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Nanoporous metals can be generally prepared by leaching less noble metals out of the corresponding alloys.
They are promising green catalysts due to their high surface-to-volume ratios, high reusabilities, and simple
work-up processes.
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New Main Building of WPI-AIMR and Interim Evaluation

Yoshinori Yamamoto
Director, WPI-AIMR, Tohoku University

When you enter the Katahira campus from the north gate, you can see the new main
building of WPI-AIMR at the right hand side. The outer wall of the old-fashioned
brickwork building of three stories, which housed the Department of Metallurgy since
1925, has been preserved, and the inside of the historical building has been renovated
entirely, in which an administrative office, meeting rooms and researchers’ offices have
been laid out. A very modernized laboratory building, which has five stories, has been
constructed contiguous to the historical building, and the two buildings are covered by a
single roof made of glass through which we can see a blue sky. Before the completion
of this new building, researchers of AIMR were geographically separated between two
campuses, Katahira and Aobayama, but now almost all researchers are able to work
together at Katahira campus. I believe that the “one-roof” and “one-campus”
environment must further promote the fusion research among different research
disciplines through more frequent face-to-face contact. I take this opportunity to thank
MEXT for providing the construction budget of 2 billion yen in the scheme of the 2009
supplementary budget.

In Katahira campus, now we have the main building, annex building, and lab building,
and these three buildings are within a few minutes by foot. Four research groups (BMG,
materials physics, soft materials, and device/system) are carrying out active research in
one of the three buildings, and the newly started Mathematics Unit has offices in the

main building. I expect that the Mathematics Unit will soon start to catalyze the fusion



research among different materials disciplines.

Gathering in Katahira campus
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Around the middle of October, there was the interim evaluation of WPI institutes at
Tokyo. Presently, six WPI institutes are being supervised by MEXT, among which five
institutes received the interim evaluation because nearly five years passed since their
inauguration. I have not yet heard any conclusive responses on the result of the
evaluation. Perhaps, the result will be announced before this WPI-AIMR NEWS is
delivered to you at the end of December. I strongly hope that the outcome of the
evaluation for AIMR is not so serious, but encourages us to accomplish entirely new
materials science in the next five years.

(Written on December 1, 2011)
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Interview with Professor Yuichi Ikuhara,
Principal Investigator, WPI-AIMR

“Materials Design and Manufacturing”

Humboldt Research Award and Research on Grain Boundary

Administrative Director Iwamoto: Congratulations on receiving the Humboldt Research
Award. I heard that you attended the award ceremony held in Bamberg, Germany, in March.
You are the third Japanese person to receive the award in the field of materials science, aren’t
you?

Professor Yuichi Ikuhara: Yes, I’ve heard so. The Humboldt Research Award covers not
only the field of natural science but also 23 other fields including literature, law and religious
studies. A total of 50 to 60 Japanese people have previously won the award. I think about 30
of them were awarded in the field of natural science. The Center Director, Professor
Yamamoto, has also been awarded it in the field of chemistry.

Iwamoto: Yes. He won the award in 2002.

Ikuhara: Professor Koshiba is one of the earliest award winners.

Iwamoto: Yes, Professor Koshiba who received the Nobel Prize in the field of neutrino
astrophysics.

Ikuhara: In addition to Professor Koshiba, there is also Professor Negishi who was awarded
the Nobel Prize last year. Professor Arima, the former President of the University of Tokyo,
received it too.

Iwamoto: An impressive lineup, isn’t it? By the way, you won the Humboldt Research
Award for your research on the nanostructure of the interfaces of materials and physical
properties. I heard this research was a major breakthrough in the field of materials science.
Could you describe it more specifically?

Ikuhara: Most materials we use are polycrystals, which contain grain boundaries without
exception. Materials are generally composed of a large number of crystal grains that form
polycrystalline bodies. This applies to ceramics as well as metallic materials. Most bulks we
handle are generally polycrystalline. And grain boundary means a nano space between these
crystals.

Iwamoto: I see.

Ikuhara: There are many cases where physical properties and characteristics are determined
by the structure of grain boundaries. The simplest example is that certain things are easier to

break. Another example is the electrical properties of electronic ceramics. For instance,



whether properties of a varistor are apparent or not depends on the structure of grain
boundaries; in other words, how atoms are linked together is important.

Iwamoto: I see. So, all these characteristics, such as that certain things are easy to break or
have the mechanical or electrical properties you’ve just mentioned, are related to grain
boundaries.

Ikuhara: That’s why we study the structure of atoms that reside at grain boundaries using
electron microscopes to see how these atoms exist, or how the crystal grains are linked each
other. I think if these points can be explained, it will be possible to understand the basic
mechanism of development of physical properties. This is the reason why I conduct
quantitative analysis on the links of atoms using electron microscopes. In my research, I also
estimate the method of strengthening materials or conducting electricity.

Iwamoto: I see.

Ikuhara: And I have been conducting this analysis mainly on ceramics.

Iwamoto: Why did you decide to focus on ceramics? What specific properties do they have
in comparison to other materials?

Ikuhara: There is a great variety of ceramics. There are a lot more different kinds compared
to metal, such as carbide, nitride and oxide. Various types of ceramics are available these
days, including functional ceramics and functional materials, and all of them can be basically
categorized as so-called ceramics, such as carbide, nitride and oxide. This diversity makes me
interested in ceramics, but I do research on metallic materials from different angles.
Iwamoto: I see.

Ikuhara: As you know the research of WPI-AIMR is characterized by atom and molecule
control.

Iwamoto: Yes.

Ikuhara: In that sense, we do not separate metal from ceramics, or organic materials from
inorganic. We take the same approach: from the viewpoint of the atomic and molecular level.
Iwamoto: Yes, indeed. I see. And you use electron microscopes as your research tool, don’t
you?

Ikuhara: Yes, mainly transmission electron microscopes.

Iwamoto: Do you really have to study grain boundaries in all kinds of things like that, one by
one? That sounds like a lot of work.

Ikuhara: Yes, it is really hard work. That’s why we make models of the materials. When you
are working on practical polycrystalline materials, it is not very easy to understand them in a
uniform way and find existing laws, as crystals are facing various different directions.
Iwamoto: I see.

Ikuhara: So, we categorize grain boundaries into several types and produce model grain



boundaries by ourselves. If you carefully observe materials using a transmission electron
microscope and understand in which directions they are linked to and how the atoms are
structured, it will be possible to explain the role of crystal grain boundaries in mechanical
properties or electrical properties.

Iwamoto: It means that you modelize materials to a certain level, rather than simply
observing them as they are.

Ikuhara: Yes, we modelize them. Thorough analysis by modelization will reveal the nature
of the real structure of practical materials that looked complicated at first glance and enable
us to make predictions on all kinds of things.

Iwamoto: I understand.

Ikuhara: You only need to understand the basic points. Then set up principles based on those
basic points, establish the so-called materials design guidelines, and finally apply them to
practical materials and polycrystalline bodies.

Iwamoto: So, materials design is the starting point.

Ikuhara: Yes, we don’t just look at atoms and do nothing else. I am basically specialized in
materials. The ultimate goal is to design better materials or to find out how to make them. In
order to achieve this, I make model materials and analyze the structure of grain boundaries in

a quantitative manner.

Manufacturing and Materials Design

Iwamoto: So, it can be said that materials design starts from the awareness to think about
why various physical properties are what they are.

Ikuhara: Yes. “Why” is the starting point for everything.

Iwamoto: Starting from questions, such as why this composition has such strong resistance,
and then start thinking about possible shapes...

Ikuhara: Yes.

Iwamoto: It takes a lot of work.

Ikuhara: It means that first we have to establish rational materials design guidelines, and
then make actual materials.

Iwamoto: That’s right. So, I suppose there is various feedback exchanged during this process.
When the materials design is finished, it will be analyzed again and changes will be made to
the design. Through this process, the ideal material will be produced as intended.

Ikuhara: The most important thing is to apply the materials to the actual manufacturing. In
the case of ceramics, it means the contribution to the industry and ceramics manufacturers.
As you know, one of the most well-known ceramics is alumina.

Iwamoto: Yes.



Ikuhara: Actually it contains various sintering additives. Alumina contains not only
aluminum and oxygen but also various dopants that are added by manufacturers. Ceramics
manufacturers add a lot of different elements such as rare-earth and magnesium in order to
produce better and stronger ceramics. As for alumina, five or six types of dopants may be
added. They have been producing good products, but their method is very thorough like
“carpet bombing.” For example, they would add a lot of different kinds of dopants, which
they call “flavoring,” on an empirical basis to create various prototypes and to measure the
strength of each prototype. Then, when they identify the best material, they will produce it on
a commercial basis.

Iwamoto: Yes.

Ikuhara: It costs a lot of time, labor and money to commercialize it.

Iwamoto: It is indeed “carpet bombing” as you said.

Ikuhara: They tend to carry out the work from their experience. Companies have their own
know-how and experiences. So, they have accumulation of knowledge and their own best
method. This also applies to structural materials and electronic ceramics such as varistors and
capacitors.

Iwamoto: Yes.

Ikuhara: It is normal to add about 10 types of dopants to varistors or capacitors. And as a
result, it is not very clear what makes good products.

Iwamoto: I see.

Ikuhara: But the companies do not worry about it because they sell very well.

Iwamoto: In a way, it is like a skill of a craftsman.

Ikuhara: Or rather, | would say it is the fruits of their experience, intuition, and tremendous
effort over many years.

Iwamoto: It sounds very cost-consuming.

Ikuhara: It costs a lot, but craftsmanship is what Japan is proud of.

Iwamoto: Yes, indeed.

Ikuhara: It is the strength of Japan, and Japanese people have been working very seriously
and patiently to produce something exceptional and to make it into products. So, if you ask
the person in charge of design and development why they added a particular dopant, they
often cannot say the reason. They did so, because it produced a good result. When this dopant
was added, the strength was increased; or when that dopant was added, the flow of electricity
was improved, and so on. These empirical elements were, however, very important in the
high economic growth period of Japan.

Iwamoto: I can see that.

Ikuhara: And as a matter of fact, the products sell very well. This is something hard to catch



up with for Europe and the United States, and this is the reason why it is said that Japan is the
best manufacturing country in the world.

Iwamoto: Yes.

Ikuhara: However, the situation has reached a saturation point now, and it is difficult to find
the next direction to move into. There are not many things left to do with empirical methods,
and there is little future for Japan if it continues this way.

Iwamoto: Yes.

Ikuhara: Then, I think the next step should be to develop more rational methods of
manufacturing. And therefore, we are trying to find out what can improve strength, and why.
The simplest example is that aluminum can be strengthened by adding rare-earth elements.
Iwamoto: Could you give me examples of the rare-earth elements in this context?

Ikuhara: Such as yttrium and lutetium. Adding a tiny amount of these elements as dopants
can strengthen materials. In fact, such rare-earth elements are added to high-strength alumina
materials.

Iwamoto: I see.

Ikuhara: It is possible to analyze how these rare-earth elements such as yttrium are located
in grain boundaries and how they are linked by using the state-of-art transmission electron
microscope. As a result, we found that yttrium atoms periodically move into much localized
regions along the grain boundary and significantly change ionic bonding of alumina to
covalent bonding. And the link between grains was strengthened. It is as simple as that.
Although our finding was very simple, it was published in Science magazine (Science 311
(2006) 212-215, “Grain Boundary Strengthening in Alumina by Rare Earth Impurities”).
Iwamoto: It’s wonderful.

Ikuhara: I think nature is actually very simple. But we did not even know such things. So,
systematic research on the relation of dopants and their effects will lead to rational materials
design, which specifies what and how much elements should be combined when creating a
material with certain properties.

Iwamoto: I see. Is it something like, if you mix whisky and soda, it tastes very good, for
example?

Ikuhara: Yes, you will do it from experience,
rather than finding it out. But you don’t know
why it tastes good.

Iwamoto: No, but you know it tastes good.
Ikuhara: So, for example, because you don’t
know why it tastes good, you would have to

drink it and learn how the element is




transformed into taste on your tongue and transmitted to the neurons and to the certain brain
area that produces feelings of pleasure. It is necessary to analyze the mechanism.

Iwamoto: I see. Analysis is the key.

Ikuhara: The best method that produces feelings of pleasure should be identified. It may be
the mixing ratio, or the method, like, it is better to put a pickled plum into shochu rather than
putting some other certain thing.

Iwamoto: I see.

Ikuhara: It means to clarify and understand the roots of thing. We do it at the atom and
molecule level. That is exactly the mission of WPI-AIMR.

Iwamoto: Yes. The methods based on atom and molecule control are certainly the base of
WPI-AIMR, and your research is the typical example.

Ikuhara: Yes, exactly. Our aim is to control and clarify the role of the atom/molecule.
Although we adopt electron microscopes and theoretical calculations, we would like to
combine them, clarify the roots and develop rational materials design. I think the trend of

materials design will be definitely shifted to that direction in the 21st century.

From Basics to Application

Iwamoto: Talking about the fundamental issues, companies used to employ methods that use
empirical rules; however, do you think they are seeking more rational methods due to the
economic downturn?

Ikuhara: I think it is because the traditional methods are coming to a dead end, rather than
the economic downturn issues.

Iwamoto: So, the “carpet-bombing” method does not work anymore.

Ikuhara: No. That’s why companies are struggling to find the next step, but the sense of
stagnation has been growing among various companies in the materials field.

Iwamoto: Yes. Then, it is understandable that the industry itself is seeking such rational
methods. And on the other hand, what exactly is happening in grain boundaries has been
gradually becoming clear in the world of scientific principles.

Ikuhara: Until recently, companies, especially ceramics manufacturers and materials
manufacturers were not actively taking such an approach, or they seemed to be avoiding it
because the study was too basic; however, the trend seems to have changed since the
introduction of scanning transmission electron microscopy (STEM) that can identify atoms
and show the atomic order. It is now possible to see all kinds of elements including hydrogen.
Times have changed, and computing technology has also been greatly developed.

Iwamoto: Yes.

Ikuhara: Some companies have started realizing that if they use these methods and
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technologies, it will be possible to develop rational materials design.

Iwamoto: Interesting.

Ikuhara: I am often contacted by companies.

Iwamoto: I thought your lab was specialized in the most basic part of basic research.
Ikuhara: Not exactly. I would like to contribute the next step to industrialization, I mean
manufacturing. I am sure that substantial manufacturing can only be achieved with the help of
basic research.

Iwamoto: I see. You would like to contribute to manufacturing. Then, as you mentioned just
now, is it closely related to theoretical calculation? In that sense, the approach from the
theoretical calculation point of view, which Professor Tsukada and Professor Shluger are
taking, is becoming more important. Is that right?

Ikuhara: Yes, it is important, but of course, theoretical calculation is not enough for
everything. There are a countless number of combinations. Therefore, we first need to
confirm the location of the added elements by using an electron microscope and do
calculations based on that location. If there is no information about atomic order, the
calculation is just a fantasy world.

Iwamoto: That’s why it is necessary to clarify the actual status in the real world to some
degree before starting calculation. It is not possible to produce results if there is no detailed
information about atoms.

Ikuhara: Yes, it is best if we have properly measured data, which then can be calculated by
Professor Tsukada and Professor Shluger. We also conduct calculations to some degree in my
lab.

Iwamoto: Yes.

Ikuhara: Obtained structural data only show how it looks. The electronic state around the
added dopant can be explained by calculation, which will enable us to estimate functions. For
example, if ionic bonding was changed to covalent bonding, it means that the material was
strengthened. These things can be found by calculation. Therefore, calculation is an essential
item for us to analyze the measured data. It can be said that calculation is necessary to
interpret the obtained data. A function is developed as a result of multiple elements, such as
that a single atom moved or a cluster was formed inside.

Iwamoto: Yes. Functions are produced by these multiple elements and bonding methods.
Ikuhara: This is where grain boundaries and interfaces become important.

Iwamoto: I see, that’s what it means.

Ikuhara: Dopants and impurities tend to gather in such lattice-mismatched sites.

Iwamoto: Going back to the tool you mentioned earlier, what level of unit do you use in your
observation by STEM?
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Ikuhara: Currently the maximum resolution can be less than 1A. As you know 1A is equal
to 0.1 nm. This is how we can see hydrogen atoms.

Iwamoto: As you described earlier.

Ikuhara: AIMR has such facilities for communal use.

Iwamoto: In the context of the relationship with manufacturing, would it be right to say that
your research aims to show directions to change physical properties of materials?

Ikuhara: I am trying to develop guidelines for such use. I also partly produce actual
materials after developing guidelines.

Iwamoto: How do you make them?

Ikuhara: 1 use design guidelines that were obtained from nano characterization and
theoretical calculation. For example, if I find out which elements should be added in order to
strengthen alumina, [ would actually apply the method to sintering to make sintered bodies.
Iwamoto: So, you are tackling it from two directions: guidelines on the upstream side and
manufacturing.

Ikuhara: Yes. However, thankfully the final production of bulk is carried out by companies
or other co-researchers following our guidelines. We mainly provide models and samples.

Iwamoto: Yes. Models and samples for establishing guidelines are created here. I see.

Before Coming to AIMR

Iwamoto: You graduated from Kyushu University, but where are you from originally?
Ikuhara: I was born in Tsu City in Mie Prefecture. My mother’s parents’ home was in North
Kyushu, and I was familiar with the place. That is why I chose Kyushu University. I grew up
in Tsu City (former Hisai City) due to my parents’ work.

Iwamoto: How long did you live in Tsu City?

Ikuhara: Until I finished high school.

Iwamoto: Before you came to AIMR, were you familiar with Tohoku University and
Sendai?

Ikuhara: Yes. My professor at Kyushu University had previously worked for the Institute for
Materials Research (IMR), Tohoku University.

Iwamoto: Who was that?

Ikuhara: Professor Hideo Yoshinaga. He worked as an associate professor at IMR and then
moved to Kyushu University as a professor.

Iwamoto: And he was your professor at Kyushu University?

Ikuhara: Yes, Professor Yoshinaga was in Professor Shigeyasu Koda’s lab at Tohoku
University. He is a relative of the novelist Rohan Koda and a very famous professor in metal

physics. I was very lucky to study under Professor Yoshinaga after he came to Kyushu
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' University. He regarded the basics as very important, and I learned
various ways of thinking from him. In that sense, I have connections to
Tohoku University.

Iwamoto: I see, since your university days.

Ikuhara: In addition, when I started working as an associate professor at
the University of Tokyo 15 years ago, I worked with Professor Takeo Sakuma who was also
from Department of Metallurgy, Tohoku University. I learned a lot about ceramics research
from him. Before I came to the University of Tokyo, I served as a division head of the Japan
Fine Ceramics Center (JFCC) in Nagoya. JFCC is also a very important laboratory for me,
and I currently work for them too. Mr. Masaaki Ohashi was the Chairman at that time. Mr.
Ohashi is the current chief director of Meijo University, and I still learn a lot from him. He
has also graduated from Metallurgy Department of Tohoku University. It is interesting that
all three professors have some connection to Tohoku University, and they all have served as
the president of the Japan Institute of Metals.

Iwamoto: So, there were people associated with Tohoku University very close to you.
Ikuhara: After all, all of my bosses had connections to Tohoku University.

Iwamoto: That’s right.

Ikuhara: In that sense, Tohoku University has produced so many different human resources
in the field of materials science and engineering all over Japan.

Iwamoto: That’s right. In fact, they do not stay at Tohoku University forever. They play
active roles in many different places. This is quite influential. On the other hand, Tohoku
University itself also invites professors from various organizations, which I think great. I see.
By the way, after you graduated from Kyushu University, you joined JFCC, and then studied
at Case Western Reserve University from 1991 onward.

Ikuhara: Yes, the university is located in Cleveland in the United States. I studied there for a
year and half.

Iwamoto: Was your research mainly on materials analysis of ceramics there too?

Ikuhara: Yes. I was researching interfaces, specifically hetero interfaces which are, for
example, interfaces between ceramics and metals.

Iwamoto: Do you still keep in touch with the professors from your days in the United States?
Ikuhara: Yes, very much so. I learnt under Professor Pirouz who specializes in dislocation
theory, especially lattice defects, and Professor Heuer who specializes in ceramics. I maintain
contact with them.

Iwamoto: After that you returned to JFCC and then have been working for the University of
Tokyo as an associate professor since 1996. Have you been working in the Hongo campus all

the time?
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Ikuhara: Yes, I have.

Iwamoto: You have also been working for AIMR as a PI since its start. Do you feel a
difference in the academic culture between the University of Tokyo and Tohoku University?
Ikuhara: Yes. From a materials research point of view, I think Tohoku University covers a
wider and deeper range. I accepted the offer to be a PI as it would give me an opportunity to
work with the top-class professors in materials science in Tohoku University.

Iwamoto: Do you think the tradition of Tohoku University or the culture to put emphasis on
practical science has an influence?

Ikuhara: I think it has significant strength in materials science or study of materials, rather
than practical science.

Iwamoto: Yes, of course, Tohoku University has a long continuous history since the days of
Dr. Kotaro Honda. This compares favorably with the University of Tokyo.

Ikuhara: I would rather say that Tohoku University is definitely better in materials research.
Iwamoto: Great.

Ikuhara: Materials research in Tohoku University covers wider and deeper subjects such as
metals, ceramics, organic materials. That is why it is internationally regarded as the highest in

the field of materials. I think this is why WPI was established in Tohoku University.

Tasks for AIMR

Iwamoto: What do you think of WPI-AIMR? It has been three and a half years since it was
established. Do you think the research environment is good?

Ikuhara: Yes, I think so.

Iwamoto: What do you think is good about it?

Ikuhara: As I also work for the University of Tokyo, I only come to Tohoku University four
days a month, but it provides an environment where we can focus on our research. I think it is
a great thing that young researches can focus on their research and compete. It is also great
that President Inoue encourages “putting a lot of focus on research.”

Iwamoto: As AIMR is specialized in research, we are trying to keep odd jobs away from
professors.

Ikuhara: Yes, indeed.

Iwamoto: It is typical that bigger universities tend to have many different kinds of meetings,
but we are trying to minimize these meetings. From this point of view, I think we are very
different from others.

Ikuhara: Thanks to this system, the young staff in their 30s can concentrate on their research
and compete with others. And their effort is recognized. This is very encouraging.

Iwamoto: Yes. Especially, as next April is the start of the second term of five years, the
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current mid-career members, who are not PI but associate professors or lecturers, are working
really hard.

Ikuhara: Yes they are. I think the fact that they are on a fixed-term contract makes them
more vigilant in their research.

Iwamoto: I would like to add one more thing. WPI adopts internationality as its slogan and
there are a few foreign researchers in your lab. Do you think they are blending in well?
Ikuhara: Yes. Currently we have Assistant Professor Wang and other young researchers in
my lab, and Dr. Wang is working very hard.

Iwamoto: Yes, he is. I can see it from various points. Do you have something you especially
care about in terms of training the young researchers in your lab?

Ikuhara: Yes, we always discuss things thoroughly. Discussions are necessary. In addition, I
try to respect young researchers’ opinions as much as possible when determining the
direction of research.

Iwamoto: I see.

Ikuhara: I don’t want to say, “Do this” or “Do that,” although I decide the outlines.
Iwamoto: I understand. So, you respect various different ways of thinking. I see. Then, we
really have to work hard in the next five years too. As we are heading toward the mid-term
evaluation, do you have any requests or expectations toward AIMR in terms of improvement?
Ikuhara: I think we need more integration.

Iwamoto: I see.

Ikuhara: I mean we are in a sense outsiders here. For example, say we want to have a tea
time discussion from five o’clock. The attendance will be different depending on whether
AIMR staff have students or not, like us. I feel we need more mutual communication with the
internal staff.

Iwamoto: The construction of new building will be completed soon and a lot of researchers
are coming from the Aobayama campus. I am looking forward to it, but I think we have to do
more than just wait. Actually I am thinking of a way to combine staff meetings and tea time.
It needs some consideration.

Ikuhara: If this system works well, we can be more powerful.

Iwamoto: Yes. As it is often said, the professors in AIMR, including you, are all top players.
Ikuhara: I think it may be quite true.

Iwamoto: As WPI puts emphasis on fusion research, a collaborative research with theory is
in a way indispensable, as you mentioned. Does your lab also work with researchers of soft
materials?

Ikuhara: Yes it is. But it is rather related to inorganic materials. We do some research on

such subjects with Professor Kawasaki and Professor Adschiri, as well as with Professor
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Asao and Professor Hitosugi.

Iwamoto: It is our mission to establish new academic principles through fusion research.
Ikuhara: We have published our achievement of fusion research, the work with Professor
Kawasaki and Professor Tsukada, in Nature Communications (Vol. 1, Article number 106,
“Dimensionality-driven insulator-metal transition in A-site excess non-stoichiometric
perovskites”). The research with Professor Kawasaki’s group was also published in Science
(Vol. 332 (2011) 1065-1067, “Electrically Induced Ferromagnetism at Room Temperature in
Cobalt-Doped Titanium Dioxide”).

Iwamoto: Wonderful.

Ikuhara: The fruits of our research have already been published in those top journals.
Iwamoto: Yes, indeed. As the result of fusion research has been already recognized like this,
I think it is important to improve it in future too. I have one more thing to ask, which I always
ask as a general question. You told me earlier that young researchers in their 30s and 40s are
doing great job. On the other hand, younger researchers such as post-doctoral fellows or
researchers in their 20s, especially Japanese ones, are said to be reclusive or not very
energetic. What do you think about this?

Ikuhara: I think it depends on the field. Young researchers in my lab are generally energetic.
It is true that some of young researchers are not very energetic in Japan. I think it is also a
reflection of the fact that they did not learn science with enthusiasm in their education from

when they were in primary school. It caused them to lose interest in science.

Science Education Activities

Iwamoto: I agree with you. As a child, were you interested in science and manufacturing?
Ikuhara: Yes. I have been interested in scientific ways of thinking and physics since I was a
junior high school student.

Iwamoto: As you were born in 1958, it was about 1970?

Ikuhara: Yes.

Iwamoto: It was 1965 when Dr. Tomonaga was awarded the Novel Prize. Although pollution
problems were emerging, there were dreams for science and technology at that time.
Ikuhara: Yes, indeed. Events such as Apollo 11°s landing on the moon made everyone
aware that science and technology had a great future.

Iwamoto: Yes, indeed. School teachers also told us more interesting stories.

Ikuhara: About science. Then, students became interested in science and wanted to learn
more about it. But I cannot see that in the current primary school education.

Iwamoto: I agree. On the other hand, AIMR is conducting various outreach activities such as

participating in the science café. We may ask for your support in future for these activities.
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Ikuhara: I also think that media is responsible for the loss of interest in science. In the US,
there are TV channels dedicated to science programs such as Discovery Channel and Science
Room. These programs have started to be broadcasted in Japan recently, though. There is a
trend in Japan that encourages young people to think that there is nothing wrong with
showing TV programs in which comedians are making a fuss—and nothing else. I don’t think
this is acceptable.

Iwamoto: There are only a few science programs on NHK. I think it is of course important
for researchers to publish their real opinions, but I also think it is important to interpret them
and tell Japanese people in a form that they can understand. That is the role of the outreach
activities.

Ikuhara: Dr. Kitazawa, the President of JST, often says the same thing.

Iwamoto: Dr. Kitazawa, and JST itself, is very keen on promoting public understanding of
science. As Japan’s pension burden increases in future, I think how we can gain public
support for science and technology will be the key to increase public investment in science
and technology.

Thank you very much for taking your time for this interview.

Interviewer: Administrative Director, W. Iwamoto
At Ikuhara Laboratory, WPI-AIMR Annex Building
May 25" 2011
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Principal Investigator, WPI-AIMR

[ Interview with Professor Takashi Takahashi,

“Everyone is a Front-Runner”

Interests in Science

Administrative Director Iwamoto (I): Thank you very much for taking time for this
interview today. First of all, when did you become interested in science?

Professor Takashi Takahashi (T): I think when [ was in primary school. My uncle, who is a
doctor, bought me some comic books about science and biology that he thought would be
useful for my homework during summer vacation. I read them and thought they were very
interesting.

I: I guess these books still exist, but there were a lot of them available in the past.

T: Yes, there were. None of my family was into science, so I think such books were the first
things to trigger my interest in science.

I: Thanks to your uncle’s present.

T: Yes, indeed.

I: I heard you were born in Niigata Prefecture. Where about in Niigata?

T: It was in the middle of the Echigo Plain, which is now called Niigata City, but was called
Shirone City then. It is famous for rice production. It is also famous for the Kite-Fighting
Festival. People fly kites as large as 16m? on both sides of a river and get the kites tangled in
the air and drop them into the river then pull the strings to each direction until they will be cut
off. It is a very dynamic festival.

I: Is it a big event in the area?

T: Yes. When I was in primary school and junior high school, the schools were closed around
the time of this festival, and I used to spend a week flying kites.

I: That sounds wonderful. How long did you live in Shirone?

T: I went to a high school in Niigata and I commuted from home, so I lived there until I was
18.

I: So you spent your high school days in Niigata, and then went to the University of Tokyo.
T: Yes. I enrolled in Science I course for the first two years, and then the Department of
Physics in the Faculty of Science.

I: You kept an interest in science since your primary school days.

T: I liked making things such as model railways since I was a child. I used to make them

from wood as plastic models did not exist those days. I remember making various things from
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shop-bought long, thin split bamboo strips and so on. This experience may help the
production of experiment devices in my work.
I: I see. The roots go back to your childhood.

By the way, what did you study at the graduate school at the University of Tokyo?
T: Actually, I was working for a company before I went to the graduate school.
I: Was it a manufacturing company?
T: Yes. I was assigned to a factory that produces cathode-ray tubes, where I worked with
factory workers to handle defective products. In addition, as I belonged to the development
department, I also worked with production line workers and developed various products such
as image pick up tubes.

I: I see. After the experience in the field, why did you go back to the university?

Encounter with Photoemission Spectroscopy

T: I worked for the development department for about three years, but I felt I was lacking
knowledge, and I also became interested in photoemission spectroscopy while I was working
for the company. This is actually related to Tohoku University.

I: How come?

T: My direct manager studied in the Department of Applied Physics in Tohoku University. I
learned a lot about research and development from him. One day he showed me an article
about photoemission spectroscopy, saying, “This is very interesting, and I wonder if you want
to try it”. I read the article and thought it was a very interesting experiment. [ wondered how I
could do something like this by myself, and then came to the conclusion that I had to go back
to a university for further study. That was my first contact with Tohoku University.
Unfortunately, the manager passed away in an accident while I was still working there. He
was three or four years older than me. I saw him dedicating himself to research and study in a
pleasant manner and felt the spirit of Tohoku University.

I: So you became acquainted with Tohoku University through that person.

T: I had no relation to Tohoku University before then.

I: Then you went to the graduate school at the University of Tokyo.

T: I looked for a laboratory where I could study photoemission spectroscopy as a graduate
student. Then I found that Harada Laboratory in the Department of Chemistry. I went to see
the professor and took the exam. Later I found out that I was the first graduate student in
Harada Lab. This is how I came to study photoemission spectroscopy and chemistry at the
graduate school.

I: Chemistry too?

T: I studied a lot of things in the Harada Lab, including organic materials, photochemical
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reaction, metal, glass, and amorphous semiconductors.

I: I see. So you are perfect fit for AIMR.

T: I am kind of a living example of the fusion of different fields.

When I completed the two-year doctoral course, I was invited to come to Sendai and I
decided to accept the offer.

I: I see. That’s how you came to Tohoku University. Which department of the Faculty of
Science did you belong to at that time?

T: The Department of Physics in the Faculty of Science.

I: You studied at the Department of Chemistry at the University of Tokyo until you
completed the doctoral course, didn’t you?

T: Yes. So I am very comfortable to handle various kinds of subjects.

I: I see.

T: I can handle organic materials, semiconductors and metal with no problem.

I: An all-round player.

T: I have no hesitation regarding the subjects of the research.

I: Researchers tend to concentrate on a very specific field, but in your case, with the
experience of working for a company, you know about topics from the real manufacturing
environment to chemistry and physics.

By the way, your research has achieved fruitful results in iron-based high-temperature
superconductor, graphene and topological insulators. How would you summarize and
describe your research?

T: Since photoemission spectroscopy is my only research method, my research policy is to
use photoemission spectroscopy to study materials which attract considerable attention in the
field of condensed matter physics and material science. I had been studying graphite and
related materials since I came to Sendai, however, when the high-temperature superconductor
was discovered I switched to that field, and have been studying it ever since. High-
temperature superconductors were discovered in 1986, so it’s been about 25 years.

I: It was discovered by Dr. Bednorz and Dr Muller, wasn’t it?

T: Yes, I knew Dr. Bednorz before he received the Nobel Prize.

I: Oh, really.

By the way, could you explain about
photoemission spectroscopy so that even a
layman can understand?

T: Yes, of course. When a material is exposed

to light, the electrons within the material absorb

the energy of the light. Then the electrons are
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placed in an “excited state” and they are emitted from the material. This is called the external
photoelectric effect in physics. It is based on the photon hypothesis proposed by Einstein in
1905, which argues that light consists of particles. When particles of light hit electrons, the
electrons absorb the energy and are emitted outside. Although Einstein is famous for the
theory of relativity, he actually won the Nobel Prize for the photoelectric effect.

I: Oh, really. Then when the electrons within the material are exposed to light, they become
excited and come out. What happens after that?

T: These electrons originally existed in the material. A material is basically a conjugate of
electrons and an atomic nucleus. However, the basic property of a material is determined by
electrons, not by the atomic nucleus. For example, an atomic nucleus is like the pillars that
structure a house, and electrons are like the people who live in the house. The atmosphere of
the house heavily depends on the characteristics of the people who live there. Similarly, the
property of a material depends on the property of its electrons. For this reason, researchers
want to observe electrons to study their property. However, it is very difficult to see electrons
when they are inside a material. Having said that, since the electrons are emitted from a
material in the external photoelectric effect, it is possible to study the property of electrons in
precise detail. Therefore, we can say that photoemission spectroscopy is a very direct and
highly accurate experiment method.

I: I see. You can see the electrons as they are.

T: Yes. Since electrons originally existed in a material, if you study the property of the
emitted electrons you will be able to understand the state of them when they were inside the
material. Their state is exactly same as the electronic state of the material, and can be used as
basic information for investigating the cause of various material properties, such as
superconductivity.

I: So different types of electrons will come out depending on which material you shine a light
on.

T: Yes, although they are all electrons, just like every human has a different face, each
electron has a different property, such as energy, momentum or spin. When a material
becomes superconductive, the electrons come out in the superconductive state. In short, the
electrons are taken outside the material while maintaining the same state as they are inside the
material. Since electrons can be taken out in the superconductive state, you can study them in
a very direct way.

I: So it really leads to solving the mechanism of physical property.

T: Yes, exactly. Photoemission spectroscopy is a relatively new experiment method and was
not explored until 30-40 years ago, but it has been rapidly developing in accordance with the

research on high-temperature superconductors.
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I: Who started using photoemission spectroscopy?

T: The physical phenomena is based on Einstein’s photoelectric effect, as I mentioned earlier,
but it is said that photoemission spectroscopy was first used as an experiment method by Kai
Siegbahn, a Swedish physicist who won the Nobel Prize in 1984.

I: By the way, are there many Japanese researchers who study photoemission spectroscopy?
T: When I was a graduate student, there were basically only two places for that: Tohoku
University and the University of Tokyo. Nowadays, a lot of research institutes study
photoemission spectroscopy, such as universities and national research institutes. The number
of researchers has probably not only doubled but nearly increased to ten times more than
before.

I: Then you went to a laboratory at Tohoku University.

T: Yes. Professor Takashi Sagawa who invited me as an assistant professor was studying
photoemission spectroscopy.

I: In a way, he is the pioneer of the field of photoemission spectroscopy.

ARPES
I: I hear that you make a full use of Angle-resolved photoemission spectroscopy (ARPES) as
a tool for photoemission spectroscopy.

T: Yes, | use ARPES. It is a rather large experiment device. We make all our devices, from
one that produces the light to make the electrons excited to one that captures the emitted
electrons. Recently, we successfully developed a device that observes the spins of the emitted
electrons.

I: By the way, what is the difference between
Spin-resolved ARPES and ordinary ARPES?

T: Spin-resolved ARPES means “ARPES +
Spin”, and it is an ARPES equipped with a
detector that can observe the spins.

I: In addition, your Spin-resolved ARPES has
high resolution.

T: Yes. It means that we have started seeing

what we were unable to see before. Especially

in experiments, whether there is one band or two bands

can be a big issue. Now the resolution has been improved to a level that is sufficient to
analyze the spins.

I: What level of unit do you use?

T: At the moment, the resolution is measured in a few milli-electron volts. Previously it was
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about 100 milli-electron volts, so we managed to increase it more than one digit.

I: T see. I heard that such Spin-resolved ARPES with high resolution is internationally
recognized as an excellent machine.

T: In terms of the resolution, it is the best in the world.

I: I don’t mean to talk about the budget screening process which took place two years ago,
but who has the second best machine?

T: Various countries in the world have started following us and developing such machines
recently. I heard there is a very good machine in Switzerland. I also heard that the United
States has also started development.

I: So you are competing with such countries, in a sense.

T: Yes. It is machine development competition.

I: So, you have three ARPES machines.

T: Yes. Two of them are operating, and one is currently not used as it will be modified for
student experiment purposes. We are going to start building the fourth machine under the
Grants-in-Aid for Scientific Research (S).

I: When are you actually going to start building it?

T: Starting from this year, I think it will take three to four years to complete.

I: There is of course no ready-made machine, so you and the members of your lab are going
to develop it here.

T: Yes. We will be in charge of design and architecture. Based on that, we will place an order
to a manufacture to produce the machine. We will provide a design draft that incorporates
new ideas and a rough draft.

I: I guess your experience in manufacturing helps a lot for background.

T: Yes, exactly.

From Superconductors and Spintronics to Green Materials

I: By the way, recently your lab has been publishing new research results one after another in
newspapers. The most recent ones include iron-based high-temperature superconductor,
copper-oxide high-temperature superconductors, and graphene. In particular, the results of the
iron-based high-temperature superconductor were published in “Physics Today” this year,

wasn’t it? (http://blogs.physicstoday.org/thedayside/2011/04/fashionable-physics.html)

In addition, there is topological insulator. Are these four results all the fruit of ARPES?

T: Yes, they are. Basically, ARPES is the only experiment method, so we use ARPES to
analyze the materials that are attracting attention.

I: I see. For example, the iron-based high-temperature superconductor was discovered by

Professor Hosono from the Tokyo Institute of Technology. What kind of approach did you
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take for that subject?

T: Obviously, the most basic problem is how superconductivity is caused. This can be
clarified by directly observing superconductive electrons. Photoemission spectroscopy
enables us to extract superconductive electrons from a material as they are and observe their
properties. This cannot be easily done in other experiment methods.

I: Why is superconductivity important here?

T: Before the discovery of superconductivity in 1986, it was considered that
superconductivity occurs at an ultralow temperature, such as liquid helium at the temperature
of 4 Kelvin, minus 270 degrees Celsius, which is a very different world from ours. However,
the temperature of high-temperature superconductors can be as high as 160 Kelvin. Therefore,
liquid nitrogen with a boiling point of 77 Kelvin can be used. Liquid nitrogen is liquefied
atmospheric nitrogen and is almost inexhaustible. It is very cheap too. So we can produce
superconductivity by using a very low-cost refrigerant, which will save a lot of energy. For
example, oil is pumped up in the Arabian Peninsula and transported by oil tankers. This
consumes a lot of energy and time. However, if superconductive cables are used, it will be
possible to burn oil at the site to produce electricity, and then transmit the electricity to Japan
without any transmission loss. It will save a lot of energy.

I: I see. Professor Hitosugi also told me so.

T: Actually, I heard this plan had already been developed and JST had started working on it.
I: That will bring a significant economic effect, won’t it?

T: Yes, it will be an immeasurable economic effect. That is why superconductivity is
considered to be very important as an energy measure.

I: And it is related to green materials which AIMR is currently working on.

T: Yes, exactly. Since there is no electric resistance, there will be no transmission loss. So, a
lot of energy will be saved.

I: I see.

T: For example, it is said that in hydraulic power generation, by the time the electricity is
transmitted from a dam to a town, 10% of it will be already lost. This loss can be reduced to
zero, which is groundbreaking.

I: T see. Then is this what your research was about on the iron-based high-temperature
superconductors we discussed earlier?

T: Yes. However, the superconducting transition temperature is lower in terms of iron-based
high-temperature superconductors.

I: In other words, you discovered the cause of suppression.

T: Yes. I proposed that if the cause is eliminated, the superconducting transition temperature

can be increased.

36



I: What prevents the emergence of high-temperature superconductivity?
T: I discovered that there was something magnetic.
I: This was published in “Nature Communications”, wasn’t it?

(http://www.nature.com/ncomms/journal/v2/n7/full/ncomms1394.html)

I: It’s great.

T: In terms of superconductivity, it is said that while the 20th century was “the century of
semiconductors”, the 21st century will be “the century of superconductors”. It is expected
that various things will be produced using superconductivity.

I: Yes, indeed. On the other hand, some people say that there has been not much progress in
the field of superconductivity.

T: I’d rather say that there has been significant progress in superconductivity and it is already
entering into our lives. Superconductive cables that use high-temperature superconductors are
already produced and sold on a commercial basis, and the trial cables have been installed and
used in daily life in New York. I think it will become an essential technology for our lives in
the future as a core technology for the smart grids that minimize electricity consumption. In
addition, as you know, the Linear Central Shinkansen (bullet train), which has been decided
to be built between Tokyo and Osaka, uses magnetic levitation based on superconductivity.
As such, superconductivity has been started to be used for various purposes.

I: I see.

Your success in the direct observation of electron spins of a new material topological
insulator also attracted a lot of attention.

T: Yes, it did. The topological insulator is one of the most widely discussed materials at
present. Traditional electronic devices, such as this computer, are operated by an electric
charge that exists in electrons. However, electrons have another property which is totally
different from an electric charge. That is spin, and it is a magnet so to speak. Electrons rotate
themselves and generate an upward or downward magnetic field, depending on whether the
direction of the rotation is clock-wise or counter-clockwise. In other words, electrons can be
seen as a small magnet with a N-pole on top or bottom. In this manner, spins can transmit
information similar to an electric charge. Like there is plus or minus electric charge, there is
an upward or downward electron and it can transmit information. Spintronics is an electronic
device that uses the spins of electrons. Spintronics, as opposed to electronics.

I: While electronics has a focus on electric charge, spintronics has a focus on spins which are
upward or downward.

T: One of the characteristics of spintronics is that energy consumption is considerably lower

than electronics. It uses two or three digits less energy than an electric charge. Modern
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computers become hot after being used for a long time. It is because they use electronics, and
if spintronics is used, such loss will be eliminated.

I: This is also green.

T: Since modern large-scale computers tend to become very hot during operation, they have
to be cooled down by large-scale air cooling devices in order to prevent overheating, which
consumes enormous energy. However, it will not be necessary for spintronics computers. The
topological insulator is attracting attention as a spintronics material. The reason is that the use
of topological insulators enables us to line up electron spins.

I: What is the topological insulator exactly?

T: In general materials, electron spins are facing various different directions and it is difficult
to control them. On the other hand, electron spins are lined up in a certain direction on the
surface of a topological insulator. However, it is not very easy to find out which material is a
topological insulator. It can be estimated by theoretical calculation, but in reality, it can be
only found out when an electronic state is analyzed and observed at the spin level. For this
reason Spin-resolved ARPES is very effective.

I: I see. Whether or not something is a topological insulator can be determined by whether or
not the spins are lined up to the same direction. Is it right?

T: Yes. You only need to check whether electron spins are lined up or not. So this is where

Spin-resolved ARPES comes in handy.

Ambition for Fusion Research

I: AIMR has been promoting fusion research all together. As you described, your research is
related to various fields, such as BMG, organic materials, and devices.

T: Yes. Although I am currently studying superconductors, I studied organic materials and
even biomaterials when I was a student. Actually, biomaterial is a subject of photoemission
spectroscopy. My research subject was rhodopsin in the optic nerves, and I studied electric
charge distributions around the retinal molecules that play a central role in optic response by
using photoemission spectroscopy. I achieved interesting results and wrote several papers. |
think they were one of the first papers on biomaterial research using photoemission
spectroscopy.

I: I see. Researches can spread across various fields.

T: As for AIMR, there are various people making various materials. Whether it is metal or
soft material, all of them can be research subjects for ARPES. If there are some interesting
materials, I would like to hear about them so that we can promote fusion research more
actively.

I: I see. The more participation from staff in other fields is expected, isn’t it?
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T: Yes, they are welcome.

I: You were in Graduate School of Science for a long time then came to AIMR. It’s been
about four years now. What do you think of the atmosphere of AIMR?

T: Let me see. I think it will be better if PIs communicate with each other more actively.

I: I see. We finally started holding PI meetings last year, and I am hoping the completion of
the new building will make a change.

T: I hope so too.

I: We know each other’s name through papers, but as we all belong to the same organization,
I think there should be more mutual exchanges.

T: I agree. Since WPI has been established, for example, we started joint research on
graphene related to spintronics with Professor Miyazaki’s lab, as well as measuring metallic
glass samples received from the BMG Group. In this sense, some new fusion research has
already started.

I: Yes, indeed. Professor Miyazaki is specialized in tunnel magnetoresistance in the field of
spintronics.

T: Yes.

I: You are connected by “spins”.

T: Yes, we provide or receive samples from each other.

I: So, you come to the Katahira Campus more frequently now, which will make you even
more involved in fusion research.

T: I think so. We moved the Spin-resolved ARPES machine to the Katahira Campus so that
we can work with all other researchers.

I: By the way, did the earthquakes last March cause any damage to the ARPES devices?

T: Some joints of the vacuum devices were damaged, but luckily, there seems to be no
serious damage to the core part of the energy analyzers and spin detectors.

I: I see. Joints and such parts are likely to be affected.

T: At the moment, we are repairing the Spin-resolved ARPES machine in Katahira, with
problems such as electric discharge and vacuum leakage, and we are working on the final

adjustment in order to restart measurement in the initial high resolution as soon as possible.

Expectations for Young Researchers

I: Professor Souma is currently working as an Assistant Professor in your lab. Who else from
WPI is in your lab?

T: Assistant Professor Sugawara, Research Associate Arakane, and a doctoral course student
Takayama.

I: I see. They all seem to be working very hard.
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T: We are a very small group, so they have to do two or three people’s jobs.

I: Is there anyone from abroad?

T: We had Assistant Professor Pierre Richard, but he was head-hunted by a Chinese institute.
I: I guess we can say that he really grew up here.

T: Yes. He worked very hard with us.

I: He is currently working as a professor of physics in the Chinese Academy of Sciences,
isn’t he?

T: Yes. He has become really successful. He is originally from Canada, but moved to Boston
before he came to Japan.

I: Perhaps he heard of ARPES and came to join your lab?

T: Maybe.

I: He is a good example of brain circulation.

T: Yes, indeed. We now have an American master’s course student in our lab. He is from
Illinois. He wanted to study in Japan and came to study here at his own expense.

I: Impressive. So, he was also attracted to your research.

T: I would like to support him financially, but we haven’t found a way to provide him with
financial aid so far, which is a problem.

I: I see. It must be difficult. Although I often hear professors saying that young researchers,
especially in AIMR, are working very hard, it is generally said that recent young people are
not very energetic or are too reclusive. What do you think about this?

T: Well, I admit that they seem to be less aggressive these days.

I: But they are hard-working.

T: Yes, they are. Some students are really motivated, too. The number ratio may have been
decreased from the past, but there are still some. So, I think it is important to nurture such
students properly. We need to nurture them with care so that they can develop their ability
and self-awareness, then they will do the rest by themselves.

I: With care.

T: Yes, but it doesn’t mean that we should spoon-feed them. The students have their own
strong motivation for research and development. They will grow very fast and significantly
with just a little push.

I: It is certainly important to adjust support for such motivated students.

T: That is actually the difficult part, and I can only talk from my experience. I think the
important thing is to raise their motivation higher and higher.

I: Could you summarize your message to young people?

T: Let me see. I always tell the students who come to my lab to “gather experimental data by

themselves”. “It is your own experimental data. Nobody else in the world knows about it,
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except you.” Then I say, “Because you are the only person who knows about it, you must
complete the research by yourself”. This is actually based on my experience. In the world of
research, there are very few people who are looking at the same thing in the world. This
means that you are the first person to see what you are looking at in the world. What a
remarkable thing it is!

I: Yes, it is.

T: So, “You have to deal with your data properly.” This was what my professors told me
when [ was a student.

I: I totally agree with you. Certainly, it is very rare to see the same phenomena twice, one
after another, in natural scientific experiments.

T: It is important to tell them that they are already leading the world, they are the front-
runners.

I: Yes, indeed.

T: So, they are running at the very front line of the world.

I: I see. Each of them is a front-runner.

By the way, I heard you publish a calendar every year (see photograph).

T: Yes, we make a calendar that contains images of data 7

which we obtained in a year, and then send
them to researchers abroad. They are very
popular and we have been making them for
about six or seven years now.

I: Perhaps AIMR should do something like this.
T: I think we should.

I: Thank you very much for your time today. It
was very educational to learn about such
complicated topics in a simple way. We will
continue our efforts, and we appreciate your

cooperation very much.
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Interviewer: Administrative Director, W. Iwamoto
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Interview with Associate Professor Winfried Teizer,
Junior Principal Investigator, WPI-AIMR

R ®
lﬁ"
'S4

“Academic Landscapes of Germany, the US and Japan”

About Karlsruhe

Administrative Director Iwamoto (I): Thank you for accepting the interview. You have
spent so many years in the United States, but you are German, aren’t you?

Associate Professor Winfried Teizer (T): I am Austrian by citizenship, but I grew up in
Germany. [ never lived in Austria.

I: Until university, had you been in Karlsruhe?

T: I had been in a small town in the suburbs of Karlsruhe.

I: I understand, so Karlsruhe is the nearest town to the French frontier, isn’t it?

T: It is very close to France. You can go to France for dinner, easily. Just maybe 20 minutes
drive.

I: And you entered the University of Karlsruhe?

T: Yes.

I: T heard the University of Karlsruhe is the oldest university in the field of technology in
Germany?

T: That is right. It is the first German technical university. It was at the time modeled after the
Ecole Polytechnique in Paris. There has been a new development in Karlsruhe recently. The
university and the federal research center located in the outskirts of Karlsruhe merged to
become one unit (the Karlsruhe Institute of Technology). It is rather unusual in Germany,
because you have a state-sponsored university and a federal research center, with
administrative structures that are very difficult to bring together.

So far, from what I have heard, the experiment is going quite well and I think people are
generally happy with the outcome.

I: In other words, it is a fusion between a university as an academy and a rather
policy-oriented federal research center?
T: So it is a win-win situation, because the university has access to very good students.

And the research center has a very good research infrastructure where these students can do
very nice research projects. This combination was the result of a project in the German
academic landscape very similar to the WPI project.

I: I see.

T: There was what they called the “Excellence initiative”. And Karlsruhe was one of the first
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three universities that won. The other two were the major universities in Munich. Those three
universities won the first competition. And Karlsruhe won with this concept of fusion.

I: I heard that the University of Karlsruhe is one of the nine elite universities in Germany.

T: That is right. But it is more than “one of the nine”. It is one of the first three. In Karlsruhe,
the people like to focus on this.

Historically, this area of Germany in the 19" century was comparably poor. Now, it is the
opposite. It is now a kind of high-tech center of Germany. There have always been
developments in the Karlsruhe area which were technology-oriented for a long time. You can
go back, for example, to Heinrich Hertz—he found electromagnetic waves in Karlsruhe.

I: I understand.

T: Then, as another major development there has been the Haber-Bosch process, which was
done in Karlsruhe. And outside the chemistry building in Karlsruhe, you can still see the
original reactor that was used to first synthesize ammonium. So there has been a long history
of technology and development.

I: I see.

T: Now, you have major high-tech companies in the area. For example, near Karlsruhe,
Hewlett-Packard and Siemens have facilities in Karlsruhe. A little bit north of Karlsruhe, there
is SAP, one of the major business software companies.

I: After graduating from Karlsruhe University, you went to the University of Massachusetts
Ambherst, didn’t you?

T: Yes, the typical Diplom system used to take five years from high school in Germany. And
in my third year, I decided to go to the United States for a one-year exchange.
Baden-Wuerttemberg and Massachusetts have an exchange program.

I: I see.

T: 1 went with this exchange program for one year to the United States, planning to come
back to Germany and continue my studies in Germany, but life turned out different.

I: Why?

T: The United States was very attractive for me. I met people I really liked to work with. And
while I was living in the United States, I finished my degree in Karlsruhe by flying back once
in a while. I passed exams and also did my thesis research in the United States. That was at
the time very fortunate—Karlsruhe was very progressive about this. It allowed me to do my
thesis externally.

I: Fantastic.

T: And I handed it in English, which was very nice and very convenient, because I could
basically use the work I was already doing in the United States anyhow.

I: So it was not necessary to translate your thesis into German?
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T: That is right. I think it was a pilot project at the time, but now this is becoming more

popular among universities.

Research in the New World

I: It is good. So, when you were at the University of Massachusetts Amherst, was your
specialization physics?

T: Yes, that is right. I was in the physics department. As a graduate student I did my PhD in
experimental low-temperature physics, especially, in condensed matter physics with a
specialty for low temperatures.

I: Who was your professor at that time?

T: Bob Hallock. He is quite well known in the community of helium research. Helium is a
very interesting system. At low temperature, it shows some extraordinary properties, most
importantly superfluidity.

I: Yes.

T: And he is specialized in the films of helium on various surfaces.

I: I see.

T: It turns out that it is actually a little bit more complicated because there are helium-4 and
helium-3, two isotopes that behave quite differently in terms of their superfluid behavior. And
then you can also make mixtures of the two, at which point it becomes even more interesting.
So, his specialization is that type of film research.

I: After the University of Massachusetts, you spent several years in California, didn’t you?

T: Yes, I went to University of California San Diego, where I did a postdoctoral research
position with Bob Dynes who is quite well known in the field of superconductivity.

I: I see.

T: He is a very interesting person. As you know, usually scientists are somewhat introverted.
They are very good at what they are doing, but they do not have the ability to show it to
regular people.

I: Unfortunately true. I understand.

T: He is one of the rare exceptions, because in addition to being a great scientist, he is also a
great communicator. You can see that incredible things are possible when these two things
come together.

I: I see.

T: In his case, before he went to UCSD, he was the Director of Chemical Physics at Bell
Laboratories, and his group was very influential and important for solid state science. As
leader of this group, so he was doing administrative work in addition to his scientific research.

I: It is very exceptional to be a great scientist and at the same time a great communicator.
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T: Administrator or manager, too in his case. But as you know, what happens often is that
scientists work as scientists and then at some point they become more and more managerial.

I: That is right.

T: Often they ultimately forget the science. Basically, they cannot do both, so they engage so
much in administration that the science gets less and less in their work.

I: Yes.

T: In his case, the interesting thing was that even in positions where almost nobody is able to
still do science, he could still make sure that he was doing science on a daily basis. When I
started working with him at UCSD, he was the Chancellor (Head) of the university.

I: Great!

T: During this time, he still had a lab and he still was there every day. Then, after I left, he
became the President of the University of California system, so that is arguably the highest
public education job in the United States. Still he had a lab.

I: So then, you moved to Texas A&M and I heard that there you founded the material science
group.

T: Well, no. I was one of the founding members of a material science and engineering
program that bridges between the College of Science and College of Engineering which were
usually secluded from each other at Texas A&M.

I: I see.

T: But what I did found was the Center for Nanoscale Science and Technology which is a
center that focuses on making small lithographic structures, so basically tiny, tiny lithographic

devices, just like Professor Esashi is doing here at Tohoku University.

Research in AIMR --- Kinesin and Single molecule magnet

I: From November 2009 you joined AIMR as what we call Junior PI. You come here regularly
for three months to Sendai?

T: Every summer, my primary base shifts from Texas to Sendai, so from June to August, my
primary base is here in Sendai. In addition to N l
that, I come for short trips like right now.

I: That’s right.

T: These short trips are for about ten days on
average.

I: I see. But, so, from June to August, you direct

the research with postdocs at AIMR. When you

are in the United States, how do you

communicate with them?
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T: Besides e-mail, we have Skype and mostly it is through Skype that we have meetings. As a
matter of fact, in America, we have a special conference room that is set up for virtual
meetings. Two or three staff in Sendai essentially participate in our group meeting over the
internet. We found one time slot that works well for both sides and that is 6 o’clock in the
evening in Texas, which is—depending on the time of year—8 or 9 o’clock here, in the
morning.

I: Wonderful.

T: And it works. We have at least one meeting every week where we do this. In addition to
this big meeting of everybody, we have specialized meetings on certain topics where you just
spontaneously communicate by Skype. Somebody just sees someone online, saying “Oh, he is
there on the other side,” and you ask him and you quickly talk.

I: I see.

T: Sometimes, there is a need to prepare for some conference maybe, and somebody needs to
give a practice talk. So then I ask them, “Can you please prepare a practice talk?”” and then
they give a practice talk over the internet.

I: It’s very convenient. Here you have three postdocs.

T: Yes, that is right. My group is quite international, composed of a Brazilian, a Korean, and a
French.

I: Very worldwide. Can you tell me what your research themes at AIMR are?

T: It focuses on two topics, actually.

The first project is one on which we already did some work in the United States before joining
AIMR. Together with a colleague there, we have a collaborative group studying kinesin,
which is a motor protein, so a protein that can walk. Inside the body, it actually does that.
There are little tubules inside the body, which serve as roads along which the kinesin walks.

I: The kinesin itself exists naturally?

T: In the body. As a matter of fact, as long as you quickly secure the material from the brain
of the cows that have been slaughtered, it is usable for experiments. Now, for some of our
materials we actually synthesize this artificially, most of the time, but you can use natural
material for this.

I: What is the dimension of kinesin?

T: There are different types of kinesin, but it is tens to hundreds of nanometers.

I: Very tiny. But as you said, you can fabricate artificial kinesin?

T: You can basically make it by genetic manipulation.

I: I see.

T: You essentially grow it in bacteria. We do it here in collaboration with Dr. Umetsu in Prof.

Kumagai’s lab in Aobayama. And one of our postdocs is mostly working in Aobayama.
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Essentially what they do is they use E. coli bacteria, in which they introduce the seeds of these
kinesin and then as they multiply, it creates more and more. And ultimately, you can extract it
from this process.

I: I see. How can we use it for application?

T: Inside the body its job is to transport large objects inside the cell. Small thing, like for
example salt ions, just get transported by diffusion. They essentially move around through
thermal motion. But large objects do not do that. Once they get beyond a certain size, they
cannot move diffusively. So the body has to have an organized process of how to move them.
The kinesin’s job, among others, is that it walks along these tracks—so on one side, it has feet
that walk and on the other side, it has a port. And at this port, you can attach cargo.

I: I see.

T: And inside the body, these organelles can attach and then move. So that is the job inside the
body. Now, our goal is to use that motion process on a chip surface where we create structures
that force this motion process to go in a certain direction.

I: I see.

T: So we can utilize it. We basically would like to take the natural process out of the body and
put it into an artificial environment where we have complete control.

I: It is really biomimetic.

T: Yes, absolutely. So, I think this process has a lot of potential, because kinesin converts
chemical energy to mechanical through walking.

I: I see.

T: And the possibility to have on a chip something that can suddenly create motion in a
directed way is a unique concept that can be used for devices. It is our goal to make sure that
we understand how it works, and once we understand, we will use it for devices.

I: So it is a biomaterial.

T: That is right. It is what is called bio-nano now, because you have a bio-component, but in
order to use it properly, you should make very small tracks so that you can have directed
transport. And so these are nano-trakcs.

I: I see.

T: It is a combination of nano and bio. And that is what makes it interesting. Our expertise is,
among other things, as I mentioned before, electron beam lithography, so we can make very
narrow or small devices. That allows us to define the chip surface so that this motion can
occur.

I: Very great. So this is one subject. And what is the second?

T: When I came to Sendai for the first time, I talked to people about what is available here. I

immediately realized that there is something I am interested in, but it did not happen for a
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while. And this was the low temperature Scanning Tunneling Microscope (STM) that our
colleague, Dr. Hitosugi is running. During my postdoc with Bob Dynes, we also had a low
temperature STM, a simpler one. When I talked to his group, they were building the system at
AIMR at the time, and they had not tested it yet.

I: I understand.

T: The system was ideally suited for an experiment we always wanted to do and we could not,
because our systems in the US did not have the same capability.

I: I see.

T: But the one at AIMR does. The research subject we are thinking of is called a single
molecule magnet. These are again large molecules—typically the weight corresponding to
2,000 hydrogen atoms, and these molecules have a special property: a very large
unidirectional magnetic moment.

I: More concretely?

T: So one single molecule has a large magnetic moment that is well defined. That is very
unusual, because for example if you take the classical magnetic materials, like iron, nickel and
cobalt, one atom is not magnetically stable by itself. It basically does not have a stable
moment.

I: I see.

T: When you make a large iron system, many of the neighboring irons interact with each other.
And this interaction is what stabilizes the magnetic behavior of the atom. So, you do not have
individual components which by themselves are stable in those materials.

I: I understand.

T: In single molecule magnets, you do. You have individual molecules, which under proper
conditions, are stable. Now, I was hiding one fact—one of the proper conditions is that you
have to have low temperature.

I: This is the only condition, isn’t it?

T: That is right. That is the important condition for this. That allows potentially very
interesting applications, because you can think that if you have a molecule that has a stable
moment, that one molecule can store information. And it can store information in the sense of
long-term storage or computational information.

I: I see.

T: Some people think quantum computing is a possibility with these molecules. Dr. Hitosugi’s
lab has this special STM, which in addition to low temperatures, can also apply a strong
magnetic field, and actually in different directions. Therefore this setup is particularly suitable
for an experiment with single molecule magnets, because the magnetic behavior is strongly

dependent on the precise alignment of the magnetic field. You have to have control of how
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you align the magnetic field. And this allows experiments which are not
possible in many places in the world, I think.
I: You find AIMR is an ideal place on this point.

T: This instrument is quite special.

I: It is interesting. So, how do you utilize this single molecule magnet for the

real world?

T: Well, at the moment, the question is, “In the future, how would you use it?” And the
answer is that in principle, you use it for magnetic information storage and computation. Now,
you immediately realize that you have to go to low temperature to do this, which is not really
so good in everyday life. For some very specialized applications maybe you can, but not for
everyday.

I: Not now.

T: However, chemists are working very hard to create new single molecule magnets, which
have higher temperature ranges, where this type of property is available, so it is possible that
if you study the existing ones at lower temperature, you learn a lot later. Because of new
chemical innovations and new molecules, it will be possible to use it at higher temperature.
And then you will have very similar types of properties, at low temperature and high
temperature—and then it becomes suddenly a very interesting widespread application.

I: Very interesting. So, you conduct the two themes of research. Do you benefit from spirit of
fusion research in AIMR?

T: Particularly the kinesin project is so broad in expertise that honestly I do not think there is
anybody in the world that in one person has all the expertise to do that. You have to take a
team of people from very different areas and make them work together. That is the only way
to do it. I mean, if you think about right now, the people who are working on this—there are
physicists, chemists, chemical engineers, and biomolecular engineers.

I: I see.

T: As you see, it is the definition of a fusion research project, basically. You have to do it in
such a style. Otherwise, I think it cannot work.

I: That is right. And do you think AIMR offers good conditions for fusion research?

T: I think so. One of the things that attracted me most about AIMR when I first came here was
the fact that, for example at the tea time, you come together in a very relaxed manner and
meet and talk with people whom, in your regular work week, you would never talk to.

I: That is right.

T: Because they are from areas that you have nothing to do with, you get a chance to talk and
sometimes when you talk, you come up with an idea where interests get joined and you think

about it and you give criticism and make suggestions. And that spirit, I think, is quite
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important. The idea of pushing this type of activity is really well placed here, because I think
it is missing in many other places in the world.

I: I see.

T: For example in our Materials Science and Engineering program at Texas A&M, there is no
regular event where people come together and talk loosely like that and join new ideas. You
basically have a list of people and you know what they are doing and if you want to do
something with the others, you can contact them.

I: That’s right.

T: But the spontaneity is not there.

I: Of course, we can see on the Internet what their research projects are, etc. but a personal
contact is missing. I hope the construction of this new building is also helpful.

T: Yes, you know, last summer, I had two graduate students from Texas A&M here in Sendai.
One of them worked with Prof. Itaya and the other with Prof. Adschiri. So, those kinds of
interdisciplinary interactions are possible because you share the floor with somebody from a
quite different area. I think in this new building it looks to me like this type of interaction will

be even more important.

Interest in Japanese culture

I: By the way, what was your first contact with Japan or Japanese science?

T: To be honest, my first interest in Japan was not through science. It was “aikidd”.

I: You practice it?

T: I did at that time. I then developed the interest in Japan through that, and then when I
traveled to Japan, I started considering that maybe there is a possibility to work in Japan
afterwards. Then, ultimately, I became interested in the science. Obviously, the other aspect of
this is that my wife is Japanese, because around that time, I met her.

I: How old were you when you began aikido?

T: Well, I was like 21 years old or so.

I: Good.

T: I was interested—even in San Diego I still practiced a little bit, but then at some point it
floated away gradually. I still like the idea, but I just do not take the effort anymore to do it.

T: Now, I have at least two more major interests about Japan. For some time I enjoy Japanese
onsen. 1 have been to many, many onsen. And this reminds me of Germany. As you know,
Baden-Baden is near Karlsruhe.

I: It is in your region, indeed.

T: It takes only 20-minute from my hometown to drive there.

And you know that the state that I am from was called “Baden.”
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It is now called Baden-Wuerttemberg. Until World War 1, it was called Baden—which in
German means “to bathe” and that is because there are so many hot springs.

I: I see.

T: Therefore, I have always been interested in hot springs. The Japanese hot spring culture is
something that is more advanced than anywhere else, and so I am really quite fascinated by
that.

I: But the way of enjoying hot springs in Japan is totally different from Germany.

T: It is.

I: Because in Japan, you are in a low tub unlike a swimming pool.

T: I had to learn many things.

I: Yeah, I think that it is difficult for the beginners. So you enjoy the hot springs in Japan.
There are so many around Sendai.

T: Oh, it is very nice. Before I came to Sendai, my major playground in this respect was Izu
Peninsula, but now obviously I am exploring more onsen here in Tohoku.

I: Splendid!

T: So that is one thing. When I arrived in 2009, I asked myself before my arrival, what I
always wanted to do in Japan, but I never had a possibility to do, because I never had a long
enough visit to really study it? And after thinking for a while, I came to the answer. And that
was “sadd”.

I: Sado?

T: Then, I started practicing sadd for the first time. And that is maybe the most interesting
revelation about Japan to me.

I: So it is tea ceremony.

T: But you know, people in the West call it “tea ceremony” but it is not really a good
translation, I think.

I: Perhaps.

T: Because it implies that it is a very strict ceremony.

I: Very formal one.

T: It sounds very formal, but the spirit behind it is not really a ceremony. So I think the direct
translation from the Japanese is actually the better one—Ilike the “way of tea.”

I: Exactly.

T: But for some reason the Western people do not use it. I guess, because they do not get the
feeling of what it means, but usually, when I talk to people in the West, I usually call it the
“way of tea.”

I: You are right. As you know, in Japan, even judo, aikido, sado—all “-do” means a way.

T: Kendo, too.
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I: That is right. And it is not at all a kind of ceremony or some style. It is because, I think
Japanese people always make an analogy to the “way” and we think one must make a spiritual
progress along this way.

T: To some goal.

I: Indeed. And always to reach a certain goal spiritually, we should make an effort on this way,
etc. It is interesting to make this analogy with road or way.

T: Yes, that is right. It is interesting.

I: Perhaps rather than me, you can catch the essence of Japanese culture.

T: Well, I am not sure about that.

I: Very great. So now your hobby is a way of tea.

T: In Japan, that is my major hobby.

I: So, you practice it in Sendai?

T: Yes.

I: Oh, really. So do you follow some master?

T: Well, most of the time I spend with Tohoku University students who are in a club.

I: I see.

T: But I have also meanwhile purchased whatever is needed and taken it to the United States.

So in my house in America, I can also do it there.

Science and society
I: Last week we organized Katahira Festival (Katahira Matsuri in Japanese), open campus to
the citizen. Did your lab participate in it with some demonstration?

T: Yes, for the demonstration, we purchased some materials and made some displays here, but
I brought others from the United States. My ==

department has a great outreach show at Texas
A&M. We spent many years doing lots of events.
Every year, we have an event where there are
5,000 or 6,000 people coming, mostly kids, and
we have lots of different shows. And so I decided

that maybe I should show a few of the things

which can easily be transported.
I: I see.

T: So we did a presentation of low temperature effects.

I: Great. And did many visitors come to see your lab for experiment?
T: Yes, I was very happy with it.

I: Immediately after the earthquake, you sent us an e-mail with photos of the outreach event
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in Texas A&M.

T: That is right. There was a big outreach event two weeks after the earthquake.

And so several people, including my wife decided that one should have a table there for
donation to the victims of the Tohoku region.

I: I am very grateful for it. Generally speaking, we must inform what our activities are to the
citizens, but also to attract the younger ones.

T: That is right. I think there are two missions, which are very important. Exactly like you
said, the first one is that in many countries there is a big problem of motivating young people
to get excited about science and technology. In the United States, a few years ago, there were
almost no American students who wanted to do science and engineering and there were
almost entirely foreigners. Now, it has changed a little bit, but it is still a difficult situation.

I: That is right.

T: In my opinion, smart young people should think normally that science is the number one
choice for a career. But recently, smart young people thought that they should go to work on
Wall Street or at some insurance company.

I: That is right.

T: I am sure that these jobs are also very interesting and you earn a lot of money—but I think
if you are smart, you should consider science as your number one choice to go to. And that is
the message that we have to get across. And I think for that you have to start very early. So,
for example, at Katahira Matsuri, you have seen little kids maybe five or six years old come
and stand there. Once some display starts, it fascinates them. And they can play around for
minutes—you cannot know what is going on in their minds, but those moments may be very
important.

I: That is right.

T: We do not know right now, but that moment may be the moment where the child decides to
become a scientist.

I: T agree with you, because even in Japan 20 years ago when our economy was growing,
most people wanted to go to the insurance or bank and traditionally many people wanted to
become a government official, etc.

T: Yes.

I: But on the other hand, fortunately Japan has a strong tradition of esteem of technology. And
so I think perhaps the Japanese situation is not so bad, but we should always make an effort to
attract the children, because sometimes their parents think that science and technology are
where your hands become dirty after the experiment and you cannot gain much salary, etc.
However, through this kind of discovery of the charm of science at the small age, we can

change the mindset of the citizen.

65



T: Absolutely. It is crucial and it really can make a big difference for our future.

Now the second reason in the end is very egotistic—but it is an important reason also.

I: Egoistic?

T: Science is in most cases supported by taxes. And it is mostly paid by regular people on the
street that do not really come into our building, usually. They do not really come in, unless
you have an event like Katahira Matsuri. Then they come in once every two years. And so, if
we think egoistically as scientists, to continue doing research, we need to make sure that
people understand that we are doing interesting thing and that there may be some benefit to
them finally.

I: That means we do interesting and useful things.

T: Useful things, yeah. And ultimately our efforts are helping the country to advance.

I: That is right.

T: If people lose that belief, they will at some point say that there should be no more tax
money for this.

I: That is right. So in this sense it is not egoistical, but it is rather related to the accountability
for the contribution to society.

T: It is in some sense altruistic as you say, “Well, we were trying to make sure that we
contribute to social advancement.” But at the same time, it is also egotistic in a sense that
scientists love what they are doing.

I: Yes, certainly.

T: We want to continue what we are doing and we may not have the opportunity unless we are
carefully making sure that everybody understands that they have a benefit from it.

I: This is an important message.

The next week I go to Tokyo to attend the Program committee for interim evaluation. I hope
that the outcome of the evaluation is positive.

T: Absolutely. I am hoping that what has been started here will continue and, to be frank, five
years is not a very long time if you start something new, so it is very difficult to make an
assessment after five years. The trajectory that I have seen here is definitely a very good one.
You see it converging toward a very beneficial goal.

I: I think so. Thank you for taking time. Have a nice stay at AIMR.
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Interviewer: Administrative Director, W. Iwamoto
At Teizer Laboratory, WPI-AIMR Main Building
October 12", 2011
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News Update






Completion Ceremony of the WPI-AIMR Main Building

The Completion Ceremony of the WPI-AIMR main building was held on 7
December 2011 to celebrate the inauguration of the new facility with the participation of
70 guests and almost all researchers of WPI-AIMR working in Sendai.

The Ceremony, preceded by the beautiful choir of the Tohoku University Ménnerchor
OB, began with a speech by the President of Tohoku University, Dr. Akihisa Inoue, who
indicated the new facility as a symbol of the resurrection of the intellectual power of the
University after the disaster of March 11th. Dr Hiroyuki Abé, Counselor to the President
of the Japanese Science and Technology Agency (JST) and the former President of the
University, made a speech referring to the discussions on the genesis of the WPI
Program at the Council for Science and Technology Policy of which he was Chief
Executive Member. Mr. Hayashi Towatari, Deputy Director-General, Research
Promotion Bureau of MEXT, gave an address encouraging AIMR researchers while
insisting on the importance of the fusion research “under one roof”. Dr. Toshio Kuroki,
as Program Director of the WPI Program, made a speech with expectation of the new
orientation of WPI-AIMR.

The reception was organized at the spacious atrium hall of the main building, to
congratulate the creation of the new research environment. After congratulatory remarks
by Dr. Junichi Nishizawa, Adviser of the Sophia School Corporation and the former
President of Tohoku University, and Dr. Yoshihito Osada, Program Officer of the WPI
Program, the participants enjoyed the beautiful opening of the new main building. In the
course of the reception, the process of the construction of the main building was
reported on and Certificates of Appreciation were presented by the Center Director,
Professor Yoshinori Yamamoto, to the builders and the providers of the equipments.

The main building, with a total surface of 9,000 m?, was completed with only four
months’ delay in spite of the Great East Japan Earthquake. The cost of construction,
which amounts to 2 billion yen, was provided by MEXT from the 2009 supplementary
budget. The new main building houses 11 PIs’ laboratories and staff rooms, the
laboratory for fusion research, space for free discussion and the multi-purpose room for
outreach activities such as the science café. Tohoku University, as host institution, has
contributed to the improved research environment through provision of the space for the
Mathematics Unit and the library. This enables almost all researchers of AIMR to work
together at the Katahira campus and it is expected to further the fusion research across
different fields at AIMR more than ever.
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Memorandum of Understanding on Academic Exchange with
Fraunhofer Institute for Electronic Nano Systems ENAS (Germany)

WPI-AIMR has concluded a
Memorandum of Understanding (MOU) on
academic  exchange with  Fraunhofer
Institute for Electronic Nano Systems (FhG
ENAS) (Germany) on November 8, 2011.

The MOU was signed between Yoshinori
Yamamoto (Director, WPI-AIMR) and
Thomas Gessner (Institute Director, FhG ENAS) and Georg Rosenfeld (Division
Director of Corporate Development, FhG) in the presence of Emiko Okuyama (Mayor

of Sendai), Hans-Jorg Bullinger (President, FhG) and Toshio Iijima (Executive Vice
President, Tohoku University), the other persons concerned, at the signing ceremony
held in Sendai.

As the largest organization for applied research in Europe, the FhG, founded in 1949,
1s a semi-private organization and consists of more than 80 research units in Germany,
including 60 institutes. Their research fields focus on people's needs such as health,
security, communication, energy and environment under the theme of “The conducted
research spreads over a wide field of latest topics reaching from microelectronics to life

sciences”.

The FhG ENAS is focusing on smart systems integration by using micro and nano
technologies and the main research areas of FhG ENAS are clearly visible in the
structure of the institute. Six departments belong to FhG ENAS as provided below.

*Multi Device Integration (MDI)

*Micro Materials Center (MMC)

*Printed Functionalities (PF)

*Back-end of Line (BEOL)

*System Packaging (SP)

*Advanced System Engineering (ASE)

Prof. Thomas Gessner, who is Institute
Director of the FhG ENAS, has worked for
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WPI-AIMR as a Principle Investigator (PI) of Device/Systems Group (MEMS Materials
Research Laboratory) since its establishment in 2007. He has strongly promoted
“MEMS bonding technology with metallic glass and nanostructured metals” through the
fusion research between MEMS and Bulk Metallic Glasses with Prof. Masayoshi Esashi,
Principle Investigator of the WPI-AIMR, and has built essential important relationships
between FhG ENAS and WPI-AIMR for its past activities.

The research exchange among two parties is very actively promoted. Dr. Yuching Lin
from FhG ENAS has worked as an assistant professor of WPI-AIMR since October
2008 and she has studied “Metallic glassy thin films for system integration” through the
fusion research between MEMS and Bulk Metallic Glasses, and three young researchers
from FhG ENAS have also worked as visiting scientists of WPI-AIMR.

With this MOU, it is expected that these two parties will not only participate in active

academic exchanges but also further collaboration research in the field of MEMS.

WPI-AIMR has been strongly promoting a relationship with foreign institutes since
its establishment in 2007. Another recent example is the Agreement with the Particulate
Fluids Processing Centre (PFPC) of Melbourne University signed on October 26th. This
is a fruit of the discussions at the ACIS-WPI Workshop held in February 2011 in

Tasmania, Australia.

Fraunhofer Institute for Electronic Nano Systems ENAS
http://www.enas.fraunhofer.de/EN/index.jsp

PFPC of Melbourne University
http://www.pfpc.unimelb.edu.au/
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“Green materials synthesis with supercritical water”

Tadafumi Adschiril, Youn-Woo Lee2, Motonobu Goto® and Seiichi Takami®

'WPI-Advanced Institute for Materials Research, Tohoku University, Sendai, Japan
*'School of Chemical and Biological Engineering, Seoul National University, Seoul, Korea
? Bioelectrics Research Center, Kumamoto University, Kumamoto, Japan

“Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai, Japan

This review was amongst the top ten accessed articles of the online version of

Green Chemistry.

Concept of “Green materials” has two view points, process and materials.
Essential is to design the products and processes so as to minimize the use and
generation of hazardous substances, disposal and promote the use of safe,
environment-benign substances, including solvents, and to design energy efficient
processes/system. For aspect of materials, contribution of products to minimize
environmental problems (CO, emission, environment-cleaning catalyst etc.), 2)
recycling of materials to resources, 3) holistic life cycle assessment of the materials, and
4) combined multiple technological and operational systems for reduction of energy and
resources should be also considered.

Superecritical fluids (especially, water and CO;) technology is expected to contribute
for green materials synthesis with the green sustainable chemistry route, especially for
nanomaterials. For the fabrication of nanomaterials, the important point is the control
of surface energy of nanomaterials or hetero-interface. As shown in Table 1, many
supercritical fluid technologies were proposed to solve the problems, so far.
Extraction with supercritical fluid can be applied for drying the semiconductor pattern,
without forming the gas-liquid interface, namely capillary force, so that the collapse of
fine patterns does not occur. In supercritical fluid, diffusivity is faster than in liquid, and
since the reaction is less than first order so that Thiele modulus is approached to unity,
namely uniform and conformal deposition is possible with increasing productivity.
This review paper summarizes the green aspect of the supercritical fluid
technologies(especially for supercritical water), including functional materials synthesis,
complete solvent recycle, no use of organic solvents, nontoxic substances etc.

Supercritical water can form a homogeneous phase with inorganic and organic

substances and also, water itself works as an acid or base catalyst. Supercritical
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hydrothermal process developed in WPI-AIMR, Tohoku University, contributes to
greener society through the use of water instead of organic solvent to produce various
functional materials that are used to minimize the emission of CO,. In addition,
because the processes are quite fast, the supercritical hydrothermal process can treat
much larger amount of reactants and products as compared with conventional processes.
The surface control of nanoparticles in supercritical water is a key to fabricate hybrid
materials with polymers, which can be used for greener materials (high heat transfer
materials, high RI film etc.). Supercritical hydrothermal condition provides the
synthesis of organic modified nanoparticles that is required for those materials. Green
processes involving chemical recycling of waste polymers and a combination of
hydrothermal synthesis and supercritical water oxidation are another important aspect of
greener process. Thus, the commercialization of such processes greatly contributes to
the greener society.

Table 1 Green aspects of supercritical fluid technologies for material processes

Process Advantages of SCFs Green aspect
Extraction/Fractionation Selective solubility/No residual solvent No organic solvent, complete solvent recycle
Cleaning Good solvent power No VOCs, no toxic organic solvent
Drying No capillary force Increasing production yield
Polymerization No residual solvent No organic solvent

No organic solvent needed

Hydrothermal synthesis Nanoparticle synthesis

No organic solvent, High heat recovery

Plating Good solubility of H; in scCO, No wastewater generation
Biomass conversion No acid/base catalyst needed Simple process without heavy wastewater generation
Recycling No acid/base catalyst needed No secondary contamination, less wastewater treatment
Recovery of materials by SCWO No mass transfer resistance Valuable inorganic compound can be recycled

Heavy metal extraction

(Radioactive metals) Selective extraction of uranium No secondary contamination
Dyeing Easy penetration of dye No wastewater generation
SCF Deposition No capillary force Increasing production yield
Room temperature Supercrifical condition Room temperature

<~ Organic phase . greener gociety

L A R R A

** H Materialg that contribure to\

Catalyst
Fuel cell
LED

Li 1on battery
Solar cell

etc. /

Highly concentrated system Automatic §epm‘at-i on and
for organic and inorganic molecules: Concentration of product:
Compact and fast process Low energy consumption

for separation process
Figure 1 Green process for green materials
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“Effect of metallic Mg insertion on the magnetoresistance effect in
MgO-based tunnel junctions using D0,,-Mn;_sGa perpendicularly
magnetized spin polarizer”

T. Kubota,1 S. Mizukami,1 D. Watanabe,1 F. Wu,1 X. Zhang,1 H. Naganuma,2 M. Oogane:,2
Y. Ando,” and T. Miyazaki'

"WPI Advanced Institute for Materials Research, Tohoku University
2 Department of Applied Physics, Graduate School of Engineering, Tohoku University

This paper was selected as Research Highlights in Journal of Applied Physics.*

“Spintronics” has been achieving great interests for the capabilities of various new
device applications [1]. Non-volatile spin transfer torque (STT) writing type
magnetoresistive random access memory (MRAM) is one of a promising spintronic
device. Magnetic material with high perpendicular magnetic anisotropy (PMA) is
indispensable for realizing giga-bit-class high density MRAM. Among various PMA
compounds, tetragonal D0y, type Mnj sGa alloys are attractive. Uniaxial anisotropy
constant (Ky) of D0»-Mns.sGa (8 = 0.6) films is the order of 10’ erg/cm3 [2] which is
high enough to achieve 10-year retention of a memory bit for STT-MRAM sells. And
magnetic damping constant of ordered Mn-Ga alloys are much smaller than other PMA
materials [3], which can benefit to reduce the writing current of a magnetic tunnel
junction (MTJ). In addition, it was theoretically expected that spin polarization of
transport electron in bulk D0x,-Mns;.sGa [4] and TMR ratio in a DO0y;-
Mn;Ga/MgO/D0,,-Mn3sGa MTIJ [5] were also high enough to apply Spin-RAMs. As
well as these attractive physical properties, D0,,-Mn3Ga is a both rear earth and noble
metal free PMA material unlike conventional ones (i.e., L1o-FePt, TbFeCo, etc.). Thus,
D02,-Mn3Ga alloy in spintronic device can play important role to create so called the
Green material based society from the aspects of both reducing power consumption and
resource of rare-elements.

We have succeeded in fabricating DO0,-Mns.sGa epitaxial thin films [2] and
observing tunnel magnetoresistance (TMR) effect in MTJs using D0,-Mns_sGa
electrode and MgO tunnel barrier [5]. To achieve further understanding concerning the
interfacial effect on the TMR effect, we investigated the effect of Mg-layer-insertion at
the Mn-Ga/MgO interface in this article.

Figure 1 (a) shows a schematic stacking structure of the MTJs. All the layers were
prepared by magnetron sputtering technique onto MgO (001) single crystal substrate.
Epitaxial growth of the Cr/D0,,-Mn3_sGa/MgO/CoFe layers was confirmed by transition
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electron microscopy. Thickness of the inserted Mg layer (#vg) was varied to modify
interfacial density of states (DOS) at the Mn-Ga/MgO interface.

Fig. 1 (b) 1s the TMR curves with different #,. Firstly, TMR ratio was increased with
increasing #y; up to 0.4 nm, which is considered due to suppressing contamination (i.e.,
Mn-oxides) at the interface. Increasing #v, more than 0.6 nm, TMR ratio was decreased
monotonically. Interestingly, here, sign of the TMR ratio was changed in an MTJ with
tvg = 1.2 nm, and the magnitude was increased at the #y; = 1.4 nm. The dependence of
the TMR ratio is attributed to be relating to band dispersions of both Mn-Ga and CoFe
electrodes, considering the results of bias voltage dependences of tunneling
conductance and TMR ratio. In addition, change of the sign in the MTJs with thick Mg
insertion is possibly attributed to quantum well states within an Mg layer [6]. Tuning of
TMR ratio by the quantum well states have potential of enhancing the TMR ratio. Our
result is an important first step for realizing memory bit using D0,,-MnsGa for the STT-
MRAM devices.
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Fig. 1 (a) Schematics of stacking structure of the prepared MTJ devices and crystal structure
or D0x,-Mn;Ga alloy. (b) TMR curves of the D0,,-Mn;Ga MTJs with different Mg thickness
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“Interface effects on perpendicular magnetic anisotropy for
molecular-capped cobalt ultrathin films”

Xianmin Zhang, Shigemi Mizukami, Takahide Kubota, Qinli Ma and Terunobu Miyazaki
WPI Advanced Institute for Materials Research, Tohoku University
This paper was selected for
publication in Virtual Journal of Nanoscale Science & Technology.*

Organic spin valve (SV) devices using m-conjugated organic semiconductors as
spacers have been attracting much research interest, owing to low processing costs
and their long spin diffusion lengths [1,2]. Interface between molecular layer and
ferromagnetic metal plays an important role in determining spin injection and
detection efficiency of organic SV devices. Investigation and understanding of the
interface interactions are essential for fundamental science and future organic devices
[3]. A very thin Co film (~1nm) shows strong perpendicular magnetic anisotropy
(PMA), depending on buffer and capping layer materials. Most of the PMA originates
from the electron orbital anisotropy inducing at the interfaces, and therefore can be
potentially used as a probe to explore the interface interaction.

In our papers [4,5], we investigated the on-top interface effect on PMA of very thin
Co (0.5-1.8 nm) layer in the Pt/Co/molecule system using five typical molecular
semiconductors: pentacene (Pc), 8-hydroxyquinoline-aluminum (Alqs), fullerene (Cq),
5,6,11,12-tetraphenylnaphthacene (rubrene) and copper phthalocyanine (CuPc). The
PMA of the Algs, rubrene, and Cgo-capped films was almost same as each other,
though they were smaller than that for CuPc and Pc-capped films. Figure 1(a)-(e)
shows the magnetic curves of Co (0.7 nm) with different organic capping layers.
Figure 1(f) is the dependence of out-of-plane coercivity on Co thickness with different
capping layers. This study contributes to design organic SV devices because the
magnetoresistance is switched by the different coercivities of electrodes.

We found the PMA of Co was relatively smaller if molecular capping layer was of
amorphous structure compared to crystal structure and analyzed the possible
mechanism for the dependence of PMA on organic capping layer. The alteration of
PMA and coercivity for ferromagnetic Co ultrathin films by varying organic capping
layers correlate with the difference in structure of capping layers. Stacking structure
in molecular layer might be affected by the interactions between Co and organic
molecule at the interface because it determines an initial growth of molecular stacking.
The difference of crystal structural in Cg, Alqs, and rubrene layers compared to CuPc

and Pc layers, reflects their different bonding with Co at the interface. Accordingly,
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this influences the spin-orbit interaction of interfacial Co.
the magnetic properties of ferromagnetic metal can be markedly infected by organic

molecule depending on the nature of organic molecule. This likely opens a new

window to deeply understand the ferromagnetic

metal-organic interface physics and

will contribute to develope advanced substances for future organic spintronics.

This work is collaborated with Dr. Hiroshi Naganuma, Dr. Mikihiko Oogane, and
Prof. Yasuo Ando in Tohoku University and financially supported by the WPI-AIMR

fusion research project.
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The inset was the molecular structure. (f) Dependence of out-of-plane coercivity on

Co thickness with different organic capping layer
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“Unexpected mass acquisition of Dirac fermions at the quantum phase
transition of a topological insulator”
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The three-dimensional (3D) topological insulator is a novel quantum state of matter
where an insulating bulk hosts a linearly-dispersing surface state, which can be viewed
as a sea of massless Dirac fermions protected by the time-reversal symmetry (TRS).
Breaking the TRS by a magnetic order leads to the opening of a gap in the surface state
[1] and consequently the Dirac fermions become massive. It has been proposed
theoretically that such a mass acquisition is necessary for realizing novel topological
phenomena,[2,3] but achieving a sufficiently large mass is an experimental challenge.
In this news, we report an unexpected discovery that the surface Dirac fermions in a
solid-solution system TIBi(S;«Sex), acquire a mass without explicitly breaking the
TRS[4]. We found that this system goes through a quantum phase transition (QOT)
from the topological to the non-topological phase, and by tracing the evolution of the
electronic states using the angle-resolved photoemission, we observed that the massless
Dirac state in TIBiSe, switches to a massive state before it disappears in the non-
topological phase.

Figure 1 shows the series of ARPES data around the Brillouin-zone center measured
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Figure 1. (a) ARPES intensity and (b) spectra of TIBi(S;xSe,), showing the mass acquisition

of surface Dirac fermions. (c¢) Second-derivative intensity for x = 1.0-0.6
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for various sulfur concentrations x.
We found a finite energy gap at
the Dirac point in 0.6 < x < 0.9,

while such an energy gap is absent

in x = 1.0. This indicates that the Dirac
. ) : Energy ¥

massless Dirac fermions transform point ==

into a massive state by simply

replacing Se with S in the crystal.

The mass acquisition of the

Dirac fermions indicates that the "massless" "massive"
Kramers degeneracy is lifted, Figure 2. Masless and massive Dirac
which means that the TRS must be fermions observed in TIBi(S;.«Sey),at x = 1.0
broken on the surface. Given that and 0.9, respectively

there is no explicit TRS breaking,

the only possibility is that a spontaneous symmetry breaking takes place upon the S
substitution, which reminds us of the Higgs mechanism in particle physics. Therefore,
TIBi(S;xSex), may serve as a model system to bridge the condensed-matter physics and
particle physics. The exact mechanism of the mass acquisition is not clear at the
moment, but an interesting possibility is that it originates from some exotic many-body
effects that can lead to an electronic order, although a simple mechanism like the spin-
density wave does not seem to be relevant. When the top and bottom surface states
coherently couple and hybridize, the Dirac gap can open,[5] but the sufficiently large
thickness (> 10 um) of our samples precludes this origin. Another possibility is that
critical fluctuations associated with the QPT are responsible for the mass acquisition,
but it is too early to speculate along this line. From the application point of view, it is
remarked that the Dirac gap of TIBi(S;xSex), is much larger than that in magnetically-
doped topological insulator Bi;Ses [1], and more importantly, it is tunable with the S/Se
ratio. This indicates that TIBi(S;.xSeyx); is a prime candidate for device applications that

require a gapped surface state.

The paper, “Unexpected mass acquisition of Dirac fermions at the quantum phase
transition of a topological insulator”, was published in Nature Physics (November issue,
2011), and the experimental data measured with the world-highest resolution angle-
resolved photoemission (ARPES) spectrometer constructed by Takahashi group are
used as the cover design to demonstrate the importance of the paper. Also on the cover

page, the expression of “Unexpected mass” was used to highlight the impact of the
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present research. In this work, the group found that Dirac electrons at the surface of
topological insulator acquire the mass without explicitly breaking the time-reversal
symmetry. This result suggests existence of a condensed-matter version of the “Higgs
mechanism” which proposes that materials acquire the mass with the spontaneous
symmetry-breaking at the beginning of universe. Thus the present result would shed
light on the basic problem common in particle, materials, and cosmic physics. In the
application point of view, the present success to give a mass to Dirac electrons opens
the possibility for developing highly efficient, high-speed spintronics devices with
topological insulators. (http://www.nature.com/nphys/journal/v7/nl1/covers/index.html)
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“Atomic structure of nanoclusters in oxide-dispersion-strengthened
steels”

A. Hirata', T. Fujita', Y. R. Wen', J. H. Schneibel’, C. T. Liv’, and M. W. Chen'”

"WPI Advanced Institute for Materials Research, Tohoku University
? Center for Advanced Structural Materials, City University of Hong Kong, Kowloon, Hong Kong
3 State Key Laboratory of Metal Matrix Composites, School of Materials Science and Engineering,
Shanghai Jiao Tong University, Shanghai 200030, China

This paper was published in Nature Materials.*

The huge earthquake devastated the Fukushima nuclear power plants and caused
large scale radioactive pollution last March. There is a pressing need to improve the
safety of reactors in the plants as well as the whole system. Oxide dispersion
strengthened (ODS) steels have been strenuously developed as a promising material for
fission and fusion reactor applications [1]. The reason is that ODS steels exhibit an
excellent high temperature strength, stability and expansion resistance in comparison
with conventional steels. Nanoscale oxide clusters densely dispersed in the ODS steel
contributes effectively to the excellent high-temperature mechanical properties. It was
suggested that the nanoclusters possess a characteristic chemical composition
differently from normal oxides and include a lot of atomic vacancies [2-4]. However,
the structural detail is still open to question. Therefore it is highly necessary to perform
detailed structural analysis for the oxide nanoclusters in the ODS steel.

The ODS alloy was synthesized by mechanical alloying of the Fe-14Cr-3W-0.4Ti
(wt. %) alloy powder, with 0.25 wt. % Y,0; powder, followed by canning in an
evacuated jacket and hot extrusion. Then the hot-extruded ODS ingot was annealed for
1 hour at 1000°C for the formation of nanoclusters. Nanoscale observation for the ODS
steel was performed using a JEM-2100F scanning transmission electron microscope
(STEM) equipped with double spherical aberration correctors.

Figure 1 (a) shows a low-magnification STEM images of the representative
microstructure of the I4YWT ODS sample used in this study, together with a closeup
image of a nanocluster. To observe the oxide particles clearly, we employed the
HAADF (high angle annular dark field)-STEM technique by which the regions with
lower-density and/or including lighter elements (e.g. oxide in the steel) are emphatically
imaged as darker contrast, vice versa. In the closeup HAADF image [inset of Fig. 1 (a)],
a small oxide nanocluster can be seen as a dark contrast and dotted contrasts

corresponding to atomic columns in the nanocluster are clearly different from those in
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the bee-Fe matrix. To understand the contrast of the nanoclusters, we tried to construct
plausible structural models for the nanocluster by fitting to the experimental HAADF-
STEM images [5]. A lot of possible models were prepared by combining handmade
method and molecular dynamics simulation, and then provided to the HAADF-STEM
image simulation. Finally we proposed the structural model with a defective NaCl
structure fully coherent with the bce matrix structure [Fig. 1 (b)].

The defective oxide structure in the ODS steel is totally different from particle
structures in conventional particle-dispersion materials. The nanoclusters in the ODS
steel are multicomponent, include a lot of vacancy, and have a defective structure fully
coherent with the matrix. It has been reported that the oxide nanoclusters are extremely
stable and capable of keeping the nanoscale sizes as well as high number density even
at high temperatures near the melting point [4]. It is obviously difficult to understand
the phenomenon only with the macroscopic thermodynamics. In any case the
anomalous chemical and structural features are highly responsible for the extraordinary
stability, although we need further theoretical consideration on it. Therefore the ODS
steel can be regarded as a novel material state providing the superior high-temperature

mechanical properties.

Structure model

Fig. 1 (a) Microstructure of the ODS steel and closeup of the nanocluster. (b) Structural

model of the nanocluster.
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“Atom-Resolved Imaging of Ordered Defect Superstructures at
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This paper was published in Nature.*

The presence of defects, even at very low concentrations, can significantly affect
the properties and functionality of materials [1]. This is especially pronounced for
polycrystalline materials where there are often complex interactions between the
extended grain boundary defects and atomic scale point defects. Inevitably, no matter
how carefully a material is prepared, trace impurities, typically at the level of parts per
million (ppm), are always present. In polycrystalline materials, such impurities often
segregate to grain boundaries [2,3] where their concentrations can be enhanced by many
orders of magnitude. This, in turn, can driven structural transformation of grain
boundaries and lead to modification of material properties, e.g. mechanical or electronic.
Therefore, considerable effort has been directed towards identifying multi-component
structure of grain boundaries at the atomic scale in order to better understand as well as
predict properties of polycrystalline materials.

Unfortunately, experimental methods capable of resolving the structure of a buried
interface with both atomic and chemical resolution are extremely scarce. For example,
most scattering or spectroscopy techniques yield only an ensemble average over a given
sample volume and scanning-probe microscopies can only image atomic defects close
to surfaces. Transmission electron microscopy (TEM), on the other hand, is one of the
few methods that are able to fulfill this role. In particular, the development of advanced
TEM methods, including aberration corrected high-angle annular dark field, scanning
TEM, electron energy-loss spectroscopy, and annular bright-field, it is now becoming
possible to obtain atomic scale, chemically resolved images [4] which can provide
insight into how impurities and defects actually interact and rearrange in grain
boundaries. However, many previous TEM studies of grain boundaries have imaged

interfaces from one direction only, providing little direct information on its
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two-dimensional structure.

In the Letter, by taking the example of a grain boundary in MgO, we show that
advanced electron microscopy techniques combined with first principles theoretical
calculations can provide three-dimensional images of complex multi-component grain
boundaries with both atomic resolution and chemical sensitivity. The unprecedented
resolution of these techniques allows us to demonstrate that, even for the simple
rocksalt oxide MgO, grain boundaries can accommodate complex ordered
superstructures comprised of several types of defect species such as Ca impurities, Ti
substitutions, Mg vacancies, Ca interstitials, and Ca vacancies (Fig. 1). These results
point to the existence of new effects associated with interactions of defect with grain
boundary in ceramics, and demonstrate that atomic scale analysis of complex

multi-component structures inside materials is now becoming possible [5].

Fig. 1 (a) Atomic-resolution high-angle annular dark field image viewed from [001]. (b)
Theoretically determined stable grain boundary structure. (c) Simulated image obtained using

determined grain boundary structure showing good match with the experimental image in (a).
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“Single molecule detection from a large-scale SERS-active Au;9Agy;
substrate”
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This paper published in Scientific Reports was selected as highlight in
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Detecting and identifying single molecules are the ultimate goal of analytic
sensitivity. Single molecule detection by surface-enhanced Raman scattering (SM-
SERS) depends predominantly on SERS-active metal substrates that are usually
colloidal silver fractal clusters [1,2]. However, the high chemical reactivity of silver and
the low reproducibility of its complicated synthesis with fractal clusters have been
serious obstacles to practical applications of SERS, particularly for probing single
biomolecules in extensive physiological environments.

Recently, we have succeeded in fabricating a large-scale and free-standing SERS
substrate for single molecule detection [3,4]. Our robust substrate is made with wrinkled
nanoporous Auz9Agy; films [3] (Fig 1(a)) that contain a high density of electromagnetic
“hot spots” with a local SERS enhancement larger than 10°. The excellent SERS
performance of the wrinkled nanoporous film comes from its heterogeneous
nanostructures including nano-pores, nano-tips and nanogaps, which give the substrate a
broad-spectrum of plasmon frequencies for a wide range of molecule detection. The
most active sites locate at the narrow broken ridges of the wrinkled nanoporous film
(Fig 1(b)). Interestingly, in these complex plasmonic structures, rows of tip-to-tip
nanoantenna can be frequently
observed along the ridges of the
wrinkled  film, which are
responsible for giant Raman
scattering enhancement [4]. We
have demonstrated that SM-SERS
can be achieved for both resonant  Figure 1 (a) SEM image of a wrinkled nanoporous
(R6G) and nonresonant (DNA  film. (b) Single molecule detection. Typical
base: adenine) molecules. Raman map of DNA adenine molecules (10° M)

This large-scale gold-based  (left), corresponding optical microscopic image
SM-SERS substrate with superior  (middle), and their overlay image (right).
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reproducibly, facile synthesis and excellent stability may open new avenues for a wide
range of applications in life science and environment protection where single molecule
detection and identification are critical. Considering the chemical inertness and
biocompatibility of the gold-rich alloy, the single-molecule SERS substrate may allow
direct visualization of single biomolecules and their assemblies under native
physiological conditions for improving our understanding of the behaviour and
interaction of individual biological molecules.
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WPI 6 Institutes - Joint Symposium
“Leading Science and Your Future”

The WPI 6 Institutes Joint Symposium “Leading Science and Your Future” was held
under the auspices of the International Institute for Carbon-Neutral Energy Research
(’CNER; new WPI Center established in 2010) of Kyushu University at a great hall of
the Fukuoka Bank’s head office in Fukuoka City. The symposium was attended by more
than 600 participants, high school students, and the general public, mostly from
Kyushu/Yamaguchi areas.

The day officially began with opening remarks from Dr. Setsuo Arikawa, President
of Kyushu University, and a keynote lecture presented by Toshio Kuroki, WPI Program
Director, sending an encouraging message to the young audience. And then, Prof.
Petsos Sofronis, Director of I’*CNER and Prof. Seiji Ogo, Principal Investigator of
I°CNER, gave lectures followed by five WPI research center (AIMR*IPMU*iCeMS*
IFReC=MANA) presenters who each introduced their center’s research. They also

expressed hopes and dreams for the young peoples’ future.

In the presentations, Prof. Motoko Kotani, a deputy director of the AMIR, in her
lecture entitled “Giving Shape to Your Dreams”, presented in a comprehensible way
how human beings have invented new materials and made use of them for society,

taking an example of the space shuttle.

The panel discussion was held after five WPI research center presentations,
coordinated by Ms. Junko Edahiro, an environmental journalist, and there were active
questions and answers between 12 panelists, high school students, junior high school

students, and lectures.
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In the area of the booths, the posters of research activities of WPI 6 institutes were
put up and lectures and the staff provided explanations and demonstrated to young
people. Many young people asked lead scientists many questions and communicated
with them.

The AIMR and MANA set up a joint-booth with materials science under the theme of
“Let’s Experience with Pleasure! -Familiar Materials Science-", and Dr. Susumu Ikeda,
a deputy administrative director of AIMR, demonstrated the experimentation on
“Investigation of Materials Properties using Polarized Lighting Plates” to many young
people. Some high school students, who were interested in the lecture by Prof. Kotani,
eagerly asked her about mathematics. The advertising campaign for Materials Science

Idea Contest -Challenger to the Future- was also conducted in the course of the event.
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The 7™ Katahira Festival

Katahira Festival (Katahira Matsuri in Japanese) was held at Katahira Campus of
Tohoku University on October 8" and 9.

Since 1998, Katahira Festival has been held every two years and organized by
Tohoku University’s six research institutes and research center (Institute for Materials
Research, Institute of Development, Aging and Cancer, Institute of Fluid Science,
Research Institute of Electrical Communication, Institute of Multidisciplinary Research
for Advanced Materials, and Center for Northeast Asian Studies). It is for the first time
that WPI-AIMR joined Katahira Festival.

This Festival is held to promote public understanding for the research outcomes of
Tohoku University in the scientific field. Besides this, Tohoku University Archives

introduce Tohoku University’s history and traditional buildings.

AIMR opened 9 booths under the theme of “Nano Expo” at the WPI-AIMR main

building completed at the end of July. AIMR’s events are as follows:

1) Visiting AIMR’s laboratories with up-to-date equipment (“Atom and Molecule Lab
Tour™)

2) A tiny mirror using MEMS (“Mirrors smaller than ants”)

3) A liquid magnet using fluid magnetic quality (“Let’s play using liquid magnet”)

4) Experiment for looking at electricity (“The world of electrons observed by light as a
probe”)

5) A rubber with varied properties (“Precious experience with wonderful rubber”)

6) A drop of water which is insoluble in water (“Wonderful water”)

7) Low temperature show using liquid nitrogen (“American low temperature show”)

8) Experiment for simulating the movement of molecules on a computer (“Atoms and
Molecules in a computer”)

9) Making slime especially popular among children (“Let’s make Slime”)

These events are managed by AIMR young and foreign researchers. About 2,500
participants enjoyed events together with staff members and listened attentively to their

explanations, and also asked several questions concerning the mechanism.
The Special Lecture by Prof. Toshio Nishi

As one of the official events of Katahira Festival, the Special Lecture by Professor
Toshio Nishi (WPI-AIMR) was held on October 8th at the Life Science Project
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Research Laboratory. In his lecture entitled “Science of Rubber Bearings for Seismic
Isolation”, Prof. Nishi talked about the fundamentals and applications of rubber
bearings and showed many examples how the rubber bearings work at the moment of
the earthquakes. About sixty people attended this lecture and they asked many questions
after the talk.

(Katahira Festival)

See appendix for more photos
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(Lecture by Prof. Nishi)
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The Fourth Series of WPI-AIMR Joint Seminars FY2011

The topics of the Fourth WPI-AIMR Seminar Series of Fiscal Year 2011 are
“Cooperation between Materials Science and Mathematical Science” and composed of
two parts, i.e., (1) “Mathematical (Math-Mate) lecture + discussions”, and (2)
“Materials science presentation + discussion” meetings. The first half of the seminar
is assigned to lecture/presentation, and the latter half to questions/ (panel) discussions.
Initial several Seminars should be introductory to form a common understanding among
WPI staffs on the aim/problems of the collaboration with mathematics.

As for the part (2), the speakers are chosen from younger/senior researchers mainly
from WPI-AIMR and they provide topics concerning on the following questions;

[1] How does he/she expect the cooperation with mathematics or mathematical science?
[2] What does he/she expect from the concept of “Functon (see below)
for creating a novel research strategy of materials science?

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

Proposals of a presentation at the Seminar providing any opinions and related topics
by research members at WPI-AIMR will be most welcome. But Committee members
of Seminars may ask research members to give a talk at one of the Seminars at any
occasion.

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

* % * about Functon * *
Definition of the concept of “Functon” itself is the important theme which will be
discussed through this seminar series. Here is a starting point for you to think of it by

yourself.

What is Functon (“#%8E-7” in Japanese and Chinese) ?

Functon is a constituent element of materials showing a certain definite function or
property, and every material is composed of one or many kinds of assembled functons.
The size of functons ranges over from the size of atom/molecule to macroscopic size.
Functons often take spatial or temporal nesting structures, i.e., the structures like
matryoshka (Russian doll); higher rank functon is formed as an assembly of lower rank

functons.
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Why Functon?

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

important role for that cooperating with materials science.

Functons as a target of mathematical sciences

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

with the help of the concept of functons.

Establishing the concept of Functon

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

materials design by solving the inverse problem.
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Report on the 3" Seminar
Taro Hitosugi and Kazuto Akagi
July 29, 2011

Topological Crystallography
— Commemorating the fourth centennial anniversary of the publication of Kepler's
pamphlet “New-Year's gift concerning six-cornered snow” (1611) —
Prof. Toshikazu Sunada (Meiji University)

One-dimensional exotic-nanocarbon: Electrons in a Riemannian space
Prof. Jun Onoe (Tokyo Institute of Technology)

In this seminar, two talks were given by Profs. Sunada and Onoe, both encouraging
our efforts to help materials scientists think of the possible collaboration with
mathematics.

In the first lecture, mathematician Prof. Sunada gave a brief history of crystallography,
a practical science that originated in the classification of the observed shapes of crystals,
to provide the audience with a mathematical insight into modern crystallography. Then
the talk went in to the formulation of a minimum principle for crystals in the framework
of discrete geometric analysis, and predicted a new crystal based on K4 structure.

He expects the synthesis of the predicted material, and emphasized that topological
crystallography vigorously interacts with other fields in pure mathematics and also with
materials science.

The next speaker, a materials scientist Prof. Onoe, talked about their observation of
Riemannian geometrical effects on the electronic properties of materials such as
Tomononaga-Luttinger liquids, which were previously theoretically predicted by their
group. They have examined a one-dimensional metallic Cgp polymer with an uneven
periodic peanut-shaped structure using in sifu high-resolution ultraviolet photoemission
spectroscopy.

Their successful combination of materials science and mathematics was quite

impressive, and suggests one of the ways of research in WPI-AIMR.
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Report on the 4™ Seminar
Kazuto Akagi
August 26, 2011

“A map of mathematics for materials scientists”
Kazuto Akagi

“Why mathematics?”
Prof. Masatsugu Shimomura

In the past three seminars, we had several Math-Mate talks and open discussions on
what we are aiming for through the fusion with mathematics. This attempt looks
basically going well so far, but it is also true that we cannot well imagine “what really
becomes possible by collaboration with mathematicians”, still now. Therefore, two talks
introducing how to interact with mathematics were given at this timing.

In the former part of the talk by Akagi, the world of mathematics was overviewed
with simplified explanations on each field. Next, an example was introduced how chaos
theory helped to analyze and stabilize the behavior of a furnace based on very limited
numbers of monitoring data and a simplified physical model. Materials scientists are
more or less familiar with the basic scientific framework (e.g. classical mechanics,
thermodynamics, electromagnetics, statistical mechanics, quantum mechanics) and use
it in their thinking. In the same way, we need to know minimum level of knowledge
about the framework of mathematics (= a map of mathematical world) though we need
not do mathematics itself, he said.

In the second talk, Prof. Shimomura gave a talk on “why mathematics” based on his
experiences of collaboration with mathematicians in the field of biomimetics. One of
the impressive examples was the biomimetics database aiming for contribution to other
wide scientific and engineering fields including materials science. It is based on the
digital image processing technology developed by Prof. Haseyama (Hokkaido Univ.),
which helps us recognize buried similarity or relevance in enormous data one after

another. As Prof. Nishiura says, mathematics is a ubiquitous tool.
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Report on the 5™ Seminar
Kazuto Akagi
October 6, 2011

“Protein Structure and Topology”
Prof. Hiroaki Hiraoka (Kyushu University)

In this seminar, applications of computational homology to analysis of proteins were
shown. In particular, compressibility of proteins was chosen as an example of structural
properties, and it was successfully correlated with some topological properties such as
robust "hole" in the protein modeled by van der Waals balls.

The lecturer used Homology groups as algebraic tools to study such geometrical
"holes". In this framework, “simplicial complex” is given as an input data, and various
geometrical properties such as connectivity (Hy), loop (H;), cavity (H,), n-dimensional
hole (H,) are obtained as outputs. Here, “simplicial complex” is a connection of
tetrahedrons whose faces are shared by each other. They say pixel processing in
computer graphics is similar to this transform to “simplicial complex”.

He says that recent progress on computational homology allows us to easily treat
them by using computers, and emphasizes that this approach is widely applicable to
various targets, not only realistic objects but also abstracted ones including
n-dimensional data structures. Some people seemed to be inspired to use it for analysis
of the relation between structure and property in BMG systems. My approach to
aqueous solution systems focusing on the structure of hydrogen-bond network can be
sophisticated using this method. Indeed, abstraction of the topological structure from
our research objects in materials science should be one of the helpful approaches to

clarify the nature in them.
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Report on the 6th Seminar
Susumu Tsukimoto
October 27, 2011

“Cantor sets meet the brain”
Prof. Ichiro Tsuda (Hokkaido University)

In this seminar, the talk were given by Prof. Tsuda who is an authority on chaos in
complex systems and is recently studying on chaotic dynamics of the brain, entitled
“Cantor sets meet the brain” and were followed by open discussions in order to have a
clue for bridging between materials science and mathematics in WPI-AIMR.

Prof. Tsuda first introduced Libchaber’s thesis which clearly described how a
mathematical theorem takes part in an actual proof in laboratories. Then, he talked
about the research example of this thesis, which is on a “mathematical model” for
archicortex proposed to explain the formation of episodic memories in the brain base on
the network structure of the hippocampus which provides fields for the creation of
internal time connecting the past, present, and future. The theoretical model showing
that the hippocampus plays a role in formation of dynamic memory via multiple
time-scales interactions was presented in this seminar. He talked about the study with a
similarity between the structures of hippocampal CA3 and CA1l and of two variables
constructing a skinny baker’s map, which is a typical two-dimensional chaotic map. The
structure gave a hint to make a mathematical model of the hippocampus which is
responsible for the formation of episodic memory. By correlating between experimental
and mathematical studies of the network structures, chaotic behaviors were observed in
hippocampal CA3, and also a Cantor set in hippocampal CAl. This example could
suggest a promising relationship between mathematical and experiment studies of
dynamic behavior in the brain science.

Following his talk, we organized open discussions, which were led by Dr. Tsukimoto.
At first, Prof. Tanigaki asked a question on the experimental measurements of signals in
neuron. In order to make effective collaborations between mathematics and materials
science, Dr. Nakajima asked the speaker about possibility of Cantor set and/or other

mathematical models to apply to materials science field as well as brain science.
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Report on the 7" Seminar
Ken Nakajima
November 25, 2011

“Simulation study of a local glass transition temperature in polymer thin film”
Dr. Hiroshi Morita (AIST)

In this seminar, Dr. Morita introduced their study on a local glass transition and a
polymer chain dynamics in polymeric materials using coarse-grained molecular
dynamics (MD) simulation. According to his talk, the dynamics of the polymer chain in
the confined geometry is different from that of the bulk, and these situations can be
observed in many materials. Recently, Prof. Tanaka and co-workers in Kyushu
University measured the glass transition temperature (7,) near the substrate and it
became larger as the analytical depth from the substrate became smaller and smaller.
Furthermore, 7, of filler-contained polymeric materials were also measured by them and
the feature of 7, was considered as a relation to 7, near the substrate. To clarify these
problems, Dr. Morita conducted the coarse-grained MD simulation. He also briefly
explained the coarse-graining technique and the simulation system of OCTA, which
was developed by Prof. Masao Doi’s group in The University of Tokyo, including Dr.
Morita himself (http://octa.jp/).

After his talk, there were extensive questions and discussions. One arose from a
researcher from the polymer group was the effect of the change in 7, to mechanical
properties. This is actually important and we reached the conclusion that we need a
further collaboration with Dr. Morita. A researcher in the BMG group put a question
about the T, change at surfaces. This is because it would be very interesting if this effect
is also seen in BMG materials. Dr. Morita pointed out the possible parameters for this
phenomenon. We will be able to study this point in the near future. Another question
was the inhomogeneity recently observed in BMG and polymer surfaces by researchers
in WPI-AIMR. He seemed to be interested in it. He will check his data in more detail in
terms of inhomogeneity and will give us a report on it soon.

This time, he tried to talk the glass-transition phenomena as a generalized problem

seen in many different types of materials and the audience agreed his point.
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Nanoporous Metals as Green Catalysts for Molecular Transformations
Naoki Asao
WPI Advanced Institute for Materials Research, Tohoku University

1. Introduction

Molecular metal catalysts (A), such as AuCI(PPh3) and Pd(PPhs),4, have been used for
many molecular transformations as homogeneous catalysts [1]. However, the use of
heterogeneous catalysts offers several advantages over homogeneous systems, such as
ease of recovery and recycling, atom utility, and enhanced stability. While bulk metals
(D) are catalytically inert materials, supported nanoscale metal particles (B) on suitable
oxide show catalytic activities in a variety of molecular transformations [2]. On the
other hand, the catalytic properties of unsupported metals, such as nanoporous metal
materials (C), are still less explored. The nanoporous metal materials can be generally
prepared by leaching less noble metals from the corresponding alloys through a route
similar to that for the preparation of Raney nickel. For example, nanoporous gold is
fabricated from Au-Ag alloy by means of free corrosion in nitric acid [3]. It has an open
sponge-like morphology of interconnecting ligaments on the nanometer length scale.
Our research focused on these nanoporous metal materials as promising green catalysts.

Pd molecular catalyst Pd nanoparticle Nanoporous Pd Bulk Pd metal
A B c D
Fig. 1 Four different types of morphology of gold and palladium.

2. Results and discussion

2.1 AuNPore-catalyzed benzannulation
We initially examined the catalytic activity of the nanoporous gold by use of the
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[4+2] benzannulation reaction between ortho-alkynyl benzaldehyde 1 and
phenylacetylene 2 as a model reaction, which has been previously reported by our group
with homogeneous gold catalysts [4]. The reaction proceeded with 20 mol % of
AuNPore-1, having around 25 nm pore size, at 150 °C for 2.5 h, and the desired product
3 was obtained in 62 % yield together with a small amount of decarbonylated
naphthalene derivative 4 (Scheme 1). On the other hand, any reactions did not take
place in the absence of the catalyst or in the presence of the non-dealloyed AuspAgyo
thin plates. These results clearly indicated that the nanoporous structure of the catalyst

is necessary for this transformation [5].

CHO H
AuNPore (20 mol %)
+ - Ph

R 0-CgH4Cly, 150 °C, 2.5 h
1 Ph Ph 2 3 O Ph
Entry  Average pore size Yield of 3 (%)
1 AuNPore-1 25 nm 62
2 reuse 1 61
3 reuse 2 60
4 AuNPore -2 30 nm 61
5 AuNPore -3 40 nm 12
6 AuNPore -4 60 nm trace
7 AuNPore -5 100 nm 0

Scheme 1 AuNPore-catalyzed benzannulation reaction between ortho-alkynyl
benzaldehyde 1 and phenylacetylene 2.

AuNPore can be recovered simply by picking up with tweezers because the catalyst
is a bulk metal. Therefore, unlike ordinary heterogeneous catalysts, any cumbersome
work-up procedures, such as filtration or centrifugation, are not required. The catalyst
can be reused several times and the chemical yields of 3 were constantly good in each
case (entries 1-3). We found that the catalytic activity of the nanoporous gold was
highly dependent on the pore size in this transformation. AuNPore-2, having around 30
nm pore size, exhibited the similar activity with AuNPore-1 (entry 4). However, the
chemical yields were dramatically decreased with catalysts having more than 40 nm

pore sizes (entries 5-7).

2.2 AuNPore-catalyzed oxidation of organosilanes with water

These results mentioned above prompted us to further explore the feasibility of
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carrying out a wide range of molecular transformations with this material. Then, we
next examined the oxidation of organosilanes with water, leading to silanols, which are
useful building blocks for silicon-based polymeric materials as well as nucleophilic
coupling partners in organic synthesis. Although several metal particles have been
reported as catalysts for this transformation, there are some drawbacks in those cases,
such as poor long-term stability, narrow substrate generality, formation of by-products,
and complicated work-up procedure for separation of products from the catalyst [6]. We
found that the nanoporous gold exhibited a remarkable catalytic activity in the oxidation
of PhMe,SiH 5 and the corresponding silanol 6 was produced quantitaively under mild
conditions together with the evolution of hydrogen gas (Scheme 2) [7]. The formation
of by-products, such as disiloxane, was not detected at all by GCMS. The turnover
frequency (TOF) of 3.0 s was achieved in this catalytic system. The catalyst can be
used at least 5 times repeatedly and the product was obtained nearly quantitatively
every time (entries 1-5). The turnover number (TON) reached up to 10700. SEM
images of the AuNPore catalyst (Fig. 2) indicate that there is no difference on the
surface of the catalyst before and after 5 times use.

AuNPore (1 mol %)

PhMe,Si—H + HyO = PhMe,Si—OH + Hj
acetone, rt, 1 h
5 6
Entry Catalyst Yield of 6 (%)
1 fresh 100
2 reuse 1 98
3 reuse 2 100
4 reuse 3 99
5 reuse 4 100

Scheme 2 AuNPore-catalyzed oxidation of PhMe,SiH with water.

Fig. 2 Scanning electron microscopy (SEM) images of AuNPore: a) before reaction, b)
after being used five times for oxidation of PhMe,SiH.
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The catalytic oxidation reactions with a variety of organosilanes were conducted and
representative examples are shown in Fig. 3. Not only aromatic silanes but also
sterically hindered trialkylsilanes were oxidized effectively. The AuNPore catalyst was
also applicable to the oxidations of tri-, di-, and mono-phenylsilanes, and the
corresponding oxygenated products were obtained in high yields, respectively. Alkenyl-
and alkynyl-containing silanes were oxidized smoothly without reduction of their
multiple bonds by H; gas.

Bu,SiOH iPr;SiOH Ph,SiOH Ph,Si(OH), PhSi(OH);

95 % 88 % 99 % 90 % 80 %

Me
Ph-Si-OH Ph—=——SiMe,OH
N
98 % 92 %

Fig. 3 Representative examples for AuNPore-catalyzed oxidation of organosilanes.

Leaching test was conducted to clarify whether the disolved gold species in solvents
take part in the current reaction system or not. After the catalytic oxidation of 5§ was
carried out for 10 min under the standard condition, AuNPore catalyst was removed
from the reaction vessel. 'H NMR analysis of the mixture showed that 6 was produced
in 48% yield at this time. While stirring of the mixture was continued in the absence of
the catalyst for 50 min, further consumption of 5 was not detected at all. Then, the
AuNPore was put back into the mixture. The oxidation reaction started again and finally
6 was obtained in 99% yield with 50 min. Furthermore, leaching of the gold in the
reaction of 5 was not detected by inductively coupled plasma (ICP) analysis
(<0.0005%). These results clearly indicated that the current transformation was

catalyzed by the AuNPore catalyst but not by the dissolved gold species in solvents.

2.3 PdNPore-catalyzed Suzuki coupling

In parallel with the study on AuNPore, the catalytic property of nanoporous
palladium (PdNPore) has been investigated. This material can be easily fabricated from
metallic glassy ribbons Pd3oNisoP2o [8] by electrochemical dealloying process [9]. The
resulting PANPore was used as a catalyst in the Suzuki-coupling reaction, which is one
of the most important organic transformations in recent years [10]. The reaction of
iodobenzene 7 with p-tolylboronic acid 8 using KOH as a base in the presence of 2

mol% PdNPore gave the corresponding biphenyl product 9 in a nearly quantitative yield
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(Scheme 3, Entry 1). On the other hand, no coupling products were obtained in the
presence of un-dealloyed (non-porous) metallic glass PdsgNisoP2o or in the absence of
PdNPore [11].

Me
[ Me o
©/ . Q PdNPore (2 mol %) _ O
(HO),B KOH, MeOH O
7 8

50°C,3h 9
Entry Catalyst Yield of 9 (%)
1 fresh 99
2 reuse 1 94
3 reuse 2 92
4 reuse 3 95

Scheme 3 PdNPore-catalyzed Suzuki-coupling reaction.

Recently, small palladium particles, consisting of gathering of palladium atoms, have
been used as a solid state catalyst. However, a drawback of this catalyst is that it
undergoes quite easy agglomeration under the reaction conditions, leading to
deactivation of the catalyst. Hence, appropriate stabilizer or supporter is necessary to
prevent deactivation by agglomeration. In contrast, PdNPore exhibited an excellent
catalytic activity under mild reaction conditions without any supporter, ligand, or
stabilizer. Although palladium black has been reported as an unsupported catalyst for
Suzuki coupling reaction, nearly one-half equivalent of catalyst is necessary probably
due to the poor catalytic activity. Recovery of ordinary heterogeneous catalysts often
requires complicated treatment. In contrast, the recovery process in the current catalytic
system is simple. Since the size of the catalyst is relatively large, the catalyst and the
product can be separated easily by just removal of the liquid moiety by a pipette. The
recovered catalyst was washed with MeOH several times and it was reused without
further purification. Indeed, the product 9 could be obtained in excellent yield every
time when the reactions were performed 4 times repeatedly. Furthermore, SEM images
of the catalyst before and after 4 times run indicated the nanoporous structure was
maintained well (Fig. 4).

Fig. 4 Scanning electron microscopy (SEM) images of PdNPore: a) before reaction, b)
after being used four times for Suzuki coupling between 7 and 8.
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Since leaching of toxic palladium causes contamination of the final products with the
dissolved palladium, catalytic systems with low leaching are highly desirable.
Inductivity coupled plasma (ICP-AES) analysis did not detect the leaching of the
palladium (< 0.0005%) during or after reaction of 7 with 8. We next checked the
leaching by conducting the reaction with the supernatant as follows: The reaction of 7
with 8 was carried out for 30 min under the standard condition, then a half amount of
solution was picked up. *H NMR analysis of the supernatant indicated that 9 was
produced in 3% vyield at this time. The supernatant was stirred in the absence of the
catalyst for 3 h; the chemical yield of 9 at this moment was 24%. On the other hand,
stirring of the residual reaction mixture having the catalyst for 3 h gave 9 in 93% yield.
These results clearly indicated that dissolved Pd species existed and catalyzed the
reaction but its activity was much lower than that of solid state of the catalyst due to the
low leaching amount.

The Suzuki-coupling reactions using various aryliodides and arylboronic acids were
examined and representative examples are shown in Fig. 5. The reaction proceeded
smoothly even with sterically hindered 2-iodoanisole. The reactions of aryl iodides
possessing electron-withdrawing groups proceeded faster than those having electron-
donating groups. In contrast, the reactions of arylboronic acids possessing electron-
donating groups proceeded faster than those having electron-withdrawing groups. Not
only aryl iodides but also aryl bromides are suitable substrates.

|
pe cl,. SO o O
OMe
Me OMe Me Me
0 o g T
(HO),B (HO),B (HO),B (HO),B

Yield (%) 6h, 79 % 1h,83% 0.5h, 99 % 2h,95%
Fig. 5 Representative examples for PANPore-catalyzed Suzuki coupling.

2.4 PdNPore-catalyzed Heck reaction

The material was next applied to Heck reaction, which is widely utilized in organic
synthesis from small scale to the industrial process (Scheme 4) [12]. The reaction of
iodobenzene 7 with acrylic acid 10 using KOH as a base in the presence of 2 mol % of
PdNPore gave cinnamic acid 11 in 84 % vyield (Entry 1). Addition of tetra-»-
butylammonium iodide (TBAI) improved the chemical yield up to 94% (Entry 2). Since
TBAI is known as a stabilizer of Pd particles, it might stabilize the dissolved Pd species

108



even in the case of the current catalytic system. On the other hand, no coupling products
were obtained at all in the absence of PdNPore catalyst or in the presence of un-
dealloyed metallic glass Pd3;oNisoP2o ribbon [13].

I x_CO-H
N 2 9 2
& N COH PdNPore (2 mol %) .
KOH, MeOH

7 10 80°C,20h 11

Entry Additive Yield of 11 (%)

1 - 84
2 TBAI 94

Scheme 4 PdNPore-catalyzed Heck reaction.

Not only aryliodides, but also less reactive arylbromides were suitable substrates by
using Kohler’s condition (Scheme 5) [14]. Treatment of 4-bromoacetophenone 12 with
styrene 13 in the presence of 2 mol % of PdNPore in N,N-dimethylacetamide (DMAc)
resulted in the formation of 14 in a nearly quantitative yield (Entry 1). Heck reaction is
well known to be catalyzed by Pd/C, which is one of the most accessible heterogeneous
Pd catalysts. However, it has a serious limitation on the recyclability [14]. In contrast,
our catalyst can be used at least 5 times. SEM analysis of the catalyst clearly indicated
that nanoporous structures were maintained well even after 5 runs. Furthermore, any
significant changes of the composition of the catalysts were not observed before and
after reaction by energy-dispersive X-ray (EDX) analysis. These results clearly indicate

that PdNPore is a robust and recyclable catalyst for Heck reaction.

Br PdNPore (2 mol %) X-Ph
+ \/Ph >
Ac NaOAc, DMAc Ac

12 13 140°C, 12 h 14

Entry PdNPore  Yield of 14 (%)

1 Fresh 99
2 Reuse 1 99
3 Reuse 2 99
4 Reuse 3 99
5 Reuse 4 99

Scheme 5 PdNPore-catalyzed Heck reaction of bromoarene.

The representative examples are shown in Fig. 6. While the reactions of aryliodides
were not influenced significantly by the electronic effect of the substituents on the

aryliodides, the reaction speed of arylbromides was considerably dependent on the
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substituents on bromoarenes.

Xx_CO,H X _CO,H Xx_CO,H
Al +10- @(\/ J@/\/ @/\/
Me MeO Cl

24 h, 99 % 24 h, 95 % 24 h, 95 %
X _Ph X _Ph x._Ph
Ar—Br + 13 - /@/\/ ©/\/ /@/\/
F3C MeO
20h,92 % 48 h, 93 % 72 h, 80 %

Fig. 6 Representative examples for PANPore-catalyzed Heck reaction.

We compared the leaching amount of Pd from PdNPore, Pd/C, and Pd black catalysts
in the reaction of 12 and 13 by inductivity coupled plasma mass spectrometry (ICP-MS).
On the basis of the average of specific surface areas of these catalysts, the leaching
amounts of Pd per unit surface area can be calculated and the results are summarized in
Table 1. Obviously, the leaching amount from the PdNPore catalyst is significantly
smaller than those from the other two commercially available catalysts. This result
clearly indicated that PdNPore has higher resistant property against leaching than the
other two catalysts. Kohler reported that the Pd concentration in solution in the Pd/C-
catalyzed reaction was highest at the beginning of the reaction and was a minimum at
the end of the reaction by the reprecipitation of Pd onto the support [14]. It is worth
mentioning that the leaching amount from the unsupported PdNPore is smaller than that
from the supported Pd/C even at the end of the reaction.

Table 1 Leaching amount of Pd at the end of the reaction with 12 and 13 by use of Pd
NPore, Pd black, and Pd/C catalysts.

Pd cat Leaching amount Average of specific Leaching amount per
in solution [ug] surface area [m?/g] unit surface area [png/m?]
PdNPore 0.57 13 43.8
Pd black 3.80 50 76.0
Pd/C (10 wt%) 48.2 83 580.7

3. Summary

We have demonstrated that nanoporous gold and palladium are promising
nanostructured skeleton catalysts for molecular transformations. Any supports, ligands,
or stabilizers are not required in these catalytic systems. The catalysts can be easily
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recovered by simple separation processes and the recovered catalysts were reusable
without significant loss of catalytic activities. The exploration of new catalytic
properties of a variety of nanoporous metals as well as designing and creation of novel
types of nano-structured skeleton catalysts are in progress.
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Exploring new spintronics materials via investigation of fast
precessional spin dynamics using an ultrashort pulse laser

Shigemi Mizukami and Terunobu Miyazaki
WPI Advanced Institute for Materials Research, Tohoku University

1. Introduction

Since the discovery of giant magnetoresistance (GMR) by P. Grinberg and A. Fert
[1,2] who obtained the Nobel prize in 2007, spintronics research field increased year by
year. One big breakthrough is a finding of large tunnel magnetoresistance (TMR) at
room temperature in magnetic tunnel junctions (MTJs) in 1995 [3,4]. The MTJs consist
of a few nano meter thick insulating barrier sandwiched by ferromagnetic layers and
exhibit, basically, a larger (smaller) resistance in parallel (anti-parallel) configuration of
magnetizations. This implies that a MTJ can be used for a non-volatile magnetic
random access memory (MRAM) element if a high or low resistance states is regarded
as “1” or “0” digital memory bit.

Another interesting proposal was brought in 1996 into spintoronics is the so-called
spin-transfer-torque (STT) effect [5]. Conducting electrons flowing through a fixed
magnetic layer in a magnetoresistive device are spin polarized along the magnetization.
When these spin-polarized electrons pass through another magnetic layer, the
polarization direction may have to change depending on relative orientation. In this
process, the magnetic layer experiences a torque associated with the transfer of spin
angular momentum from conducting electrons. For large current, the spin torque
amplifies the cone angle of spin precession and leads magnetization switching in the
case that the spin torque overcomes magnetic damping. Thus, the magnetization of
nano-scaled free layer is controllable by the flowing current direction.

Nowadays, the researchers in spintronics field are developing STT-MRAM utilizing
the above two fundamental technologies. The features of STT-MRAM is not only non-
volatility but also a large memory capacity and a high speed in reading and storing of
digital memory, comparable to a dynamic random access memory (DRAM) and/or
static RAM (SRAM), made of CMOS technology [6]. STT-MRAM is considered to be
an important element of Normally-off computer as Green Technologies in near future.
However, there are many subjects to be overcome for realization of such an ultimate
memory. One of the important subjects is to develop the new magnetic materials with
low magnetic damping as well as high perpendicular magnetic anisotropy, and also to
clarify their mechanism.
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2. Perpendicular magnetic anisotropy and magnetic damping

When the magnetic materials are patterned into several tens nano meter scale, that is
comparable to the current CMOS technology node, magnetization direction fluctuates
randomly against time, like as the Brownian motion of very small particle. Reducing of
these thermal fluctuations of magnetization is crucial to make nano scaled memory
because the thermal fluctuation of magnetization leads to lose a stored digital memory
in MRAM. To avoid it, a magnetic material with a large perpendicular magnetic
anisotropy is used in electrodes of MTJ. Thermal fluctuation of magnetization is
stabilized significantly by high perpendicular magnetic anisotropy [7]. There have been
several magnetic materials with high perpendicular magnetic anisotropy, so far, because
such materials are also used in a storage media in hard disk drive or permanent magnet.
Most of such magnetic materials have crystal structures with symmetry lower than a
cubic, i.e., tetragonal or hexagonal. Artificial magnetic multilayer also shows
perpendicular magnetic anisotropy owing to two dimensional structures [7]. Most of
them contain various rare earth or noble metals. History of research on magnetic
anisotropy is long [8] and the development of precise ab-initio calculation and progress
of microscopic characterization based on X-ray reveals the mechanism of anisotropy in
last two decade, but physics of magnetic anisotropy was not so clear yet.

In the elementary mechanics, we learn that a friction forces to stop an object moving
in the air and this friction force is proportional to velocity of moving object. Such
friction is a universal phenomenon that appears from microscopic to macroscopic scale.
Large friction needs large power to drive the motion of object, but a finite friction is
necessary to control it, thus friction control is very important technology to save the
energy, as seen in a hybrid car. Similarly, magnetization also feels a friction inside
magnets, so-called magnetic damping. In STT-MRAM, small magnetic friction is
efficient to drive the magnetization motion with saving the power requiring
magnetization reversal [6]. Origin of magnetic friction can be attributed to one electron
spin relaxation phenomena related quantum-mechanical spin-orbit interaction [9], but
there are a few data of magnetic damping in the magnetic materials with perpendicular
magnetic anisotropy and the related physics is not yet understood fully.

Theories show magnetic friction and magnetic anisotropy originates from spin-orbit
interaction, namely materials with large magnetic anisotropy might tend to show large
magnetic friction. Therefore, it is a challenging task to explore new materials suitable to
STT-MRAM.
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3. Spin dynamics and all-optical time-resolved magneto-optical Kerr effect

The objectives of our studies are to get insight into physics of magnetic damping in
magnetic materials with large perpendicular magnetic anisotropy and also to explore
magnetic materials with both high perpendicular magnetic anisotropy and small
magnetic damping. However, it is difficult to evaluate magnetic damping constant in
such magnetic materials. A basic motion of spin in magnets is precession, which is
similar to oscillation of a pendulum. Precession frequency is roughly proportional to the
perpendicular magnetic anisotropy field. Precession frequency is several GHz for the
usual ferromagnetic metals, e.g., iron, but it exceeds more than 100 GHz in the
magnetic materials with high perpendicular magnetic anisotropy. “All optical pump-
probe detection” is the current state of art technique for the investigation of spin
dynamics [10]. All optical pump-probe detection is based on pump-probe technique
with femto second laser. The motion of spins can be induced only by laser light pulse
and any coils or inductances, which are required to generate pulsed magnetic field in the
other techniques, are not involved in the set-up, so that one can achieve the ultimate
time resolution better than hundred femto second. The equivalent frequency bandwidth
of this measurement is more than 1 THz.

In 2008-2009, we have constructed the set-up of all-optical time-resolved magneto-
optical Kerr effect (TRMOKE) using a standard optical pump-probe set-up with Ti:
Sapphire laser and regenerative amplifier (wavelength of 800 nm, pulse width less than
100 fs) [11,12]. S-polarized probe light is normally incident on a film surface. A very

small amount of rotation of polarization vector of laser light reflected from sample is

(a) electromagn% (b)
sample ) '

Ti:sapphire L

+ i detector
Regenerative amp.
BS
I' C 7
— P
- ’ wpP
p— : SN . P o - A2
Zam) Es 7
chopper

Figure 1. (a) Schematic illustration of optical set-up. P, WP, and BS correspond to a
polarizer, beam splitter, and Wollaston prism as an analyzer. Thin and bold red lines are
probe and pump beam path, respectively. (b) the photograph of optical set-up
constructed in Integration laboratory in WPI-AIMR.
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detected by a balanced detector after passing though analyzer (Wollaston prism) by
polar magneto-optical Kerr effect (PMOKE). Intense pump beam is also focused to the
sample overlapped and delayed by probe beam and time variation of magnetization was
detected. Magnetic field can be applied up to 10 kOe and the field direction can be
varied from in-plane to out-of-plane. Hereafter, we discuss the result of investigation of
fast spin precession dynamics in various magnetic films with large perpendicular

magnetic anisotropy.

5. Precessional spin dynamics in ultrathin films and multilayers exhibiting a large
perpendicular magnetic anisotropy

As mentioned earlier, artificial layered materials have a large uniaxial magnetic
anisotropy induced by symmetry broken at an interface. We investigated Co-based
multilayered structure: Co/Pd [13] and Co/Ni [14], here we show representative results
of very thin Co layer sandwiched by Pt layer [15].

Films were deposited on a naturally oxidized Si substrate using an ultra-high vacuum
magnetron sputtering system at room temperature. Thickness of buffer and capping

layer of Pt were 5 and 2 nm, respectively, and Co layer thickness was varied from 4 to
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Figure 2 (a) Typical hysteresis curves for a Pt/Co/Pt trilayer film with Co layer
thickness dc, of 0.8 nm. (b) Co layer thickness dependence of Coercivity, and (c) time-

resolved magneto-optical Kerr effect signal for the films with different dc,.
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0.5 nm. A typical hysteresis loop for a film with Co layer thickness of 0.8 nm is shown
in Fig. 2(a), in which a coercivity Hc was ~ 300 Oe and an effective perpendicular

magnetic anisotropy field HET

was 2.1 kOe. Figure 2(b) shows the coercivity as a
function of Co layer thickness evaluated from PMOKE measurements, confirming that
Pt/Co/Pt films was magnetized perpendicularly at Co layer thickness dc, < 1 nm. Time-
resolved magneto-optical signals for these films are shown in Fig. 2(c). Signal shows a
rapid decrease in sub-ps time regime and then exhibits damped oscillation, those
correspond to ultrafast demagnetization due to pulse heating and magnetization
precession, respectively. Spin precession signals are observed clearly in all films,
especially in case of perpendicularly magnetized films where cobalt layer thickness is
comparable to a few atomic layers. Precession signal decays more rapidly in a film
with thinner Co layer thickness, which implies magnetic friction acts more strongly on
spins in a few atomic layers of cobalt. To determine magnetic damping quantitatively,
the precession frequency f'and decay time 7 for Pt/Co/Pt films were evaluated from the
time-resolved data by fitting the damped harmonic function, and then the experimental
data of f and 1/7 were analyzed by using Landau-Lifshitz-Gilbert equation, a basic
equation of motion of magnetization:

dm
E:—meHeff

+ oum x dm ) (1)

dt
Here, m, v, H.4, and « are the unit vector of magnetization direction, the gyromagnetic
ratio, the effective magnetic field, and the dimensionless damping constant. Extracted
damping constant « increases, up to 0.4, with decreasing Co layer thickness, those
values are by a factor of 10-100 larger than those in the ordinary magnetic materials,
such as iron. This means that huge electric power needs to control magnetization

direction of Co layer in these films.

6. Ultrafast precessional spin dynamics in Mn-Ga alloys

As mentioned earlier, some types of magnetic materials naturally forms atomically
layered structure that leads to tetragonal distortion of crystal lattice, or some types of
magnetic materials have hexagonal lattice. These crystal structures have an axial
symmetry, leading a uniaxial magnetic anisotropy along c-axis. In case that those films
are textured along c-axis, perpendicular magnetic anisotropy appears. A hexagonal
CoCrPt and tetragonal FePt alloys are, respectively, the materials used in the storage

media currently and possibly near future, so that we investigated magnetization
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Figure 4. (a) Schematic illustration of crystal structure of L.1p-MnGa and D0,,-Mn;Ga.
(b) Typical hysteresis curves for the films having L1, or DO,, crystal structures.

dynamics in those materials [16-18]. Here, we show only the recent result of Mn-Ga
alloy films [19].

A Mn-Ga binary alloy has a tetragonal crystal structure and large uniaxial anisotropy
[Fig. 1(a)], that is similar to that for a FePt alloy. This material contains no noble and
rare-earth metals which are important constituents to gain high magnetic anisotropy,
such as FePt or Nd,Fe4B. Curie temperature for Mn-Ga alloys is much higher than
room temperature, and the large spin polarization has also been predicted in Mn3Ga [20],
nevertheless those contain no magnetic elements, i.e., Fe, Co, and Ni. We succeeded,
for the first time, to grow Mn,sGa epitaxial film using ultra-high vacuum magnetron
sputtering technique and reported a huge uniaxial perpendicular magnetic anisotropy
constant over 10 Merg/cc with low saturation magnetization ~ 250 emu/cm’ [21]. High-
TMR ratio has also been predicted by our group [22]. However, there are many open
questions, especially magnetic damping constant.

Figure 4(b) shows the typical hysteresis loops for the Mn-Ga films with different
composition with applying field of out-of-plane (in-plane) denoted by red (blue) curves.
Both films show good perpendicular uniaxial anisotropy and very large effective
anisotropy field H*", close to 10 T, was estimated from the hysteresis loops. Figure
5(a) shows the typical time-resolved magneto-optical Kerr signals for the films.

Sinusoidal oscillations correspond to magnetization (spins) precessions about an
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Figure 5 (a) Typical example of time-resolved magneto-optical Kerr effect of the Mn-
Ga film with L1, structure. Magnetic field direction &y dependence of (b) precession
frequency and (c) effective damping constant for L1,and D0, Mn-Ga films.

externally applied magnetic field. Spin precessions show ultrafast frequencies over 100
GHz with no remarkable decays, that have never been observed in metallic
ferromagnets, so far.

Precession frequency f are extracted from the data are shown in Fig. 5(b) as a
function of magnetic field direction. Experimental data of f are well fitted to the data
calculated from eq. (1) with adequate fitting parameters. The damping constants a are
also extracted from the data [Fig. 5(c)], average values of 0.015 and 0.0075,
respectively, for L1, and and D0,, Mn-Ga alloys. First-principles calculations are also

in qualitative agreement with these experimental results [19].

4. Discussion

The damping constants for various films with perpendicular magnwetic anisotropy
are plloted as a function of the perpendicular anisotropy constant in Fig. 6. The reported
materials with large perpendicular magnetic anisotropy show large damping constants
as shown in Fig. 6. However, damping constants for Mn-Ga alloys are by a factor of ten
smaller than known materials even though this materials have a large perpendicular
magnetic anisotropy. As we mentioned earlier, the origin of both perpendicular
magnetic anisotropy and magnetic damping relate to quantum mechanical spin-orbit
interaction from the theoretical points of view [8,9]. Thus, the compatibility of small

damping and large perpendicular magnetic anisotopry in Mn-Ga alloys is not only

119



Reported
Values in III T T IJ IIIII T T T
- various | .---""7" ;" 4
— materials T
c ; o T
Q L /e % ® ® \ J
9 ! L] ® .. ‘\
= -1 .). \
(0] 107 / ° [ =
o C LY ® ! ]
© S0 o % e
g’ Lo L 1) o ]
o Lo Y i
% 2 I‘\ L ° L] _ -
o 10°F . -7
QO -
@ — Required
S i values for
© L Gbit-STT-
= MRAM
10'3 N R R T L1
10" 10° 10’

Perpendicular magnetic anisotropy
constant K& (Merg/cm3)
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technologically but also fundamentally interesting. One reason of small damping is that
this alloy has small density of states at Fermi level and no constituent of heavy elements
[19,23]. Full understanding needs further investigations.

4. Summary and prospect

We have achieved the construction of set-up, the investigation of dynamics for
various magnetic films with perpendicular magnetic anisotropy, and the discovery of
excellent properties in Mn-Ga alloys. This finding contributes not only to develop STT-
MRAM but also to form the new concept for designing Green Spintronics Materials
with no heavy elements. The Mn-Ga alloys has potentially high spin polarization and
exhibit high-TMR ratio, so that it is important to investigate spin transport properties of
MTJ with Mn-Ga, such studies are in progress [24].

It is important to continue to explore materials with much better properties for STT-
MRAM. Such new materials could be created by controlling atomic layer structure
including light element as well as electronic structure around Fermi energy.

It is naturally considered that a high speed motion of spins, demonstrated in our
optical experiments in the Mn-Ga films, can be applied to a high speed spintronics
device. Such a new devices should be useful for nonvolatile logic application, that is
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one of the future directions of research.
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Newly Appointed Research Staff






Curriculum Vitae

Sergey KETOV

Research Associate

TEL: +81-22-217-5956

E-mail: ketov.sergey@wpi-aimr.tohoku.ac.jp

URL: http://www.wpi-aimr.tohoku.ac.jp/en/modules/louzguinegroup/

ACADEMIC:
2004 Engineer-specialist, Moscow State Institute of Steel and Alloys, Russia
2007 Dr. Eng., Moscow State Institute of Steel and Alloys, Russia

PROFESSIONAL EXPERIENCE:
2008-2009  Senior Engineer, Hard magnetic materials laboratory, Moscow State Institute of Steel and
Alloys, Russia
2009-2011  Senior Researcher, Hard magnetic materials laboratory, Moscow State Institute of Steel
and Alloys, Russia
2009-2010  Docent (off-hour job), Material Physics Department, Moscow State Institute of Steel and
Alloys, Russia

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

CURRENT RESEARCH:
* Hard magnetic materials and permanent magnets
* Thin magnetic, transparent, conductive films

Yasufumi TAKAHASHI

Research Associate

TEL: +81-22-795-7281

E-mail: takahashi@bioinfo.che.tohoku.ac.jp
URL.: http://www.che.tohoku.ac.jp/~bioinfo/

ACADEMIC:
2004 B.S. in Engineering, Tohoku University, Japan
2006 M.S. in Environment, Tohoku University, Japan
2009 Dr. in Environment, Tohoku University, Japan

PROFESSIONAL EXPERIENCE:

2008 JSPS Fellow (DC2), Graduate School of Environmental Studies, Tohoku University,
Japan
2009 JSPS Fellow (PD), Graduate School of Environmental Studies, Tohoku University, Japan

2010-2011  JSPS Research Abroad Fellow, Division of Medicine, Imperial College London, UK
2011-present Research Associate, WPI Advanced Institute for Materials Research, Tohoku University

CURRENT RESEARCH:

 Imaging a living cell surface using scanning ion conductance microscopy
* Mapping of the membrane protein using scanning electrochemical microscopy
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Curriculum Vitae

Natsuhiko YOSHINAGA

Assistant Professor
TEL: +81-22-217-6325
E-mail: yoshinaga@wpi-aimr.tohoku.ac.jp

ACADEMIC:
2002 B.Sc. in Physics, Kyoto University, Japan
2004 M.Sc. in Physics, Kyoto University, Japan
2007 Ph.D. in Physics, Kyoto University, Japan

PROFESSIONAL EXPERIENCE:
2004-2007  JSPS Fellow (DC1), Department of Physics, Kyoto University
2006-2007  Guest Researcher, Département de recherche fondamentale sur la matiére condensée

(DRFMC), CEA-Grenoble (France)

2007-2010  JSPS Fellow (PD), Department of Physics, the University of Tokyo
2007-2008  Guest Researcher, PhysicoChimie Curie UMR 168, Institut Curie, Paris (France)
2010-2011  Research Fellow, Fukui Institute for Fundamental Chemistry, Kyoto University
2011-present Assistant Professor, WPI Advance Institute for Materials Research, Tohoku University

CURRENT RESEARCH:
* Theoretical studies in Active Soft Condensed Matter including Hydrodynamics, Nonequilibrium and
Nonlinear Physics, Polymers, and Biological systems
* Spontaneous motion and deformation of a droplet with active surface reactions and Marangoni effect
* Mechanics of active gels: Stress fibers and cytoskelton in cells

Jianhua ZHOU

Research Associate

TEL: +81-22-217-5998

E-mail: jhzhou@wpi-aimr.tohoku.ac.jp
URL: http://www.wpi-aimr.tohoku.ac.jp

ACADEMIC:
2004 B. S. in Polymer Science, Sun Yat-sen University, P. R. China
2007 M. S. in Chemistry, Tsinghua University, P. R. China
2011 Ph.D. in Chemistry, Hong Kong University of Science and Technology, Hong Kong

PROFESSIONAL EXPERIENCE:
2009-2010  Fulbright Scholar, Biomedical Engineering, Washington University in St. Louis, USA
2011-present Research Associate, WPI Advanced Institute for Materials Research, Tohoku University

CURRENT RESEARCH:

* Microfluidic platform for tissue engineering and drug delivery
* Biodevices for diagnosis of diseases
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Newly Appointed
Adjunct Associate Professors






Curriculum Vitae of Adjunct Associate Professor

Nagatoshi KOUMURA

PRIMARY AFFILIATION:

Senior Researcher

Research Center for Photovoltaic Technologies (RCPVT)

National Institute of Advanced Industrial Science & Technology (AIST)

Tel: +81-29-861-9322
Fax: +81-29-861-6232
E-mail: n-koumura@aist.go.jp

ACADEMIC:

1994  B.S. in chemistry, Tohoku University
1996  M.S. in chemistry, Tohoku University
1999  Dr. of Sci., Tohoku University

PROFESSIONAL EXPERIENCE:
1999-2002 Post-Doc, University of Groningen, the Netherlands

2002-2004 Researcher, Institute for Material and Chemical Process, AIST

2004-2007 Researcher, Nanotechnology Research Institute, AIST

2007-2010 Researcher, Photonics Research Institute, AIST

2008-present  Cooperated Associate Professor, Graduate School of Pure and Applied Science, University
of Tsukuba

2010-04-09 Researcher, Research Center for Photovoltaics, AIST

2010-2011 Senior Researcher, Research Center for Photovoltaics, AIST

2011-present  Senior Researcher, Research Center for Photovoltaic Technology, AIST

CURRENT RESEARCH:
* Design and synthesis of functional n-conjugated organic materials

* Application of organic materials for molecular photovoltaic devices
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Curriculum Vitae of Adjunct Associate Professor

Keith MCKENNA

PRIMARY AFFILIATION:

Department of Physics

University of York

Heslington

York YO10 5DD

United Kingdom

Tel: +44 01904 322251

E-mail: keith.mckenna@york.ac.uk

ACADEMIC:
2001  M.Phys. in Physics, University of Leeds, UK
2005  Ph.D., University of Leeds, UK

PROFESSIONAL EXPERIENCE:

2005-2009 Research Fellow, University College London, UK
2009 Visiting Senior Research Fellow, Angstrom Laboratory, Uppsala University, Sweden

2009-2011 Assistant Professor, WPI-Advanced Institute for Materials Research, Tohoku University

2011-present  Lecturer, Department of Physics, University of York, UK

CURRENT RESEARCH:

My research aims to understand the properties and functionality of nanoscale and nanostructured materials

by developing and applying a range of theoretical and computational approaches. Current research topics

include:

* Defect segregation and charge trapping at grain boundaries in polycrystalline materials

* Electronic and optical properties of metal-oxide nanocrystallites

* Dynamics, structure and properties of metallic nanoparticles in liquid and gaseous environments

* Electronic properties of supported metal clusters

130



Global Intellectual Incubation
and Integration Lab (GI° lab)






GI’ Laboratory

In order to strengthen international fusion/joint research and construct a world
“visible center”, we started “Global Intellectual Incubation and Integration Laboratory
(GI’ Lab)” program in 2009. The original target of GI’ 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 GI’ Lab to senior

researchers, integrating existing IFCAM visiting professorship.

Briefly stated, GI° Lab will accept following researchers.
1. Senior Researchers: Visiting Professorship and Associate Professorship

2. Junior Researchers: Visiting Scientists

I . Senior Researchers

Qualified researchers who may be interested in GI° 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.

II. 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
GI® 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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GI° Activity Report of Jorg FROMEL
May 11", 2011 - December 5™, 2011
Host: Professor Masayoshi ESASHI (Professor Thomas GESSNER)

During my stay at the WPI-AIMR two main objectives could have been achieved.
The scientific focus was on the development of a novel process to bond materials even
with a highly different thermal expansion coefficient. Therefore the process temperature
needs to be as near as possible to room temperature. The lowest theoretical applicable
material combination is gallium and gold slightly above 30°C. It will form the AuGa,
alloy that has a melting point of 491°C. Whereas the material system Au/Ga has already
been extensively researched, there is to our best knowledge no application in micro
devices yet. The reason is linked to the difficult process ability of the gallium. Many
known processes in micro and nanotechnology cannot be used because of the low
melting point of 29.8°C. Basically three different processes are needed to enable the
application: deposition of gallium, micro structuring of gallium and the bonding process
itself. During my stay at the GI3 lab I could successful develop a deposition process
based on electroplating that allows the precise thin film deposition of gallium. With this
process layers ranging from several 100nm to several um can be realized now. The
application in micro devices requires structuring of the gallium thin film within several
10um structures. This could be achieved by using patterns of photosensitive polymers
(resist) that are applied before the deposition process. Lastly with the deposited and
structured thin films the bonding process could be successfully demonstrated at a
temperature of 40°C. With this result the whole needed process chain is available now
and the possibility to finally apply the Au/Ga SLID technology in micro devices is
within reach. Currently a journal paper is being prepared based on the results of the
research work.

Additional to the scientific objective also it was a target of the stay in Sendai to
increase the cooperation between the WPI-Advanced Institute for Materials Research
and Fraunhofer Institute for Electronic Nano Systems (ENAS). As a result on
November 8" 2011 a memorandum of understanding could be signed by WPI-AIMR
Director Prof. Yamamoto and Fraunhofer ENAS Director Prof. Gessner in presence of
Mayor of Sendai Ms. Okuyama, Fraunhofer President Prof. Bullinger and Tohoku
University Executive Vice President Prof. lijima. It is anticipated to form even more
stronger international relation between the two organisations in the future. During my
stay I could acquire many new skills and experiences related to material science, micro
technology and Japanese scientific environment.

I would like to thank Prof. Esashi, Prof. Yamamoto and Prof. Gessner for their
support and giving me the opportunity to contribute to the research at the excellent
WPI-AIMR.
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Announcement






The 2012 WPI-AIMR Annual Workshop

The 2012 WPI-AIMR Annual Workshop will be held on February 20 through 23 in
Sendai. The workshop will be composed of plenary sessions and parallel sessions,
inviting world class researchers.

Date: Monday, February 20 — Thursday, February 23, 2012

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

In the process of realizing three major goals of the 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—the AIMR has been organizing the WPI-AIMR Annual
Workshop since 2009. And now, we are announcing the 2012 WPI Annual Workshop
which will be held from February 20, 2012, Monday, through February 23, Thursday, at
Sendai Kokusai Hotel and Sendai International Center. This will be the fourth
WPI-AIMR general workshop since its inauguration in October 2007 as a World
Premier International Research Center.

The scientific scope of our workshop is “Cutting-edge Functional Materials for Green
Innovation”, reflecting our efforts to create Green Materials which contribute to “Energy
Harvesting”, “Energy Saving” and “Environmental Clean-up”. The workshop will aim
to provide a new direction of materials research, since the AIMR now promotes the
collaboration between materials science and mathematics.

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

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/workshop2012/
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Tentative Schedule

February 20 (Monday): Sendai Kokusai Hotel
17:00 — 19:00 Welcome Reception

February 21 (Tuesday): Sendai International Center

09:00 — 09:30 Opening session

09:30 — 11:00 Morning plenary session (Mathematics-Materials)

11:10 — 12:40 Morning plenary session (Bulk Metallic Glasses)

12:40 — 14:30 Poster session

14:30 — 16:00 Afternoon plenary session (Materials Physics)

16:10 — 17:40 Parallel sessions (Bulk Metallic Glasses & Soft Materials)

February 22 (Wednesday): Sendai International Center

09:00 — 10:30 Morning plenary session (General)

10:40 — 12:10 Parallel sessions (Device and Physics & Soft Materials)
12:10 — 14:10 Poster session

14:10 — 15:40 Parallel sessions (Bio-Device & Soft Materials)

15:50 — 17:20 Afternoon plenary session (General)

18:00 — 20:00 Banquet at Sendai Kokusai Hotel

February 24 (Thursday): Sendai International Center
09:00 — 10:30 Morning plenary session (Soft Materials)
10:40 — 12:10 Morning plenary session (Device/Systems)
12:10 — 12:20 Closing remarks

Tentative list of Invited speakers (As of December 12)

Jean-Pierre Aimé, Université Bordeaux 1

Jean Bellissard, Georgia Institute of Technology

Derek Y C Chan, University of Melbourne

Masao Doi, University of Tokyo

Frank Ernst, Case Western Reserve University

Pavel Exner, Academy of Sciences of the Czech Republic
Claudia Felser, Max Planck Institute for Chemical Physics of Solids
Thomas Gessner, Chemnitz University of Technology
Katsumi Hagita, National Defense Academy of Japan
Buxing Han, Chinese Academy of Sciences

Liyuan Han, National Institute for Materials Science
Michelle Khine, University of California, Irvine

Tamiki Komatsuzaki, Hokkaido University

Yuri E Korchev, Imperial College London

Yutaka Matsuo, University of Tokyo

Yasumasa Nishiura, Hokkaido University

Takao Ohta, Kyoto University

Kosmas Prassides, Durham University

Keith Promislow, Michigan State University

David Joseph Srolovitz, National University of Singapore
Fred Wudl, University of California, Santa Barbara
Hiroaki Yoda, Toshiba Electronics Korea Corporation
Takeshi Egami, University of Tennessee

Todd Hunfnagel, Johns Hopkins University

Tingbing Cao, Renmin University of China

Matthew J. Rosseinsky, University of Liverpool

Youn Woo Lee, Seoul National University

Thomas P. Russell, University of Massachusetts Amherst
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Junior Faculty/Post-doctoral Positions

Tohoku University
WPI-AIMR

Effective October 1, 2007, Tohoku University created a new Research Institute, the
Advanced Institute for Materials Research (AIMR), based on an initiative of the
Japanese Department of Education (MEXT) for World Premier International Research
Center Initiative (WPI) to bring together scientists involved in research on nano-science
and technology.

In the 21% 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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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.

142



Appendix






Katahira Festival

October 8-9, 2011

X-1




Katahira Festival

October 8-9, 2011

X-2




Completion Ceremony of the
WPI-AIMR Main Building
December 7, 2011

X-3




Completion Ceremony of the
WPI-AIMR Main Building
December 7, 2011

X-4




WPI-AIMR Staff List
(As of December 16, 2011)






Bulk Metallic Glasses Group

CHEN, Mingwei
PR BAE
Principal Investigator, Professor
+81-22-217-5992
mwchen@wopi-aimr.tohoku.ac.jp

HIRATA, Akihiko
TH UE
Assistant Professor
+81-22-217-5959
hirata@wpi-aimr.tohoku.ac.jp

CHEN, Luyang
o
Research Associate
+81-22-217-5959
chenly@wopi-aimr.tohoku.ac.jp

GE, Xingbo
B MR
Research Associate
+81-22-217-5959
xbge@wpi-aimr.tohoku.ac.jp

LOUZGUINE, Dmitri V.
LXXY FshY
Principal Investigator, Professor
+81-22-217-5957
dml@wpi-aimr.tohoku.ac.jp

NAKAYAMA, Koji S.
Bl ==
Associate Professor
+81-22-217-5950
kojisn@wpi-aimr.tohoku.ac.jp

CHEN, Na
1
Assistant Professor
+81-22-217-5956
chenn@wopi-aimr.tohoku.ac.jp

ZADOROZHNYY Vladislav

¥ VAR'Z 7°5FTARTT
Research Associate
+81-22-217-5956
vuz@whpi-aimr.tohoku.ac.jp

TOKUYAMA, Michio
fEll Ex
Principal Investigator, Professor
+81-22-217-5953
tokuyama@wopi-aimr.tohoku.ac.jp

FUJITA, Takeshi
BH BE
Associate Professor
+81-22-217-5959
tfujita@wpi-aimr.tohoku.ac.jp

LIU, Yanhui
o ERE
Assistant Professor
+81-22-217-5959
yhliu@wpi-aimr.tohoku.ac.jp

KANG, Jianli
|- - v
Research Associate
+81-22-217-5959
kangjianli@wpi-aimr.tohoku.ac.jp

TAKEUCHI, Akira
"R E
Associate Professor
+81-22-217-5956
takeuchi@wpi-aimr.tohoku.ac.jp

YOKOYAMA, Yoshihiko
iy 22

¢ Associate Professor (Concurrent)

+81-22-215-2199
yy@imr.tohoku.ac.jp

WANG, Jungiang
T Fd
Research Associate

+81-22-217-5956
jungiangwang@wepi-aimr.tohoku.ac.jp

KETOV Sergey
TR HILTA
Research Associate
+81-22-217-5956
ketov.sergey@wpi-aimr.tohoku.ac.jp

KIMURA, Yuto
AF A
Research Assistant
+81-22-217-5954

kimura@athena22.wpi-aimr.tohoku.ac.jp



GREER, Alan L.

JV7— T3
Principal Investigator
+44-1223-334308
algl3@cam.ac.uk

MADGE, Shantanu V.

TS B za
Research Associate
+81-22-217-5956
S.Madge.99@cantab.net

HEMKER, Kevin J.
AVH— TIqv
Principal Investigator
+1- 410- 516-4489
hemker@jhu.edu

YAVARI, Alain R. GEORGARAKIS, Konstantinos
Yy 7oA BAHSHR AV REUT4IR
Principal Investigator 1 4 Assistant Professor
+33-(0)4 76 82 65 16 georgara@minatec.inpg.fr

yavari@minatec.inpg.fr

X-8



Materials physics Group

TANIGAKI, Katsumi NOUCHI, Ryo
#E BC 5R x

Assistant Professor
+81-22-217-6173
nouchi@sspns.phys.tohoku.ac.jp

Principal Investigator, Professor
+81-22-217-6166
tanigaki@sspns.phys.tohoku.ac.jp

XU, Jingtao TANABE, Yoichi
% BiF H& F—

Research Associate
+81-22-217-6173
youichi@sspns.phys.tohoku.ac.jp

Research Associate
+81-22-217-6173
jtxu@sspns.phys.tohoku.ac.jp

MITOMA, Nobuhiko
=5 @E
Research Assistant
. +81-22-217-6173
mitoma@sspns.phys.tohoku.ac.jp

TAKAHASHI, Takashi
=iE &
Principal Investigator, Professor
+81-22-795-6156
t.takahashi@arpes.phys.tohoku.ac.jp

SOUMA, Seigo
HE A&
Assistant Professor
+81-22-217-6169
s.souma@arpes.phys.tohoku.ac.jp

SUGAWARA, Katsuaki
ER =
Assistant Professor
+81-22-217-6169
k.sugawara@arpes.phys.tohoku.ac.jp

ARAKANE, Toshiyuki
mE 81T
Research Associate
+81-22-217-6169
t.arakane@arpes.phys.tohoku.ac.jp

TSUKADA, Masaru
FH &
Principal Investigator, Professor
+81-22-217-5937
tsukada@wpi-aimr.tohoku.ac.jp

AKAGI, Kazuto
FAR A
Associate Professor
+81-22-217-5940
akagi@wpi-aimr.tohoku.ac.jp

HAMADA, lkutaro
EEH #XE
Assistant Professor
+81-22-217-5938
ikutaro@wpi-aimr.tohoku.ac.jp

TAMURA, Hiroyuki
BF Bz
Assistant Professor
+81-22-217-5938
hiroyuki@wpi-aimr.tohoku.ac.jp

ARAIDAI, Masaaki

‘ %E SR

. = Researcher

L +81-22-217-5939
araidai@wpi-aimr.tohoku.ac.jp

YAMADA, Kazuyoshi SATO, Toyoto
ILEA #% B BA
Principal Investigator, Professor Assistant Professor
+81-22-215-2035 +81-22-215-2039
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