
Dear NIMS NOW readers,

This is Lok Kumar Shrestha from Nepal 

currently an ICYS-MANA researcher at NIMS. 

Af ter my Ph.D. and two years post-doc 

research at Yokohama National University, I 

jonied NIMS in April 2010. It is good to be 

h e r e .  T h e  fl e x i b l e  w o r k i n g  h o u r s ,  

international environment, world class 

facilities and expertise, free discussion 

strategy, and supportive technical and 

administrative staffs are the major points 

that made me proud to be here. 

When I came to Japan about 7 years back, I 

found Japan as a ver y different world; 

d ifferent language,  different people,  

different foods, and different culture. I 

doubted that I may not survive here, but 

now I feel Japan is the best country to live 

and work. Apart from science, I am also 

experiencing unique Japanese culture and 

the foods. We are very much happy to live 

in Japan and pleased to meet such a polite 

and humble Japanese people.

  (September 29, 2011) NIMS and Tianjin 

University (TU), Tianjin, China, conclude a 

contract effective for 5 years on a joint 

research center.  Based on this contract, 

both institutes establish the “TU-NIMS 

Joint Research Center” in TU campus and 

start collaboration to develop advanced 

func t ional  mater ia ls  for  energy and 

environment utilizing the latest materials 

science technologies

  In October 2010, NIMS and TU concluded 

MOU on the advanced photofunctional 

materials for solar energy conversion and 

environment remediation, and have been 

strengthening the collaboration since 

then.  In the new contract, both institutes 

agreed to es tabl ish a  jo int  research 

center, with facilities offered by TU and 

researchers from both parties, and to 

boost their collaboration, broadening the 

research fields, for the development of 

advanced functional materials relevant to 

energy and environment.

  This center is the first full-scale joint 

research center NIMS has ever established 

in an overseas institute and it would be 

a model for those to follow.  It is also 

expected to work as an effective window 

for  input  and exchange of  va luable 

information opened to China, a country 

growing extremely fast in recent years.

Tianjin University and NIMS Conclude a Contract on Joint Research Center1
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My daughter (Esha Shrestha) 

at Natsu Matsuri (summer 

festival) in her school

Shrestha family at Ushiku Daibutsu

MANA Holds Prof. Kroto’s Science Class 2011 at NIMS2
  On Saturday, September 17, MANA held 

a  science class for 3rd and 4th grade 

elementary school students and their 

parents in the 1st Floor Auditorium at its 

Sengen Site. The teacher for this event  

sponsored by MANA was Prof. Sir Harold 

(“Harry”) Kroto, who is a winner of the 

Nobel Prize in Chemistry. This program 

is being carr ied out by Prof.  Kroto in 

countries around the world so children can 

n at u r a l l y  re co g n i ze  t h at  s c i e n ce  i s  

something interesting by familiarizing 

children with the world of science in a 

pleasant, enjoyable atmosphere. About 

50 family groups par ticipated in this 

session to receive Prof. Kroto’s interesting, 

mysterious lesson. The par ticipating 

children listened with keen interest as 

Prof.  Kroto spoke in English through a 

simultaneous translator, and everyone was 

actively engaged in the lesson, making 

“buckyballs” (spherical fullerenes) and 

addressing questions to their distinguished 

teacher.

Prof. Kroto answering the questions at the class.

Lok Kumar Shrestha (Nepal)

ICYS-MANA researcher

April 2010 - Present
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Prof. Ushioda (President of NIMS) at left, 

and Prof. LI Jiajun (President of Tianjin Univ.) at right.
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What is synchrotron radiation?

“Synchrotron radiation” is a unique form of light which is generated when electrons are accelerated to near the speed of light and their 
path is bent to a certain angle. At SPring-8 (which stands for “Super Photon ring-8 GeV”), electrons are circulated around a large circular 
course in a facility called a “storage ring,” and synchrotron radiation is generated by using magnets to cause their path to meander. The 
energy distribution and intensity of the generated X-rays are controlled by the arrangement of the magnets. Synchrotron radiation is 
extracted from an outlet called a “beamline” and irradiates on samples in various experimental instruments.

Electron gun
The energy of electrons is 
accelerated up to 1 GeV by 
the linear accelerator(linac).

The energy of electrons is 
accelerated up to 8 GeV 
by the synchrotron.

Synchrotron radiation

Beamlines 
(53 currently in operation) Electron flow

NIMS dedicated 
beamline 
BL15XU

Experiment Hall

Storage ring

Lighting the Way in the Search for
New Materials and More Advanced Structural Analysis
Harima Science Garden City in Hyogo Prefecture, Japan.

Home to the world’s largest 3rd generation synchrotron radiation facility – SPring-8.

The NIMS Synchrotron X-ray Station at SPring-8 utilizes BL15XU,

which is one of 53 beamlines at this remarkable scientific facility.

NIMS conducts two types of experiments using the synchrotron radiation generated here –

hard X-ray photoelectron spectroscopy for elucidation of electronic structures

and high-resolution powder X-ray diffraction for advanced analysis of atomic arrangement structures.

Both are essential experiments in the search for new materials 

and more advanced structural analysis.

Using the “dream light” of synchrotron radiation,

NIMS is pioneering the future of new materials at SPring-8.

Illustration prepared with permission of RIKEN/JASRI.
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Fig. 3  Examples of application of hard X-ray photoelectron spectroscopy at the NIMS Synchrotron X-ray Station.

J. Appl. Phys. (2010) 
108, 024309-1-5.
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Fixing of Pd nanoparticles 
on substrate via sulfur

MOS interface of Si/SiO2 observed 
through top Ru electrode 
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oxygen-depleted
 Ce oxide layer

Development of high activity electrode 
catalyst for fuel cells

Energy variable XPS analysis 
of spatial distribution 
of high valence 
Au embedded in CeO2.

J. Phys. D (2009) 42, 115301.

Catalysts
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The importance of structural analysis 

in the development of materials

  The development of materials with new 

functions is normally conducted by the following 

process: First, the mechanical, chemical, or 

electromagnetic properties and functions of a 

prototype material which has been fabricated or 

synthesized are measured, and its atomic-scale 

structure is analyzed and evaluated. The results 

are then fed back to the fabrication or synthesis 

conditions. The aim is to create a material which 

demonstrates the target functions by repeating 

this process. Dramatic progress in computer 

performance in recent years has also made it 

possible to simulate the relationship between the 

structures and the functions. In other words, 

materials with new functions can be created 

efficiently by collaboration between functional 

measurement ,  s t ruc tura l  analys is ,  and 

computational science (Fig. 1).

Structural analysis using the interaction 

between X-rays and substances

  X-rays correlate with the electrons which exist in 

a matter. The results of that interaction produce 

various phenomena, for example, transmission, 

diffraction, inelastic scattering, absorption, 

fluorescence, photoelectrons, etc. By measuring 

their spatial distribution, angular distribution, 

energy distribution, and other characteristics, it is 

possible to determine the shape of the material, 

its atomic arrangement, the concentration of 

elements, the electron binding energy, and the 

electronic states, etc. Thus, the structures of 

samples can be analyzed using X-rays as a probe.

  In comparison with the interaction of an elec-

tron beam and electrons in a sample, the interac-

tion of incident X-rays and the electrons is 

weaker. Therefore, X-ray analysis has certain 

distinctive features which include the deep 

penetration of X-rays and low influence of its 

surrounding environment.

  X-rays have the properties of both waves and 

particles. Using the phenomenon of wave 

diffraction, it is possible to determine the 

a r r angem ent  o f  atoms in  a  s amp le  by  

investigating their distribution by the direction of 

the X-ray intensity. On the other hand, using the 

photoelectric effect resulting from the particle 

property, electrons in atoms can be emitted. By 

measuring the kinetic energy of emitted 

electrons, the binding energy of the electrons 

can be investigated. The electronic states and 

chemical bonding states in a solid sample can 

be determined by precisely measuring of their 

energy distribution and angular dependence.

Why are brilliant synchrotron radiation 

X-rays used as structural analysis probes?

  T hese measurement s  were  or ig ina l ly  

performed using X-rays generated by impacting 

accelerated electrons on a metal target such as 

aluminium, chromium, copper, molybdenum, silver, 

tungsten, etc. Different energy distributions are 

generated, depending on the metal, and the 

energy with the highest intensity has been 

normally used. Even today, X-rays generated by 

this method are used in university and company 

laboratories.

  However, a more precise measurement requires 

more brilliant X-rays with a narrower-angle and 

smaller-energy window, and when investigating 

ultra-small samples such as nanostructures, 

stronger X-ray intensity is also necessary.

   If an incident X-ray energy used can be 

controlled freely, the phenomena which can be 

investigated increase dramatically, as the range 

of the binding energy of emitted photoelectrons 

is expanded, the species of elements which 

generate fluorescence increase, and so on. 

Moreover, the fact that the oscillation direction 

(polarization) of the electric field of X-rays can be 

controlled is an advantage when investigating 

magnetic properties.

  A novel X-ray source called “synchrotron radia-

tion” was developed in response to this need. 

Synchrotron radiation is generated by accelerating 

electrons to near the speed of light as they travel 

around an almost circular course, and using mag-

nets to cause the path of those electrons to 

meander. The energy distribution and intensity of 

the generated X-rays depend on the arrange-

ment of those magnets. 

  Among the many synchrotron radiation 

facilities around the world, Japan’s SPring-8 is 

the largest in terms of the dimension of the 

electron storage ring and electron acceleration 

energy. At SPring-8, researchers employ a variety 

of advanced X-ray techniques to investigate a 

diverse range of samples and nanostructures, 

including semiconductors, metals, inorganic 

materials, organic materials, proteins, and other 

solid / liquid materials, etc. Thus, synchrotron 

radiation has become an essential tool for 

research on materials.

The NIMS high flux high brightness 

beamline

  SPring-8 comprises Public Beamlines which are  

used by external researchers from Japan and 

other countries, and Contract Beamlines which 

are operated by a single organization. (An 

apparatus used to investigate a sample from an 

X-ray source is called a Beamline.) 

  The Synchrotron X-ray Station at NIMS uses the 

beamline called BL15XU (Fig. 2), which is also 

known as “the NIMS Beamline”. This dedicated 

beamline was constructed in 1999 by the former 

National Institute for Research in Inorganic Materials 

(NIRIM; a predecessor of NIMS) and has been used 

in NIMS materials research since 2001. The NIMS 

beamline originally used synchrotron radiation of 

1.2-20 keV to analyze atomic arrangements and 

electronic states. The main target was research 

using the high resolution photoelectron 

microscope, angle-resolved photoelectron 

spectroscopy, and the powder diffraction.

  At present, NIMS uses hard X-ray photoelectron 

spectroscopy and powder diffraction in analyses 

of the electronic state, band structure, chemical 

bonding state,  cr ystal  structure,  spatial  

distribution of electron density, and atomic 

arrangement structure. The available range of an 

incident X-ray energy is 2.2-36 keV. In particular, 

Station Director
Synchrotron X-ray Station at SPring-8, 
Research Network and Facility Services Division 

Osami Sakata

Synchrotron X-ray Station at SPring-8, Research Network and Facility Services Division
Surface Chemical Analysis Group, 
Nano Characterization Unit, Advanced Key Technologies Division

Hideki Yoshikawa

Synchrotron X-ray Station at SPring-8, 
Research Network and Facility Services Division

Masahiko Tanaka

the 6-20 keV range is frequently used.

  Among future aims, NIMS intends to obtain a 

comprehensive understanding of the struc-

tures by investigating the same sample by 

photoelectron spectroscopy and not only 

powder diffraction, but also thin film diffrac-

tion. In addition, the polarization and pulse 

properties of incident X-rays can be available 

for developing a new material.

Investigation using hard 

X-ray photoelectron spectroscopy

  Hard X-ray photoelectron spectroscopy is a 

technique in which the energy distribution 

and angular distribution of photoelectrons 

excited by hard X-rays are measured, enabling 

nondestructive analysis of the chemical bonding 

state and electronic structure in specimens to 

a depth of approximately 20 nm. An energy 

resolution is dependent on incident X-rays and 

the performance of a photoelectron energy 

analyzer. When detecting 6 keV photoelectrons, 

a best energy resolution of 60 meV is obtained. 

An angular resolution substantially depends on 

detector performance, and is 0.2-0.3°. 

  Conventional photoelectron spectroscopy is 

sensitive to the surface of a sample at the 

atomic layer level. In comparison, an ability to 

obtain information to depths of several 10 nm 

is one distinctive feature of the hard X-ray 

photoelectron spectroscopy technique. This 

“several 10 nm” is often working depth of actual 

devices.  Concretely, the hard X-ray photoelectron 

spectroscopy technique is effective in depth 

profile analysis of semiconductor device films 

with nano-layered structures, analysis of 

structures with 3-dimensional nanostructures, 

such as nanoparticles, nanotubes, etc., analysis of 

practical catalysts in which mass transport 

between the outermost surface layer and the 

deep substrate supports catalytic properties, 

and similar analyses (Fig. 3).

  Another special method of use is practical 

semiconductor devices with top electrodes. It 

is possible to measure the photoelectron 

spectrum in the device in the operating state 

when a voltage is applied to the electrodes and 

analyze the in-situ electronic structure at the 

inter faces in the metal/ insulat ion film/

semiconductor structure. Recently, NIMS and an 

i nte r nat i o n a l  co l la b o r at i o n  tea m  a ls o  

succeeded in determining the true band  

dispersion of a solid by suppressing phonon 

excitation by cooling the specimen to 30 K. In 

other fields, NIMS aims to enable steady use of 

ambient cells, without necessarily using a 

vacuum as the specimen atmosphere, for 

application to battery and catalysts, etc.

Current status of powder 

X-ray diffractometer

  Powder diffractometer makes it possible to 

measure the positions and intensities of 

diffracted X-rays generated from a crystalline 

sample.  Features  of  the 2-a x is  p owder  

diffractometer at the NIMS beamline include the 

large scale of the distance (955 mm) between 

the specimen and the detector, which makes the 

high angular resolution of the diffractometer. In 

addition, because the incident X-rays have 

small-angular divergence, measurement with 

extremely high angular resolution is possible 

with this powder diffractometer. Use of this 

instrument in combination with an X-ray 

detector which is capable of simultaneously 

recording the diffracted X-rays in a certain 

angular range has realized rapid measurement 

of data with high resolutions. 

  This feature of high resolution has made it 

possible to determine the atomic positions in a 

material which were not able to be determined 

until now. For example, the crystal structure of 

materials RE(OH)
2.5

Cl
0.5
・0.8H

2
O (where RE is a rare 

earth element such as Eu, Tb, etc.) has complex 

layered structures, and past efforts to determine 

the atomic positions in these crystals had been 

unsuccessful using a laboratory powder X-ray 

diffractometer, because the diffraction peaks 

heavily overlap each other.  In measurement of 

these materials at the NIMS beamline, X-ray 

diffraction peaks were able to be separated 

satisfactorily, and the crystal structure was 

determined successfully for the first time.

  Rapid high resolution measurement with 

strong synchrotron beam is also effective for 

tracking structural changes. In an experiment 

tracking the structural changes in the material 

1,3,5-trithia-2,4,6-triazapentalenyl (TTTA) radical, 

which has a crystal structure that changes 

under UV irradiation, the structure of the 

photo-induced phase was determined by 

measuring the minute changes in the diffracted 

X-rays from the new “photo-induced” phase 

which formed under irradiation. 

  High resolution was also applied to earth and 

planetary science fields. Diffracted X-rays from 

the mineral, plagioclase (sodium-calcium 

feldspar) contained in particles recovered from 

the asteroid 25143 Itokawa by Japan’s Hayabusa 

space probe were clearly separated from those 

of other minerals existing in the particle, and 

the formation temperature of the plagioclase 

was successfully determined from the position 

of its diffraction peaks.

On the Cutting Edge of Structural Analysis: 
The NIMS Beamline Station at SPring-8

Overview of SPring-8 Hard X-ray Photoelectron Spectroscopy Powder Diffraction

Osami Sakata  Dr. Eng. Completed the Master’ s Course in Materials Science in the Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology in March 1987. Before 

joining NIMS, Dr. Sakata worked as  a research associate in the Research Laboratory of Engineering Materials (later reorganized as the Materials and Structures Laboratory) of Tokyo Institute of 

Technology, a research associate in the Department of Materials Science and Engineering, Northwestern University, and a Senior Scientist, Research and Utilization Division, Japan Synchrotron 

Radiation Research Institute (JASRI). Since April 2011, he has been Station Director of the Synchrotron X-ray Station at SPring-8, NIMS Research Network and Facility Services Division.

Hideki Yoshikawa  Dr. Eng. Completed the course in the Osaka University Graduate School of Engineering in March 1992. Before joining the National Institute for Research in Inorganic Materials 

(NIRIM; a predecessor of NIMS) in December 1995, he was a Fellow of the Japan Science and Technology Agency (JST) and worked in the Fundamental Research Laboratories of NEC Corporation. Dr. 

Yoshikawa is currently a Principal Researcher in the NIMS Surface Chemical Analysis Group, Nano Characterization Unit and is concurrently a member of the Synchrotron X-ray Station at SPring-8.

Masahiko Tanaka  Ph.D. (Science) Completed the course in the University of Tokyo Graduate School of Science in March 1992. Before joining NIMS in December 2004, he worked at the High Energy 

Accelerator Research Organization (KEK). He is currently Chief Engineer of the Synchrotron X-ray Station at SPring-8, Research Network and Facility Services Division.

Fig. 1  In creating new functions and 
new materials, prediction of functions 
b y  m e a s u r e m e n t  o f  f u n c t i o n s ,  
structural analysis/evaluation, and 
theoretical calculations is indispensible.

Observation of semiconductor interface level 
when operating under voltage

Fig. 2  Arrangement of the hard X-ray photoelectron 
spectroscopy experiment at the BL15XU Beamline of the 
NIMS Synchrotron X-ray Station installed at SPring-8. S. 
Ueda et al., AIP Conf. Proc. 1234, 403-406 (2010).

Lighting the Way in the Search for New Materials
 and More Advanced Structural Analysis
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The importance of structural analysis 

in the development of materials

  The development of materials with new 

functions is normally conducted by the following 

process: First, the mechanical, chemical, or 

electromagnetic properties and functions of a 

prototype material which has been fabricated or 

synthesized are measured, and its atomic-scale 

structure is analyzed and evaluated. The results 

are then fed back to the fabrication or synthesis 

conditions. The aim is to create a material which 

demonstrates the target functions by repeating 

this process. Dramatic progress in computer 

performance in recent years has also made it 

possible to simulate the relationship between the 

structures and the functions. In other words, 

materials with new functions can be created 

efficiently by collaboration between functional 

measurement ,  s t ruc tura l  analys is ,  and 

computational science (Fig. 1).
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tron beam and electrons in a sample, the interac-

tion of incident X-rays and the electrons is 

weaker. Therefore, X-ray analysis has certain 

distinctive features which include the deep 

penetration of X-rays and low influence of its 

surrounding environment.

  X-rays have the properties of both waves and 

particles. Using the phenomenon of wave 

diffraction, it is possible to determine the 

a r r angem ent  o f  atoms in  a  s amp le  by  

investigating their distribution by the direction of 

the X-ray intensity. On the other hand, using the 

photoelectric effect resulting from the particle 

property, electrons in atoms can be emitted. By 

measuring the kinetic energy of emitted 

electrons, the binding energy of the electrons 

can be investigated. The electronic states and 

chemical bonding states in a solid sample can 

be determined by precisely measuring of their 

energy distribution and angular dependence.

Why are brilliant synchrotron radiation 

X-rays used as structural analysis probes?

  T hese measurement s  were  or ig ina l ly  

performed using X-rays generated by impacting 

accelerated electrons on a metal target such as 

aluminium, chromium, copper, molybdenum, silver, 

tungsten, etc. Different energy distributions are 

generated, depending on the metal, and the 

energy with the highest intensity has been 

normally used. Even today, X-rays generated by 

this method are used in university and company 

laboratories.

  However, a more precise measurement requires 

more brilliant X-rays with a narrower-angle and 

smaller-energy window, and when investigating 

ultra-small samples such as nanostructures, 

stronger X-ray intensity is also necessary.

   If an incident X-ray energy used can be 

controlled freely, the phenomena which can be 

investigated increase dramatically, as the range 

of the binding energy of emitted photoelectrons 

is expanded, the species of elements which 

generate fluorescence increase, and so on. 

Moreover, the fact that the oscillation direction 

(polarization) of the electric field of X-rays can be 

controlled is an advantage when investigating 

magnetic properties.

  A novel X-ray source called “synchrotron radia-

tion” was developed in response to this need. 

Synchrotron radiation is generated by accelerating 

electrons to near the speed of light as they travel 

around an almost circular course, and using mag-

nets to cause the path of those electrons to 

meander. The energy distribution and intensity of 

the generated X-rays depend on the arrange-

ment of those magnets. 

  Among the many synchrotron radiation 

facilities around the world, Japan’s SPring-8 is 

the largest in terms of the dimension of the 

electron storage ring and electron acceleration 

energy. At SPring-8, researchers employ a variety 

of advanced X-ray techniques to investigate a 

diverse range of samples and nanostructures, 

including semiconductors, metals, inorganic 

materials, organic materials, proteins, and other 

solid / liquid materials, etc. Thus, synchrotron 

radiation has become an essential tool for 

research on materials.

The NIMS high flux high brightness 

beamline

  SPring-8 comprises Public Beamlines which are  

used by external researchers from Japan and 

other countries, and Contract Beamlines which 

are operated by a single organization. (An 

apparatus used to investigate a sample from an 

X-ray source is called a Beamline.) 

  The Synchrotron X-ray Station at NIMS uses the 

beamline called BL15XU (Fig. 2), which is also 

known as “the NIMS Beamline”. This dedicated 

beamline was constructed in 1999 by the former 

National Institute for Research in Inorganic Materials 

(NIRIM; a predecessor of NIMS) and has been used 

in NIMS materials research since 2001. The NIMS 

beamline originally used synchrotron radiation of 

1.2-20 keV to analyze atomic arrangements and 

electronic states. The main target was research 

using the high resolution photoelectron 

microscope, angle-resolved photoelectron 

spectroscopy, and the powder diffraction.

  At present, NIMS uses hard X-ray photoelectron 

spectroscopy and powder diffraction in analyses 

of the electronic state, band structure, chemical 

bonding state,  cr ystal  structure,  spatial  

distribution of electron density, and atomic 

arrangement structure. The available range of an 

incident X-ray energy is 2.2-36 keV. In particular, 
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the 6-20 keV range is frequently used.

  Among future aims, NIMS intends to obtain a 

comprehensive understanding of the struc-

tures by investigating the same sample by 

photoelectron spectroscopy and not only 

powder diffraction, but also thin film diffrac-

tion. In addition, the polarization and pulse 

properties of incident X-rays can be available 

for developing a new material.

Investigation using hard 

X-ray photoelectron spectroscopy

  Hard X-ray photoelectron spectroscopy is a 

technique in which the energy distribution 

and angular distribution of photoelectrons 

excited by hard X-rays are measured, enabling 

nondestructive analysis of the chemical bonding 

state and electronic structure in specimens to 

a depth of approximately 20 nm. An energy 

resolution is dependent on incident X-rays and 

the performance of a photoelectron energy 

analyzer. When detecting 6 keV photoelectrons, 

a best energy resolution of 60 meV is obtained. 

An angular resolution substantially depends on 

detector performance, and is 0.2-0.3°. 

  Conventional photoelectron spectroscopy is 

sensitive to the surface of a sample at the 

atomic layer level. In comparison, an ability to 

obtain information to depths of several 10 nm 

is one distinctive feature of the hard X-ray 

photoelectron spectroscopy technique. This 

“several 10 nm” is often working depth of actual 

devices.  Concretely, the hard X-ray photoelectron 

spectroscopy technique is effective in depth 

profile analysis of semiconductor device films 

with nano-layered structures, analysis of 

structures with 3-dimensional nanostructures, 

such as nanoparticles, nanotubes, etc., analysis of 

practical catalysts in which mass transport 

between the outermost surface layer and the 

deep substrate supports catalytic properties, 

and similar analyses (Fig. 3).

  Another special method of use is practical 

semiconductor devices with top electrodes. It 

is possible to measure the photoelectron 

spectrum in the device in the operating state 

when a voltage is applied to the electrodes and 

analyze the in-situ electronic structure at the 

inter faces in the metal/ insulat ion film/

semiconductor structure. Recently, NIMS and an 

i nte r nat i o n a l  co l la b o r at i o n  tea m  a ls o  

succeeded in determining the true band  

dispersion of a solid by suppressing phonon 

excitation by cooling the specimen to 30 K. In 

other fields, NIMS aims to enable steady use of 

ambient cells, without necessarily using a 

vacuum as the specimen atmosphere, for 

application to battery and catalysts, etc.

Current status of powder 

X-ray diffractometer

  Powder diffractometer makes it possible to 

measure the positions and intensities of 

diffracted X-rays generated from a crystalline 

sample.  Features  of  the 2-a x is  p owder  

diffractometer at the NIMS beamline include the 

large scale of the distance (955 mm) between 

the specimen and the detector, which makes the 

high angular resolution of the diffractometer. In 

addition, because the incident X-rays have 

small-angular divergence, measurement with 

extremely high angular resolution is possible 

with this powder diffractometer. Use of this 

instrument in combination with an X-ray 

detector which is capable of simultaneously 

recording the diffracted X-rays in a certain 

angular range has realized rapid measurement 

of data with high resolutions. 

  This feature of high resolution has made it 

possible to determine the atomic positions in a 

material which were not able to be determined 

until now. For example, the crystal structure of 

materials RE(OH)
2.5

Cl
0.5
・0.8H

2
O (where RE is a rare 

earth element such as Eu, Tb, etc.) has complex 

layered structures, and past efforts to determine 

the atomic positions in these crystals had been 

unsuccessful using a laboratory powder X-ray 

diffractometer, because the diffraction peaks 

heavily overlap each other.  In measurement of 

these materials at the NIMS beamline, X-ray 

diffraction peaks were able to be separated 

satisfactorily, and the crystal structure was 

determined successfully for the first time.

  Rapid high resolution measurement with 

strong synchrotron beam is also effective for 

tracking structural changes. In an experiment 

tracking the structural changes in the material 

1,3,5-trithia-2,4,6-triazapentalenyl (TTTA) radical, 

which has a crystal structure that changes 

under UV irradiation, the structure of the 

photo-induced phase was determined by 

measuring the minute changes in the diffracted 

X-rays from the new “photo-induced” phase 

which formed under irradiation. 

  High resolution was also applied to earth and 

planetary science fields. Diffracted X-rays from 

the mineral, plagioclase (sodium-calcium 

feldspar) contained in particles recovered from 

the asteroid 25143 Itokawa by Japan’s Hayabusa 

space probe were clearly separated from those 

of other minerals existing in the particle, and 

the formation temperature of the plagioclase 

was successfully determined from the position 

of its diffraction peaks.

On the Cutting Edge of Structural Analysis: 
The NIMS Beamline Station at SPring-8

Overview of SPring-8 Hard X-ray Photoelectron Spectroscopy Powder Diffraction
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Fig. 1  In creating new functions and 
new materials, prediction of functions 
b y  m e a s u r e m e n t  o f  f u n c t i o n s ,  
structural analysis/evaluation, and 
theoretical calculations is indispensible.

Observation of semiconductor interface level 
when operating under voltage

Fig. 2  Arrangement of the hard X-ray photoelectron 
spectroscopy experiment at the BL15XU Beamline of the 
NIMS Synchrotron X-ray Station installed at SPring-8. S. 
Ueda et al., AIP Conf. Proc. 1234, 403-406 (2010).

Lighting the Way in the Search for New Materials
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Fig. 1 

(a) Newly-prepared electrode, in which a film (thickness: approx. 3nm) comprising 
mainly Ce2O3 covers platinum (Pt) particles, (b) a scanning electron microscope 
(SEM) image of the area shown by the circle in (a).

(c) The results of an analysis of the surface of a model electrode catalyst 
specimen, in which a ceria film was fabricated on a conductive substrate and Pt 
particles are supported on the ceria film.
Top: results of analysis by the soft X-ray photoelectron spectroscopy (PES) 
method at a photoelectron probe depth of 5nm from the outer surface.
Bottom: results of hard X-ray PES at a photoelectron probe depth of 15nm from 
the outer surface.

(d) A schematic diagram of the structure of the “different type/different quality 
interface” of amorphous Ce2O3 oxide and crystalline, dense Pt.

Lighting the Way in the Search for New Materials
 and More Advanced Structural Analysis
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Understanding electronic states by 

photoelectron spectroscopy

  Atoms are the building blocks of all matter, 

and they are composed of an atomic nucleus 

surrounded by electrons. The properties of 

atoms are governed by the motion of their 

e l e c t r o n s ,  a n d  s o  t o  u n d e r s t a n d  t h e  

fundamental properties of matter, one must 

understand the motion of its electrons.  

Electrons are too small and quick to directly 

obser ve their  movements .  However,  by 

measuring their energy, it  is possible to 

estimate the condition of their motion. X-ray 

photoelectron spectroscopy is an analytical 

method for understanding the energy of 

individual electrons.

A surface analysis method that can’t 

see the surface

  X-ray photoelectron spectroscopy is classified 

as a “surface analysis method,” as it is only 

possible, in general, to obtain information from 

electrons that exist at a depth of approximately 

1 nm from a material’s surface. Because the size 

of atoms is on the order of 0.1 nm, information 

from the material that the researcher wants to 

measure can be impaired simply by the 

adsorption of molecules of water and carbon 

dioxide on the surface of the substance. In 

other words, X-ray photoelectron spectroscopy 

demonstrates great effectiveness in research on 

catalysts and other substances in which the 

interaction between a material’s surface and 

adsorbed molecules is important.

  However, our aim is to understand the bulk 

material itself.  Hard X-ray photoelectron 

spectroscopy, introduced in this article, defies 

the conventional wisdom by seeing through a 

material’s surface and into the bulk. By using 

the high energy X-rays (hard X-rays) obtained 

with synchrotron radiation, it is possible to see 

t h e  s t a t e s  o f  e l e c t r o n s  a t  d e p t h s  t o  

approximately 10 nm below the surface. This 

means that it is possible to understand the 

properties of the material itself with sufficiently 

high sensitivity, as shown in Fig. 1, even when 

adsorbed molecules exist on its surface.

Seeing defects, seeing the 

arrangement of atoms

  We are investigating the structures and 

properties of semiconductors and dielectrics 

using hard X-ray photoelectron spectroscopy. 

For example, wurtzite type semiconductors, 

such as gallium nitride, are used as materials for 

light emitting diodes (LEDs) and other devices. 

These semiconductors are uniquely asymmetric 

crystals with a front and backside. The front side 

is terminated by anions and the backside by 

cat ions .  The f ront and back side largely 

influence the properties of devices using this 

semiconductor. 

  F ig .  2  shows the X- ray photoelec tron 

spectroscopy valence band spectra of a 

wurtzite semiconductor taken from different 

sides of the crystal. Since these measurements 

are using hard X-rays, we can neglect any effect 

form absorbed molecules or other such surface 

phenomena, and differences in the spectra are 

clearly properties of the material itself. Therefore, 

it can be concluded that these differences are 

simply due to the nature of the front and 

backside of the crystal. In other words, the front 

and backside can be clearly distinguished using 

photoelectron spectroscopy.1,2)  It has been 

also demonstrated that X-ray photoelectron 

diffraction excited with hard X-rays is a very 

useful technique for determination of atomic 

arrangement of these crystals.3) Furthermore, 

high sensitivity measurements are possible 

using hard X-ray synchrotron radiation, and 

the characteristics of defects that have formed 

in the semiconductor can be accurately 

understood as shown in Fig. 3.4)

  Synchrotron radiation, hard X-ray photoelectron 

spectroscopy is a technique that “can see into 

the depths” of a material, while conventional 

X-ray photoelectron spectroscopy as been 

established as an analytical technique of the 

extreme surface. For this reason, hard X-ray 

photo elec t ron sp ec troscopy has  b een 

developed to analyze the state of electrons in 

the bulk material, and as such, it has become a 

key tool in understanding the fundamental 

properties of materials and in the development 

of new devices.
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A novel electrode aiming at improved 

fuel cell performance

  The Great East Japan Earthquake and Tsunami 

on March 11, 2011 highlighted the need for 

“disaster mitigation,” based on the assumption 

that complete “disaster prevention” may not be 

possible. Because distributed (decentralized) 

power systems can mitigate the societal impact 

of temporary grid power interruptions, this led to 

a renewed recognition of the importance of 

dis t r ibuted sys tems,  in  addit ion to the 

conventional centralized power system, for 

building a society with a high disaster mitigation 

effect. Although fuel cells require grid power 

when starting operation, these are useful 

power generating devices for a distributed 

power source society, as they can operate 

independently after generating electricity.

  In work reported to date, the authors fabricated 

an electrode in which the surface of a platinum 

electrode was partially covered with a ceria film 

having a thickness of approximately 3 nm, 

enabling improved fuel cell performance.1) To 

fur ther improve the per formance of this 

electrode, we are now engaged in research using 

the photoelectron spectroscopy instrument at 

the NIMS dedicated high brightness synchrotron 

radiation beamline in SPring-8. This article 

introduces a portion of the results.

Analysis of the electrode interfacial 

structure by hard X-ray photoelectron 

spectroscopy

  One merit of research using hard X-ray 

photoelectron spectroscopy at SPring-8 is the 

large photoelectron probe depth which can be 

achieved. A detailed analysis of metal-oxide 

interfacial structures is possible by measuring the 

photoelectron spectrum with high excitation 

energy.

  As can be understood from the results of 

transmission electron microscope observation 

and the selected area electron diffraction 

pattern in Fig. 1(a), the electrode which we 

developed takes a form in which a film 

comprising mainly amorphous, porous Ce
2
O

3
 

(film thickness: approx. 3 nm) covers platinum 

particles (Fig. 1(b)).

  In order to elucidate the features of this 

“different type/different quality” interface 

(interface which is heterogeneous in both 

chemical composition and morphology), we 

prepared a model electrode catalyst specimen 

surface comprising a ceria film fabricated on a 

conductive substrate and fine particles of 

platinum supported on this film, and carried out 

a more detailed analysis of the interface using 

sof t  X- ray photoelec tron spec troscopy 

(photoelectron probe depth: from outermost 

surface to 5 nm; Fig. 1(c), top) and hard X-ray 

photoelectron spectroscopy (photoelectron 

probe depth: from outermost surface to 15 nm; 

Fig. 1(c) bottom). 

  I n  b o t h  c a s e s ,  a n  i n t e r f a c e  w i t h  

p lat inum- ox ygen- cer ium bonding was 

confirmed, and it  was considered that a 

different type/different quality inter face 

bet ween amorphous porous Ce
2
O

3
 and 

crystalline dense platinum had formed, as 

shown in Fig. 1(d), considering the photoelectron 

probe depth. Results showing improved 

electrode performance and stability have 

also been obtained by adjusting the film 

thickness and chemical composition of this 

compositionally/morphologically hetero- 

geneous interface.

  As described in the preceding example, we are 

working to achieve high electrode performance 

and long electrode life based on the results of 

o b s e r v a t i o n  o f  c o m p o s i t i o n a l l y  a n d  

morphologically heterogeneous interfaces 

between metals and oxides.

  Be cause NIMS is  a lso  engage d in  the 

development of  “ in-s i tu  photoelec tron 

spectroscopy” as an original analytical technique, 

new breakthroughs are expected to be possible 

in fuel cell materials research by utilizing these 

cutting edge analytical techniques.



Fig. 1 

(a) Newly-prepared electrode, in which a film (thickness: approx. 3nm) comprising 
mainly Ce2O3 covers platinum (Pt) particles, (b) a scanning electron microscope 
(SEM) image of the area shown by the circle in (a).

(c) The results of an analysis of the surface of a model electrode catalyst 
specimen, in which a ceria film was fabricated on a conductive substrate and Pt 
particles are supported on the ceria film.
Top: results of analysis by the soft X-ray photoelectron spectroscopy (PES) 
method at a photoelectron probe depth of 5nm from the outer surface.
Bottom: results of hard X-ray PES at a photoelectron probe depth of 15nm from 
the outer surface.

(d) A schematic diagram of the structure of the “different type/different quality 
interface” of amorphous Ce2O3 oxide and crystalline, dense Pt.
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fuel cell performance

  The Great East Japan Earthquake and Tsunami 

on March 11, 2011 highlighted the need for 

“disaster mitigation,” based on the assumption 

that complete “disaster prevention” may not be 

possible. Because distributed (decentralized) 

power systems can mitigate the societal impact 

of temporary grid power interruptions, this led to 

a renewed recognition of the importance of 

dis t r ibuted sys tems,  in  addit ion to the 

conventional centralized power system, for 

building a society with a high disaster mitigation 

effect. Although fuel cells require grid power 

when starting operation, these are useful 

power generating devices for a distributed 

power source society, as they can operate 

independently after generating electricity.

  In work reported to date, the authors fabricated 

an electrode in which the surface of a platinum 

electrode was partially covered with a ceria film 

having a thickness of approximately 3 nm, 

enabling improved fuel cell performance.1) To 

fur ther improve the per formance of this 

electrode, we are now engaged in research using 

the photoelectron spectroscopy instrument at 

the NIMS dedicated high brightness synchrotron 

radiation beamline in SPring-8. This article 

introduces a portion of the results.

Analysis of the electrode interfacial 

structure by hard X-ray photoelectron 

spectroscopy

  One merit of research using hard X-ray 

photoelectron spectroscopy at SPring-8 is the 

large photoelectron probe depth which can be 

achieved. A detailed analysis of metal-oxide 

interfacial structures is possible by measuring the 

photoelectron spectrum with high excitation 

energy.

  As can be understood from the results of 

transmission electron microscope observation 

and the selected area electron diffraction 

pattern in Fig. 1(a), the electrode which we 

developed takes a form in which a film 

comprising mainly amorphous, porous Ce
2
O

3
 

(film thickness: approx. 3 nm) covers platinum 

particles (Fig. 1(b)).

  In order to elucidate the features of this 

“different type/different quality” interface 

(interface which is heterogeneous in both 

chemical composition and morphology), we 

prepared a model electrode catalyst specimen 

surface comprising a ceria film fabricated on a 

conductive substrate and fine particles of 

platinum supported on this film, and carried out 

a more detailed analysis of the interface using 

sof t  X- ray photoelec tron spec troscopy 

(photoelectron probe depth: from outermost 

surface to 5 nm; Fig. 1(c), top) and hard X-ray 

photoelectron spectroscopy (photoelectron 

probe depth: from outermost surface to 15 nm; 

Fig. 1(c) bottom). 

  I n  b o t h  c a s e s ,  a n  i n t e r f a c e  w i t h  

p lat inum- ox ygen- cer ium bonding was 

confirmed, and it  was considered that a 

different type/different quality inter face 

bet ween amorphous porous Ce
2
O

3
 and 

crystalline dense platinum had formed, as 

shown in Fig. 1(d), considering the photoelectron 

probe depth. Results showing improved 

electrode performance and stability have 

also been obtained by adjusting the film 

thickness and chemical composition of this 

compositionally/morphologically hetero- 

geneous interface.

  As described in the preceding example, we are 

working to achieve high electrode performance 

and long electrode life based on the results of 

o b s e r v a t i o n  o f  c o m p o s i t i o n a l l y  a n d  

morphologically heterogeneous interfaces 

between metals and oxides.

  Be cause NIMS is  a lso  engage d in  the 

development of  “ in-s i tu  photoelec tron 

spectroscopy” as an original analytical technique, 

new breakthroughs are expected to be possible 

in fuel cell materials research by utilizing these 

cutting edge analytical techniques.
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Fig. 1  Result of SXRD measurements of Ni3Al 
nanoparticle catalyst around 111 reflection 
of Ni3Al (λ = 0.65297 Å at BL15XU, SPring-8). 

Fig. 1  Comparison between conventional methods and a 
new method employed in this work. With conventional 
techniques, which require high temperature treatment, 
particle growth is inevitable. Using the new low temperature 
approach, reduced titanium oxide nanoparticles which 
absorb visible light were successfully synthesized.

Fig. 2  Crystal structures of (a) rutile type TiO2 nanoparticles 
used as the starting material and (b) the obtained reduced 
titanium oxide Ti2O3 nanoparticles, showing optical 
microscope and scanning electron microscope images. (c) is 
the crystal structure of Ti4O7, which is considered to be an 
intermediate phase.

Fi g .  3   Sy nchrotron 
radiation powder X-ray 
diffrac t ion pat terns 
m e a s u r e d  a t  r o o m  
temperature. From the 
b o t t o m :  S t a r t i n g  
material (rutile t ype 
TiO2), the products (Ti2O3 
+ Ti4O7) after a reduction 
reaction at 350°C for 5 
days, and the reduced 
titanium oxide Ti2 O3  
obtained by the reduction 
reaction at 350°C for 15 
days.

Fig. 2  Scanning elec-
tron microscope images 
of the ordered alloy 
AuCu3 after leaching 
treatment [(a) h i g h 
activity state, (b) low 
activity state], and (c) 
t h e  C O  o x i d a t i o n  
activity.

Fig. 3  Comparison of 
the SXRD patterns of 
t h e  o r d e r e d  a l l o y  
AuCu3 catalysts with 
different activities (λ = 
0.65297 Å at BL15XU, 
SPring-8).
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Structural analysis research that 

can’t be done in the laboratory

  For our nanoparticle samples, laboratory-level 

powder X-ray diffractometer (XRD) using a 

conventional X-ray tube, was not an effective tool 

to observe clearly the diffraction peaks caused by 

structural changes, and/or from lower volumetric 

ratio phases including residual metal species. 

Because the nanoparticles show very broad and 

weaker peaks caused by their crystalline size 

effect, therefore, it is very difficult to conclude the 

details of nanoparticle characters using standard 

laboratory XRD which has low resolution and 

intensity. One of possible tool for breaking 

through this problem, is a combination system of 

strong X-ray beam source (synchrotron) and a 

high-resolution diffractometer. 

  The NIMS beamline (BL15XU), SPring-8, is 

extremely effective in structural analysis of various 

materials, because it provides stronger synchro-

tron beam from undulator and also has a highly 

precious synchrotron powder diffractometer (SXRD) 

having the second highest angular resolution in the 

world. The authors are currently conducting struc-

tural analyses of novel catalysts taking advantage 

of the features of this NIMS beamline.

Structural analysis of 

Ni
3
Al-based nanoparticle catalyst

  Intermetallic compound, Ni
3
Al, was a well-known 

material as high-temperature structural material 

which shows excellent mechanical properties in 

high temperature range. Recently we discovered a 

new specific character of Ni
3
Al as a promising 

catalytic material for hydrogen production, as it 

shows high catalytic activity to produce hydrogen 

from methanol and methane. Moreover, we have 

successfully developed a synthesis method of 

Ni
3
Al nanoparticles using the vacuum arc plasma 

deposition technique for the aim of obtaining a 

nanoparticle catalyst having high catalytic activity. 

  In structural analysis of the synthesized nano-

particles, separation of the diffraction peaks of 

Ni
3
Al and Ni was not clear using a laboratory XRD. 

Finally, using the high-resolution SXRD at the 

NIMS beamline (BL15XU), we succeeded to iden-

tify the individual phases contained in our 

samples. Figure 1 shows an example of the SXRD 

profile of fabricated nanoparticle specimens with 

2 compositions. From this result, we could find out 

the possible mechanism of catalytic activity of the 

synthesized nanoparticles.

Structural evaluation of 

nanoporous Au catalyst

  In general, a bulk of gold was believed to be 

catalytically inert. However, it is also well known that 

extremely unique catalytic characters appear in 

nanoparticles. In recent years, we developed a new 

method to fabricate porous Au by selective leaching 

of Cu by nitric acid from a precursor, the ordered 

alloy AuCu
3
 (L1

2
) (Fig. 2a). As a surprising phenomena 

we observed, this porous Au shows a strong CO 

oxidizing capacity, comparable to that of an Au/TiO
2
 

catalyst supporting Au nanoparticles (Fig. 2c). 

  However, this high catalytic performance could 

not be explained well by considering the increased 

surface area of a porous material. In the case, when 

we use the porous Au after heat treatment, the 

sample does not show catalytic activity (Fig. 2b 

and 2c). We could not conclude the origin of the 

characteristic differences as catalysis between 

the samples before and after the heat treatment 

using XRD measurement at laboratory. 

  Therefore, we investigated these specimens by a 

high-resolution SXRD at the NIMS beamline 

(BL15XU), SPring-8, to identify characteristic 

behaviors. From the measurements, we observed 

broadening of the Au (fcc) diffraction peak with 

tailing to the high angle side, even though our 

porous Au samples can be considered to be a bulk 

up to 100 nm in size (Fig. 3). This result strongly 

suggests that Au forms a unique structure as a 

result of porosizing, in which the structure forms 

specific characters as a bulk (forming fine 

crystallines and/or having non-uniformed strain) 

and a surface (coordinatively unsaturated active 

Au atom sites at steps, edges, etc.). 

  What is deeply interesting in this result is the fact 

that this cannot be understood by the conven-

tional idea that the existence of nanoparticles 

(up to 3 nm) or a bonded interface between Au 

nanoparticles and an oxide carrier is a necessary 

and sufficient condition for the appearance of 

activity of the Au catalyst. 

  Although more detailed study will be necessary 

in the future, this interesting knowledge is 

something which could not possibly have been 

obtained by measurements in the laboratory, and 

raises fundamental questions regarding the 

morphology of Au and the manifestation of the 

catalytic function. 

  In the future, we hope that the “light” that is only 

possible with the NIMS beamline at SPring-8 will 

continue to be available to researchers in materials 

science fields.
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Pursuing further possibilities 

of titanium oxide
 

  The group of titanium oxides, represented by 

titanium dioxide (TiO
2
), is the object of an 

enormous number of research projects around 

the world from the viewpoint of photocatalytic 

performance. Among many photocatalytic 

substances, the titanium oxides have attracted the 

greatest attention because titanium itself is an 

abundant resource which also offers high 

corrosion resistance and low environmental loads. 

  Though TiO
2
 is an extremely attractive substance,  

the larger than 3 eV bandgap of it limits its 

photoactivity to UV light, making TiO
2
 inefficient for 

solar light applications. Indeed it is possible to 

improve the photocatalytic performance of TiO
2
 

under visible light by doping with metal cations or 

anions such as nitrogen, but the stability and 

efficiency of its catalytic function are still inadequate.  

  On the other hand, reduced titanium oxides such 

as Ti
2
O

3
 display high light absorption in the visible 

light region, while corrosion resistance on the 

same order as TiO
2
 is maintained. For this reason, 

the reduced titanium oxides are considered to be 

effective materials when using photochemical 

reactions and photoelectrochemical reactions. 

Because they also have markedly high electron 

conductivity in comparison with TiO
2
, application 

as electrode materials can be expected. In fact, 

many examples of use as electrode materials in 

high efficiency photovoltaic cells have already 

been reported.

Success in nanostructuring reduced 

titanium oxide 

by low temperature synthesis

  Nanostructuring is essential to the enhancement 

of the properties of reduced titanium oxide. 

However, in contrast to TiO
2
whose nanostructure 

including size, shape and morphology can be 

easily controlled, no technique for obtaining 

nanostructures of reduced titanium oxides has 

been established to date. This is because high 

temperature sintering in a strong reducing 

atmosphere is necessary for obtaining the 

reduced phase, and there is no methods of 

avoiding excessive coarsening which occurs in this 

process (Fig. 1). This is indeed a simple reason, 

neverthless it is very challenging .

  The method which we adopted here is a low 

temperature solid state reduction using CaH
2
 as a 

reducing agent. Because CaH
2
 shows reducing 

power comparable to that of hydrogen gas at 

temperatures over 1000° C, even at  temperatures 

as low as  200-400 °C, this technique allows for 

access to highly reduced phase without particle 

growth during the reduction.

  When rutile type TiO
2
 nanoparticles (20-30nm) 

with the tetragonal system were used as the 

starting material and reacted with CaH
2
 at 350 ° C 

for 15 days, we successfully obtained for the first 

time Ti
2
O

3
 (reduced phase) with the hexagonal  

system, while maintaining the nanoparticle 

morphology, as we expected (Fig. 2). However, 

these results are in sharp contrast to those using 

anatase type TiO
2
 nanoparticles ; particle growth 

took place even though anatase  belong to the  

tetragonal  system similar to rutile.

Elucidation of the reaction mechanism 

by powder diffractometry

  To clarify the reaction mechanism, we performed 

a powder diffractometry experiment using high 

brightness/high resolution synchrotron radiation 

at the SPring-8 NIMS dedicated beamline.

  In general, X-ray diffraction patterns collected 

from nanoparticles suffer from lowering of peak 

intensity and broadening of peak width. Therefore, 

synchrotron radiation is an extremely effective 

measurement technique for detailed investigation 

of the diffraction patterns of nanoparticles.

  We reduced rutile type TiO
2
 for a shorter time (5 

days), against which X-ray diffraction data were 

collected.  In addition to the main phase Ti
2
O

3
, 

main peaks originating from Ti
4
O

7
 were clearly 

observed (Fig. 3). In contrast, no intermediate 

phase was observed with anatase type TiO
2
 

nanoparticles. Ti
4
O

7
 has a structure in which 

1-dimensional rutile-like chains are separated by 

layers that resemble the Ti
2
O

3
 structure (Fig. 2). In 

other words, the dual structural nature in Ti
4
O

7 

facilitates the structure transformation without 

breaking nanomorphology of rutile type TiO
2
. 

  The low temperature solid state reduction is a 

straightforward technique at low cost and low 

energy. This technique also can be applied to 

other nanostructured TiO
2
 and other oxides, 

which is beneficial to achievement of high 

performance in a wide range of nanomaterials.

  We have currently investigated detailed reaction 

mechanism and fundamental properties Ti
2
O

3
 

nanoparticles using the powder diffractometry 

method described above in combination with 

hard X-ray photoelectron spectroscopy at the 

NIMS beamline. We are obtaining unexpected but 

interesting results which cannot be observed by 

other techniques. In the future, we would like to 

continue to develop fundamental research 

through experiments using the NIMS beamline.

Coarsened reduced 
titanium oxide particles Nanoparticles 

of TiO2

Conventional method 

New method 

Nanoparticles of reduced 
titanium oxide 

Ti2O3
 (350°C, 15 days)

Ti2O3 + Ti4O7 
 (350°C, 5 days)

Rutile type TiO2 
(before reaction)

First Synthesis of Reduced Titanium Oxide Nanoparticles 

by Low Temperature Route
Structural Analysis of New Catalyst by Synchrotron Powder X-ray Diffractometer

Powder Diffraction

and More Advanced Structural Analysis
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Fig. 1  Result of SXRD measurements of Ni3Al 
nanoparticle catalyst around 111 reflection 
of Ni3Al (λ = 0.65297 Å at BL15XU, SPring-8). 

Fig. 1  Comparison between conventional methods and a 
new method employed in this work. With conventional 
techniques, which require high temperature treatment, 
particle growth is inevitable. Using the new low temperature 
approach, reduced titanium oxide nanoparticles which 
absorb visible light were successfully synthesized.

Fig. 2  Crystal structures of (a) rutile type TiO2 nanoparticles 
used as the starting material and (b) the obtained reduced 
titanium oxide Ti2O3 nanoparticles, showing optical 
microscope and scanning electron microscope images. (c) is 
the crystal structure of Ti4O7, which is considered to be an 
intermediate phase.

Fi g .  3   Sy nchrotron 
radiation powder X-ray 
diffrac t ion pat terns 
m e a s u r e d  a t  r o o m  
temperature. From the 
b o t t o m :  S t a r t i n g  
material (rutile t ype 
TiO2), the products (Ti2O3 
+ Ti4O7) after a reduction 
reaction at 350°C for 5 
days, and the reduced 
titanium oxide Ti2 O3  
obtained by the reduction 
reaction at 350°C for 15 
days.

Fig. 2  Scanning elec-
tron microscope images 
of the ordered alloy 
AuCu3 after leaching 
treatment [(a) h i g h 
activity state, (b) low 
activity state], and (c) 
t h e  C O  o x i d a t i o n  
activity.

Fig. 3  Comparison of 
the SXRD patterns of 
t h e  o r d e r e d  a l l o y  
AuCu3 catalysts with 
different activities (λ = 
0.65297 Å at BL15XU, 
SPring-8).
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Structural analysis research that 

can’t be done in the laboratory

  For our nanoparticle samples, laboratory-level 

powder X-ray diffractometer (XRD) using a 

conventional X-ray tube, was not an effective tool 

to observe clearly the diffraction peaks caused by 

structural changes, and/or from lower volumetric 

ratio phases including residual metal species. 

Because the nanoparticles show very broad and 

weaker peaks caused by their crystalline size 

effect, therefore, it is very difficult to conclude the 

details of nanoparticle characters using standard 

laboratory XRD which has low resolution and 

intensity. One of possible tool for breaking 

through this problem, is a combination system of 

strong X-ray beam source (synchrotron) and a 

high-resolution diffractometer. 

  The NIMS beamline (BL15XU), SPring-8, is 

extremely effective in structural analysis of various 

materials, because it provides stronger synchro-

tron beam from undulator and also has a highly 

precious synchrotron powder diffractometer (SXRD) 

having the second highest angular resolution in the 

world. The authors are currently conducting struc-

tural analyses of novel catalysts taking advantage 

of the features of this NIMS beamline.

Structural analysis of 

Ni
3
Al-based nanoparticle catalyst

  Intermetallic compound, Ni
3
Al, was a well-known 

material as high-temperature structural material 

which shows excellent mechanical properties in 

high temperature range. Recently we discovered a 

new specific character of Ni
3
Al as a promising 

catalytic material for hydrogen production, as it 

shows high catalytic activity to produce hydrogen 

from methanol and methane. Moreover, we have 

successfully developed a synthesis method of 

Ni
3
Al nanoparticles using the vacuum arc plasma 

deposition technique for the aim of obtaining a 

nanoparticle catalyst having high catalytic activity. 

  In structural analysis of the synthesized nano-

particles, separation of the diffraction peaks of 

Ni
3
Al and Ni was not clear using a laboratory XRD. 

Finally, using the high-resolution SXRD at the 

NIMS beamline (BL15XU), we succeeded to iden-

tify the individual phases contained in our 

samples. Figure 1 shows an example of the SXRD 

profile of fabricated nanoparticle specimens with 

2 compositions. From this result, we could find out 

the possible mechanism of catalytic activity of the 

synthesized nanoparticles.

Structural evaluation of 

nanoporous Au catalyst

  In general, a bulk of gold was believed to be 

catalytically inert. However, it is also well known that 

extremely unique catalytic characters appear in 

nanoparticles. In recent years, we developed a new 

method to fabricate porous Au by selective leaching 

of Cu by nitric acid from a precursor, the ordered 

alloy AuCu
3
 (L1

2
) (Fig. 2a). As a surprising phenomena 

we observed, this porous Au shows a strong CO 

oxidizing capacity, comparable to that of an Au/TiO
2
 

catalyst supporting Au nanoparticles (Fig. 2c). 

  However, this high catalytic performance could 

not be explained well by considering the increased 

surface area of a porous material. In the case, when 

we use the porous Au after heat treatment, the 

sample does not show catalytic activity (Fig. 2b 

and 2c). We could not conclude the origin of the 

characteristic differences as catalysis between 

the samples before and after the heat treatment 

using XRD measurement at laboratory. 

  Therefore, we investigated these specimens by a 

high-resolution SXRD at the NIMS beamline 

(BL15XU), SPring-8, to identify characteristic 

behaviors. From the measurements, we observed 

broadening of the Au (fcc) diffraction peak with 

tailing to the high angle side, even though our 

porous Au samples can be considered to be a bulk 

up to 100 nm in size (Fig. 3). This result strongly 

suggests that Au forms a unique structure as a 

result of porosizing, in which the structure forms 

specific characters as a bulk (forming fine 

crystallines and/or having non-uniformed strain) 

and a surface (coordinatively unsaturated active 

Au atom sites at steps, edges, etc.). 

  What is deeply interesting in this result is the fact 

that this cannot be understood by the conven-

tional idea that the existence of nanoparticles 

(up to 3 nm) or a bonded interface between Au 

nanoparticles and an oxide carrier is a necessary 

and sufficient condition for the appearance of 

activity of the Au catalyst. 

  Although more detailed study will be necessary 

in the future, this interesting knowledge is 

something which could not possibly have been 

obtained by measurements in the laboratory, and 

raises fundamental questions regarding the 

morphology of Au and the manifestation of the 

catalytic function. 

  In the future, we hope that the “light” that is only 

possible with the NIMS beamline at SPring-8 will 

continue to be available to researchers in materials 

science fields.
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Pursuing further possibilities 

of titanium oxide
 

  The group of titanium oxides, represented by 

titanium dioxide (TiO
2
), is the object of an 

enormous number of research projects around 

the world from the viewpoint of photocatalytic 

performance. Among many photocatalytic 

substances, the titanium oxides have attracted the 

greatest attention because titanium itself is an 

abundant resource which also offers high 

corrosion resistance and low environmental loads. 

  Though TiO
2
 is an extremely attractive substance,  

the larger than 3 eV bandgap of it limits its 

photoactivity to UV light, making TiO
2
 inefficient for 

solar light applications. Indeed it is possible to 

improve the photocatalytic performance of TiO
2
 

under visible light by doping with metal cations or 

anions such as nitrogen, but the stability and 

efficiency of its catalytic function are still inadequate.  

  On the other hand, reduced titanium oxides such 

as Ti
2
O

3
 display high light absorption in the visible 

light region, while corrosion resistance on the 

same order as TiO
2
 is maintained. For this reason, 

the reduced titanium oxides are considered to be 

effective materials when using photochemical 

reactions and photoelectrochemical reactions. 

Because they also have markedly high electron 

conductivity in comparison with TiO
2
, application 

as electrode materials can be expected. In fact, 

many examples of use as electrode materials in 

high efficiency photovoltaic cells have already 

been reported.

Success in nanostructuring reduced 

titanium oxide 

by low temperature synthesis

  Nanostructuring is essential to the enhancement 

of the properties of reduced titanium oxide. 

However, in contrast to TiO
2
whose nanostructure 

including size, shape and morphology can be 

easily controlled, no technique for obtaining 

nanostructures of reduced titanium oxides has 

been established to date. This is because high 

temperature sintering in a strong reducing 

atmosphere is necessary for obtaining the 

reduced phase, and there is no methods of 

avoiding excessive coarsening which occurs in this 

process (Fig. 1). This is indeed a simple reason, 

neverthless it is very challenging .

  The method which we adopted here is a low 

temperature solid state reduction using CaH
2
 as a 

reducing agent. Because CaH
2
 shows reducing 

power comparable to that of hydrogen gas at 

temperatures over 1000° C, even at  temperatures 

as low as  200-400 °C, this technique allows for 

access to highly reduced phase without particle 

growth during the reduction.

  When rutile type TiO
2
 nanoparticles (20-30nm) 

with the tetragonal system were used as the 

starting material and reacted with CaH
2
 at 350 ° C 

for 15 days, we successfully obtained for the first 

time Ti
2
O

3
 (reduced phase) with the hexagonal  

system, while maintaining the nanoparticle 

morphology, as we expected (Fig. 2). However, 

these results are in sharp contrast to those using 

anatase type TiO
2
 nanoparticles ; particle growth 

took place even though anatase  belong to the  

tetragonal  system similar to rutile.

Elucidation of the reaction mechanism 

by powder diffractometry

  To clarify the reaction mechanism, we performed 

a powder diffractometry experiment using high 

brightness/high resolution synchrotron radiation 

at the SPring-8 NIMS dedicated beamline.

  In general, X-ray diffraction patterns collected 

from nanoparticles suffer from lowering of peak 

intensity and broadening of peak width. Therefore, 

synchrotron radiation is an extremely effective 

measurement technique for detailed investigation 

of the diffraction patterns of nanoparticles.

  We reduced rutile type TiO
2
 for a shorter time (5 

days), against which X-ray diffraction data were 

collected.  In addition to the main phase Ti
2
O

3
, 

main peaks originating from Ti
4
O

7
 were clearly 

observed (Fig. 3). In contrast, no intermediate 

phase was observed with anatase type TiO
2
 

nanoparticles. Ti
4
O

7
 has a structure in which 

1-dimensional rutile-like chains are separated by 

layers that resemble the Ti
2
O

3
 structure (Fig. 2). In 

other words, the dual structural nature in Ti
4
O

7 

facilitates the structure transformation without 

breaking nanomorphology of rutile type TiO
2
. 

  The low temperature solid state reduction is a 

straightforward technique at low cost and low 

energy. This technique also can be applied to 

other nanostructured TiO
2
 and other oxides, 

which is beneficial to achievement of high 

performance in a wide range of nanomaterials.

  We have currently investigated detailed reaction 

mechanism and fundamental properties Ti
2
O

3
 

nanoparticles using the powder diffractometry 

method described above in combination with 

hard X-ray photoelectron spectroscopy at the 

NIMS beamline. We are obtaining unexpected but 

interesting results which cannot be observed by 

other techniques. In the future, we would like to 

continue to develop fundamental research 

through experiments using the NIMS beamline.

Coarsened reduced 
titanium oxide particles Nanoparticles 

of TiO2

Conventional method 

New method 

Nanoparticles of reduced 
titanium oxide 

Ti2O3
 (350°C, 15 days)

Ti2O3 + Ti4O7 
 (350°C, 5 days)

Rutile type TiO2 
(before reaction)

First Synthesis of Reduced Titanium Oxide Nanoparticles 

by Low Temperature Route
Structural Analysis of New Catalyst by Synchrotron Powder X-ray Diffractometer

Powder Diffraction

and More Advanced Structural Analysis
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-First of all, how would you characterize 

the SPring-8 facility?

Ishikawa(I): It really has two aspects. In one 

aspect, it’s a giant accelerator. However, if I tried 

to explain that, I’m afraid this discussion would 

gradually become more and more difficult. As 

its second aspect, it’s a “large lamp.” In other 

words, a tool that emits light. It’s a light source 

which emits short wavelength light, rather than 

light that can be seen with our eyes. So, in a 

manner of speaking, it’s only that.

  Light is what makes it possible to see objects, 

but in order to observe smaller objects, the 

wavelength of the light must be reduced. Since 

an optical microscope can only see objects in 

micron s i ze ,  we n e e d e x t rem ely  shor t  

wavelength light in order to observe atoms and 

molecules. SPring-8 provides that light.

-So, it’s a tool for observing extremely 

small objects.

I:  In existing industrial technologies, we 

ultimately arrive at an understanding of how 

electrons move in substances, which are made 

up of atoms or molecules, and how the whole 

functions. The tool for that is SPring-8. Because 

anything can be seen using this tool, it’s useful 

in  both scient ific invest igat ions and in 

manufacturing-related research. Even though 

the accelerators used in pure science are based 

on the same principle, the accelerators in high 

energy physics are used to search for a small 

number of elementary particles, which are the 

target of research. In contrast, SPring-8 can see 

anything indiscriminately. Accordingly, it has the 

diversity of rapidly expanding new objects. 

-If that’s so, I imagine you also have 

participation from industry.

I: Because about 20% of our users are from 

industry, this may be larger than at other similar 

facilities. For example, in other countries, analysis 

o f  p rote i n  s t r u c t u re s  a cco u nt s  f o r  a n  

overwhelmingly large part of use in medical 

field, but at SPring-8, we are doing all sorts of 

things. For example, the gum used in tooth 

repair, which is now a commercial product, was 

developed based on observations at SPring-8. 

There’s also a somewhat expensive shampoo 

that replenishes the missing substances in hair. 

That was developed by an analysis of hair at 

SPring-8. And an exhaust gas catalyst which was 

created based on observations at SPring-8 is 

now used in more than 100 million automobiles, 

contributing to a cleaner environment.

-That’s wonderful. And if that’s so, NIMS 

should also make great use of SPring-8 in 

materials research.

I: That’s right. NIMS has one beamline, but I 

hope you won’t limit your work to that one, but 

w i l l  a l s o  m a ke  f u l l  us e  o f  o t h e r  l i n e s .  

Collaborations in which researchers bring 

mutually different things to the project produce 

good results. To the extent that you’re aiming at 

the atomic and molecular level in materials 

development, the value of using SPring-8 

increases. In the future it will be possible to use 

an X-ray free electron laser, or XFEL, called 

SACL A ,  which we have develop ed as  a  

next-generation synchrotron radiation device. 

Because this is a pulsed laser, it has the feature of 

enabling instantaneous observation. During the 

pulse width of a femtosecond the light travels 

only 3 microns. This will enable time-lapse 

observation of chemical reactions. It will enable 

to observe how soft, moving proteins function. 

-Finally, what are your thoughts on 

today’s young researchers?

I: When they’re given responsibility, they work 

really hard. On this point, the ability to discover 

problems is more important than the ability to 

solve problems, but there may be some 

question as to whether this kind of ability is 

acquired by education. The environment at 

SPring-8 has more than enough problems, so 

this might produce good effects.

Interviewer: Akio Etori
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  Today’s silicon-based devices have become 

smaller and smaller, and the performance of 

computers has become better and better. 

However, further improvements by reduction 

of device size will reach their limits in the near 

future. A number of novel device concepts, 

which can be applied at the nanometer scale, 

have thus been proposed to enable further 

improvements in computer performance. The 

idea of single-molecule electronic devices, in 

which each organic molecule performs the 

b as ic  f unc t ions  o f  e le c t ronic s  such as  

rec t ificat ion and switches ,  is  one such 

proposal. Although many efforts have been 

made to realize single-molecule electronics for 

more than three decades, it is still impossible 

to fabricate a practical  single-molecule 

integrated circuit. One of the problems is the 

lack of  v iable methods for  wir ing each 

functional molecule. Since it is very difficult to 

reduce the width of metal wires to that of 

single molecules, we must develop a viable 

method to connect each molecule with a 

single conductive polymer nanowire instead 

of a metal wire.

  We found before that stimulation with the 

probe tip of a scanning tunneling microscope 

(STM) could initiate chain polymerization of 

diacetylene molecules, where unsaturated 

diacetylene molecules add on to a growing 

polymer chain one after another in something 

like a “domino effect.” As a result, we could 

fabricate a conductive polydiacetylene chain 

at designated positions. Based on these 

previous studies, here, we found a novel 

single -molecule chemical  reac tion and 

developed a novel method for connecting 

single conductive polymer nanowires to single 

organic molecules. Figure 1 shows the scheme 

of this method, which we named “chemical 

soldering.” First ,  the relevant functional 

molecules are placed on a self-assembled 

monolayer of a diacetylene compound. The 

probe tip of the STM is then positioned on the 

molecular row of the diacetylene compound 

to which the functional molecule is adsorbed, 

and a conductive polydiacetylene nanowire 

(shown as the yellow line in Fig. 1) is fabricated 

b y  i n i t i a t i n g  c h a i n  p o l y m e r i z at i o n  b y  

stimulation with the tip. Since the front edge 

of chain polymerization necessarily has a 

reac t ive chemical  species ,  the created 

polymer nanowire spontaneously forms 

chemical bonding with an encountered 

molecular element.

  F i g u r e  2  s h o w s  a  d e m o n s t r a t i o n  o f  

chemical soldering, using a phthalocyanine 

molecule as the functional molecule. The 

phthalocyanine-polydiacetylene system is 

expected to act as resonant-tunneling diode. 

After a small quantity of phthalocyanine was 

deposited on the molecular layer of the 

diacetylene compound (10,12-nonacosadiynoic 

acid), we found that a stable nano-cluster 

(pentamer) of phthalocyanine molecules, 

which consisted of five phthaloc yanine 

molecules, was adsorbed on the molecular 

layer (Fig. 2a). We succeeded in connecting 

two conductive polymer nanowires to a single 

phthalocyanine molecule by performing the 

chemical soldering procedure two times on a 

s ingle phthaloc yanine molecule in the 

pentamer (Fig. 2b, c).

  We also investigated the stability of possible 

c o n fi g u r a t i o n s  o f  t h e  p o l y m e r  a n d  

phthalocyanine by using density-functional 

first-principles calculations, and found that 

binding between the phthalocyanine and the 

polymer gives the lowest energy among the 

calculated structures. The distribution of 

calculated highest-occupied-molecular-orbital 

(HOMO) near the connecting point is smaller 

than that of central part of the polymer. This is 

consistent with the STM images in which the 

height of polydiacetylene near the connecting 

point decreases.

  This result enables us to connect single 

conductive polymers to single functional 

molecules, which is a key step in advancing 

t h e  d e v e l o p m e nt  o f  s i n g l e - m o l e c u l e  

e l e c t ro n i c  c i rc u i t r y.  S i n g l e - m o l e c u l e  

electronics will enable us to develop much 

smaller, lighter, higher-performance, and more 

environmentally f r iendly alternatives to 

conventional silicon-based devices.
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Fig. 2   Series of STM images demonstrating chemical soldering to a single functional phthalocyanine molecule. (a) STM image 
of a nano-cluster (pentamer) of phthalocyanine molecules adsorbed on a molecular layer. Chain polymerizations were then 
initiated to connect one (b) and two (c) conductive polymers to a single phthalocyanine molecule. (d) Schematic model of (c).

Fig. 1 

Scheme of chemical soldering.

Yoshitaka Tateyama (left)  Ph.D. Completed the doctoral course at the Graduate School of Science, the University of Tokyo in 1998. 

Worked as a Researcher at the National Research Institute for Metals, Visiting Researcher at the University of Cambridge, Visiting 

Associate Professor at the University of Tokyo, MANA Independent Scientist at MANA, NIMS, and as a PRESTO Researcher, JST. Current 

position from 2011. / Yuji Okawa (center)  Ph.D. Completed the doctoral course at the Graduate School of Science, the University of 

Tokyo in 1992. Worked as a Research Associate at the Institute for Solid State Physics, the University of Tokyo from 1992, Research 

Scientist at the Institute of Physical and Chemical Research (RIKEN) from 1997, and Senior Researcher at NIMS from 2002. Current position 

from 2008.  / Masakazu Aono (right)  Ph.D. Completed the doctoral course at the Graduate School of Engineering, the University of 

Tokyo in 1972. Worked as a Research Scientist and Senior Research Scientist at the National Institute for Research in Inorganic Materials, 

Chief Scientist at the Institute of Physical and Chemical Research (RIKEN), Professor at Osaka University, and Director General of the 

Nanomaterials Laboratory, NIMS. Current position from 2007.

SPring-8 
– The Diversity of Rapidly Expanding Objects of Analysis
Producing Impressive Results through Collaboration among Multiple Organizations

Dr. Tetsuya Ishikawa, Director, RIKEN Harima Institute

  Since it began operation in 1997 as a “user facility” which is available for use by external researchers, Japan’s 3rd generation synchrotron 

radiation facility SPring-8 has produced a number of impressive results. It is an indispensable facility in the search for novel substances and the 

development of new materials, as its extremely short wavelength light enables analysis of all substances at the atomic or molecule level.

  Dr. Tetsuya Ishikawa is the Director of the RIKEN Harima Institute, which is responsible for the operation of the SPring-8 facility. In this 

interview, he discusses the importance of collaboration with industry and other organizations.

Lighting the Way in the Search for New Materials
and More Advanced Structural Analysis

Acknowledgment: We thank Dr. S.K. Mandal, Dr. C. Hu, 

Dr. T. Hasegawa, Prof. J.K. Jimzewski (MANA), Prof. S. 

G o e d e cker  (Uni v.  B as e l )  an d D r.  S .  Tsuk am oto 

(Forschungszentrum Jülich) for their great help.



10 NIMS NOW International  2011 October NIMS NOW International  2011 October 11

-First of all, how would you characterize 

the SPring-8 facility?

Ishikawa(I): It really has two aspects. In one 

aspect, it’s a giant accelerator. However, if I tried 

to explain that, I’m afraid this discussion would 

gradually become more and more difficult. As 

its second aspect, it’s a “large lamp.” In other 

words, a tool that emits light. It’s a light source 

which emits short wavelength light, rather than 

light that can be seen with our eyes. So, in a 

manner of speaking, it’s only that.

  Light is what makes it possible to see objects, 

but in order to observe smaller objects, the 

wavelength of the light must be reduced. Since 

an optical microscope can only see objects in 

micron s i ze ,  we n e e d e x t rem ely  shor t  

wavelength light in order to observe atoms and 

molecules. SPring-8 provides that light.

-So, it’s a tool for observing extremely 

small objects.

I:  In existing industrial technologies, we 

ultimately arrive at an understanding of how 

electrons move in substances, which are made 

up of atoms or molecules, and how the whole 

functions. The tool for that is SPring-8. Because 

anything can be seen using this tool, it’s useful 

in  both scient ific invest igat ions and in 

manufacturing-related research. Even though 

the accelerators used in pure science are based 

on the same principle, the accelerators in high 

energy physics are used to search for a small 

number of elementary particles, which are the 

target of research. In contrast, SPring-8 can see 

anything indiscriminately. Accordingly, it has the 

diversity of rapidly expanding new objects. 

-If that’s so, I imagine you also have 

participation from industry.

I: Because about 20% of our users are from 

industry, this may be larger than at other similar 

facilities. For example, in other countries, analysis 

o f  p rote i n  s t r u c t u re s  a cco u nt s  f o r  a n  

overwhelmingly large part of use in medical 

field, but at SPring-8, we are doing all sorts of 

things. For example, the gum used in tooth 

repair, which is now a commercial product, was 

developed based on observations at SPring-8. 

There’s also a somewhat expensive shampoo 

that replenishes the missing substances in hair. 

That was developed by an analysis of hair at 

SPring-8. And an exhaust gas catalyst which was 

created based on observations at SPring-8 is 

now used in more than 100 million automobiles, 

contributing to a cleaner environment.

-That’s wonderful. And if that’s so, NIMS 

should also make great use of SPring-8 in 

materials research.

I: That’s right. NIMS has one beamline, but I 

hope you won’t limit your work to that one, but 

w i l l  a l s o  m a ke  f u l l  us e  o f  o t h e r  l i n e s .  

Collaborations in which researchers bring 

mutually different things to the project produce 

good results. To the extent that you’re aiming at 

the atomic and molecular level in materials 

development, the value of using SPring-8 

increases. In the future it will be possible to use 

an X-ray free electron laser, or XFEL, called 

SACL A ,  which we have develop ed as  a  

next-generation synchrotron radiation device. 

Because this is a pulsed laser, it has the feature of 

enabling instantaneous observation. During the 

pulse width of a femtosecond the light travels 

only 3 microns. This will enable time-lapse 

observation of chemical reactions. It will enable 

to observe how soft, moving proteins function. 

-Finally, what are your thoughts on 

today’s young researchers?

I: When they’re given responsibility, they work 

really hard. On this point, the ability to discover 

problems is more important than the ability to 

solve problems, but there may be some 

question as to whether this kind of ability is 

acquired by education. The environment at 

SPring-8 has more than enough problems, so 

this might produce good effects.
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  Today’s silicon-based devices have become 

smaller and smaller, and the performance of 

computers has become better and better. 

However, further improvements by reduction 

of device size will reach their limits in the near 

future. A number of novel device concepts, 

which can be applied at the nanometer scale, 

have thus been proposed to enable further 

improvements in computer performance. The 

idea of single-molecule electronic devices, in 

which each organic molecule performs the 

b as ic  f unc t ions  o f  e le c t ronic s  such as  

rec t ificat ion and switches ,  is  one such 

proposal. Although many efforts have been 

made to realize single-molecule electronics for 

more than three decades, it is still impossible 

to fabricate a practical  single-molecule 

integrated circuit. One of the problems is the 

lack of  v iable methods for  wir ing each 

functional molecule. Since it is very difficult to 

reduce the width of metal wires to that of 

single molecules, we must develop a viable 

method to connect each molecule with a 

single conductive polymer nanowire instead 

of a metal wire.

  We found before that stimulation with the 

probe tip of a scanning tunneling microscope 

(STM) could initiate chain polymerization of 

diacetylene molecules, where unsaturated 

diacetylene molecules add on to a growing 

polymer chain one after another in something 

like a “domino effect.” As a result, we could 

fabricate a conductive polydiacetylene chain 

at designated positions. Based on these 

previous studies, here, we found a novel 

single -molecule chemical  reac tion and 

developed a novel method for connecting 

single conductive polymer nanowires to single 

organic molecules. Figure 1 shows the scheme 

of this method, which we named “chemical 

soldering.” First ,  the relevant functional 

molecules are placed on a self-assembled 

monolayer of a diacetylene compound. The 

probe tip of the STM is then positioned on the 

molecular row of the diacetylene compound 

to which the functional molecule is adsorbed, 

and a conductive polydiacetylene nanowire 

(shown as the yellow line in Fig. 1) is fabricated 

b y  i n i t i a t i n g  c h a i n  p o l y m e r i z at i o n  b y  

stimulation with the tip. Since the front edge 

of chain polymerization necessarily has a 

reac t ive chemical  species ,  the created 

polymer nanowire spontaneously forms 

chemical bonding with an encountered 

molecular element.

  F i g u r e  2  s h o w s  a  d e m o n s t r a t i o n  o f  

chemical soldering, using a phthalocyanine 

molecule as the functional molecule. The 

phthalocyanine-polydiacetylene system is 

expected to act as resonant-tunneling diode. 

After a small quantity of phthalocyanine was 

deposited on the molecular layer of the 

diacetylene compound (10,12-nonacosadiynoic 

acid), we found that a stable nano-cluster 

(pentamer) of phthalocyanine molecules, 

which consisted of five phthaloc yanine 

molecules, was adsorbed on the molecular 

layer (Fig. 2a). We succeeded in connecting 

two conductive polymer nanowires to a single 

phthalocyanine molecule by performing the 

chemical soldering procedure two times on a 

s ingle phthaloc yanine molecule in the 

pentamer (Fig. 2b, c).

  We also investigated the stability of possible 

c o n fi g u r a t i o n s  o f  t h e  p o l y m e r  a n d  

phthalocyanine by using density-functional 

first-principles calculations, and found that 

binding between the phthalocyanine and the 

polymer gives the lowest energy among the 

calculated structures. The distribution of 

calculated highest-occupied-molecular-orbital 

(HOMO) near the connecting point is smaller 

than that of central part of the polymer. This is 

consistent with the STM images in which the 

height of polydiacetylene near the connecting 

point decreases.

  This result enables us to connect single 

conductive polymers to single functional 

molecules, which is a key step in advancing 

t h e  d e v e l o p m e nt  o f  s i n g l e - m o l e c u l e  

e l e c t ro n i c  c i rc u i t r y.  S i n g l e - m o l e c u l e  

electronics will enable us to develop much 

smaller, lighter, higher-performance, and more 

environmentally f r iendly alternatives to 

conventional silicon-based devices.
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Fig. 2   Series of STM images demonstrating chemical soldering to a single functional phthalocyanine molecule. (a) STM image 
of a nano-cluster (pentamer) of phthalocyanine molecules adsorbed on a molecular layer. Chain polymerizations were then 
initiated to connect one (b) and two (c) conductive polymers to a single phthalocyanine molecule. (d) Schematic model of (c).

Fig. 1 

Scheme of chemical soldering.
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Lighting the Way in the Search for New Materials
and More Advanced Structural Analysis
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Dear NIMS NOW readers,

This is Lok Kumar Shrestha from Nepal 

currently an ICYS-MANA researcher at NIMS. 

Af ter my Ph.D. and two years post-doc 

research at Yokohama National University, I 

jonied NIMS in April 2010. It is good to be 

h e r e .  T h e  fl e x i b l e  w o r k i n g  h o u r s ,  

international environment, world class 

facilities and expertise, free discussion 

strategy, and supportive technical and 

administrative staffs are the major points 

that made me proud to be here. 

When I came to Japan about 7 years back, I 

found Japan as a ver y different world; 

d ifferent language,  different people,  

different foods, and different culture. I 

doubted that I may not survive here, but 

now I feel Japan is the best country to live 

and work. Apart from science, I am also 

experiencing unique Japanese culture and 

the foods. We are very much happy to live 

in Japan and pleased to meet such a polite 

and humble Japanese people.

  (September 29, 2011) NIMS and Tianjin 

University (TU), Tianjin, China, conclude a 

contract effective for 5 years on a joint 

research center.  Based on this contract, 

both institutes establish the “TU-NIMS 

Joint Research Center” in TU campus and 

start collaboration to develop advanced 

func t ional  mater ia ls  for  energy and 

environment utilizing the latest materials 

science technologies

  In October 2010, NIMS and TU concluded 

MOU on the advanced photofunctional 

materials for solar energy conversion and 

environment remediation, and have been 

strengthening the collaboration since 

then.  In the new contract, both institutes 

agreed to es tabl ish a  jo int  research 

center, with facilities offered by TU and 

researchers from both parties, and to 

boost their collaboration, broadening the 

research fields, for the development of 

advanced functional materials relevant to 

energy and environment.

  This center is the first full-scale joint 

research center NIMS has ever established 

in an overseas institute and it would be 

a model for those to follow.  It is also 

expected to work as an effective window 

for  input  and exchange of  va luable 

information opened to China, a country 

growing extremely fast in recent years.

Tianjin University and NIMS Conclude a Contract on Joint Research Center1

NATIONAL
INSTITUTE FOR
MATERIALS
SCIENCE

International

© 2011 All rights reserved by the National Institute for Materials Science

National Institute for Materials Science
NIMS NOW International 2011. Vol.9 No.8

Percentage of Waste
Paper pulp 100%

http://www.nims.go.jp/eng/publicity/nimsnow/

To subscribe, contact:
Mr. Tomoaki Hyodo, Publisher

Public Relations Office, NIMS

1-2-1 Sengen, Tsukuba, Ibaraki, 305-0047 JAPAN

Phone: +81-29-859-2026, Fax: +81-29-859-2017

Email: inquiry@nims.go.jp

NIMSHello

In
te

rn
a
tio

n
a
l

cover image: SPring-8

My daughter (Esha Shrestha) 

at Natsu Matsuri (summer 

festival) in her school

Shrestha family at Ushiku Daibutsu

MANA Holds Prof. Kroto’s Science Class 2011 at NIMS2
  On Saturday, September 17, MANA held 

a  science class for 3rd and 4th grade 

elementary school students and their 

parents in the 1st Floor Auditorium at its 

Sengen Site. The teacher for this event  

sponsored by MANA was Prof. Sir Harold 

(“Harry”) Kroto, who is a winner of the 

Nobel Prize in Chemistry. This program 

is being carr ied out by Prof.  Kroto in 

countries around the world so children can 

n at u r a l l y  re co g n i ze  t h at  s c i e n ce  i s  

something interesting by familiarizing 

children with the world of science in a 

pleasant, enjoyable atmosphere. About 

50 family groups par ticipated in this 

session to receive Prof. Kroto’s interesting, 

mysterious lesson. The par ticipating 

children listened with keen interest as 

Prof.  Kroto spoke in English through a 

simultaneous translator, and everyone was 

actively engaged in the lesson, making 

“buckyballs” (spherical fullerenes) and 

addressing questions to their distinguished 

teacher.

Prof. Kroto answering the questions at the class.

Lok Kumar Shrestha (Nepal)

ICYS-MANA researcher

April 2010 - Present
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Prof. Ushioda (President of NIMS) at left, 

and Prof. LI Jiajun (President of Tianjin Univ.) at right.




