcher) 217-5630 eiwata@mail.tagen.tohoku.ac.jp 

11. RANI, Varu (Research Assist.) 217-5630 chauhan@mail.tagen.tohoku.ac.jp 

 

<Chen Group> 

12. CHEN, Mingwei (PI, Prof.) 217-5992 mwchen@wpi-aimr.tohoku.ac.jp 

13. FUJITA, Takeshi (Assoc. Prof.) 217-5959 tfujita@wpi-aimr.tohoku.ac.jp 

14. HIRATA, Akihiko (Assist. Prof.) 217-5959 hirata@wpi-aimr.tohoku.ac.jp 

15. LANG, Xingyou (Assist. Prof.) 217-5959 xylang@wpi-aimr.tohoku.ac.jp 

16. CHEN, Luyang (Research Assoc.) 217-5959 chenly@wpi-aimr.tohoku.ac.jp 

17. GUAN, Pengfei (Research Assoc.) 217-5959 pf.guan@wpi-aimr.tohoku.ac.jp 

18. KANG, Jianli (Research Assoc.) 217-5959 kangjianli@wpi-aimr.tohoku.ac.jp 

 

<Esashi Group> 

19. ESASHI, Masayoshi (PI, Prof.) 795-6934 esashi@mems.mech.tohoku.ac.jp 

20. MUROYAMA, Masanori (Assist. Prof.) 795-6937 muroyama@mems.mech.tohoku.ac.jp 

21. YOSHIDA, Shinya (Assist. Prof.) 795-6936 s-yoshida@mems.mech.tohoku.ac.jp 

22. KAUSHIK, Neelam (Research Assoc.) 795-6936 neelam@mems.mech.tohoku.ac.jp 

23. WANG, Weishan (Researcher)                     795-6936     wswang@mems.mech.tohoku.ac.jp 

 

<Gessner Group> 

24. GESSNER, Thomas (PI) +49-37-53124060 thomas.gessner@zfm.tu-chemnitz.de 

25. LIN, Yu-Ching (Assist. Prof.) 795-6256 yclin@mems.mech.tohoku.ac.jp 

26. LEE, Jae Wung (Research Assoc.) 795-6256 dlwodnd77@mems.mech.tohoku.ac.jp 
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                                          (+81-(0)22- _____) 

<Greer Group> 

27. GREER, Alan Lindsay (PI) +44-1223-334308 alg13@cam.ac.uk 

28. MADGE, Shantanu V. (Research Assoc.) 217-5956 shantanu.madge@wpi-aimr.tohoku.ac.jp 

 

< Hemker Group>  

29. HEMKER, Kevin (PI) +1-410-5164489 hemker@jhu.edu 

 

<Ikuhara Group> 

30. IKUHARA, Yuichi (PI) +81-3-58417688 ikuhara@sigma.t.u-tokyo.ac.jp 

31. TSUKIMOTO, Susumu (Lecturer) 217-5934 tsukimoto@wpi-aimr.tohoku.ac.jp 

32. SAITO, Mitsuhiro (Assist. Prof.) 217-5933 saito@wpi-aimr.tohoku.ac.jp 

33. WANG, Zhongchang (Assist. Prof.) 217-5933 zcwang@wpi-aimr.tohoku.ac.jp 

34. GU, Lin (Research Assoc.) 217-5933 gu@wpi-aimr.tohoku.ac.jp 

 

<Itaya Group> 

35. ITAYA, Kingo (PI, Prof.) 217-5977 itaya@atom.che.tohoku.ac.jp 

36.  KIM, Youngeum (Assist. Prof.) 217-5974 ygkim@atom.che.tohoku.ac.jp 

37. LAHIRI, Abhishek (Research Assoc.) 217-5974 a.lahiri@atom.che.tohoku.ac.jp 

38. MUKKANNAN, Azhagurajan (Research Assist.) 217-5974 mazhagurajan@atom.che.tohoku.ac.jp 

 

<Kawasaki Group> 

39. KAWASAKI, Masashi (PI, Prof.) 215-2085 kawasaki@imr.tohoku.ac.jp 

40. MAKINO, Takayuki (Lecturer) 215-2088 tmakino@imr.tohoku.ac.jp 

41. UENO, Kazunori (Assist. Prof.) 215-2088 uenok@imr.tohoku.ac.jp 

42. HIRAGA, Hiroki (Research Assoc.) 215-2088 hiraga.hiroki@imr.tohoku.ac.jp 

43. MARYENKO, Denis (Research Assoc.) 215-2088 d.maryenko@imr.tohoku.ac.jp 

 

< Khademhosseini Group> 

44. KHADEMHOSSEINI, Ali (Junior PI) +1-617-768-8395 alik@rics.bwh.harvard.edu 

45. SEIDI, Azadeh (Research Assoc.) 217-6142 a.seidi@wpi-aimr.tohoku.ac.jp 

46. OSTROVIDOV, Serge (Research Assoc.)             217-6142     ostrovidov@wpi-aimr.tohoku.ac.jp 

 

<Kurihara Group> 

47. KURIHARA, Kazue (PI, Prof.) 217-5673 kurihara@tagen.tohoku.ac.jp 

 48. TEO, Boon (Research Assoc.)  217-5675 boonteo@wpi-aimr.tohoku.ac.jp 

49. HEDIN, Jesper Niels (Researcher) 217-5675 jhedin@tagen.tohoku.ac.jp 

50. INOMATA, Kyeonga (Researcher) 217-5675 inomata@wpi-aimr.tohoku.ac.jp 
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<Louzguine Group> 

51. LOUZGUINE, Dmitri V. (PI, Prof.) 217-5957 dml@wpi-aimr.tohoku.ac.jp 

52. NAKAYAMA, Koji (Assoc. Prof.) 217-5950 kojisn@wpi-aimr.tohoku.ac.jp 

53. TAKEUCHI, Akira (Assoc. Prof.) 217-5956 takeuchi@wpi-aimr.tohoku.ac.jp 

54. YOKOYAMA, Yoshihiko [Assoc. Prof. (Concurrent)] 215-2199 yy@imr.tohoku.ac.jp 

 55. CHEN, Na (Assist. Prof.) 217-5956 chenn@wpi-aimr.tohoku.ac.jp 

56. CARON, Arnaud (Research Assoc.) 217-5956 a.caron@wpi-aimr.tohoku.ac.jp 

57. WANG, Junqiang (Research Assoc.) 217-5956 junqiangwang@wpi-aimr.tohoku.ac.jp 

 58. ZADOROZHNYY , Vladislav (Research Assoc.) 217-5956 vuz@wpi-aimr.tohoku.ac.jp 

 

<Matsue Group> 

59. MATSUE, Tomokazu (PI, Prof.) 795-7209 matsue@bioinfo.che.tohoku.ac.jp 

 

<Miyazaki Group> 

60. MIYAZAKI, Terunobu (PI, Prof.) 217-6000 miyazaki@wpi-aimr.tohoku.ac.jp 

61. MIZUKAMI, Shigemi (Assist. Prof.) 217-6003 mizukami@wpi-aimr.tohoku.ac.jp 

62. KUBOTA, Takahide (Research Assoc.) 217-6003 takahide@wpi-aimr.tohoku.ac.jp 

63. ZHANG, Xianmin (Research Assoc.) 217-6003 xmzhang@wpi-aimr.tohoku.ac.jp 

64. WU, Feng (Research Assoc.) 217-6004 fengwu@wpi-aimr.tohoku.ac.jp 

 

<Nishi Group> 

 65. NISHI, Toshio (PI, Prof.) 217-5926 nishi.toshio@wpi-aimr.tohoku.ac.jp 

 66. NAKAJIMA, Ken (Assoc. Prof.) 217-5927 knakaji@wpi-aimr.tohoku.ac.jp 

 67. FUJINAMI, So (Research Assoc.) 217-5928 fujinami@wpi-aimr.tohoku.ac.jp 

 68. LIU, Hao (Research Assoc.) 217-5928 liuhao@wpi-aimr.tohoku.ac.jp 

 69. WANG, Dong (Research Assoc.) 217-5928 wangdthu@wpi-aimr.tohoku.ac.jp 

 

<Ohmi Group> 

 70. OHMI, Tadahiro (PI, Prof.) 795-3952 ohmi@fff.niche.tohoku.ac.jp 

 

<Russell Group> 

 71. RUSSELL, Thomas (PI) +1-413-5452680 russell@mail.pse.umass.edu 
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<Shimomura Group> 

 72. SHIMOMURA, Masatsugu (PI, Prof.) 217-5329 shimo@tagen.tohoku.ac.jp 

 73. ISHII, Daisuke (Assist. Prof.) 217-5824 dishii@tagen.tohoku.ac.jp 

 74. HIGUCHI, Takeshi (Research Assoc.) 217-5825 higuchi@mail.tagen.tohoku.ac.jp 

 75. KAWANO, Takahito (Research Assoc.) 217-5825 kawano@poly.tagen.tohoku.ac.jp 

 76. IWASAKI, Junko (Tech. Staff) +81-11-758-0056 iwasaki@poly.es.hokudai.ac.jp 

 77. KIMURA, Konomi (Tech. Staff) +81-11-758-0056 kimura@poly.es.hokudai.ac.jp 

 

<Shluger Group> 

 78. SHLUGER, Alexander (PI) 217-5942/+44-(0)20 7679 1312 a.shluger@ucl.ac.uk 

 79. MCKENNA, Keith (Assist. Prof.) 217-5942 k.mckenna@wpi-aimr.tohoku.ac.jp 

 80. TREVETHAN, Thomas (Assist. Prof.) 217-5942 tomt@wpi-aimr.tohoku.ac.jp 

 

<Takahashi Group> 

 81. TAKAHASHI, Takashi (PI, Prof.) 795-6417 t.takahashi@arpes.phys.tohoku.ac.jp 

 82. SOUMA, Seigo (Assist. Prof.) 795-6477 s.souma@arpes.phys.tohoku.ac.jp 

 83. SUGAWARA, Katsuaki (Assist. Prof.) 795-6477 k.sugawara@arpes.phys.tohoku.ac.jp 

 

<Tanigaki Group> 

 84. TANIGAKI, Katsumi (PI, Prof.) 795-6469 tanigaki@sspns.phys.tohoku.ac.jp 

 85. IKEDA, Susumu (Assoc. Prof., Outreach Manager)     795-6468 sikeda@sspns.phys.tohoku.ac.jp 

 86. NOUCHI, Ryo (Assist. Prof.) 795-6468 nouchi@sspns.phys.tohoku.ac.jp 

 87. TANG, Jung (Assist. Prof.) 795-6468 tangjun@sspns.phys.tohoku.ac.jp 

 88. TANABE, Yoichi (Research Assoc.) 795-6468 youichi@sspns.phys.tohoku.ac.jp 

 89. XU, Jing-Tao (Research Assoc.) 795-6468 jtxu@sspns.phys.tohoku.ac.jp 

 90. MITOMA, Nobuhiko (Research Assist.) 795-6468 mitoma@sspns.phys.tohoku.ac.jp 

 

<Teizer Group> 

 91. TEIZER, Winfried (Juior PI) 217-5979/+1-979-845-7730 teizer@physics.tamu.edu 

 92. OLIVEIRA, Daniel (Research Assoc.) 217-5979 oliveira@wpi-aimr.tohoku.ac.jp 

 93. SIKORA, Aurélien (Research Assoc.) 217-5979 a.sikora@wpi-aimr.tohoku.ac.jp 

 

<Tokuyama Group> 

 94. TOKUYAMA, Michio (PI, Prof.) 217-5953 tokuyama@wpi-aimr.tohoku.ac.jp 

 95. XU, Limei (Assist. Prof.) 217-5954 limei.xu@wpi-aimr.tohoku.ac.jp 

 96. CHO, Young Seok (Research Assoc.) 217-5954 jho@wpi-aimr.tohoku.ac.jp 

 97. FUJII, Hiroyuki (Research Assist.) 217-5954 fujii@athena22.wpi-aimr.tohoku.ac.jp 
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    (+81-(0)22- _____) 

 

<Tsukada Group> 

 98. TSUKADA, Masaru (PI, Prof.) 217-5937 tsukada@wpi-aimr.tohoku.ac.jp 

 99. AKAGI, Kazuto (Assoc. Prof.) 217-5940 akagi@wpi-aimr.tohoku.ac.jp 

 100. HAMADA, Ikutaro (Assist. Prof.) 217-5938 ikutaro@wpi-aimr.tohoku.ac.jp 

 101. TAMURA, Hiroyuki (Assist. Prof.) 217-5938 hiroyuki@wpi-aimr.tohoku.ac.jp 

 102. MASAGO, Akira (Research Assoc.) 217-5939 masago@wpi-aimr.tohoku.ac.jp 

 103. ARAIDAI, Masaaki (Researcher) 217-5939 araidai@wpi-aimr.tohoku.ac.jp 

 

<Wan Group> 

 104. WAN, Li-Jun (PI) +86-62558934 wanlijun@iccas.ac.cn 

 105. WEN, Rui (Research Assoc.) 795-5869 ruiwen@atom.che.tohoku.ac.jp 

 

<Weiss Group> 

 106. WEISS, Paul S. (PI) +1-310-267-5993 psw@cnsi.ucla.edu 

 

<Wu Group> 

 107. WU, Hongkai (Junior PI) +85-223-587-246 chhkwu@ust.hk. 

108. LI, Lei (Research Assoc.) 217-6142 lilei@wpi-aimr.tohoku.ac.jp 

109. SHI, Xuetao (Research Assoc.) 217-6142 shixuetao@wpi-aimr.tohoku.ac.jp 

 

<Xue Group> 

 110. XUE, Qikun (PI) +86-10-62795618 qkxue@mail.tsinghua.edu.cn 

 111. LIU, Hongwen (Assist. Prof.) 217-5948 liu@wpi-aimr.tohoku.ac.jp 

 

<Yamada Group> 

 112. YAMADA, Kazuyoshi (PI, Prof.) 215-2035 kyamada@imr.tohoku.ac.jp 

 113. SATO, Toyoto (Assist. Prof.) 215-2039 toyoto@imr.tohoku.ac.jp 

114.  JI, Sungdae(Assist. Prof.)                         215-2039     jsungdae@imr.tohoku.ac.jp 

 115. HORIGANE, Kazumasa (Research Assoc.) 215-2039 khorigane@imr.tohoku.ac.jp 

 

<Yamaguchi Group> 

 116. YAMAGUCHI, Masahiko (PI, Prof.) 795-6812 yama@mail.pharm.tohoku.ac.jp 

 117. AN, Zengjian (Research Assoc.) 795-6815 zjan@mail.pharm.tohoku.ac.jp 

118.  ICHINOSE, Wataru (Research Assist.) 795-6813 a9yd1001@s.he.tohoku.ac.jp 

119.  YAMAMOTO, Koji (Research Assist.) 795-6815 b0yd1008@s.he.tohoku.ac.jp 
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    (+81-(0)22- _____) 

 

<Yamamoto Group> 

    YAMAMOTO, Yoshinori (Institute Director) 217-5130 yoshi@m.tohoku.ac.jp 

120.  ASAO, Naoki (Prof.) 795-3898 asao@m.tains.tohoku.ac.jp 

 121. JIN, Tienan [Assoc. Prof. (Concurrent)] 795-3585 tjin@mail.tains.tohoku.ac.jp 

 122. UZZAMAN, MD. Akhtar (Research Assoc.) 795-6582 akhtar@m.tains.tohoku.ac.jp 

123. FERRARA, Giovanni (Research Assist.) 795-3585 

 

<Yavari Group> 

 124. YAVARI, Alain Reza (PI)  +33-(0) 4 76 82 65 16 yavari@minatec.inpg.fr 

125. GEORGARAKIS, Konstantinos (Assist. Prof.)  georgara@minatec.inpg.fr 

  

< Hitosugi Group> 

 126. HITOSUGI, Taro (Assoc. Prof.) 217-5944 hitosugi@wpi-aimr.tohoku.ac.jp 

 127. SHIRAKI, Susumu (Lecturer) 217-5948 shiraki@wpi-aimr.tohoku.ac.jp 

 128. IWAYA, Katsuya (Assist. Prof.) 217-5948 iwaya@wpi-aimr.tohoku.ac.jp 

 129. OHSAWA, Takeo (Assist. Prof.) 217-5948 ohsawa@wpi-aimr.tohoku.ac.jp 

 130. FUKUI, Nobuyuki (Research Assoc.) 217-5948 n-fukui@wpi-aimr.tohoku.ac.jp 

 131. SHIMIZU, Ryota (Research Assist.) 217-5948 shimizu@chem.s.u-tokyo.ac.jp 

  
<Fukuda Group> 

 132. FUKUDA, Tsuguo (Adjunct Prof.) 217-5983 ts-fukuda@wpi-aimr.tohoku.ac.jp 

 133. EHRENTRAUT, Dirk (Assoc. Prof.) 217-5983 ehrentraut@wpi-aimr.tohoku.ac.jp 

134. BAO, Quanxi (Researcher) 217-5983 bao@mail.tagen.tohoku.ac.jp 
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<Supporting Staff> 

 135. HASHIMOTO, Keiichi (Deputy Administrative Director)  

   217-5980 k-hashi@wpi-aimr.tohoku.ac.jp 

  

General Affairs Section  217-5922 or 5972 wpi-shomu@wpi-aimr.tohoku.ac.jp 

 136. NAGANUMA, Hiromi (Chief)  naganuma@bureau.tohoku.ac.jp 

 137. SAITO, Asuka  asuka-s@bureau.tohoku.ac.jp 

 138. OIKAWA, Hiroshi  hiroshi@bureau.tohoku.ac.jp 

 139. CHIBA, Yoko 217-5956 ykchiba@wpi-aimr.tohoku.ac.jp 

 140. ONODERA, Mariko  m.onodera@wpi-aimr.tohoku.ac.jp 

 141. UNOURA, Sayaka  unoura-0@wpi-aimr.tohoku.ac.jp 

Accounting Section                217-5923 / FAX: 217-5129      wpi-keiri@wpi-aimr.tohoku.ac.jp 

 142. SATO, Hiroto (Chief)  hiroto-s@bureau.tohoku.ac.jp 

 143. OKAZAKI, Tomohiro  tokazaki@bureau.tohoku.ac.jp 

 144. ZENIYA, Ippei  zeniya@bureau.tohoku.ac.jp 

 145. KOBAYASHI, Yuki  y-kobayashi@bureau.tohoku.ac.jp

Property Management Section          217-5924 / FAX: 217-5129 wpi-yodo@wpi-aimr.tohoku.ac.jp 

 146. YOSHIDA, Masahiro (Chief)  masa-y@bureau.tohoku.ac.jp 

 147. HIRAYAMA, Hirotaka  h-hiraya@bureau.tohoku.ac.jp 

 148. YOSHIDA, Hajime  hyoshi@bureau.tohoku.ac.jp 

 149. ONO, Toshio  toshi-ono@bureau.tohoku.ac.jp 

 150. DAIGAKU, Noriko  daigaku@bureau.tohoku.ac.jp 

 151. OHTOMO, Yumi  yumi-o@bureau.tohoku.ac.jp 

International Academic Affairs Section   217-5971 / FAX: 217-5129   wpi-kenkyo@wpi-aimr.tohoku.ac.jp 

 152. YANAGAWA, Yasukazu  yanagawa@bureau.tohoku.ac.jp 

 153. SAITO, Ikuo  s-ikuo@bureau.tohoku.ac.jp 

 154. HAGITA, Etsuko 217-5978 hagita@bureau.tohoku.ac.jp 

 155. OKAMOTO, Ayumi 217-5978 a-okamoto@bureau.tohoku.ac.jp

Safety and Health Management Office 217-5970 wpi-safety@wpi-aimr.tohoku.ac.jp 

 156. KAMOSHIDA, Kazuyoshi (Manager)  kamoshida@bureau.tohoku.ac.jp 

 157. UMEZAWA, Akiko  akiko_umezawa@bureau.tohoku.ac.jp 

Outreach Office  outreach@wpi-aimr.tohoku.ac.jp 

  IKEDA, Susumu (Outreach Manager) 795-6468 sikeda@sspns.phys.tohoku.ac.jp 
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