Results of the MANA International Symposium 2012
MANA held the “MANA International
Symposium 2012” jointly with the ICYS over a
3 day period from February 29 to March 2 at
the Epochal Tsukuba International Congress
Center. This Symposium is held once each
year to disseminate the results of research at
MANA to a wide audience in Japan and other
countries. This year’s Special Lecture ways
given by the 2010 Nobel Laureate in
Chemistry, Prof. Ei-ichi Negishi, who is Herbert
C. Brown Distinguished Professor of Organic

Chemistry at Purdue University (USA). Prof.
Negishi’s address concerned research on the
cross coupling reaction of palladium catalysts.
This was followed by a Special Session
celebrating the 30th anniversary of the ﬁrst
paper on the scanning tunneling microscope
(STM). During this session, Prof. Heinrich
Rohrer, who was a developer of the STM and
won the Nobel Prize in Physics in 1986, Prof.
James Gimzewski, who is a Distinguished
Professor in Chemistry and Biochemistry at

MOU concluded with DECHEMA Forschungsinstitut,
Germany
On March 5th, 2012, The High Temperature
Materials Unit, NIMS, concluded a
Memorandum of Understanding MOU
concerning "Protection of materials against
oxidation and hot corrosion" with DECHEMA
Forschungsinstitut (DFI), Germany.
The DFI is situated the middle of Frankfurt
and is a non-proﬁt civil law foundation. The
DFI was established on 1st March, based on
the former Karl-Winnacker-Institute of

DECHEMA Society for Chemical Engineering
and Biotechnology, and the MOU concluded
was the ﬁrst oﬃcial document for DFI.
The DFI mainly consists of ﬁve main research
groups – High Temperature Materials,
Electrochemistry, Corrosion, Biochemical
Engineering and Technical Chemistry. As Prof.
Dr. Michael Schütze, CEO of DFI, once served
as the President of the European Federation of
Corrosion, the DFI has high reputation

NIMS Signed a Comprehensive Collaborative Agreement
with Industrial Technology Research Institute (ITRI)
On March 16th, 2012, NIMS concluded a
Comprehensive Collaborative Agreement (a
sister institute agreement) with Industrial
Technology Research Institute (ITRI) in
Republic of China (Taiwan).
ITRI, founded in 1973, is a national research
organization, with a mission of conduction

Dear NIMS NOW readers,
I have just arrived in Tsukuba, Japan on September 2011 as
Waseda-NIMS PhD student, I am married and my husband
is a graduate student in Tsukuba university, I am Arabian
Muslim Egyptian woman, my country has several cultures
and heritages, starting from 7000 years B.C; Pharaonic,
Coptic then ended with Islamic heritages in 641 A.D.

Tahrir square 2011, Cairo,
Katori Shrine 2011,
Egypt (Egyptian revolution) Tsukuba, Ibaraki, Japan

technological research, promoting industrial
development, creating economic value and
improving social welfare for Taiwan. ITRI is
not only Taiwan’s largest applied technology
R&D institution, focusing on six areas
including Nanotechnology and Green
Energy, but also a pioneer in creating

During my short period of stay in Japan, surprisingly, I
have noticed some similarities, despite distance and
diversity between Japan and Egypt: At first, both countries
held a great respect to their old-traditions and customs,
especially when they try to withstand the western life
style. Secondly, Japanese and Egyptian people show a
great solidarity and consolidation in crisis and setbacks
(Both countries faced a huge crisis in 2011, the massive
killing and destructions due to the great earthquake for
Japan, and the Egyptian revolution against the defunct
totalitarian regime).Thirdly, the great hospitality, and the
ineffable sense of warmth strongly observed from
Japanese as well as Egyptian people even if they can`t
speak your own language. Last but not least, the hope
which both countries held on, this hope enabled Japan to

UCLA and is also a MANA Satellite Principal
Investigator, and Director-General Masakazu
Aono of MANA, discussed the development
of the STM, the history of progress in its
performance and technology, and examples
of applied research using the STM. The 3 day
symposium included presentations on
research results MANA, as well as research at
the ICYS.

Prof. Ei-ichi Negishi Prof. Heinrich Rohrer

especially in terms of oxidation and corrosion.
Under the MOU, the High Temperature
Materials Unit will promote collaborations
with DFI, concerning surface modiﬁcation of
materials against oxidation and hot corrosion
and also will strengthen networks in this
research ﬁeld with European countries.
Fro m l e f t ; Pro f. D r.
Michael Schütze, Chief
E xecutive O ﬃcer and
Group Leader of High
Temperature Materials
G r o u p , D r. H i d e y u k i
Murakami, Dr. Mathias
Galetz, Senior Researcher

Taiwan’s high tech industry.
This agreement will not only reinforce the
existing collaborations between ITRI and
NIMS but also lead to more extensive
collaboration and exchange of researchers.

Industrial
Technology
Research Institute
(ITRI)

overcome unbearable setbacks such as wanton nuclear
bombing in 1948, this hope was the reason for Egyptian
people to never give up on their country even after 30
years of the control of autocratic regime. At the end, I
would say; thanks Japan for offering me this chance to
study, learn and live, thanks Egypt for being the reason to
become who I am and creating all my good traits.

My husband and me
during our ﬁrst
Christmas in Japan.

Shimaa Abdelaleem (Egypt)
from Nearly six months
PhD student,
Materials Circulation Design Group

Solutions for energy and environmental problems are being
sought in MANA Nano-green Field based on Nanoarchitectonics.
Nano-green researchers are making continuous efforts to
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achieve high efficiency and stability and find new materials to be
used in fuel cells, photocatalysts, all solid state lithium ion
batteries, thermoelectric materials, solar cells, and other new

Nano-green by Nanoarchitectonics

Nano-green by Nanoarchitectonics

energy technologies with understanding of common
fundamental problems of interfacial electron transfer both
experimentally and theoretically.
Not simple improvement of existing technologies,
but research with a vision that looks ahead 30 years, or even 50 years,
should contribute much to the energy in the future.
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To Achieve Highly Efficient Energy/Materials Conversion
by Controlling Surface Structure

Toward Realization of Artificial Photosynthesis
Unit Director, Nano Photocatalyst Unit,
MANA Nano-green Field

Coordinator, MANA Nano-green Field
Unit Director, Nano Interface Unit

Jinhua Ye

Kohei Uosaki
Introduction
However, the alloys prepared by generally
used method, in which several kinds of metal
salts are mixed together and decomposed
thermally or electrochemically, often contain
p h a s e s e p a r ate d d o m a i ns a n d a re n ot
atomically mixed. We are developing a novel
method to prepare atomically arranged
nano-alloys, in which a multi-nuclear metal
complex is adsorbed on a substrate and then
decomposed thermally. We have already
demonstrated that Pt-Ru and Pt-Ni nano-alloys
prepared by this method show ver y high
e l e c t ro c at a l y t i c a c t i v i t y f o r m e t h a n o l
oxidation.

Construction of catalytically active
interfaces by modifying metal surfaces
with atomic resolution

Construction of photoenergy
conversion interface by modifying
metal and semiconductor surfaces by
ordered molecular layers
It is very important to produce hydrogen
from water and form useful compounds by
reducing CO 2 using solar energy. Up-hill
e l e c t ro n t r a n s f e r is t h e b a sis o f t h e s e
processes. We have already achieved visible
light induced up-hill electron transfer at a
porphyrin-ferrocene thiol modiﬁed gold
electrode with high quantum eﬃcienc y.
However, low absorbance of porphyrin in the
near IR region makes the overall eﬃciency low.
The per formance of the system was
substantially enhanced by placing gold
nanoparticles, which acted as plasmonic

In situ, real time investigation of
solid/liquid interfaces where reactions
are taking place
To realize highly eﬃcient energy/materials
conversion processes at solid/liquid interfaces,
it is essential to obtain information on
geometric, electronic and molecular structures
with high temporal and spatial resolution, but
most of the useful methods used in a vacuum,
such as elec tron microscopy, cannot be
applied to solid/liquid interfaces because of
the presence of liquid. We are developing
various in situ techniques to probe solid/liquid
interfaces such as scanning probe microscopy,
nonlinear optical spectroscopy, and surface
x-ray scattering, and have applied them to
study interfacial energy conversion processes.
For example, we have successfully determined
the structure of water at a polymer electrolyte
membrane (PEM) surface, which controls the
reactions of PEM fuel cells.
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Realization of light energy conversion/storage
type “artiﬁcial photosynthesis systems” that
synthesize oxygen and chemical resources from
water and carbon dioxide gas or decompose water
into hydrogen and oxygen using the energy of the
sun is an ultimate dream for humankind, and is
expected to lead to a fundamental solution to the
problem of energy shortages and environmental
problems such as global warming, etc. that
modern society now confronts.
Photocatalysts, represented by titanium oxide
( TiO 2 ), are widely used as environmental
puriﬁcation materials. On the other hand, since
30 years ago, it has been known that carbon
dioxide can be decomposed over TiO2 into fuels
such as methanol, etc, under ultraviolet light
irradiation.1) However, improvement of the
eﬃciency of the catalytic reaction has become
the most important issue, as it is still not possible
to generate a powerful reaction.
In order to challenge the possibilities of
photocatalyst materials, the NIMS Nano
Photocatalyst Unit is conducting fundamental
research and development of new nano
photocatalyst materials and constructing an
eﬃcient artiﬁcial photosynthesis system for solar
fuel production using those materials.

New mesoporous composite oxide
semiconductor photocatalyst
Because an extremely high potential is necessary in
order to reduce carbon dioxide, in design and
development of complex oxide semiconductor
materials, it is necessary to narrow the focus on the
search for materials in which the bottom of the
conduction band has a suﬃciently negative potential.

In reduction reactions, there are large diﬀerences
in the necessary potential and the formation
products, depending on the number of electrons
participating in the reaction. Therefore, for a
reaction to proceed with lower reducing power,
use/control of multi-electron reactions is necessary
and indispensable, and in order to improve carbon
dioxide adsorption properties, fabrication and
surface control of nano/mesoporous structured
photocatalyst materials are also important.2-3)
As one such eﬀort, we recently carried out research
on reduction of carbon dioxide under irradiation
with ultraviolet light using ZnGa2O4 and Zn2GeO4 ,
which have comparatively high conduction
bands (approx. -1.23V and -0.62V respectively).
To improve carbon dioxide adsorption
prop er ties, we develop e d a metho d of
fabricating nano/mesoporous structures at room
temperature using the ion exchange method.
Figure 1 shows a scanning electron microscope
image of the fabricated ZnGa2O4 ; Figure 2 shows
the isothermal adsorption and desorption curves
and pore size distribution diagram. It was found
that the fabricated specimen has a mesoporous
structure centering on pores 3.5 nm in size and a
speciﬁc area of 110.4m2g-1.
A carbon dioxide gas reduction experiment was
per formed using the above -mentioned
mesoporous ZnGa2O4 and a specimen of ZnGa2O4
(speciﬁc area: 4.6 m2g-1 ) fabricated by the solid
phase reaction method. As shown in Fig. 3, the
mesoporous material displayed far higher activity.
Control of the multi-electron reaction by
supporting cocatalysts on the surface of the
ZnGa2O4 was also studied. While mesoporous
ZnGa2O4 supported with RuO2, the 8 electron
reaction was the most advanced, and carbon
dioxide was reduced preferentially to methane. 2)
Recent research has also clariﬁed the fact that

oxygen deﬁciency plays extremely important
roles in carbon dioxide adsorption and the CO2
photoreduction reaction. 4-5)

Future issues
Artiﬁcial photosynthesis is an extremely
important technology for realizing a sustainable
society. However, many problems must be solved
before artiﬁcial synthesis becomes a reality. In
particular, it is necessary to study means of
achieving visible light response, prevention of
carrier recombination, control of multi-electron
reactions, and a self-repair function, which is
indispensable for durability.
In the future, a return to understanding of the
mechanism of photosynthesis in plants, elucidation
of the oxidation-reduction reaction routes at
surfaces and interfaces by making the maximum
use of advanced ﬁrst-principle calculations and insitu measurement techniques, and control of highly
eﬃcient and selective reactions at surfaces and
interfaces based on an understanding thereof will
be strongly demanded. 6) Promoting research on
these issues in a comprehensive manner is
expected to lead to the construction of eﬃcient
“artiﬁcial photosynthesis” systems.

Nano-green by Nanoarchitectonics

Nano-green by Nanoarchitectonics

Although fuel cells, in which fuels such as
hydrogen and organic molecules are directly
converted to electricity, are attracting much
attention as clean energy conversion devices
because of their high theoretical eﬃciency,
further investigations are required as their
practical eﬃciency and stability are still too
low to be commercialized. The reaction rates
of many important fuel cell reactions such as
oxygen reduction and methanol oxidation,
which are multi-electron, multi-step reactions,
are slow and their improvement is required. To
rea l i ze t h is , a n a n o -a ll o y c at al y s t w i t h
multi-reaction sites must be developed.

photon-antennas, on the molecular layer. We
have also achieved photoelectrochemical
hydrogen evolution and CO 2 reduction at a Si
(111) electrode modiﬁed by molecular layers
with viologen moiety acting as an electron
relay, and metal complexes acting as "conﬁned
molecular catalysts."
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To realize a sustainable societ y, highly
e ﬃ c i e n t e n e r g y/m a t e r i a l s co n v e r s i o n
processes must be established. In the Nano
Interface Unit, we are attempting to construct
highly eﬃcient energy/materials conversion
i nte r f a ce s , p a r t i c u l a r l y at s o l i d / l i q u i d
interfaces, by arranging atoms, molecules and
metal and semiconductor nanoparticles at
controlled positions on sur faces (sur face
nanoarchitechtonics). Furthermore, we are
developing novel techniques for in situ
characterization of solid/liquid interfaces,
which are th e key in un d er s t an ding of
interfacial energy conversion reactions.
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nanoalloy catalyst

Fig. 1 Formation of nanoalloy catalyst by
adsorption followe d by de comp osition of
multinuclear metal complex.

Kohei Uosaki Proﬁle can be found on P.10.
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Fig. 2 Highly efficient photoelectrochemical hydrogen
evolution at silicon electrode modified by molecular
layer and metal complexes.

Fig. 3 In situ determination of humidity
dependent water structure at a polymer
electroly te membrane surface by sum
frequency generation spectroscopy.

Fig. 1 Scanning electron microscope (SEM) image
of mesoporous ZnGa2O4 2)

Fig. 2 Isothermal adsorption-desorption curves and
pore size distribution of ZnGa2O4 2)

Fig. 3 Formation of CH 4 by reduction reaction of
carbon dioxide in ZnGa2O4 2)

Jinhua Ye Ph.D. Completed the doctoral degree at the School of Science, the University of Tokyo in 1990. Appointed to Managing Director of the NIMS Photocatalytic Materials Center in
2006 and has been a Principal Investigator at MANA since 2007. She has also held a concurrent post as Professor at the Hokkaido University-NIMS Joint Graduate School Photo Functional
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development of photocatalyst materials and their application to the environmental and energy ﬁelds.
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Although water does not transmit electricity, if
ordinary table salt (sodium chloride) is added,
the salt separates into sodium ions and chloride
ions, and their movement transmits electricity.
This phenomenon, in which ions carr y
electricity, is normally seen in liquids, but the
same phenomenon also appears in solids.
Research on such ionic conduction in solids
a n d t h e s o l i d m ate r i a ls sh o w i n g i o n i c
conduction is called solid state ionics.
The term “ionics” is analogous to “electronics,”
in which electrons display functions, but in
ionics, ions play the leading role. In the same
way that innovative advances were achieved in
electronics as it progressed from vacuum
tubes to transistors, that is, to all-solid-state
devices, improved functions are also expected
from all-solid-state ionic devices.
For example, per fec t control of device
operation is diﬃcult, when the electrolyte is
liquid, because cations, anions and various
substances such as solvent molecules are
mobile in the electrolyte. In some cases, the
movem ent of th ese subs tances c auses
unintended phenomena to degrade the
performance.
In contrast, reliabilit y can be improved
dramatically by using solid elec troly tes
because only lithium ions conduct in solids.

The reason why liquid electrolytes are used is
that ions can move easily in a liquid medium.
Therefore, in order to realize an all-solid-state
ionics device, we must discover solid materials
which show fast ionic conduction.
As a result of long years of research, solids
with higher ionic conductivity than that of
liquids have been now developed. However,
this alone is not suﬃcient for realizing an
all-solid-state device. When ion conductors are
combined to construct an ionic device, they
s o m e t i m e s s h o w q u i te d i ﬀ e r e nt i o n i c
conduction at the interface between two ion
conductors from that within the bulk.
In other words, even though the electrolyte
has high ionic conductivity, ion conduction
may be impeded at the inter face of the
junction with the electrode. For this reason,
research to ensure smooth transfer of ions at
th e inter f a ce b et we en ele c tro d es an d
electrolytes is also necessary.
Among ionic devices, realization of
all-solid-state lithium ion cells is particularly
desired. However, a large resistance at the
interface between the positive electrode and
the solid electrolyte, and the resulting low
p o w e r d e n s i t y, w a s a p r o b l e m i n t h e
solid-state cell.
We foun d that th e o ccur rence of this

resistance component can be suppressed by
adopting a unique inter facial struc ture
between the electrode and solid electrolyte,
and succeeded in improving the power
density of the all-solid-state cell using this
struc ture to be comparable with that of
commercial lithium ion batteries using liquid
electrolytes.
I o nic s dev ices have a wide v ar i et y of
interfaces other than the electrode/electrolyte
interface discussed here. We are also working
to achieve high functionality by atomic level
control of these interfaces.

Si solar cells
Solar cells are a representative clean energy
technology of the 21st century. Bulk single
crystals and polycrystalline silicon (Si) have
become the mainstream solar cell materials
from the viewpoints of the safety of the raw
materials, abundance of resources, and
conversion eﬃciency.
Although these solar cells are comparatively
inexpensive because they use silicon, it is
impor tant to make more thoroughgoing
reductions in material consumption in order to
win out in the current competition in cost
reduction. However, conversion eﬃciency
decreases when the amount of Si used is
reduced by adopting a thin-ﬁlm Si layer. As
this suggests, the tradeoﬀ between cost
reduc tion and conversion eﬃcienc y has
become a diﬃcult issue.
Therefore, we are developing new high
eﬃciency solar cell materials which are low in
cost and have small environmental loads by
utilizing Si nanos tr uc tures . In this, our
attention was drawn to 1-dimensional Si
nanowires (diam eter : 10 -20 0 nm) , and
0-dimensional Si nanocrystals (diameter: 1-10
nm) as Si nanostructures.

Utilizing Si nanowires in new solar cells
A schematic diagram of the simplest solar cell
using Si nanowires is shown in Fig. 1. A CVD
(chemical vapor deposition) system is used in
growth of the Si nanowires. This technology is

also suitable for mass production. At present, a
rapid grow th rate of 1μm/minute can be
realized. Figure 2(a) shows a scanning electron
microscope image of a Si nanowire that was
grown by the CVD process.
T he ﬁrs t feature of solar cells using Si
nanowires is the fact that a pn junction is
formed in each nanowire (Fig. 2(b)), and as a
result, each nanowire func tions as a
microscopic solar cell. Secondly, it is possible
to eﬀectively absorb sunlight over a wide
w a v e l e n g t h r e g i o n b y co n s t r u c t i n g a
self-modulating bandgap function in the
nanowires. Moreover, because the surface of
solar cell materials utilizing nanowires displays
a moth-eye structure, sunlight absorption loss
due to sur face reﬂec tion can be greatly
reduced. In actuality, the substrate on which
the nanowires are grown is black (Fig. 2(c)).

New solar cells using Si nanocrystals
On the other hand, growth of Si nanocrystals
is performed using a sputtering system. Using
Si nanocrystals as a sunlight absorber, we also
developed new functional materials with a
composite function using Si nanowires as a
photocarrier transport route.
Concretely, sunlight absorption eﬃciency is
increased by bandgap modulation, which is
a chieve d by increasing th e si ze of th e
nanocrystals from the sunlight incidence
plane in a stepwise manner. By using the Si
nanowires as a transport route for eﬃciently
extracting photocarriers, rather than simply as
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a photocarrier absorber, we will also develop
low cost, environment-friendly new materials,
namely, high eﬃciency, all-Si materials, by
functionally integrating the features of the
two materials.

Future applications include
concentrating solar cells
Considering future environmental and
e n e rg y p ro b l e m s , t h e d e v e l o p m e nt o f
next-generation Si solar cell materials and
establishment of basic/generic technologies
for their practical application will be necessary
and indispensable. Solar cell materials utilizing
Si nanostructures are one promising material,
but optimization of their structure for high
eﬃciency is important.
In this research, we are actively incorporating
design using theoretical computation and
plan to apply this to concentrating solar cells
in the future. Taking advantage of the large pn
junction area, we hope to develop research
aimed at realizing new solar cells that can
achieve high generated output even with
small installation areas.

(a)

Nano-green by Nanoarchitectonics

Nano-green by Nanoarchitectonics

Aiming at all-solid-state lithium ion cells

Special Feature
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Fig. 1 Interfacial structure which improves the power density of an all-solid-state lithium cell. Left: An Li4Ti5O12 layer formed on the surface of
an LiCoO2 particle. Middle: Al-rich surface layer formed by self-assembly. Both structures reduce the resistance at the interface with the sulfide
solid electrolyte, resulting in improved power density of the LiCoO2 electrode. Right: Case of self-assembled surface layer.

Kazunori Takada Dr. Eng. Completed the Master’ s course at the Graduate School of Science, Osaka University. Prior to his present position, he was employed at Matsushita Electric
Industrial Co., Ltd. and the National Institute for Research in Inorganic Materials (NIRIM, a predecessor of NIMS). He is now Unit Director of the NIMS Battery Materials Unit and MANA Soft
Ionics Unit. / Tsuyoshi Ohnishi Dr. Eng. Completed the doctoral course at the Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology. Prior to his
present position, he was an Assistant Professor of the Institute for Solid State Physics, University of Tokyo. He is now an MANA Scientist at MANA.

06

NIMS NOW International 2012 April

Fig. 1 Schematic diagram of Si nanostructure solar cell.

Fig. 2 (a) Scanning electron microscope image of silicon nanowires, (b)
transmission electron microscope image of Si nanowire, and (c) photograph of
the Si substrate after growth of the nanowires.

Naoki Fukata Ph.D. (Eng.) After completing the doctoral course at the University of Tsukuba in 1998, served as Assistant Researcher at Tohoku University till 2002. Lecturer at the University
of Tsukuba from 2002 to 2005. Joined NIMS since 2005, and concurrently served at Japan Science and Technology Agency as PRESTO (Precursory Research for Embryonic Science and
Technology) researcher from 2007 to 2010.
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Extracting Functions from Ions Moving in Solids

Creating New Solar Cells Using Silicon Nanostructures
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Although water does not transmit electricity, if
ordinary table salt (sodium chloride) is added,
the salt separates into sodium ions and chloride
ions, and their movement transmits electricity.
This phenomenon, in which ions carr y
electricity, is normally seen in liquids, but the
same phenomenon also appears in solids.
Research on such ionic conduction in solids
a n d t h e s o l i d m ate r i a ls sh o w i n g i o n i c
conduction is called solid state ionics.
The term “ionics” is analogous to “electronics,”
in which electrons display functions, but in
ionics, ions play the leading role. In the same
way that innovative advances were achieved in
electronics as it progressed from vacuum
tubes to transistors, that is, to all-solid-state
devices, improved functions are also expected
from all-solid-state ionic devices.
For example, per fec t control of device
operation is diﬃcult, when the electrolyte is
liquid, because cations, anions and various
substances such as solvent molecules are
mobile in the electrolyte. In some cases, the
movem ent of th ese subs tances c auses
unintended phenomena to degrade the
performance.
In contrast, reliabilit y can be improved
dramatically by using solid elec troly tes
because only lithium ions conduct in solids.

The reason why liquid electrolytes are used is
that ions can move easily in a liquid medium.
Therefore, in order to realize an all-solid-state
ionics device, we must discover solid materials
which show fast ionic conduction.
As a result of long years of research, solids
with higher ionic conductivity than that of
liquids have been now developed. However,
this alone is not suﬃcient for realizing an
all-solid-state device. When ion conductors are
combined to construct an ionic device, they
s o m e t i m e s s h o w q u i te d i ﬀ e r e nt i o n i c
conduction at the interface between two ion
conductors from that within the bulk.
In other words, even though the electrolyte
has high ionic conductivity, ion conduction
may be impeded at the inter face of the
junction with the electrode. For this reason,
research to ensure smooth transfer of ions at
th e inter f a ce b et we en ele c tro d es an d
electrolytes is also necessary.
Among ionic devices, realization of
all-solid-state lithium ion cells is particularly
desired. However, a large resistance at the
interface between the positive electrode and
the solid electrolyte, and the resulting low
p o w e r d e n s i t y, w a s a p r o b l e m i n t h e
solid-state cell.
We foun d that th e o ccur rence of this

resistance component can be suppressed by
adopting a unique inter facial struc ture
between the electrode and solid electrolyte,
and succeeded in improving the power
density of the all-solid-state cell using this
struc ture to be comparable with that of
commercial lithium ion batteries using liquid
electrolytes.
I o nic s dev ices have a wide v ar i et y of
interfaces other than the electrode/electrolyte
interface discussed here. We are also working
to achieve high functionality by atomic level
control of these interfaces.

Si solar cells
Solar cells are a representative clean energy
technology of the 21st century. Bulk single
crystals and polycrystalline silicon (Si) have
become the mainstream solar cell materials
from the viewpoints of the safety of the raw
materials, abundance of resources, and
conversion eﬃciency.
Although these solar cells are comparatively
inexpensive because they use silicon, it is
impor tant to make more thoroughgoing
reductions in material consumption in order to
win out in the current competition in cost
reduction. However, conversion eﬃciency
decreases when the amount of Si used is
reduced by adopting a thin-ﬁlm Si layer. As
this suggests, the tradeoﬀ between cost
reduc tion and conversion eﬃcienc y has
become a diﬃcult issue.
Therefore, we are developing new high
eﬃciency solar cell materials which are low in
cost and have small environmental loads by
utilizing Si nanos tr uc tures . In this, our
attention was drawn to 1-dimensional Si
nanowires (diam eter : 10 -20 0 nm) , and
0-dimensional Si nanocrystals (diameter: 1-10
nm) as Si nanostructures.

Utilizing Si nanowires in new solar cells
A schematic diagram of the simplest solar cell
using Si nanowires is shown in Fig. 1. A CVD
(chemical vapor deposition) system is used in
growth of the Si nanowires. This technology is

also suitable for mass production. At present, a
rapid grow th rate of 1μm/minute can be
realized. Figure 2(a) shows a scanning electron
microscope image of a Si nanowire that was
grown by the CVD process.
T he ﬁrs t feature of solar cells using Si
nanowires is the fact that a pn junction is
formed in each nanowire (Fig. 2(b)), and as a
result, each nanowire func tions as a
microscopic solar cell. Secondly, it is possible
to eﬀectively absorb sunlight over a wide
w a v e l e n g t h r e g i o n b y co n s t r u c t i n g a
self-modulating bandgap function in the
nanowires. Moreover, because the surface of
solar cell materials utilizing nanowires displays
a moth-eye structure, sunlight absorption loss
due to sur face reﬂec tion can be greatly
reduced. In actuality, the substrate on which
the nanowires are grown is black (Fig. 2(c)).

New solar cells using Si nanocrystals
On the other hand, growth of Si nanocrystals
is performed using a sputtering system. Using
Si nanocrystals as a sunlight absorber, we also
developed new functional materials with a
composite function using Si nanowires as a
photocarrier transport route.
Concretely, sunlight absorption eﬃciency is
increased by bandgap modulation, which is
a chieve d by increasing th e si ze of th e
nanocrystals from the sunlight incidence
plane in a stepwise manner. By using the Si
nanowires as a transport route for eﬃciently
extracting photocarriers, rather than simply as
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a photocarrier absorber, we will also develop
low cost, environment-friendly new materials,
namely, high eﬃciency, all-Si materials, by
functionally integrating the features of the
two materials.

Future applications include
concentrating solar cells
Considering future environmental and
e n e rg y p ro b l e m s , t h e d e v e l o p m e nt o f
next-generation Si solar cell materials and
establishment of basic/generic technologies
for their practical application will be necessary
and indispensable. Solar cell materials utilizing
Si nanostructures are one promising material,
but optimization of their structure for high
eﬃciency is important.
In this research, we are actively incorporating
design using theoretical computation and
plan to apply this to concentrating solar cells
in the future. Taking advantage of the large pn
junction area, we hope to develop research
aimed at realizing new solar cells that can
achieve high generated output even with
small installation areas.
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Aiming at all-solid-state lithium ion cells
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Fig. 1 Interfacial structure which improves the power density of an all-solid-state lithium cell. Left: An Li4Ti5O12 layer formed on the surface of
an LiCoO2 particle. Middle: Al-rich surface layer formed by self-assembly. Both structures reduce the resistance at the interface with the sulfide
solid electrolyte, resulting in improved power density of the LiCoO2 electrode. Right: Case of self-assembled surface layer.
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Ionics Unit. / Tsuyoshi Ohnishi Dr. Eng. Completed the doctoral course at the Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology. Prior to his
present position, he was an Assistant Professor of the Institute for Solid State Physics, University of Tokyo. He is now an MANA Scientist at MANA.

06

NIMS NOW International 2012 April

Fig. 1 Schematic diagram of Si nanostructure solar cell.

Fig. 2 (a) Scanning electron microscope image of silicon nanowires, (b)
transmission electron microscope image of Si nanowire, and (c) photograph of
the Si substrate after growth of the nanowires.

Naoki Fukata Ph.D. (Eng.) After completing the doctoral course at the University of Tsukuba in 1998, served as Assistant Researcher at Tohoku University till 2002. Lecturer at the University
of Tsukuba from 2002 to 2005. Joined NIMS since 2005, and concurrently served at Japan Science and Technology Agency as PRESTO (Precursory Research for Embryonic Science and
Technology) researcher from 2007 to 2010.
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High Temperature Thermoelectric Materials

Computational Science Approach to Energy Conversion at Interfaces
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Nano Interface Unit, MANA Nano-green Field
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Yoshitaka Tateyama

Necessity and issues of thermoelectric
materials

Nanoscale mechanisms of
photoexcitation and charge transfer
processes at interfaces
The Nano-system Computational Science
G r o u p w a s e s t a b l i s h e d i n 2 011 a s a
ﬁrst-principles calculation modeling group in
MANA. In addition to theoretical/computational
supports for experimental studies in the MANA
and NIMS next-generation solar cell project,
we are intensively working on theoretical
understanding, design and development of
novel catalysis and battery/cell systems aiming
at solving energy and environmental issues.
Although various catalysts and cells have been
developed so far, their microscopic behaviors at
solid/liquid interfaces, which are most relevant
to energy conversion, are not well understood
yet. Even electrochemistry, with its long history,
has provided only a poor description of the
atomic position and quantum-mechanical
electronic states. We address this long-standing
issue, “mechanism of interfacial photoexcitation
and charge trans fer on the atomic and
electronic scales,” which has not been much
explored, both experimentally and theoretically.
Toward this goal, we are especially working on
(1) development and establishment of the
theoretical framework based on densit y
functional theory (DFT) molecular dynamics
(MD) in order to deal with the inter facial
rea c t i o ns o n t h e ato m i c s c a l e, a n d (2)

Discovery of n-type counterpart that was
eagerly sought out for 20 years!
Boron carbide

RB17CN

RB22C2N

Emin et al.
in US (1984)

We examine photocatalyst interfaces as a
main project. TiO2 anatase/water interfaces are
the most representative photocatalytic systems
and have been extensively investigated so far,
but little is known about their interfacial states
and reaction mechanisms. Therefore, we
analyzed the equilibrium structures and
electronic states of various TiO2/H2O interfaces
under room temperature condition using the
DFTMD sampling technique.
As one example of the results, the adsorption
modes of water molecules and the presence
of strong and weak hydrogen bonds (HBs) at
t h e T i O2 a n at as e (101) a n d (0 01)/w ate r
interfaces were demonstrated on the atomic
scale (Fig. 1). We found that the coverage does
not reach 1 even when the inter f ace is
immersed in water on the anatase (101)
surface, and both interfaces are likely to be
hydrophilic based on the strong HBs. These
results indicate novel aspects diﬀerent from
the conventional view. In addition, the
dependence of cataly tic ac tivit y on the
inter face structures is elucidated by our
analysis of the equilibrium electronic states.
We are also investigating TiO2 anatase/dye
molecule/electrolyte solution interfaces to
understand the mechanism of dye-sensitized
solar cells (DSC) (Fig. 2). In the exploration of

the adsorption stability of a Ru dye which
yields high eﬃciency, we demonstrated that a
new type of adsorption and anchoring mode
with protonation is more stable.
We carried out DFTMD sampling analysis of the
TiO2 (101)/acetonitrile (MeCN) interface as well. In
the DSC systems, it is known that the aprotic
organic solvent acetonitrile (MeCN) gives higher
eﬃcienc y and dur abilit y. However, the
microscopic mechanism is still an open question.
In this study, we examined the eﬀect of water
molecule contamination, which is regarded as
having a negative inﬂuence on eﬃciency,
considering low-cost synthesis processes under
atmospheric condition. Our calculations clariﬁed
the microscopic equilibrium state of the TiO2
(101)/MeCN interface. The results also revealed
that the water molecules that originally exist at
the interface form a distinctive HB with TiO2 and
can reduce DSC durability through formation of
radicals under irradiation.

Theoretical calculation methods for
reactions at solid/liquid interfaces
In addition to the application studies for
r e a l i s t i c s o l i d / l i q u i d i nte r f a ce s a t t h e
atomic/electronic scale, we are also working on
establishment of computational techniques to
deal with photoexcitation and charge transfer
processes at solid/liquid interfaces based on
the combination of DFT with Marcus theory
and /or cons tr aint MD. T hus, our group
intensively addresses both fundamental and
application studies on the interfacial energy
conversion.
The research introduced here was done in collaboration
with Dr. M. Sumita and Dr. K. Sodeyama in our group.

Microstructures of YB22C 2N specimens prepared by different methods

Discovery

n-type!

Zn additive method
applied to YB44Si2

Inducement of new network structure

Fig. 1 Discovery of intrinsic n-type boron cluster
compound

Fig. 2 Example of microstructure control

Fig. 3 Mechanism of thermal conductivity
reduction

Takao Mori Ph.D. (Science) Completed the doctoral course at the Graduate School of Science, University of Tokyo in 1996, and was a Postdoctoral Researcher in the Graduate School of
Engineering, University of Tokyo before joining NIRIM in 1998. He was a Guest Scientist at the Max Planck Institute for Solid State Research (2006-2007) and Visiting Professor at the Institute
for Materials Research, Tohoku University (2008), and is currently a Visiting Professor at Hiroshima University (2010-).
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Photocatalyst and dye-sensitized solar
cell interfaces

RB28.5C4

More than
20 years

p-type

e l u c i d a t i o n o f t h e e n e r g y co nv e r s i o n
m e chanisms at realis tic inter f a ces an d
suggestion of a break through for higher
conversion eﬃciency.
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Strategy and key points in the
development of thermoelectric materials

additives that have dual beneﬁcial eﬀects, i.e.,
functioning both as a sintering additive for
microstructure control and as an electron
dopant.
O n the other hand, although thermal
conductivity can generally be aﬀected by
phonon scat tering at grain b oundaries
through the above-mentioned
nano/microstructure control, we are also
inves tigatin g intr insic m e chanisms fo r
reduction of thermal conductivity at a more
atomic level. Carbon (diamond) and beryllium
are neighbors of boron in the Periodic Table.
However, although they are materials which
similarly form networks of strong covalent
bonds, they are well-known as materials with
high thermal conductivity. In contrast, boron
clus ter comp ounds generally have low
thermal conductivity, and it is considered that
novel eﬀec tive mechanisms such as the
“Symmetry mismatch eﬀect” are involved in
this property.
In addition to these strategies, we also aim to
achieve wide-range application of
thermoelectric materials at an early timing by
promoting veriﬁcation and realization of new
principles (strong correlation, band
engineering, conﬁnement eﬀec t) which
potentially can overcome the tradeoﬀ.

Special Feature

Special Feature

Eﬃcient use of energy has become a major
issue in modern societ y. In ac tualit y, an
enormous amount of energy, equivalent to
nearly 2/3 of petroleum, natural gas, and other
primary energy consumption, is currently
mainly discarded as waste heat.
In these circumstances, thermoelectric
materials are very attractive, as they enable
direct conversion of waste heat to useful
electricity by the Seebeck eﬀect.
As an index that expresses the performance of
thermoelectric materials, ZT = α2•σ•κ−1 T is used.
It can be understood that simply improving
performance is not easy, as the necessary
conditions for excellent thermoelectric materials
are low thermal conductivity (κ) in spite of high
electrical conductivity (σ), and a large Seebeck
coeﬃcient (α) in combination with high
electrical conductivity (contrary to so-called
“tradeoﬀ”).
Given this situation, wide-range application
of thermoelectric materials has still not been
realized. However, with the discovery of new
materials and dramatic advances in
nanotechnology, this has become far closer
than in the past, and intense competition is
underway around the world.

Potential heat sources in the medium- to
high-temperature region include waste heat
from factories, incinerators, thermal power
plants, as well as concentrating solar thermal
energy, etc. Temperature stability is one key
element for utilizing these forms of thermal
energy. In this respect, inorganic materials
such as borides, oxides, silicides, etc. have an
intrinsic advantage. On the other hand,
conventional thermoelectric materials have
typically consisted of scarce or toxic elements
like Bi, Te, Pb, Ag, etc.
We are focusing on distinc tive atomic
network structures such as clusters, etc. in
o rd e r to a c h i e v e h i g h f u n c t i o n a l i t y i n
inorganic materials consisting mainly of
common, non-toxic elements. It is becoming
clear that net work struc tures can be
controlled by introducing bridging sites. For
example, as shown in Fig. 1, we discovered a
promising compound for solving the problem
of p,n control in boron cluster compounds,
which has remained unsolved for 20 years, and
are also developing a high per formance
silicide cage-structured compound with a
new struc ture, which displays high
temperature oxidation resistance.
A s show n in Fig. 2, as a route to high
performance in thermoelectric materials we
are exploring nano- and micro-structure
control of materials, for example, by a zinc
a d d i t i o n m e t h o d . A s o n e k e y, w e a r e
construc ting a strategy for selec tion of
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Fig. 1 Equilibrium structures (H 2O adsorption mode
and hydrogen bond) at the TiO2 anatase (101) and (001)/
water interfaces, which are the most representative
photocatalytic systems.

Fig. 2 Schematic picture of the interfacial
r e a c t i o n a t t h e “ T i O 2 e l e c t r o d e /d y e
molecule/electroly te solution” in a DSC
system.

Fig. 3 Metastable states of contaminant water molecules
around the TiO 2 /MeCN interface in a DSC system. It was found
that the state II forming a special hydrogen bond with TiO 2 is
the most stable.

Yoshitaka Tateyama Ph.D. Completed the doctoral course at the School of Science, The University of Tokyo in 1998. Had been Researcher at NRIM, Visiting Researcher at the University of
Cambridge, Senior Researcher at NIMS-CMSC, NIMS-MANA Independent Scientist, and JST PRESTO Researcher. Appointed to the present position in 2011. He is a member of the
Computational Materials Science Initiative (CMSI) of the strategy program for the “Next-Generation Supercomputer ‘K.’ ”
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Necessity and issues of thermoelectric
materials

Nanoscale mechanisms of
photoexcitation and charge transfer
processes at interfaces
The Nano-system Computational Science
G r o u p w a s e s t a b l i s h e d i n 2 011 a s a
ﬁrst-principles calculation modeling group in
MANA. In addition to theoretical/computational
supports for experimental studies in the MANA
and NIMS next-generation solar cell project,
we are intensively working on theoretical
understanding, design and development of
novel catalysis and battery/cell systems aiming
at solving energy and environmental issues.
Although various catalysts and cells have been
developed so far, their microscopic behaviors at
solid/liquid interfaces, which are most relevant
to energy conversion, are not well understood
yet. Even electrochemistry, with its long history,
has provided only a poor description of the
atomic position and quantum-mechanical
electronic states. We address this long-standing
issue, “mechanism of interfacial photoexcitation
and charge trans fer on the atomic and
electronic scales,” which has not been much
explored, both experimentally and theoretically.
Toward this goal, we are especially working on
(1) development and establishment of the
theoretical framework based on densit y
functional theory (DFT) molecular dynamics
(MD) in order to deal with the inter facial
rea c t i o ns o n t h e ato m i c s c a l e, a n d (2)

Discovery of n-type counterpart that was
eagerly sought out for 20 years!
Boron carbide

RB17CN

RB22C2N

Emin et al.
in US (1984)

We examine photocatalyst interfaces as a
main project. TiO2 anatase/water interfaces are
the most representative photocatalytic systems
and have been extensively investigated so far,
but little is known about their interfacial states
and reaction mechanisms. Therefore, we
analyzed the equilibrium structures and
electronic states of various TiO2/H2O interfaces
under room temperature condition using the
DFTMD sampling technique.
As one example of the results, the adsorption
modes of water molecules and the presence
of strong and weak hydrogen bonds (HBs) at
t h e T i O2 a n at as e (101) a n d (0 01)/w ate r
interfaces were demonstrated on the atomic
scale (Fig. 1). We found that the coverage does
not reach 1 even when the inter f ace is
immersed in water on the anatase (101)
surface, and both interfaces are likely to be
hydrophilic based on the strong HBs. These
results indicate novel aspects diﬀerent from
the conventional view. In addition, the
dependence of cataly tic ac tivit y on the
inter face structures is elucidated by our
analysis of the equilibrium electronic states.
We are also investigating TiO2 anatase/dye
molecule/electrolyte solution interfaces to
understand the mechanism of dye-sensitized
solar cells (DSC) (Fig. 2). In the exploration of

the adsorption stability of a Ru dye which
yields high eﬃciency, we demonstrated that a
new type of adsorption and anchoring mode
with protonation is more stable.
We carried out DFTMD sampling analysis of the
TiO2 (101)/acetonitrile (MeCN) interface as well. In
the DSC systems, it is known that the aprotic
organic solvent acetonitrile (MeCN) gives higher
eﬃcienc y and dur abilit y. However, the
microscopic mechanism is still an open question.
In this study, we examined the eﬀect of water
molecule contamination, which is regarded as
having a negative inﬂuence on eﬃciency,
considering low-cost synthesis processes under
atmospheric condition. Our calculations clariﬁed
the microscopic equilibrium state of the TiO2
(101)/MeCN interface. The results also revealed
that the water molecules that originally exist at
the interface form a distinctive HB with TiO2 and
can reduce DSC durability through formation of
radicals under irradiation.

Theoretical calculation methods for
reactions at solid/liquid interfaces
In addition to the application studies for
r e a l i s t i c s o l i d / l i q u i d i nte r f a ce s a t t h e
atomic/electronic scale, we are also working on
establishment of computational techniques to
deal with photoexcitation and charge transfer
processes at solid/liquid interfaces based on
the combination of DFT with Marcus theory
and /or cons tr aint MD. T hus, our group
intensively addresses both fundamental and
application studies on the interfacial energy
conversion.
The research introduced here was done in collaboration
with Dr. M. Sumita and Dr. K. Sodeyama in our group.

Microstructures of YB22C 2N specimens prepared by different methods

Discovery

n-type!

Zn additive method
applied to YB44Si2

Inducement of new network structure

Fig. 1 Discovery of intrinsic n-type boron cluster
compound

Fig. 2 Example of microstructure control

Fig. 3 Mechanism of thermal conductivity
reduction

Takao Mori Ph.D. (Science) Completed the doctoral course at the Graduate School of Science, University of Tokyo in 1996, and was a Postdoctoral Researcher in the Graduate School of
Engineering, University of Tokyo before joining NIRIM in 1998. He was a Guest Scientist at the Max Planck Institute for Solid State Research (2006-2007) and Visiting Professor at the Institute
for Materials Research, Tohoku University (2008), and is currently a Visiting Professor at Hiroshima University (2010-).
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Photocatalyst and dye-sensitized solar
cell interfaces
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More than
20 years

p-type

e l u c i d a t i o n o f t h e e n e r g y co nv e r s i o n
m e chanisms at realis tic inter f a ces an d
suggestion of a break through for higher
conversion eﬃciency.

Nano-green by Nanoarchitectonics

Nano-green by Nanoarchitectonics

Strategy and key points in the
development of thermoelectric materials

additives that have dual beneﬁcial eﬀects, i.e.,
functioning both as a sintering additive for
microstructure control and as an electron
dopant.
O n the other hand, although thermal
conductivity can generally be aﬀected by
phonon scat tering at grain b oundaries
through the above-mentioned
nano/microstructure control, we are also
inves tigatin g intr insic m e chanisms fo r
reduction of thermal conductivity at a more
atomic level. Carbon (diamond) and beryllium
are neighbors of boron in the Periodic Table.
However, although they are materials which
similarly form networks of strong covalent
bonds, they are well-known as materials with
high thermal conductivity. In contrast, boron
clus ter comp ounds generally have low
thermal conductivity, and it is considered that
novel eﬀec tive mechanisms such as the
“Symmetry mismatch eﬀect” are involved in
this property.
In addition to these strategies, we also aim to
achieve wide-range application of
thermoelectric materials at an early timing by
promoting veriﬁcation and realization of new
principles (strong correlation, band
engineering, conﬁnement eﬀec t) which
potentially can overcome the tradeoﬀ.

Special Feature

Special Feature

Eﬃcient use of energy has become a major
issue in modern societ y. In ac tualit y, an
enormous amount of energy, equivalent to
nearly 2/3 of petroleum, natural gas, and other
primary energy consumption, is currently
mainly discarded as waste heat.
In these circumstances, thermoelectric
materials are very attractive, as they enable
direct conversion of waste heat to useful
electricity by the Seebeck eﬀect.
As an index that expresses the performance of
thermoelectric materials, ZT = α2•σ•κ−1 T is used.
It can be understood that simply improving
performance is not easy, as the necessary
conditions for excellent thermoelectric materials
are low thermal conductivity (κ) in spite of high
electrical conductivity (σ), and a large Seebeck
coeﬃcient (α) in combination with high
electrical conductivity (contrary to so-called
“tradeoﬀ”).
Given this situation, wide-range application
of thermoelectric materials has still not been
realized. However, with the discovery of new
materials and dramatic advances in
nanotechnology, this has become far closer
than in the past, and intense competition is
underway around the world.

Potential heat sources in the medium- to
high-temperature region include waste heat
from factories, incinerators, thermal power
plants, as well as concentrating solar thermal
energy, etc. Temperature stability is one key
element for utilizing these forms of thermal
energy. In this respect, inorganic materials
such as borides, oxides, silicides, etc. have an
intrinsic advantage. On the other hand,
conventional thermoelectric materials have
typically consisted of scarce or toxic elements
like Bi, Te, Pb, Ag, etc.
We are focusing on distinc tive atomic
network structures such as clusters, etc. in
o rd e r to a c h i e v e h i g h f u n c t i o n a l i t y i n
inorganic materials consisting mainly of
common, non-toxic elements. It is becoming
clear that net work struc tures can be
controlled by introducing bridging sites. For
example, as shown in Fig. 1, we discovered a
promising compound for solving the problem
of p,n control in boron cluster compounds,
which has remained unsolved for 20 years, and
are also developing a high per formance
silicide cage-structured compound with a
new struc ture, which displays high
temperature oxidation resistance.
A s show n in Fig. 2, as a route to high
performance in thermoelectric materials we
are exploring nano- and micro-structure
control of materials, for example, by a zinc
a d d i t i o n m e t h o d . A s o n e k e y, w e a r e
construc ting a strategy for selec tion of
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Fig. 1 Equilibrium structures (H 2O adsorption mode
and hydrogen bond) at the TiO2 anatase (101) and (001)/
water interfaces, which are the most representative
photocatalytic systems.

Fig. 2 Schematic picture of the interfacial
r e a c t i o n a t t h e “ T i O 2 e l e c t r o d e /d y e
molecule/electroly te solution” in a DSC
system.

Fig. 3 Metastable states of contaminant water molecules
around the TiO 2 /MeCN interface in a DSC system. It was found
that the state II forming a special hydrogen bond with TiO 2 is
the most stable.

Yoshitaka Tateyama Ph.D. Completed the doctoral course at the School of Science, The University of Tokyo in 1998. Had been Researcher at NRIM, Visiting Researcher at the University of
Cambridge, Senior Researcher at NIMS-CMSC, NIMS-MANA Independent Scientist, and JST PRESTO Researcher. Appointed to the present position in 2011. He is a member of the
Computational Materials Science Initiative (CMSI) of the strategy program for the “Next-Generation Supercomputer ‘K.’ ”
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Demonstration of Superconductivity of Monoatomic Metal Layers
on a Silicon Surface

Nanoarchitectonics Approach to Environmental
and Energy Problems
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impact in broad ﬁelds, rather than applied
research such as constructing actual solar cells,
and to solve speciﬁc problems of fuel cells by
utilizing nanoarchitectonics, which, I believe, is
our central mission at MANA.

Nano-green by Nanoarchitectonics

-Could you explain what you mean by
fundamental research?
U: For example, in addition to having clear-cut
targets like photocatalysts and rechargeable
batteries, we focus on what is important as a
concept. Whether the subject is solar cells or
photocatalysts, an exact understanding of
electron transfer is extremely important because
the mechanism of those reactions always
involves electron transfer. In order to improve the
eﬃciency of many energy conversion devices
and processes including batteries and catalysts,
we must understand how to precisely control
the arrangement of atoms and molecules as
well as electron transfer. That is what I mean by
fundamental research.
-How is your work different from
research in universities?
U: The aim of university research is mainly the
pursuit of principles. In our case, even though we
may not say “product,” at least to some extent
we are doing fundamental research that has
targets. Moreover, universities exist to educate
students and, therefore, even when research
projects are planned, this must be taken into
account. On the other hand, as MANA is a group
of professionals, we can carry out mission
oriented toward world leading research
eﬀectively.
-Could you tell us a little more about
the actual methods in this research?
U: In many impor tant energy conversion

processes such as photocataly tic/
photoelectrochemical CO 2 reduction and
hy d ro g e n p ro d u c t i o n f ro m w ate r,
rechargeable batteries, and fuel cells, electron
transfer at solid/liquid interfaces plays a key
role, as mentioned before and chemical
reactions including interfacial electron transfer
should be fully understood. Accordingly, our
own research also concerns electron transfer
at interfaces, and I expect that this kind of
fundamental research should lead to
important outcomes. To achieve this goal, it is
also necessary to strengthen the theoretical
ﬁeld, particularly computational science. I also
think that collaboration with scientists in the
Nano-bio ﬁeld is important. I hope this ﬁeld
will make great advances in the next ﬁve years
and become a larger pillar of research.
- What do you particularly enjoy about
your role as a leader?
U: I am very happy to see the success of young
colleagues. For that reason, I often tell young
people not to work on bits and pieces of
current problems but rather to challenge
problems that may look diﬃcult but lead to the
creation of a new scientiﬁc ﬁeld. Setting high
goals and doing research that other people are
not attempting might take much more time
and eﬀort than research that easily produces
results, but the outcomes are much more
rewarding. Because modern equipment is very
sophisticated, I often see people use it without
un d er s t an ding how it wor k s an d what
information it really provides, or depending too
much on the internet. After all, it is critical to
think carefully about why you are working on a
speciﬁc subject and to clearly express your own
concept. This is something that I learned from
my Ph. D. supervisor, Prof. John Bockris.

Kohei Uosaki Completed the Ph.D. course at Flinders University (Australia) in 1976. Previous positions include Mitsubishi
Petrochemical Co. Ltd (1971-1978), Oxford University (1978-1980), and Assistant Professor (1980), Associate Professor (1981), and
Professor (1990-2010) of Hokkaido University, Department of Science. MANA Satellite Principal Investigator and Coordinator of
the Nano-Green Field (2008). NIMS MANA Principal Investigator and Professor Emeritus, Hokkaido University (2010).
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World’s first demonstration of the
superconducting state in a metal
monoatomic layer
In order to investigate whether monoatomic
layers display the superconducting state or not,
we fabricated a sample material consisting of
single layer of indium atoms arranged on a
silicon substrate. Figures 1 and 2 show an
atomic structural model and a scanning
tunneling microscope image of this material,
respectively. The image in Fig. 2 indicates that a
certain periodic structure has been created by
rearrangement of the indium atoms. NOTE 1)
We also succeeded in, by attaching electrodes

supercurrent
indium
silicon

atomic step

Fig. 1 Atomic struc tural model of an indium
monoatomic layer arranged on a silicon substrate.
The arrow shows a conceptual illustration of a
supercurrent flowing over the atomic step.
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Special Feature

-As the leader of the Nano-green Field,
what are the issues that concern you?
Uosaki(U): The Nano-green Field was launched
about three and a half years ago, and during
that period, we have had a number of changes
in our members. Due to the rapid changes in
m emb er s an d als o due to th e f a c t th e
“nano-green” is a new concept, I must admit
that the Nano-green Field is still very much a
developing ﬁeld with an immature image, unlike
the Nano-systems and Nano-materials Fields. In
fact, we are still groping for a new image.
Although we are certainly playing leading
roles in research on environmental and energy
problems in line with national policy as the
Japan's 4th Science and Technology Basic Plan
stresses the promotion of “green innovation,”
our major concern is to carry out fundamental
research leading to innovations with high

Superconductivity is the phenomenon in
which materials lose their electrical resistance
at low temperatures, and has been the subject
of an enormous amount of research since its
discovery in 1911. NIMS has also made a number
of important achievements in this ﬁeld, with the
most renowned example of the discovery of a
bismuth-based oxide high temperature
superconductor.
The word "superconductor" reminds us,
ﬁrst and foremost, of bulk materials (wire
materials) like superconducting transmission
c ab les an d sup ercon duc ting ma gn et s .
However, on the other hand, applied research
on superconducting thin ﬁlms are also in
progress, aiming at digital logic elements and
single photon detectors.
Superconducting logic devices of this type
have the potential to greatly reduce power
consumption, while superconducting single
photon detectors are expected to enable
telecommunication technologies with perfect
information security. It has been an open
question, however, whether superconducting
materials actually retain their superconducting
properties when reduced to thin ﬁlms with an
ultimate thickness of atomic scale.

to a specimen, measuring its electrical transport
properties at low temperatures. Figure 2 shows
the temperature dependence of electrical
resistance. At approximately 2.8K, the resistance
suddenly becomes zero, indicating that a
superconducting transition occurs at this
temperature. This is the world's ﬁrst direct
conﬁrmation of the superconducting state
emerging in a metal monoatomic layer.
We also measured the current needed to
destroy the superconducting state (i. e. critical
current) by increasing the current passing
through the specimen (Fig. 3). The critical
current is remarkably large, being estimated at
6.1 x 10 5 A/cm 2 at 1.8K when converted to
current density. This value is in the same order
of those of practical superconducting bulk
materials. It is surprising that this “robust”
superconductivity is realized in spite of the
monoatomic thick ness of the material.
Furthermore, an atomic-step defect structure
unavoidably exists on the specimen surface,
which interrupts the surface atomic layer (see
Fig. 1). Our detailed analysis suggests that the
critical current is determined at these atomic
steps. This shows the possibility that the atomic
step is a natural Josephson junction. NOTE 2)
Metal atoms such as indium arranged on a
silicon substrate, as described above, not only
exhibit superconduc tivit y but also have
attractive properties which are suited to device
applications. In the future, development of
research aiming at practical application is
expected. This may be accomplished, for
example, by controlling the superconducting
proper ties at the atomic scale using the
state-of-the-art nanotechnology.
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Fig. 2 Temperature dependence of elec trical
resistance. A superconducting transition occurs at
2.8K, where the electrical resistance becomes zero.
The inset (lower right) is a scanning tunneling
microscope image of the specimen surface. The
direction of the bias current was changed for
configurations I and II.
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If environmental and energy problems are considered from a viewpoint of nanoarchitectonics, we arrive at interfacial electron transfer.
The approach of the MANA Nano-green Field aims at developing major technologies of the future by promoting fundamental research.

What happens to superconducting
materials when they are reduced to the
atomic-scale thinness?
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NOTE 1) In general, metal atoms arranged on a silicon
substrate etc. take atomic structures and electronic
states diﬀerent from those in the bulk. This distinctive
surface structure is termed the “surface reconstruction.”
NOTE 2) Josephson junction is a term used for two
neighboring superconduc tors which are weakly
coupled. Josephson junc tions display quantum
mechanical properties of superconductivity in the
clearest manner. They are also indispensable in device
applications.
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Fig. 3 Temperature dependence of current-voltage
charac teristics. Below 2.8K , switching from a
superconducting state to a normal state occurs at
the critical current (Ic). The inset (upper left) shows
the temperature dependence of the critical current.

Takashi Uchihashi (center right) Ph.D. (Science) MANA Scientist. Engaged in research on nano physics and materials at solid
surfaces. / Puneet Misrah (center left) Ph.D. NIMS Postdoctoral Researcher. Engaged in measurement of spins and related
phenomena using the scanning tunneling microscope. / Tomonobu Nakayama (left) Ph.D. MANA Principal Investigator in the
Nano-system Field, and also Associate Professor of the University of Tsukuba-NIMS Joint Graduate School. Engaged in research on
nano-systems using scanning probe microscope (SPM) techniques. / Masakazu Aono (right) Ph.D. He got his doctorate from the
University of Tokyo in 1972. Before assuming the present position in 2007, he was Principal Researcher at the National Institute for
Research in Inorganic Materials (NIRIM), Senior Scientist at RIKEN, Professor of Osaka University, and Director of the NIMS
Nanomaterials Laboratory.
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impact in broad ﬁelds, rather than applied
research such as constructing actual solar cells,
and to solve speciﬁc problems of fuel cells by
utilizing nanoarchitectonics, which, I believe, is
our central mission at MANA.

Nano-green by Nanoarchitectonics

-Could you explain what you mean by
fundamental research?
U: For example, in addition to having clear-cut
targets like photocatalysts and rechargeable
batteries, we focus on what is important as a
concept. Whether the subject is solar cells or
photocatalysts, an exact understanding of
electron transfer is extremely important because
the mechanism of those reactions always
involves electron transfer. In order to improve the
eﬃciency of many energy conversion devices
and processes including batteries and catalysts,
we must understand how to precisely control
the arrangement of atoms and molecules as
well as electron transfer. That is what I mean by
fundamental research.
-How is your work different from
research in universities?
U: The aim of university research is mainly the
pursuit of principles. In our case, even though we
may not say “product,” at least to some extent
we are doing fundamental research that has
targets. Moreover, universities exist to educate
students and, therefore, even when research
projects are planned, this must be taken into
account. On the other hand, as MANA is a group
of professionals, we can carry out mission
oriented toward world leading research
eﬀectively.
-Could you tell us a little more about
the actual methods in this research?
U: In many impor tant energy conversion

processes such as photocataly tic/
photoelectrochemical CO 2 reduction and
hy d ro g e n p ro d u c t i o n f ro m w ate r,
rechargeable batteries, and fuel cells, electron
transfer at solid/liquid interfaces plays a key
role, as mentioned before and chemical
reactions including interfacial electron transfer
should be fully understood. Accordingly, our
own research also concerns electron transfer
at interfaces, and I expect that this kind of
fundamental research should lead to
important outcomes. To achieve this goal, it is
also necessary to strengthen the theoretical
ﬁeld, particularly computational science. I also
think that collaboration with scientists in the
Nano-bio ﬁeld is important. I hope this ﬁeld
will make great advances in the next ﬁve years
and become a larger pillar of research.
- What do you particularly enjoy about
your role as a leader?
U: I am very happy to see the success of young
colleagues. For that reason, I often tell young
people not to work on bits and pieces of
current problems but rather to challenge
problems that may look diﬃcult but lead to the
creation of a new scientiﬁc ﬁeld. Setting high
goals and doing research that other people are
not attempting might take much more time
and eﬀort than research that easily produces
results, but the outcomes are much more
rewarding. Because modern equipment is very
sophisticated, I often see people use it without
un d er s t an ding how it wor k s an d what
information it really provides, or depending too
much on the internet. After all, it is critical to
think carefully about why you are working on a
speciﬁc subject and to clearly express your own
concept. This is something that I learned from
my Ph. D. supervisor, Prof. John Bockris.
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World’s first demonstration of the
superconducting state in a metal
monoatomic layer
In order to investigate whether monoatomic
layers display the superconducting state or not,
we fabricated a sample material consisting of
single layer of indium atoms arranged on a
silicon substrate. Figures 1 and 2 show an
atomic structural model and a scanning
tunneling microscope image of this material,
respectively. The image in Fig. 2 indicates that a
certain periodic structure has been created by
rearrangement of the indium atoms. NOTE 1)
We also succeeded in, by attaching electrodes

supercurrent
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atomic step

Fig. 1 Atomic struc tural model of an indium
monoatomic layer arranged on a silicon substrate.
The arrow shows a conceptual illustration of a
supercurrent flowing over the atomic step.
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-As the leader of the Nano-green Field,
what are the issues that concern you?
Uosaki(U): The Nano-green Field was launched
about three and a half years ago, and during
that period, we have had a number of changes
in our members. Due to the rapid changes in
m emb er s an d als o due to th e f a c t th e
“nano-green” is a new concept, I must admit
that the Nano-green Field is still very much a
developing ﬁeld with an immature image, unlike
the Nano-systems and Nano-materials Fields. In
fact, we are still groping for a new image.
Although we are certainly playing leading
roles in research on environmental and energy
problems in line with national policy as the
Japan's 4th Science and Technology Basic Plan
stresses the promotion of “green innovation,”
our major concern is to carry out fundamental
research leading to innovations with high

Superconductivity is the phenomenon in
which materials lose their electrical resistance
at low temperatures, and has been the subject
of an enormous amount of research since its
discovery in 1911. NIMS has also made a number
of important achievements in this ﬁeld, with the
most renowned example of the discovery of a
bismuth-based oxide high temperature
superconductor.
The word "superconductor" reminds us,
ﬁrst and foremost, of bulk materials (wire
materials) like superconducting transmission
c ab les an d sup ercon duc ting ma gn et s .
However, on the other hand, applied research
on superconducting thin ﬁlms are also in
progress, aiming at digital logic elements and
single photon detectors.
Superconducting logic devices of this type
have the potential to greatly reduce power
consumption, while superconducting single
photon detectors are expected to enable
telecommunication technologies with perfect
information security. It has been an open
question, however, whether superconducting
materials actually retain their superconducting
properties when reduced to thin ﬁlms with an
ultimate thickness of atomic scale.

to a specimen, measuring its electrical transport
properties at low temperatures. Figure 2 shows
the temperature dependence of electrical
resistance. At approximately 2.8K, the resistance
suddenly becomes zero, indicating that a
superconducting transition occurs at this
temperature. This is the world's ﬁrst direct
conﬁrmation of the superconducting state
emerging in a metal monoatomic layer.
We also measured the current needed to
destroy the superconducting state (i. e. critical
current) by increasing the current passing
through the specimen (Fig. 3). The critical
current is remarkably large, being estimated at
6.1 x 10 5 A/cm 2 at 1.8K when converted to
current density. This value is in the same order
of those of practical superconducting bulk
materials. It is surprising that this “robust”
superconductivity is realized in spite of the
monoatomic thick ness of the material.
Furthermore, an atomic-step defect structure
unavoidably exists on the specimen surface,
which interrupts the surface atomic layer (see
Fig. 1). Our detailed analysis suggests that the
critical current is determined at these atomic
steps. This shows the possibility that the atomic
step is a natural Josephson junction. NOTE 2)
Metal atoms such as indium arranged on a
silicon substrate, as described above, not only
exhibit superconduc tivit y but also have
attractive properties which are suited to device
applications. In the future, development of
research aiming at practical application is
expected. This may be accomplished, for
example, by controlling the superconducting
proper ties at the atomic scale using the
state-of-the-art nanotechnology.
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Fig. 2 Temperature dependence of elec trical
resistance. A superconducting transition occurs at
2.8K, where the electrical resistance becomes zero.
The inset (lower right) is a scanning tunneling
microscope image of the specimen surface. The
direction of the bias current was changed for
configurations I and II.
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If environmental and energy problems are considered from a viewpoint of nanoarchitectonics, we arrive at interfacial electron transfer.
The approach of the MANA Nano-green Field aims at developing major technologies of the future by promoting fundamental research.

What happens to superconducting
materials when they are reduced to the
atomic-scale thinness?
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NOTE 1) In general, metal atoms arranged on a silicon
substrate etc. take atomic structures and electronic
states diﬀerent from those in the bulk. This distinctive
surface structure is termed the “surface reconstruction.”
NOTE 2) Josephson junction is a term used for two
neighboring superconduc tors which are weakly
coupled. Josephson junc tions display quantum
mechanical properties of superconductivity in the
clearest manner. They are also indispensable in device
applications.
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Fig. 3 Temperature dependence of current-voltage
charac teristics. Below 2.8K , switching from a
superconducting state to a normal state occurs at
the critical current (Ic). The inset (upper left) shows
the temperature dependence of the critical current.

Takashi Uchihashi (center right) Ph.D. (Science) MANA Scientist. Engaged in research on nano physics and materials at solid
surfaces. / Puneet Misrah (center left) Ph.D. NIMS Postdoctoral Researcher. Engaged in measurement of spins and related
phenomena using the scanning tunneling microscope. / Tomonobu Nakayama (left) Ph.D. MANA Principal Investigator in the
Nano-system Field, and also Associate Professor of the University of Tsukuba-NIMS Joint Graduate School. Engaged in research on
nano-systems using scanning probe microscope (SPM) techniques. / Masakazu Aono (right) Ph.D. He got his doctorate from the
University of Tokyo in 1972. Before assuming the present position in 2007, he was Principal Researcher at the National Institute for
Research in Inorganic Materials (NIRIM), Senior Scientist at RIKEN, Professor of Osaka University, and Director of the NIMS
Nanomaterials Laboratory.
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Results of the MANA International Symposium 2012
MANA held the “MANA International
Symposium 2012” jointly with the ICYS over a
3 day period from February 29 to March 2 at
the Epochal Tsukuba International Congress
Center. This Symposium is held once each
year to disseminate the results of research at
MANA to a wide audience in Japan and other
countries. This year’s Special Lecture ways
given by the 2010 Nobel Laureate in
Chemistry, Prof. Ei-ichi Negishi, who is Herbert
C. Brown Distinguished Professor of Organic

Chemistry at Purdue University (USA). Prof.
Negishi’s address concerned research on the
cross coupling reaction of palladium catalysts.
This was followed by a Special Session
celebrating the 30th anniversary of the ﬁrst
paper on the scanning tunneling microscope
(STM). During this session, Prof. Heinrich
Rohrer, who was a developer of the STM and
won the Nobel Prize in Physics in 1986, Prof.
James Gimzewski, who is a Distinguished
Professor in Chemistry and Biochemistry at

MOU concluded with DECHEMA Forschungsinstitut,
Germany
On March 5th, 2012, The High Temperature
Materials Unit, NIMS, concluded a
Memorandum of Understanding MOU
concerning "Protection of materials against
oxidation and hot corrosion" with DECHEMA
Forschungsinstitut (DFI), Germany.
The DFI is situated the middle of Frankfurt
and is a non-proﬁt civil law foundation. The
DFI was established on 1st March, based on
the former Karl-Winnacker-Institute of

DECHEMA Society for Chemical Engineering
and Biotechnology, and the MOU concluded
was the ﬁrst oﬃcial document for DFI.
The DFI mainly consists of ﬁve main research
groups – High Temperature Materials,
Electrochemistry, Corrosion, Biochemical
Engineering and Technical Chemistry. As Prof.
Dr. Michael Schütze, CEO of DFI, once served
as the President of the European Federation of
Corrosion, the DFI has high reputation

NIMS Signed a Comprehensive Collaborative Agreement
with Industrial Technology Research Institute (ITRI)
On March 16th, 2012, NIMS concluded a
Comprehensive Collaborative Agreement (a
sister institute agreement) with Industrial
Technology Research Institute (ITRI) in
Republic of China (Taiwan).
ITRI, founded in 1973, is a national research
organization, with a mission of conduction

Dear NIMS NOW readers,
I have just arrived in Tsukuba, Japan on September 2011 as
Waseda-NIMS PhD student, I am married and my husband
is a graduate student in Tsukuba university, I am Arabian
Muslim Egyptian woman, my country has several cultures
and heritages, starting from 7000 years B.C; Pharaonic,
Coptic then ended with Islamic heritages in 641 A.D.

Tahrir square 2011, Cairo,
Katori Shrine 2011,
Egypt (Egyptian revolution) Tsukuba, Ibaraki, Japan

technological research, promoting industrial
development, creating economic value and
improving social welfare for Taiwan. ITRI is
not only Taiwan’s largest applied technology
R&D institution, focusing on six areas
including Nanotechnology and Green
Energy, but also a pioneer in creating

During my short period of stay in Japan, surprisingly, I
have noticed some similarities, despite distance and
diversity between Japan and Egypt: At first, both countries
held a great respect to their old-traditions and customs,
especially when they try to withstand the western life
style. Secondly, Japanese and Egyptian people show a
great solidarity and consolidation in crisis and setbacks
(Both countries faced a huge crisis in 2011, the massive
killing and destructions due to the great earthquake for
Japan, and the Egyptian revolution against the defunct
totalitarian regime).Thirdly, the great hospitality, and the
ineffable sense of warmth strongly observed from
Japanese as well as Egyptian people even if they can`t
speak your own language. Last but not least, the hope
which both countries held on, this hope enabled Japan to

UCLA and is also a MANA Satellite Principal
Investigator, and Director-General Masakazu
Aono of MANA, discussed the development
of the STM, the history of progress in its
performance and technology, and examples
of applied research using the STM. The 3 day
symposium included presentations on
research results MANA, as well as research at
the ICYS.

Prof. Ei-ichi Negishi Prof. Heinrich Rohrer

especially in terms of oxidation and corrosion.
Under the MOU, the High Temperature
Materials Unit will promote collaborations
with DFI, concerning surface modiﬁcation of
materials against oxidation and hot corrosion
and also will strengthen networks in this
research ﬁeld with European countries.
Fro m l e f t ; Pro f. D r.
Michael Schütze, Chief
E xecutive O ﬃcer and
Group Leader of High
Temperature Materials
G r o u p , D r. H i d e y u k i
Murakami, Dr. Mathias
Galetz, Senior Researcher

Taiwan’s high tech industry.
This agreement will not only reinforce the
existing collaborations between ITRI and
NIMS but also lead to more extensive
collaboration and exchange of researchers.

Industrial
Technology
Research Institute
(ITRI)

overcome unbearable setbacks such as wanton nuclear
bombing in 1948, this hope was the reason for Egyptian
people to never give up on their country even after 30
years of the control of autocratic regime. At the end, I
would say; thanks Japan for offering me this chance to
study, learn and live, thanks Egypt for being the reason to
become who I am and creating all my good traits.

My husband and me
during our ﬁrst
Christmas in Japan.

Shimaa Abdelaleem (Egypt)
from Nearly six months
PhD student,
Materials Circulation Design Group

