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Editors’ Postscript

National Institute for Materials Science International Center for Materials
Nanoarchitectonics (MANA)

Todai Institutes for Advanced Study, The University of Tokyo 
Institute for the Physics and Mathematics of the Universe (IPMU)

Kyoto University
Institute for Integrated Cell-Material Sciences (iCeMS)

Established to integrate the cell and material sciences, the iCeMS combines the 
potential power of stem cells (e.g., ES/iPS cells) and of mesoscopic sciences to 
benefit medicine, pharmaceutical studies, the environment, and industry.

An innovative research center, which pursues the goal of comprehensive 
understanding of immune reactions through the fusion of immunology, 
various imaging technologies, and Bioinformatics.

Osaka University
Immunology Frontier Research Center (IFReC)

Tohoku University
Advanced Institute for Materials Research (AIMR)

Integrating physics, chemistry, materials science, bioengineering, electronics and 
mechanical engineering, AIMR is striving to create innovative functional materials. 
A mathematical unit joined the team in 2011 to help establish a unified theory of 
materials science, aiming at the realization of a global materials research hub.

A major focus of our activities is the development of innovative materials on the basis of 
a new paradigm “nanoarchitectonics”, ground-breaking innovation in nanotechnology.

With accumulated research on mathematics, physics and astronomy, this research core works to 
bring light to the mysteries of the universe, such as its origin, and to provide an analysis of evolution.

Toward the realization of a low-carbon society, I2CNER 
aims to resolve the challenges of the use of hydrogen 
energy and CO2 capture and sequestration by fusing 
together sciences from atomic level to global scale.

Kyushu University
International Institute for Carbon-Neutral
Energy Research (I2CNER)

I was assigned to this post from RIKEN in Saitama 
Prefecture. I graduated from Kyushu University in 
1999, but in those days Ito Campus didn’t yet exist, so 
it all feels very fresh to me. On holidays, I enjoy 
nature and the towns around Fukuoka with my 
children. I was engaged in research on new functions and phenomena generated 
as a result of reducing various materials to a nanometer scale. Now, I am creating 
thin films several tens of nanometers in thickness that can actually be held in one’s 
hand, using materials such as polymers, metals and ceramics. I am conducting 
research toward realizing the efficient separation of CO2 using this film.

Miho YAMAUCHI

I transferred to I2CNER of Kyushu University from the 
Hokkaido University Catalysis Research Center last 
January, coming from a place where there was snow as far 
as the eye could see. I didn’t have a car in Sapporo 
because I am not fond of driving on snowy roads, but I 
decided to buy one here. I would like to travel around Fukuoka as well as Kumamoto and 
Miyazaki, which I have never visited. I am currently engaged in research on catalysis 
development using base metals such as iron, with the purpose of realizing an energy cycle 
that does not emit CO2. Although it is difficult to create this, when compared with noble 
metals, I am hoping to create a high-performance catalyst that can be put into practical use.

Jan. 31 (Tue)
Symposium,

Feb. 2 (Thu)
Workshop

Search

i2cner-annual2012

From Kyushu University to the world. Introducing research activities that will bring us to the realization of a carbon-neutral society. JANUARY 2012 Hello! I2CNER

Associate
Professor Material Transformations

Prof. Atsushi TAKAHARA  (I²CNER Hydrogen Production Division, Principal Investigator)
            Awarded the 9th Industry-Academia-Government Cooperation Merit Prize
            (Minister’s Prize of the Ministry of Economy, Trade and Industry)

Prof. Seiji OGO  (I²CNER Material Transformations Division, Principal Investigator)
          Succeeded in developing fuel cells using molecular catalysis as an electrode

Prof. Etsuo AKIBA
(I²CNER Hydrogen Structural Materials Division,
  Principal Investigator)
Assistant Prof. Junko MATSUDA
(I²CNER Hydrogen Structural Materials Division)
           Received the 33rd Japan Society of Applied
           Physics Outstanding Paper Award (2011)
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High school students visit Prof. Yanagi and Prof. Katsuki of I2CNER.

Prof. KatsukiMaterial Transformations Division

Prof. YanagiCO2 Sequestration and Storage Division

What is a carbon-neutral
society?

This is a society where CO2 emissions 
generated by energy use are reduced to a 
minimum, and where a balance is achieved 

between emissions and the amount absorbed 
and stored in the natural world.

Hitomi KAWAMURA

Second year,
Chikushigaoka High School

I belong to a chemistry club
and love experiments!

I participated in the 400 meter 
sprint at the Track & Field 
Kyushu Championships!

I want to be a doctor
in the future!

Mimi AKIYAMA

Second year, 
Chikushigaoka High School

Soshun ASAKAWA

Second year, 
Fukuoka High School

I am interested in research
on new fiber materials!

Yukiko NAGAI

Second year, 
Fukuoka High School

World Premier International Research Center Initiative (WPI) 6 Institute Joint Symposium

“Cutting Edge Science & Your Future”

During the panel discussion, 12 high school students were able to have their questions
answered individually by the lecturers. Here are a few of the questions:

A question for
the professors: 
“What is the best thing
about being a scientist?”

A. I think technology should be used to 
protect the environment. At I2CNER, we 
are pursuing technological development 
to find ways to bring convenience to our 
lives without harming the environment. 
The environment and technology should 
be harmonized, and I believe we can do 
it. (Kyushu University: I2CNER)

Q. What do you think the relationship
     between the environment and science
     and technology should be? 

A. An immune-suppressive agent is one example 
of this. The problem is that it suppresses all the 
functions of the immune system. This means that, 
while it can be used to control a particular disease, 
the patient will likely also contract an infectious 
disease. Our challenge is to suppress the system in 
a highly targeted way. (Osaka University: IFReC)

Q.  Is it possible to manipulate
       the immune system to treat
       a disease?

A.  We don’t understand it well 
yet. When we pursue the true 
beginning of the universe, we are 
dealing with infinity, and the exist-
ing rules cannot be applied. So, 
many people are studying this 
issue. (The University of Tokyo: 
IPMU)

Q. Why did the big bang,
      the beginning of the
      universe, occur?

Booths introducing each institute’s 
research were set up in the lobby, 
where participants were able to talk 
freely with researchers. At the 
I2CNER booth, a miniature hydro-
gen vehicle went on a demonstra-
tion run.

I can feel certain 
that I am personally 
c o n t r i b u t i n g  t o  
society!

It is really exciting 
to be involved in 
the work of creating 
knowledge!

What kind of future is waiting for us? At the World Premier International Research Center Initiative (WPI) 

6 Institute Joint Symposium hosted by I2CNER on November 12, 2011, some of the world’s top research-

ers discussed cutting-edge technologies and the future to answer this question. I2CNER Director Petros 

Sofronis delivered a lecture entitled “Toward a Carbon-Neutral Hydrogen-Powered Society” and Principal 

Investigator Seiji Ogo gave a talk called “Energy from Hydrogen: Energy generation methods — learning 

from living creatures.” Both lecturers used easily understood terms to explain what kind of research 

I2CNER is engaged in and what research will be needed in the future to realize I2CNER’s mission of a 

carbon-neutral society. They also described how this research will influence our future, using the 

examples of hydrogen vehicles and fuel cells. Lecturers from five other institutes delivered detailed expla-

nations of the latest research, infused with some humor. The high school students who participated in the 

symposium listened to the lectures attentively. A total of 623 participants, mainly high school students 

from inside and outside Fukuoka Prefecture, took part in this symposium, called “Cutting Edge Science & 

Your Future.”

Each of you has the potential to become a 
problem solver and contribute to our quest 
for energy independence and sustainability.  
Delve into science and math to experience 
feelings of awe and wonder at understand-
ing the natural world.  Don’t just follow 
precedent, but try completely new things.

Director Sofronis’

message to

high school students

Prof. Seiji Ogo
“The Legend of
Itoshima”

Miniature Hydrogen Vehicle

Introducing a picture book  written 
 by Prof. Ogo!

That moment when I realize I am 
the only person in the world to 
have discovered something!

Booth Exhibition

As these big issues are 
l inked to  th ings that  
matter closely to us, I 
felt a sense of familiarity 
towards science.

I learned that there are 
many challenges to be 
overcome when striving 
for an eco-society.

Every program was 
very good because I 
learned about many 
things that I had not 
known of before.

I  f e l t  s c i e n c e  i s  
wonderful because it 
has actual benefits, 
contributes to society, 
and pursues dreams.

The exhibits were easy 
to view and understand, 
even for people who 
were not familiar with 
the subjects.

Comments
from

Participants

Comments
from

Participants

Comments
from

Participants

Fuel Cells Division
Conducts research on next-generation 
fuel cells that can efficiently realize 
direct electr ici ty generation from 
hydrogen etc., and proposes new 
concepts to that effect.

Thermophysical Properties Division
C o n d u c t s  r e s e a r c h  o n  t h e  
thermophysics of hydrogen and 
CO2 in various conditions, including 
high pressure behavior and heat 
conductive properties, and studies 
how heat is transmitted.

CO2

Collection

Reduction

Capture

CO2 Separation and Concentration Division
Studies inexpensive methods 
of efficiently separating and 
concentrating CO2.

Material Transformations Division
S t u d i e s  g r e e n  c h e m i c a l  
reactions that realize materials 
transformation without producing 
waste as a by-product.

Tr
an

sf

orm
ing materials efficiently

Hydrogen Structural Materials Division
Investigates the mechanisms by 
which hydrogen is deleterious to 
the strength of  metals,  and 
conducts research into materials 
that can handle hydrogen safely.

Hydrogen Production Division
Researches a hydrogen 
production method with 
zero CO2 emissions that 
uses solar power.

ch
d

Hydrogen

Production Storage Distribution Use

CO2 Sequestration and Storage Division
Stud ies  s tab le  me thods  o f  
storing (sequestering) separated 
and concentrated CO2 deep 
underground or under the sea.

Safely sequestering CO

2

Hydrogen Storage Materials Division
Conducts research on 
materials that can store 
hydrogen compactly and 
safely.

Energy Analysis Division
Energy Analys is  o f  re levance of  
I2CNER researches from view point of 
Science, Technology and Time scale.

Page 3 Page 5
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CO2 Sequestration and Storage Division, Prof. Tetsuo YANAGI
Lead Principal Investigator,

International Institute for Carbon-Neutral Energy Research (I2CNER), Kyushu University

Safely sequestering
CO2 to preventing
climate change

Yanagi   Our CO2 Sequestration and Storage Division 

is studying how to sequester CO2 from the atmosphere, 

both underground and in the ocean. Since the Industrial 

Revolution, the levels of CO2 in our atmosphere have 

sharply increased with our heightened use of coal and 

oil, and the earth has been on a warming trend. Now 

the entire world is working to reduce CO2 to prevent 

climate change. The Kyoto Protocol has stipulated that 

Japan must reduce CO2 by 6% from the 1990 level by 

2012. Basically, we have to remove CO2 from the air 

and find somewhere else to put it. For this reason, we 

are studying methods of gathering and liquefying the 

CO2 emitted from power plants and ironworks, and 

sequestering it by putting it into spaces underground 

where oil or coal has been extracted. We call this 

“Carbon Capture and Sequestration,” or simply “CCS.” 

In the US, there are many such spaces from which coal 

and oil have been extracted that can store CO2, and we 

have just started joint research on geological CCS with 

the University of Illinois.

Asakawa   Can enough CO2 be buried underground 

or under the seabed to reduce the amount of CO2 in 

the air?

Yanagi   CO2 is not just emitted, but is also used for 

photosynthesis by plants and marine plankton. Climate 

change advances when an excessive amount of CO2 

emitted through the use of fossil fuels, such as oil and 

coal, remains in the air without being circulated. If we 

can sequester this emitted CO2 underground or under 

the sea, the remaining CO2 in the air will be able to 

circulate, thereby preventing climate change.

Yanagi    When we put  CO2 underground,  we 

first have to determine whether the landform is 

su i tab le  fo r  CCS.  In  Japan,  ear thquakes are  

common, and cause cracks in layers that may 

resu l t  in  CO2 leaks.  We are invest igat ing the 

layers to determine which places are safe for  

CO2 storage. At the same time, we are studying 

how much CO2 can be expected to leak normally 

and how long it can be stored. I am looking into 

a method of sequestering CO2 in a hollow in the 

sea bottom, 3000m under the water surface. At 

the depth of 3000m, CO2 liquefies and a film some-

thing l ike a scar t issue, cal led CO2 hydrate, is 

generated against the sea water. This film shuts 

in the CO2, and the hollow will essentially be an 

undersea pond of CO2. I believe that if the CO2 

hydrate stabilizes, the CO2 will not leak through 

the film.

Kawamura   Does CO2 stay in a liquid state under 

the pressures at 3000m below sea level?

Yanagi   The state of CO2 is determined by both 

pressure and temperature. As the water temperature at 

the bottom of the Sea of Japan is around 1℃, CO2 

becomes liquefied at a depth of 3000m and 30MPa. 

Nagai   Is the CO2 hydrate film created instantly?

Yanagi   The film is created the instant the CO2 

molecules come into contact with the seawater. It is a 

material between a liquid and a solid. It plays the role 

of a lid for the pond of CO2, so we need to accurately 

calculate its stability.

Akiyama   When CO2 is stored on the seabed, won’t 

marine life in the deep sea be able to enter from the 

surrounding area and make a hole in the CO2 hydrate? 

Yanagi   If a living creature enters and tries to make 

a hole, the contact of seawater and CO2 will instantly 

make the f i lm again, so the CO2 wi l l  not leak. 

However, as there is no oxygen in the pond of CO2, 

any creature that enters may die. For example, we 

may see a reduction in crabs. Which is better, the 

advance of climate change due to the increase of 

CO2 concentrations in the air, or storage of CO2 in the 

deep sea? To determine this, we are making efforts to 

gather scientifically accurate data. 

Yanagi:   We are considering the Yamato Basin as 

the actual site of CO2 sequestration, which has a 

depth of  50m and is located 3000m under the 

surface of the middle of the Sea of Japan. As there 

is a stream at the bottom of the Sea of Japan, we 

are studying how this stream may affect the hydrate 

film over a pond of CO2.

Hu   The difficult thing about ocean CCS is that we 

cannot conduct experiments at the actual sites as 

stipulated by the London Convention. Instead, we 

conduct simulations using computers in order to 

assess what environmental influence the dispersion 

of CO2 at the bottom of the sea will receive from the 

seawater stream.

Kawamura   Do you calculate only physical changes 

with simulations? For example, do you also calculate 

the influence on living organisms?

Hu   There is a problem in that seawater acidifies 

when the amount of CO2 in the sea increases. Prof. 

Yanagi specializes in studying what influence that 

phenomenon has on living things. We have formed a 

team, and are working on research based on a five 

to ten year plan. Our future goal is to incorporate the 

ecological model of Prof. Yanagi and my own ocean 

circulation model to make one ocean environmental 

assessment model.

Yanagi   The London Convention bans the dumping of 

wastes into the ocean, and as those wastes include 

CO2, we cannot carry out experiments by actually 

putting CO2 into the sea. In the 1970s, depositing 

CO2 into the remains of coal mines and oil drilling 

hollows at the sea bottom was also prohibited. 

Currently, though, it is legal to put CO2 into the 

ground under the bottom of the sea. This is because 

the London Convention was amended, thanks to the 

accumulation of scientific evidence that CO2 seques-

tered in this way does not leak. This means that if 

we can offer scientifically convincing achievements, 

we may be able to  fur ther  amend the London 

Convention. This year, an experiment to deposit CO2 

into the remains of oil and natural gas drilling holes 

in the North Sea started, and our research team is 

participating in this experiment. My goal is to gather 

basic data through an environmental assessment 

model, and through the results of experiments, to help 

persuade members of each signatory of the London 

Convention. Then, I would like to conduct an experi-

ment where we sequester CO2 in the actual sea, to 

prove that we can sequester it safely.  It’s a daunting 

task, but a researcher’s job is never done. I would be 

happy if our research helps to prevent climate change 

someday.

Stop Climate Change! Building a pond of CO2 at the bottom of the sea?

Environmental assessment using simulations

I was also nervous today. And I was surprised that the students 
asked me such sharp questions.  Although continuing research 
is often difficult, it also gives me great enjoyment. When I 
discover something new as the result of accumulated research, 
I am elated. Always try to improve your personal best!

I got interested in the sea when I was an elementary school student. I would 
measure the heights of tides using a bamboo stick marked with centimeters 
in a river with my younger brother. I did it for nine years, until the third year 
of junior high school. I later installed a marigraph provided by the Japan 
Coast Guard at a site, measured sea level changes and made graphs. After 
that, I entered university and started research on tidal streams.

Prof. Yanagi is a born researcher!

Book: “Stories of Tides and Currents - For boys who want to be a scientist,” 1987 (Published by Soufusha Co., Ltd.)

Associate Prof. Hu is developing an 
ocean circulation model using computer 
simulations with Prof. Yanagi.

CO2 Sequestration and Storage Division

①Storing and sequestering CO2 underground
②Storing and sequestering CO2 under the seabed
③Storing and sequestering CO2 in hollows of the seabed…Banned by the London Convention
※London Convention…An international treaty that restricts ocean dumping 

and on-the-sea incineration treatment of waste, to 
prevent ocean pollution.

What’s “CCS”?

Three Methods of CCS I2CNER is tackling

Carbon circulation cycle

Associate Prof. Hu Changhong

“Carbon Capture and Storage”
In order to prevent climate change, we must not 
only capture CO2, but also store it safely.

the University of Illinois.

I2CNER_No.3.indd   3 2012/05/31   14:30:46



Efficient oxidation reaction?

Katsuki    We currently need many kinds of 

compounds to support our comfortable lifestyle. 

Common medicines and liquid crystals from TV 

screens, for example, are made of compounds. 

Producing these compounds requires energy. For 

example, heating is often used to trigger chemical 

reactions. In many cases, thermal energy is 

needed for heating. Now, do you know what is 

produced when we burn organic compounds such 

as petroleum to obtain energy?

Everyone   Carbon dioxide and water!

Katsuki   That’s right. And what kind of problem 

does this carbon dioxide bring about now? 

Everyone   Climate change!

Katsuki   Yes, you are right again. Everyone 

knows this quite well. Our choice of energy 

sources is a very important issue. So, chemical 

research on hydrogen, which generates energy 

through a reaction with oxygen and produces only 

water as a by-product, has become one of the 

major interests of the International Institute for 

Carbon-Neutral Energy Research (I2CNER). 

Beyond this, finding new methods of processing 

emitted CO2 is another important research 

agenda for I2CNER. Our Material Transformations 

Division is carrying out research on how to 

conduct chemical reactions and how to transform 

materials while using as little energy as possible.

Katsuki   “Oxidation” and “Reduction” are basic 

reactions of chemistry. Three reactions, including the 

carbon-carbon bond forming reaction, are important 

when producing organic compounds. Most organic 

compounds are currently derived from petroleum, 

and petroleum contains a large amount of 

compounds made of carbon and hydrogen called 

“alkane.” This alkane can be changed into many 

kinds of compounds at the refinery, and one of the 

materials made during refining is “alkene.” Alkene 

is a raw material used to create various useful chemi-

cals. For example, hydroxyl and amino groups are 

introduced into it for use in pharmaceutical synthesis. 

What is important at this point is from which side of 

the alkene the groups are added. If they are added 

from the opposite side, a different compound called 

“enantiomer” is produced. Another important point is 

to be able to conduct such a reaction at room 

temperature, and not to produce any by-products. 

This is the research goal for material transformation 

that we are aiming at. The Material Transformations 

Division has two groups that conduct active 

research on the creation of hydrogen and oxygen via 

the decomposition of water, the activation of the 

hydrogen and the oxygen, and new methodologies 

regarding the development of fuel cells based on 

this. Now, let me briefly explain our research.

Katsuki   Our main research agenda is material 

transformation using oxidation reactions. We introduce 

hydroxyl group by using an oxidation reaction. How-

ever, as I explained earlier, an unnecessary enantio-

mer is also produced unless the correct side cannot 

be selected in the oxidation. We call an oxidation 

reaction that makes the necessary isomer an “asym-

metric oxidation reaction.” Another important point is 

to conduct oxidation as efficiently as possible.

Katsuki   An oxidant is needed for an oxidation 

reaction, and many of the by-products generated by the 

oxidation reaction are produced from oxidants. What if 

we could oxidize using only molecular oxygen? When 

we use one oxygen atom of oxygen molecules for the 

oxidation reaction, and react the remaining one oxygen 

with two hydrogen ions, water molecules should be 

generated as a by-product. The ratio of oxygen used for 

oxidation is 50%, and is very efficient. Furthermore, 

water is a by-product, so it is a reaction that is friendly 

to the environment. We can also think of a reaction that 

uses both oxygen atoms. In this case, the ratio of 

oxygen we can use is 100%, and there will be no 

by-products at all. In our body, just such a reaction is 

actually ongoing due to the functioning of oxidase. If we 

can create a catalyst that will replace oxidase, we may 

be able to conduct this reaction at a room temperature, 

as well. So far, we have clarified that using visible light 

can help us realize our targeted reaction.

By the way, what do you think is a key characteristic of 

oxygen?

Kawamura   Isn’t it that it can burn things?

Katsuki   Yes, and moreover, it is a constituent 

part  of  the air  and can therefore be found 

anywhere. As I said earlier, if we can create a 

catalyst that works the same as oxidase, we will 

not need energy to create heat. Furthermore, it exists 

everywhere, so energy for material transportation 

will not be needed either. Our laboratory seeks to 

develop efficient material transformation that does 

not use unnecessary energy, by using catalysts. 

By the time you become researchers, many of 

such kinds of reactions will have been discovered. 

Katsuki   Great discoveries are made in various 

fields every year. In this modern era, where 

information travels extensively, we have the same 

opportunity for discovery wherever we are. In 

several years, you will also have a chance. To 

prepare for this, you should obtain extensive 

knowledge of  not  only chemistry  but  a lso 

mathematics, physics, history and geography. Be 

interested in everything and study a lot.

Research on chemical reactions
that do not use unnecessary energy

Creating compounds that are similar
but have different natures!

Material transformation 

Steady effort leads to new development!

The three major basic reactions
in chemistry

Material Transformations Division

①Oxidation reaction: Reaction that takes electrons from a material
②Reduction reaction: 

Reaction that gives electrons to a material
③Covalent bond-forming reaction:

Reaction that forms a bond so atoms share 
electrons. Carbon-carbon bond forming reactions 
are useful.

What is a by-product?
Any product produced by chemical reaction
other than the targeted object.
＊In chemical reactions, a material is 

called a “reactant” before a reaction  
and a “product”  after a reaction.

Prof. Katsuki respects our honest opinions when we 
discuss chemistry. As for research, he also flexibly 
accepts what students themselves are interested in. 
From morning to evening everyday, everywhere in the 
laboratory, we see both senior students and junior 
students exchange opinions and ideas freely without 
reserve, between each other and with the staff. This 
may be because everyone recognizes the professor’s 
attitude toward chemistry after being around him.

D1, Department of Chemistry, Faculty of Science,
Graduate School, Kyushu University 

Takuya Oguma

Learning from
    Prof. Katsuki

how was
the interview?

Everyone,

＊Enantiomers — We call compounds that are 
mirror images of each other (just like the right and 
left hands) “enantiomers.” Compounds that are 
enantiomers are different in nature, even though 
they are composed of the same elements.

The topic was like nothing I have 
studied at school, so it was difficult. 
But there were many things where I 
just thought “wow!” And it was fun. I 
had many questions, so I want to 
study more by myself, as well.

Unlike the experiments we do 
at high school, I noticed each 
task is detailed. I wondered if 
we could apply them to the 
experiments our chemistry club 
conducts and do something 
similar.

Example of Chemical Reaction
Reactant “Catalyst” Product

Symmetric relation Mirror relation where left
and right are displaced

Enantiomer

Mimi AKIYAMA

I was impressed to learn that an 
almost imperceptibly tiny thing 
can be fixed, and a direction for 
a reaction can be determined. I 
realized just how precise the 
experiments conducted in the 
laboratories were.

I learned that there are many 
ways to make one material. 
There were many experimental 
devices and medicines in the 
laboratory that I had never 
seen before, and I felt l ike 
joining in on an experiment.

at high school, I noticed each 
task is detailed. I wondered if 
we could apply them to the 
experiments our chemistry club 
conducts and do something 

But there were many things where I 
just thought “wow!” And it was fun. I 
had many questions, so I want to 
study more by myself, as well.

Hitomi KAWAMURA

Soshun ASAKAWA

ways to make one material. 
There were many experimental 
devices and medicines in the 
laboratory that I had never 
seen before, and I felt l ike 
joining in on an experiment.

Yukiko NAGAI

The three major basic reactions
in chemistry

Material Transformations Division

①Oxidation reaction
②Reduction reaction

Reaction that gives electrons to a material
③Covalent bond-forming reaction

Reaction that forms a bond so atoms share 
electrons. Carbon-carbon bond forming reactions 
are useful.

New chemical reaction does not
use unnecessary energy or
produce unnecessary by-products

Material Transformations Division, Prof. Tsutomu KATSUKI
Lead Principal Investigator,

International Institute for Carbon-Neutral Energy Research (I2CNER), Kyushu University

through a reaction with oxygen and produces only 
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