
Dear NIMS NOW readers,
 I came to Japan as a NIMS postdoctoral 

researcher in April 2009 when the science 

city of Tsukuba was dressed in beautiful 

white “Sakura”.  Recalling my feelings of that 

time, I would say that I was mesmerized by 

the scenic beauty and 

t h e  p o l i t e n e s s  o f  

people.  I am privileged 

to work at NIMS with 

i t s  i n t e r n a t i o n a l  

environment, world 

c lass  f a c i l i t i es  an d 

expertise, and friendly 

c o l l e a g u e s .   T h e  

Japanese language 

c l a s s  a t  N I M S  

helped me to live 

a comfor table 

daily life.  I got the 

chance to visit 

many beautiful 

sites of Japan, 

such as Kyoto, Nikko, Atagawa and Ishikawa, 

and got fascinated by the culture and 

tradition, and the delicious Japanese cuisines.  

NIMS turned out to be a lucky place for me. I 

met my friend at the next door laboratory at 

MANA and eventually we got married. We 

were overwhelmed when both of our 

groups, along with the Director General of 

MANA Prof. Masakazu Aono, joined together 

to celebrate on this occasion.  We look back at 

that day with such joy, they gave us memory 

we will cherish forever. We enjoy living at 

  (Feb. 3-4, 2012)  The 1st NIMS-IMS VAST 

workshop on Materials for Human Society 

was held at Institute for Materials Science 

(IMS) in Hanoi, Vietnam. The workshop was 

planned to accelerate research collaboration 

and researcher exchange between the two 

institutes which concluded Comprehensive 

Col laborat ive Agreement (CCA) las t  

December. The founder of IMS, Academician 

Prof. Nguyen Van Hieu and Director Prof. 

Nguyen Quang Liem were among the 

par t ic ipants .  On the firs t  day of  the 

workshop, around 60 people attended 

and made the presentations on High 

Temperature Materials, Metal Corrosion, 

Optical materials, Photovoltaic Materials in 

addition to 6 presentations on various 

subjects, including rare earth materials. On 

the second day, detailed discussions on the 

concrete research collaboration and 

researcher exchange were carried on 

between the par ticipants f rom both 

institutes.

  Although many research collaborations 

and researcher exchanges have been 

going on already, possibility of several new 

collaborations was identified during the 

workshop, indicating great prospects of 

the more active collaboration between 

NIMS and IMS.

1

2
  ( F e b .  7,  2 012 )  N I M S  c o n c l u d e d  a  

Comprehensive Collaborative Agreement (a 

sister institute agreement) with National 

Taiwan University (NTU) in Republic of 

C h i n a  ( Ta i w a n) . N T U ’s  i n s t i t u t i o n a l  

predecessor was Taihoku Imperial University, 

founded in 1928, and it is one of the most 

prestigious universities in Taiwan. Dr. Li 

Yu a n - c h e ,  N o b e l  P r i ze  L a u reate  o f  

Chemistr y in 1986, is  alumnus of the 

university. Now, the university has 11 

colleges, with 54 departments and 103 

graduate institutes, plus four university level 

research centers. The total number of 

students is over 33,000, including 15,000 

graduate students, almost equal to the 

number of undergraduates, indicating a 

strong research university.

  This agreement will not only reinforce the 

existing collaborations between NTU and 

NIMS but also lead to more extensive 

collaboration and exchange of researchers.

Alpana Nayak (India)

from April 2009 – present

Atomic Electronics Group,

Atomic Electronics Unit, MANA

Enjoying Japanese dinner at Nikko.

My husband and me at the Tokyo Disney Resort.

Me wearing kimono.

Tsukuba, a very convenient city which is well 

connected with Tokyo. We look forward to 

living in Japan for a few more fruitful years.

Before coming to Japan, I was told by one of 

my professors in India that, “one should go to 

Japan to see how much polite a person can 

be”. Well, that’s very true.

National Taiwan University.

Attendees of the workshop.
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The MANA Nano-materials Field is the research field that treats nanoscale materials 

as a whole and is a base of nanoarchitectonics.

Nanosystems combine materials which possess the new functions that appear 

at nanosize and utilize their interactions. 

This is also the basic concept of nanoarchitectonics.

In this, the importance of the nanomaterials that form the architecture, 

in other words, structure of nanosystems, goes without saying.

The search for those nanomaterials is the focus of research in the Nano-materials Field.

Humankind still only knows a tiny part of the novel functions and properties 

that appear in materials at the nanoscale. Among the infinite range of nanomaterials, 

such as various nanotubes, nanosheets, supermolecules, and others, 

the Nano-materials Field is continuing to investigate promising materials 

and evaluate their properties at the nano-order, 

with a vision that extends to application to devices. 

Discovering unknown materials that have never been seen before, 

and establishing them as useful materials for the society 

of the future – this is the mission of the MANA Nano-materials Field.
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What are nanosheets?

  In layered compounds, represented by 

graphite and mica, layers in which atoms are 

joined by strong bonds in two directions form 

a stacked crystal structure with comparatively 

weak force in the remaining direction. If these 

l ay e re d  co m p o u n ds  a re  p e e l e d  a p a r t  

(“delaminated”) to single layers, it is possible to 

obtain a unique 2-dimensional material which 

has a thickness in the nanometer range but 

ex tends to the micrometer order in the 

horizontal direction. 

  This material is called nanosheet. Graphene, 

which was the object of the 2010 Nobel Prize, 

is produced by extracting single sheets of the 

carbon that makes up graphite, and can truly 

be considered part of the nanosheet family.

  We are engaged in research from a variety of 

perspectives focusing on these nanosheets.

Synthesis of nanosheets

  Layered compounds include many types of 

materials other than graphite and mica. Our 

main object of research is layered oxides and 

hydroxides based on the transition metals and 

rare earth elements. We have synthesized 

various kinds of nanosheets by delaminating 

these materials into single layers . This is 

achieved by inserting large-sized ions and 

molecules, which act as wedges between the 

layers, in their solution in contact to the target 

substance (Fig. 1).

  Because these nanomaterials have molecular 

level thickness, and thus possess the ultimate 

2-dimensionality, they can be considered a 

ceramic version of graphene. One large 

attraction of inorganic nanosheets is the fact 

that they can be synthesized with diverse 

compositions and structures, and a wide 

variety of functions can be realized by utilizing 

those features. 

  For example, nanosheets consisting of 

titanium or niobium oxides display excellent 

photocatalytic and dielectric properties, while 

tungsten oxide nanosheets have the property 

of chromicit y,  i .e. ,  changing color when 

stimulated by light, etc.

  R e c e n t l y ,  w e  s u c c e s s f u l l y  r e a l i z e d  

development and enhancement of various 

f unc t ions  by  s y nth es iz ing th e  layere d 

compounds used as the starting material with 

a precisely-controlled composit ion and 

structure, and then delaminating the resulting 

compounds. The photograph in the lower left 

part of Fig. 1 is a titanium oxide nanosheet 

which was synthesized with doping of various 

levels of magnetic elements such as Co and 

Fe. We found that its magnetic functionality 

can be highly enhanced and tuned by the 

amount of dopant.

Integration of nanosheets – Pioneering 
a new approach to creating functions

  Taking advantage of the fact that nanosheets 

c an  b e  obt a in e d  as  a  co l l o id  which  i s  

m o n o d i s p e r s e d  i n  a  s o l v e n t ,  w e  a r e  

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

integrating nanosheets by the solution 

process as a high priority research topic.

  Figure 2 shows a multilayer film of niobium 

oxide nanosheets, which was assembled 

layer-by-layer using one such technique. This 

example shows that it is possible to construct 

a n d  co nt ro l  n a n o s t r u c t u re s  a t  a  l e v e l  

c o m p a r a b l e  t o  a r t i fi c i a l  s u p e r l a t t i c e  

technology.

  Applying this unique approach, we are 

designing diverse structures using nanosheets 

as  s t ruc tural  unit s  or  “bui lding block s”  

(sof t-chemical nanoarchitectonics),  and 

developing various functions. In this research, 

it has become clear that this approach makes 

i t  p o s s i b l e  t o  r e a l i z e  m a t e r i a l s  a n d  

technologies with functions and performance 

that  are  d ifficult  to  achieve with other  

technologies. To mention just two examples, 

we have created a dielectric with a value that 

exceeds 300 even at nano-level thickness and 

a photocatalyst which demonstrates an 

extremely high self-cleaning effect.

NIMS Fellow,
Unit Director, Soft Chemistry Unit, MANA Nano-materials Field
Coordinator, MANA Nano-materials Field

Takayoshi Sasaki

Takayoshi Sasaki  Profile can be found on P.9.

Yoshio Bando  PhD. (Science) Completed the doctoral course at the Graduate School of Science, Osaka University in 1975. Joined the National Institute for Research in Inorganic Materials 

(NIRIM: a predecessor of NIMS) in 1975, and later served as Research Director and Division Director. Have been NIMS Fellow since 2004, and was named Chief Operation Officier (COO of 

MANA in 2008. He has held his present position since 2011, and also holds a concurrent post of Visiting Professor at Waseda University, among others.

Synthesis and Application of Inorganic Nanosheets

Outstanding properties of boron 
nitride nanomaterials

  B oron n i t r ide  (BN)  nanotub es  have  a  

cylindrical structure which closely resembles 

that  of  carbon nanotubes .  However,  in  

co m p a r i s o n  w i t h  c a r b o n ,  B N  i s  m o r e  

chemical ly  s tab le  and has  h igher  heat  

resistance and oxidation resistance. It is also 

an insulator which does not pass electricity, 

and it has high thermal conductivity. For this 

reason, BN nanotubes have attracted attention 

for application as a high thermal conductivity 

filling material (filler).

  In particular, in the use of power modules 

and other electronic devices, efficient heat 

radiation is indispensable for reducing power 

consumption. Thus, the development of new 

insulating heat releasing  materials which 

possess a combination of a high electrical 

insu lat ing  prop er t y  an d h igh  th er mal  

co n d u c t i v i t y  w i l l  m a k e  a n  i m p o r t a nt  

contribution to realizing an energy-conservation 

society.

  We succeeded in developing a high purity, 

mass-production synthesis process for BN 

nanotubes, which had been considered 

d i ffi c u l t  u nt i l  n o w.  M o r e  r e ce nt l y,  w e  

developed a new carbon-free synthesis 

process using low melting point lithium oxide 

(Li
2
O) as a precursor in place of the magnesium 

oxide that was used conventionally, and also 

succeeded in developing a high pur i t y 

synthesis process for small  diameter BN 

nanotubes with a nanotube bore diameter of 

less than 10 nm (Fig. 1).

Development of a new synthesis 
process for BN nanosheets

  I t  i s  e x t re m e l y  d i ffi c u l t  to  c reate  B N  

nanosheets by delamination, as is done with 

graphite. Therefore, we developed a new BN 

nanosheet synthesis process which we call 

“chemical blowing.”

  Using ammonia borane (AB) as the starting 

material, a polymer with a B-N-H composition 

is formed as an intermediate product by 

heating AB from 110 °C to 400 °C. The hydrogen 

gas which evolves in this process makes  the 

p o l y m e r  i n t e r m e d i a t e  p r o d u c t  i n t o  

balloon-like bubbles. When these bubbles are 

reheated to a high temperature, nanosheets 

with a BN composit ion (polycr ystal l ine 

material) with a thickness of 1-2 nm can be 

created with high yield (Fig. 2).

  Furthermore, if plasma etching is applied to 

these BN nanotubes, the nanotube wall will 

gradually delaminate. Under the optimum 

irradiation conditions, it is also possible to 

create monolayer BN nanosheets, or “BN 

graphene” (Fig. 3). When the current-voltage 

characteristics of this material were measured 

by TEM, it became clear that BN graphene is 

not an insulator, but rather, displays the 

properties of a semiconductor.

New insulating heat releasing  
materials

  We are developing new electrical insulating 

heat releasing  materials by composites of BN 

nanotubes and polymers ,  among other 

materials. As one example, we developed a 

new process for dispersing a high content of 

BN nanotubes in polymers such as polystyrene, 

etc. As a result, it was possible to create a 

composite film having a high BN nanotube 

co ntent  o f  ap p rox im ate l y  20 - 4 0  w t % .  

Measurement of this composite film showed 

that its thermal conductivity is increased by 

approximately 20 times or more in comparison 

with the original polymer sheet.

  In the future, we plan to establish a high 

purity, mass-production synthesis technology 

for BN nanotubes and nanosheets and a high 

order s truc tural  control  technology for 

composites. Based on this, we will develop 

new materials that take advantage of the 

outstanding properties of BN nanomaterials, 

such as electrical insulating heat releasing  

materials, ultra-lightweight, high strength 

materials, lubricating materials, and others.

Creation and Application of High Purity BN Nanotubes and Nanosheets

NIMS Fellow,
Unit Director, Inorganic Nanostructures Unit, 
MANA Nano-materials Field

Yoshio Bando

Fig. 2    (top) Transfer of nanosheet film to the surface of a substrate by the 
Langmuir-Blodgett (LB) technique, and (bottom) cross-sectional TEM 
image of the oxide nanosheet film obtained by reiteration of this process.
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Fig. 1   Inorganic nanosheet formation process and typical examples.
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Fig. 1    New synthesis process for small diameter BN nanotubes. Fig. 2    Synthesis process for BN 
n a n o s h e e t s  u s i n g  c h e m i c a l  
blowing.

Fig. 3     Creation of BN graphene 
by plasma etching.
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and it has high thermal conductivity. For this 

reason, BN nanotubes have attracted attention 

for application as a high thermal conductivity 

filling material (filler).

  In particular, in the use of power modules 

and other electronic devices, efficient heat 

radiation is indispensable for reducing power 

consumption. Thus, the development of new 
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possess a combination of a high electrical 
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  We succeeded in developing a high purity, 

mass-production synthesis process for BN 

nanotubes, which had been considered 

d i ffi c u l t  u nt i l  n o w.  M o r e  r e ce nt l y,  w e  

developed a new carbon-free synthesis 

process using low melting point lithium oxide 

(Li
2
O) as a precursor in place of the magnesium 

oxide that was used conventionally, and also 

succeeded in developing a high pur i t y 

synthesis process for small  diameter BN 

nanotubes with a nanotube bore diameter of 

less than 10 nm (Fig. 1).

Development of a new synthesis 
process for BN nanosheets

  I t  i s  e x t re m e l y  d i ffi c u l t  to  c reate  B N  

nanosheets by delamination, as is done with 

graphite. Therefore, we developed a new BN 

nanosheet synthesis process which we call 

“chemical blowing.”

  Using ammonia borane (AB) as the starting 

material, a polymer with a B-N-H composition 

is formed as an intermediate product by 

heating AB from 110 °C to 400 °C. The hydrogen 

gas which evolves in this process makes  the 

p o l y m e r  i n t e r m e d i a t e  p r o d u c t  i n t o  

balloon-like bubbles. When these bubbles are 

reheated to a high temperature, nanosheets 

with a BN composit ion (polycr ystal l ine 

material) with a thickness of 1-2 nm can be 

created with high yield (Fig. 2).

  Furthermore, if plasma etching is applied to 

these BN nanotubes, the nanotube wall will 

gradually delaminate. Under the optimum 

irradiation conditions, it is also possible to 

create monolayer BN nanosheets, or “BN 

graphene” (Fig. 3). When the current-voltage 

characteristics of this material were measured 

by TEM, it became clear that BN graphene is 

not an insulator, but rather, displays the 

properties of a semiconductor.

New insulating heat releasing  
materials

  We are developing new electrical insulating 

heat releasing  materials by composites of BN 

nanotubes and polymers ,  among other 

materials. As one example, we developed a 

new process for dispersing a high content of 

BN nanotubes in polymers such as polystyrene, 

etc. As a result, it was possible to create a 

composite film having a high BN nanotube 

co ntent  o f  ap p rox im ate l y  20 - 4 0  w t % .  

Measurement of this composite film showed 

that its thermal conductivity is increased by 

approximately 20 times or more in comparison 

with the original polymer sheet.

  In the future, we plan to establish a high 

purity, mass-production synthesis technology 

for BN nanotubes and nanosheets and a high 

order s truc tural  control  technology for 

composites. Based on this, we will develop 

new materials that take advantage of the 

outstanding properties of BN nanomaterials, 

such as electrical insulating heat releasing  

materials, ultra-lightweight, high strength 

materials, lubricating materials, and others.

Creation and Application of High Purity BN Nanotubes and Nanosheets

NIMS Fellow,
Unit Director, Inorganic Nanostructures Unit, 
MANA Nano-materials Field

Yoshio Bando

Fig. 2    (top) Transfer of nanosheet film to the surface of a substrate by the 
Langmuir-Blodgett (LB) technique, and (bottom) cross-sectional TEM 
image of the oxide nanosheet film obtained by reiteration of this process.
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Fig. 1   Inorganic nanosheet formation process and typical examples.
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What are supramolecular materials?

  Tw o  a p p r o a c h e s  t o  t h e  c r e a t i o n  o f  

nanostructures are possible. In one, a larger 

material is reduced to a very small form, while 

in the other, a material of the desired size is 

created by assembling smaller units.

  Micro-fabrication technology, as represented 

by silicon technology, is an example of the first 

approach, and has been extremely successful 

up to the present. However, in recent years, 

the general view is that this approach is 

nearing its limits in various aspects.

  T he se cond approach,  of  assembl ing 

nanostructures from smaller units, is actually 

realized in living organisms. The complex 

functional structures of living organisms are 

created by spontaneous assembly of diverse 

types of functional molecules. If this can be 

done artificially, rather than naturally, it will 

become a “technology.”

  The scientific field in which functional 

aggre gates  are  create d by assembling 

m o l e c u l e s  i s  c a l l e d  “ s u p r a m o l e c u l a r  

chemistry” and has been the subject of a 

Nobel Prize. Now, high expectations are 

placed on this science as a technology for 

creating precise, complex functional materials 

as a next stage in nanotechnology.

  We are engaged in research on supramolecular 

materials with a policy. That policy is to create 

“something rich and unusual,” which is unique 

in  the  wor ld  and b eyond the ord inar y  

imagination.

Drug delivery system with automatic 

ON/OFF switching

  A l though supermolecules  are  usual ly  

t h o u ght  to  b e  o rg a n i c  m o l e c u l e s ,  we  

considered the possibility of assembling 

inorganic nanomaterials in the same manner 

as supermolecules.

  Figure 1 shows a capsule of mesoporous 

si l ica ,  which is  an inorganic substance,  

assembled one layer at a t ime. It  is  also 

possible to inject a drug inside this structure. 

As a distinctive feature of this structure, the 

internal drug is not simply discharged. Rather, 

a delicate balance is maintained between 

release of the drug and passage of the liquid 

in the pores, and the drug is released and 

stopped (ON/OFF) per iodical ly  with no 

external stimulus of any kind.

  This kind of drug delivery system is without 

precedent anywhere in the world, and may 

m a k e  i t  p o s s i b l e  to  a d m i n i s te r  d r u g s  

automatically on schedule, for example, 

morning, noon, and night.

“Hand-operating nanotechnology” 

– A supramolecular system for 

grasping molecules

  Many people have the impression that 

nanotechnology inevitably requires elaborate 

equipment. However, we are pioneering a 

new field that  we cal l  “hand- operat ing 

nanotechnology.” This is also unprecedented 

anywhere in the world. Figure 2 shows one 

e x a m p l e ,  w h i c h  i s  a  h a n d - o p e r a t i n g  

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

molecules using a supramolecular thin film as 

a “molecular machine.”

  In  order  to  manual ly  dr ive  mole cular  

machines which open and close, first, the 

molecular machine is reduced to a thickness 

of one molecule on a water sur face and 

arranged as a supramolecular film. When a 

film in this “open” condition is compressed by 

manually pushing from the sides, the open 

molecular machine will “close” to the smallest 

possible structure. The opening and closing 

behavior of the molecular film makes it  

possible to grasp molecules in the water. In 

other words,  by f reely manipulating,  or 

“hand- operating” the film in the lateral  

direction, it is possible to capture different 

target molecules in the molecular machine by 

a  c l o s i n g  o p e r a t i o n  m a t c h e d  t o  t h e  

movement of the molecular machine in the 

supramolecular film. Of course, molecules 

which have been captured can also be 

released by the opposite operation.

  In other research, we have succeeded in 

ident i f y ing amino acids  and DNA with 

accurac y e xce e ding that  of  the b o di ly  

reactions of living organisms using molecules 

which cause twisting.

  As described briefly here, our research policy 

is  to accomplish things “surpris ing and 

unusual” which are completely unimagined 

and are unique in the world.
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Nanomaterials Synthesis in the Supermolecules Unit

Most advanced method for 

nanomaterial property measurements

  The exac t  knowledge of  physical  and 

chemical properties of a given nanomaterial, 

in particular on the individual structural level, 

that gives the clearest picture free of artifacts, 

is of prime importance as far as its real, rather 

than speculative integrations into modern 

technologies are concerned. Such properties 

should precisely be measured to clearly 

demonstrate that such integration and, thus, 

substitution of well-tested and historically 

reliable materials, e.g. Si in electronics, is 

essential, realistic and profitable. However, in 

most cases ,  the nanomater ia l  proper t y 

measurements have been performed using 

instruments with no direct access to its 

internal structure, e.g. scanning electron (SEM) 

and atomic force microscopes (AFM). This has 

significantly limited the relevance of data since 

any  p ar t icu la r  s t r u c tur a l  features  o f  a  

nanoobject prior/during/and after its testing 

have been hidden. Therefore, the results have 

not  b e en c lear ly  l inke d to  a  par t icu lar  

nano -morphology,  i t s  cr ys ta l lography,  

spatially-resolved chemistry and existing 

and/or appearing defects. This explains a wide 

scatter in the nanostructures’ mechanical and 

electrical data reported by various scientific 

groups which has confused the practical 

engineers and led to many uncertainties with 

respect to the real nanomaterial industrial 

potentials. 

  By contrast, the modern methods of in situ 

transmission electron microscopy (TEM) allow 

one to not only manipulate with a given 

nanoscale object at the nanometer-range 

precision but also to get deep insights into its 

physical and chemical statuses. Dedicated 

TEM holders combining the capabilities of a 

conventional high-resolution TEM instrument 

and AFM or scanning tunneling microscopy 

(STM) probes become the powerful state-of-

the art tools for nanomaterials analysis. 

  The Nanotube Unit develops and utilizes the 

regarded techniques for property analysis of 

various nanotubes, nanowires, nanobelts and 

graphene-like nanostructures. The objects 

of our interest are diverse. They include C, 

BN and many other inorganic one - and 

t w o - dimensional nanoscale materials. The 

key point of our experiments is that the 

mechanical  and elec tr ical ,  and thermal 

transport data is acquired on an individual 

nanostructure level under ultimately high 

spatial ,  temporal and energy resolution 

achievable in TEM. 

Examples of the experiments

  The selected experiments are demonstrated 

herein. 

  As a typical morphology of BN nanotubes, 

the so-called “bamboo”-like tubes, are widely 

spread and may be rather easily fabricated 

opp ose d to  wel l - s t ruc ture d BN tub es .  

However, the mechanical strength of those 

t u b e s  h a s  n e v e r  b e e n  e l u c i d ate d .  We  

p er forme d the d i re c t  in  s i tu  AFM -T EM 

measurements (Fig. 1) and determined that 

the interlocked bamboo-like joints possess the 

strength of ~ 8 GPa, thus being nearly twenty 

times stronger than conventional steels.

  Graphene is a rising materials’ star which has 

already grabbed prime attention of physists, 

chemists and materials scientists .  Many 

intriguing proper ties have already been 

demonstrated using complex electr ical  

schemes on substrates. However, the studies 

on free-standing graphene sheets have not 

widely been implemented due to difficulties 

of such experiments using standard setups. In 

situ TEM-STM gives such a unique chance. We 

measured an unusual electron emission from 

an individual graphene nanoribbon using a 

dedicated double-probe STM-TEM holder (Fig. 

2). The particular emission features were that 

it takes place at a low temperature and at a 

ver y  low bias ing vo l tage compare d to  

standard well-established thermionic and 

field-emissions.  

  These selected examples nicely demonstrate 

the full usefulness of the advanced in situ TEM 

techniques for  the proper t y analysis  of  

advanced nanomaterials and should pave new 

smart ways for their prompt integrations into 

many modern nanotechnologies.

Nanotube and Graphene Property Studies in a Transmission 
Electron Microscope
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Unit Director, Nanotube Unit, Nano-materials Field, MANA 
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Dai-Ming Tang

ICYS-MANA Researcher

Xianlong Wei

S
p

e
c

ia
l F

e
a

tu
re

S
p

e
c

ia
l F

e
a

tu
re

N
ano

-m
aterials   b

y N
ano

architecto
nics

N
ano

-m
aterials   b

y N
ano

architecto
nics

Mechanism 

Permeation of the drug 
in the pores and release 
of the drug from the 
pores occur automatically

Release from pore

Time

stopped

stopped

stopped(OFF)

released
（ON）

Drug release/stop occur 
at set intervals and in 
a set amount

released

releasedD
ru

g 
re

le
as

e

Drug

Permeation 
from inside 
capsule

During this process, 
no external stimulus 
of any kind is applied

Fig. 1  True strain-stress plot recorded during the tensile test of a 
“bamboo”-like BN nanotube inside TEM with the use of the AFM-TEM 
holder ; the left upper inset shows the expected forces  diagram; the 
lower right insets depict the nanotube TEM images before and after the 
tensie test. The ultimate tensile strength was determined to be ~8 GPa.

Fig. 2  Experimental setup (left) and its TEM image (right) during electron emission 
recording from an individual graphene nanoribbon inside TEM with the aid of 
advanced twin-probe STM-TEM holder with one fixed gold electrode (left probe) and 
two indendently movable tungsten probes (right-hand-side upper and lower probes).
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Fig. 1  Drug delivery function in which the supramolecular thin film of a mesoporous silica 
capsule automatically switches ON and OFF.

Fig. 2   (Left) Supramolecular thin film of the molecular machine and (right) 
capture and release of target molecules by “hand-operating” technique.
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What are supramolecular materials?

  Tw o  a p p r o a c h e s  t o  t h e  c r e a t i o n  o f  

nanostructures are possible. In one, a larger 

material is reduced to a very small form, while 

in the other, a material of the desired size is 

created by assembling smaller units.

  Micro-fabrication technology, as represented 

by silicon technology, is an example of the first 

approach, and has been extremely successful 

up to the present. However, in recent years, 

the general view is that this approach is 

nearing its limits in various aspects.

  T he se cond approach,  of  assembl ing 

nanostructures from smaller units, is actually 

realized in living organisms. The complex 

functional structures of living organisms are 

created by spontaneous assembly of diverse 

types of functional molecules. If this can be 

done artificially, rather than naturally, it will 

become a “technology.”

  The scientific field in which functional 

aggre gates  are  create d by assembling 

m o l e c u l e s  i s  c a l l e d  “ s u p r a m o l e c u l a r  

chemistry” and has been the subject of a 

Nobel Prize. Now, high expectations are 

placed on this science as a technology for 

creating precise, complex functional materials 

as a next stage in nanotechnology.

  We are engaged in research on supramolecular 

materials with a policy. That policy is to create 

“something rich and unusual,” which is unique 

in  the  wor ld  and b eyond the ord inar y  

imagination.

Drug delivery system with automatic 

ON/OFF switching

  A l though supermolecules  are  usual ly  

t h o u ght  to  b e  o rg a n i c  m o l e c u l e s ,  we  

considered the possibility of assembling 

inorganic nanomaterials in the same manner 

as supermolecules.

  Figure 1 shows a capsule of mesoporous 

si l ica ,  which is  an inorganic substance,  

assembled one layer at a t ime. It  is  also 

possible to inject a drug inside this structure. 

As a distinctive feature of this structure, the 

internal drug is not simply discharged. Rather, 

a delicate balance is maintained between 

release of the drug and passage of the liquid 

in the pores, and the drug is released and 

stopped (ON/OFF) per iodical ly  with no 

external stimulus of any kind.

  This kind of drug delivery system is without 

precedent anywhere in the world, and may 

m a k e  i t  p o s s i b l e  to  a d m i n i s te r  d r u g s  

automatically on schedule, for example, 

morning, noon, and night.

“Hand-operating nanotechnology” 

– A supramolecular system for 

grasping molecules

  Many people have the impression that 

nanotechnology inevitably requires elaborate 

equipment. However, we are pioneering a 

new field that  we cal l  “hand- operat ing 

nanotechnology.” This is also unprecedented 

anywhere in the world. Figure 2 shows one 

e x a m p l e ,  w h i c h  i s  a  h a n d - o p e r a t i n g  

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

molecules using a supramolecular thin film as 

a “molecular machine.”

  In  order  to  manual ly  dr ive  mole cular  

machines which open and close, first, the 

molecular machine is reduced to a thickness 

of one molecule on a water sur face and 

arranged as a supramolecular film. When a 

film in this “open” condition is compressed by 

manually pushing from the sides, the open 

molecular machine will “close” to the smallest 

possible structure. The opening and closing 

behavior of the molecular film makes it  

possible to grasp molecules in the water. In 

other words,  by f reely manipulating,  or 

“hand- operating” the film in the lateral  

direction, it is possible to capture different 

target molecules in the molecular machine by 

a  c l o s i n g  o p e r a t i o n  m a t c h e d  t o  t h e  

movement of the molecular machine in the 

supramolecular film. Of course, molecules 

which have been captured can also be 

released by the opposite operation.

  In other research, we have succeeded in 

ident i f y ing amino acids  and DNA with 

accurac y e xce e ding that  of  the b o di ly  

reactions of living organisms using molecules 

which cause twisting.

  As described briefly here, our research policy 

is  to accomplish things “surpris ing and 

unusual” which are completely unimagined 

and are unique in the world.
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Most advanced method for 

nanomaterial property measurements

  The exac t  knowledge of  physical  and 

chemical properties of a given nanomaterial, 

in particular on the individual structural level, 

that gives the clearest picture free of artifacts, 

is of prime importance as far as its real, rather 

than speculative integrations into modern 

technologies are concerned. Such properties 

should precisely be measured to clearly 

demonstrate that such integration and, thus, 

substitution of well-tested and historically 

reliable materials, e.g. Si in electronics, is 

essential, realistic and profitable. However, in 

most cases ,  the nanomater ia l  proper t y 

measurements have been performed using 

instruments with no direct access to its 

internal structure, e.g. scanning electron (SEM) 

and atomic force microscopes (AFM). This has 

significantly limited the relevance of data since 

any  p ar t icu la r  s t r u c tur a l  features  o f  a  

nanoobject prior/during/and after its testing 

have been hidden. Therefore, the results have 

not  b e en c lear ly  l inke d to  a  par t icu lar  

nano -morphology,  i t s  cr ys ta l lography,  

spatially-resolved chemistry and existing 

and/or appearing defects. This explains a wide 

scatter in the nanostructures’ mechanical and 

electrical data reported by various scientific 

groups which has confused the practical 

engineers and led to many uncertainties with 

respect to the real nanomaterial industrial 

potentials. 

  By contrast, the modern methods of in situ 

transmission electron microscopy (TEM) allow 

one to not only manipulate with a given 

nanoscale object at the nanometer-range 

precision but also to get deep insights into its 

physical and chemical statuses. Dedicated 

TEM holders combining the capabilities of a 

conventional high-resolution TEM instrument 

and AFM or scanning tunneling microscopy 

(STM) probes become the powerful state-of-

the art tools for nanomaterials analysis. 

  The Nanotube Unit develops and utilizes the 

regarded techniques for property analysis of 

various nanotubes, nanowires, nanobelts and 

graphene-like nanostructures. The objects 

of our interest are diverse. They include C, 

BN and many other inorganic one - and 

t w o - dimensional nanoscale materials. The 

key point of our experiments is that the 

mechanical  and elec tr ical ,  and thermal 

transport data is acquired on an individual 

nanostructure level under ultimately high 

spatial ,  temporal and energy resolution 

achievable in TEM. 

Examples of the experiments

  The selected experiments are demonstrated 

herein. 

  As a typical morphology of BN nanotubes, 

the so-called “bamboo”-like tubes, are widely 

spread and may be rather easily fabricated 

opp ose d to  wel l - s t ruc ture d BN tub es .  

However, the mechanical strength of those 

t u b e s  h a s  n e v e r  b e e n  e l u c i d ate d .  We  

p er forme d the d i re c t  in  s i tu  AFM -T EM 

measurements (Fig. 1) and determined that 

the interlocked bamboo-like joints possess the 

strength of ~ 8 GPa, thus being nearly twenty 

times stronger than conventional steels.

  Graphene is a rising materials’ star which has 

already grabbed prime attention of physists, 

chemists and materials scientists .  Many 

intriguing proper ties have already been 

demonstrated using complex electr ical  

schemes on substrates. However, the studies 

on free-standing graphene sheets have not 

widely been implemented due to difficulties 

of such experiments using standard setups. In 

situ TEM-STM gives such a unique chance. We 

measured an unusual electron emission from 

an individual graphene nanoribbon using a 

dedicated double-probe STM-TEM holder (Fig. 

2). The particular emission features were that 

it takes place at a low temperature and at a 

ver y  low bias ing vo l tage compare d to  

standard well-established thermionic and 

field-emissions.  

  These selected examples nicely demonstrate 

the full usefulness of the advanced in situ TEM 

techniques for  the proper t y analysis  of  

advanced nanomaterials and should pave new 

smart ways for their prompt integrations into 

many modern nanotechnologies.

Nanotube and Graphene Property Studies in a Transmission 
Electron Microscope
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Fig. 1  True strain-stress plot recorded during the tensile test of a 
“bamboo”-like BN nanotube inside TEM with the use of the AFM-TEM 
holder ; the left upper inset shows the expected forces  diagram; the 
lower right insets depict the nanotube TEM images before and after the 
tensie test. The ultimate tensile strength was determined to be ~8 GPa.

Fig. 2  Experimental setup (left) and its TEM image (right) during electron emission 
recording from an individual graphene nanoribbon inside TEM with the aid of 
advanced twin-probe STM-TEM holder with one fixed gold electrode (left probe) and 
two indendently movable tungsten probes (right-hand-side upper and lower probes).
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Fig. 1  Drug delivery function in which the supramolecular thin film of a mesoporous silica 
capsule automatically switches ON and OFF.

Fig. 2   (Left) Supramolecular thin film of the molecular machine and (right) 
capture and release of target molecules by “hand-operating” technique.
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Development of ReRAM using 

nanomaterials

  Accompanying the recent popularization of 

smartphones, tablet PCs and similar products, 

memories which operate at high speed and 

w i t h  l o w  p o w e r  c o n s u m p t i o n  u s i n g  

nanostructures have been demanded. Until 

now, use of memories has been divided by 

application. DRAM are used when high speed is 

necessary but have the drawback of volatility, 

and flash memories and other types are used in 

applications which require large capacity and 

nonvolatility. However, as is widely known, the 

development of a “universal memory,” which 

operates at a speed comparable to DRAM and 

is also nonvolatile, has been an urgent issue in 

recent years (Fig. 1).

  Candidates for universal memory include 

nanomaterial-based resistance-change-type 

random access memor y (ReRAM; atomic 

switch), phase-change RAM (PRAM), magnetic 

RAM (MRAM), etc.

  Among these, ReRAM using a nanoscale 

metal/oxide/metal structure has attracted 

attention because it has a simple structure and 

can be applied to miniaturization. A prototype of 

a 64M bit memory was produced in 2012,1) but 

because the thickness of the interface is on the 

order of several nm, numerous problems remain 

to be solved in connection with ReRAM reliability 

and control of property deviations. Therefore, the 

selection of the electrode material and oxide 

material has become particularly important.

Analysis of ReRAM using HfO
2
 as 

high-k material at SPring-8

  Against this background, attention has focused 

on ReRAM using HfO
2
 (hafnium oxide), which is 

an existing high dielectric (high-k) material.

  At metal/oxide inter faces, migrations of 

a t o m s  ( i o n s )  a n d  v a c a n c i e s  o c c u r  

accompanying inter facial reactions or an 

e le c t r ica l  fie ld .  However,  b e cause i t  is  

particularly difficult to detect migrations of 

atoms (ions) and vacancies while a voltage is 

applied, these phenomena have not been 

understood in detail until now.

  Therefore, NIMS carried out an analysis of 

Pt/HfO
2
 and Cu/HfO

2
 interfaces in the device 

o p e r a t i o n  s t a te  u s i n g  t h e  h a r d  X- r a y  

photoelectron spectrometer, which is capable 

of applying a voltage to substrates, at the 

N I M S  b ea m l i n e  (B L15XU)  i n  t h e  L a rg e  

Synchrotron Radiation Facility, SPring-8, and 

clarified the migration of atoms, vacancies, 

and charges at the interface due to differences 

in the electrode material.2,3) 

Control of switching characteristics is 

possible using the redox capacity of 

the oxide layer

  In reactions involving the Pt/HfO
2
 interface, as 

summarized in Fig. 2(a), the oxidation reaction 

plays the central role. This research confirmed 

that the intensity of the signal originating from 

the Pt-O bond increases depending on the 

applied voltage, and oxidation of the Pt layer 

becomes remarkable. It was suggested that 

oxygen vacancies form in the HfO
2
 layer 

simultaneously with this, accompanying the 

migration of oxygen, and it was shown that the 

formation of oxygen vacancy contributes to the 

resistance-change phenomenon.

  In contrast, the experiment with the Cu/HfO
2
 

interface revealed that the natural oxide of the 

Cu
2
O layer which forms at the interface is 

reduced when a positive voltage applied, as 

shown in Fig. 2(b). Furthermore, it was also 

shown that reduction of the Cu
2
O proceeds as 

the voltage is increased, and Cu ions are 

diffused into the HfO
2
.

  The resistance-change phenomenon which 

occurs at this interface shows that conductive 

paths for charge are formed by reduction at the 

interface and diffusion of metallic ions. This result 

is different from the case of the Pt electrode.

  These results show that it is possible to select 

the mechanism by which resistance-change 

phenomena occur by selecting the ionization 

tendency of the electrode. It was also found 

e x p e r i m e n t a l l y  t h a t  t h e s e  s w i tc h i n g  

characteristics can be controlled by the 

oxidation-reduction capacity of the oxide layer 

which forms the matrix.

  Based on this result, we are now engaged in 

research aimed at realizing devices, focusing 

on the materials design for securing ReRAM 

reliability and reducing deviations.
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-First, could you describe the mission of 

the Nano-materials Field?

Sasaki(S): When materials are reduced to the 

nanometer size, or when new structures are 

created at the nanometer order, new functions 

which are not found in the bulk material may 

appear, and known functions may become 

more pronounce d .  T his  f ac t  had b e en 

highlighted by the research beginning with 

fullerenes and carbon nanotubes. Since it has 

potential to lead to innovations in modern 

technologies, research on various types of nano 

material systems has been underway since 

around 2000. We are one of the groups which is 

in the vanguard of this field.

  In my personal opinion, NIMS is a materials 

research center, that is, a materials manufacturing 

center, and as such, it possesses the capability to 

create new materials in all of its infrastructure. 

Precisely this, I believe, is our most important 

mission. Of course, the materials we create must 

be NIMS originals, and Japanese originals.

- I  i m a g i n e  y o u  h a v e  d e v e l o p e d  

technologies for this over a long period.

S :  C reat i o n  o f  nan o m ate r ia ls  re qu i re s  

comprehensive use of every possible synthesis 

technology. As representative examples, I might 

mention the technique of creating nanosheets 

by delaminating layered materials, analytical 

techniques using sophisticated electron 

microscopes, which are indispensable when 

observing and analyzing the physical properties 

of nanomaterials, and techniques for handling 

macromolecules, which are the basis for organic 

chemistry. Synthesis technology and analytical 

technology are like the two wheels of a bicycle, 

and NIMS has high levels of both. Because we 

have established these technologies, it is fair to 

say that NIMS possesses the world’s top level 

capabilities for creating nanomaterials, and is in 

the forefront in this field.

-In your own case, which comes first, the 

desire to create interesting materials, or the 

purpose of creating a desired material of a 

certain kind?

S: This dilemma is an eternal question, and the 

answer really depends on the personality of the 

researcher (laughter). In my own case, I dare say 

the desire to create something new comes first.

  I think that the “by chance” element accounts 

for a very large part of the process of making 

materials. In other words, the usefulness of 

materials that are created for a certain purpose 

tends to be limited to that purpose, even if they 

are successfully realized. In contrast, if we 

continue research with a wider vision, which is 

not limited to some particular purpose, it may 

be blessed with serendipity and lead to much 

larger results.

  A good example of this is the discovery of 

cobalt oxide superconductors. The researchers 

who were involved in this work, including 

myself, were not initially trying to discover a 

superconductor. After we have succeeded in 

making layered titanium oxide into unilamellar 

nanosheets, we thought it might be interesting 

if we could also peel cobalt oxide into layers. We 

tried it by incorporating a hydrated ion, but the 

peeling wasn’t ver y successful f rom the 

viewpoint of exfoliation. However, when we 

measured the properties of the resulting 

material, it displayed diamagnetism at low 

temperature. As a result, it was a material that 

can be called a “superconductor that contains 

water.” This was totally mystifying and could not 

have been predicted by anyone. While I don’t 

want to say that is why that discovery was 

possible, I do want to say to young researchers, 

do your work with the spirit of a treasure-hunt.

-How can that kind of research on nano-

order materials relate to today’s society?

S: There are many possibilities so it’s a difficult 

question to answer in a single word (laughter). 

For example, if we think about the electronic 

circuits used in electronic devices, both 

conductors and insulators are necessary as 

materials. Graphene, which has attracted so 

much attention recently, has a high capacity as a 

conductor, but our oxide nanosheets have 

outstanding per formance as insulators .  

Miniaturization is approaching its limits in 

various t ypes of electronic circuits ,  and 

problems arise when we attempt further 

miniaturization. For example, with existing 

materials, the dielectric constant, or permittivity, 

decreases with size. However, we developed 

new materials (nanosheets) that solves this 

problem, and therefore appears to have great 

potential  for  applicat ion as t ransis tors ,  

capacitors, memories and so on.

-Finally, what does the future hold for 

MANA?

S: Of course, I hope MANA will continue to grow 

rapidly. Since MANA is responsible for creating 

new materials, it might well be considered the 

most important division in NIMS as a materials 

research center. 

Wonders and difficulties of the quest for new materials 
in the nano world
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Fig. 2  (a) Pt/HfO2 interfacial reaction. Oxidation of the Pt layer occurs in a 
range of several nm, and at the same time, oxygen depletion is formed in 
the HfO2 layer accompanying the transfer of oxygen.
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Development of ReRAM using 

nanomaterials

  Accompanying the recent popularization of 

smartphones, tablet PCs and similar products, 

memories which operate at high speed and 

w i t h  l o w  p o w e r  c o n s u m p t i o n  u s i n g  

nanostructures have been demanded. Until 

now, use of memories has been divided by 

application. DRAM are used when high speed is 

necessary but have the drawback of volatility, 

and flash memories and other types are used in 

applications which require large capacity and 

nonvolatility. However, as is widely known, the 

development of a “universal memory,” which 

operates at a speed comparable to DRAM and 

is also nonvolatile, has been an urgent issue in 

recent years (Fig. 1).

  Candidates for universal memory include 

nanomaterial-based resistance-change-type 

random access memor y (ReRAM; atomic 

switch), phase-change RAM (PRAM), magnetic 

RAM (MRAM), etc.

  Among these, ReRAM using a nanoscale 

metal/oxide/metal structure has attracted 

attention because it has a simple structure and 

can be applied to miniaturization. A prototype of 

a 64M bit memory was produced in 2012,1) but 

because the thickness of the interface is on the 

order of several nm, numerous problems remain 

to be solved in connection with ReRAM reliability 

and control of property deviations. Therefore, the 

selection of the electrode material and oxide 

material has become particularly important.

Analysis of ReRAM using HfO
2
 as 

high-k material at SPring-8

  Against this background, attention has focused 

on ReRAM using HfO
2
 (hafnium oxide), which is 

an existing high dielectric (high-k) material.

  At metal/oxide inter faces, migrations of 

a t o m s  ( i o n s )  a n d  v a c a n c i e s  o c c u r  

accompanying inter facial reactions or an 

e le c t r ica l  fie ld .  However,  b e cause i t  is  

particularly difficult to detect migrations of 

atoms (ions) and vacancies while a voltage is 

applied, these phenomena have not been 

understood in detail until now.

  Therefore, NIMS carried out an analysis of 

Pt/HfO
2
 and Cu/HfO

2
 interfaces in the device 

o p e r a t i o n  s t a te  u s i n g  t h e  h a r d  X- r a y  

photoelectron spectrometer, which is capable 

of applying a voltage to substrates, at the 

N I M S  b ea m l i n e  (B L15XU)  i n  t h e  L a rg e  

Synchrotron Radiation Facility, SPring-8, and 

clarified the migration of atoms, vacancies, 

and charges at the interface due to differences 

in the electrode material.2,3) 

Control of switching characteristics is 

possible using the redox capacity of 

the oxide layer

  In reactions involving the Pt/HfO
2
 interface, as 

summarized in Fig. 2(a), the oxidation reaction 

plays the central role. This research confirmed 

that the intensity of the signal originating from 

the Pt-O bond increases depending on the 

applied voltage, and oxidation of the Pt layer 

becomes remarkable. It was suggested that 

oxygen vacancies form in the HfO
2
 layer 

simultaneously with this, accompanying the 

migration of oxygen, and it was shown that the 

formation of oxygen vacancy contributes to the 

resistance-change phenomenon.

  In contrast, the experiment with the Cu/HfO
2
 

interface revealed that the natural oxide of the 

Cu
2
O layer which forms at the interface is 

reduced when a positive voltage applied, as 

shown in Fig. 2(b). Furthermore, it was also 

shown that reduction of the Cu
2
O proceeds as 

the voltage is increased, and Cu ions are 

diffused into the HfO
2
.

  The resistance-change phenomenon which 

occurs at this interface shows that conductive 

paths for charge are formed by reduction at the 

interface and diffusion of metallic ions. This result 

is different from the case of the Pt electrode.

  These results show that it is possible to select 

the mechanism by which resistance-change 

phenomena occur by selecting the ionization 

tendency of the electrode. It was also found 

e x p e r i m e n t a l l y  t h a t  t h e s e  s w i tc h i n g  

characteristics can be controlled by the 

oxidation-reduction capacity of the oxide layer 

which forms the matrix.

  Based on this result, we are now engaged in 

research aimed at realizing devices, focusing 

on the materials design for securing ReRAM 

reliability and reducing deviations.
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-First, could you describe the mission of 

the Nano-materials Field?

Sasaki(S): When materials are reduced to the 

nanometer size, or when new structures are 

created at the nanometer order, new functions 

which are not found in the bulk material may 

appear, and known functions may become 

more pronounce d .  T his  f ac t  had b e en 

highlighted by the research beginning with 

fullerenes and carbon nanotubes. Since it has 

potential to lead to innovations in modern 

technologies, research on various types of nano 

material systems has been underway since 

around 2000. We are one of the groups which is 

in the vanguard of this field.

  In my personal opinion, NIMS is a materials 

research center, that is, a materials manufacturing 

center, and as such, it possesses the capability to 

create new materials in all of its infrastructure. 

Precisely this, I believe, is our most important 

mission. Of course, the materials we create must 

be NIMS originals, and Japanese originals.

- I  i m a g i n e  y o u  h a v e  d e v e l o p e d  

technologies for this over a long period.

S :  C reat i o n  o f  nan o m ate r ia ls  re qu i re s  

comprehensive use of every possible synthesis 

technology. As representative examples, I might 

mention the technique of creating nanosheets 

by delaminating layered materials, analytical 

techniques using sophisticated electron 

microscopes, which are indispensable when 

observing and analyzing the physical properties 

of nanomaterials, and techniques for handling 

macromolecules, which are the basis for organic 

chemistry. Synthesis technology and analytical 

technology are like the two wheels of a bicycle, 

and NIMS has high levels of both. Because we 

have established these technologies, it is fair to 

say that NIMS possesses the world’s top level 

capabilities for creating nanomaterials, and is in 

the forefront in this field.

-In your own case, which comes first, the 

desire to create interesting materials, or the 

purpose of creating a desired material of a 

certain kind?

S: This dilemma is an eternal question, and the 

answer really depends on the personality of the 

researcher (laughter). In my own case, I dare say 

the desire to create something new comes first.

  I think that the “by chance” element accounts 

for a very large part of the process of making 

materials. In other words, the usefulness of 

materials that are created for a certain purpose 

tends to be limited to that purpose, even if they 

are successfully realized. In contrast, if we 

continue research with a wider vision, which is 

not limited to some particular purpose, it may 

be blessed with serendipity and lead to much 

larger results.

  A good example of this is the discovery of 

cobalt oxide superconductors. The researchers 

who were involved in this work, including 

myself, were not initially trying to discover a 

superconductor. After we have succeeded in 

making layered titanium oxide into unilamellar 

nanosheets, we thought it might be interesting 

if we could also peel cobalt oxide into layers. We 

tried it by incorporating a hydrated ion, but the 

peeling wasn’t ver y successful f rom the 

viewpoint of exfoliation. However, when we 

measured the properties of the resulting 

material, it displayed diamagnetism at low 

temperature. As a result, it was a material that 

can be called a “superconductor that contains 

water.” This was totally mystifying and could not 

have been predicted by anyone. While I don’t 

want to say that is why that discovery was 

possible, I do want to say to young researchers, 

do your work with the spirit of a treasure-hunt.

-How can that kind of research on nano-

order materials relate to today’s society?

S: There are many possibilities so it’s a difficult 

question to answer in a single word (laughter). 

For example, if we think about the electronic 

circuits used in electronic devices, both 

conductors and insulators are necessary as 

materials. Graphene, which has attracted so 

much attention recently, has a high capacity as a 

conductor, but our oxide nanosheets have 

outstanding per formance as insulators .  

Miniaturization is approaching its limits in 

various t ypes of electronic circuits ,  and 

problems arise when we attempt further 

miniaturization. For example, with existing 

materials, the dielectric constant, or permittivity, 

decreases with size. However, we developed 

new materials (nanosheets) that solves this 

problem, and therefore appears to have great 

potential  for  applicat ion as t ransis tors ,  

capacitors, memories and so on.

-Finally, what does the future hold for 

MANA?

S: Of course, I hope MANA will continue to grow 

rapidly. Since MANA is responsible for creating 

new materials, it might well be considered the 

most important division in NIMS as a materials 

research center. 

Wonders and difficulties of the quest for new materials 
in the nano world
Takayoshi Sasaki, MANA Coordinator

MANA Nano-materials Field
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Nano-materials Field, Prof. Takayoshi Sasaki, discusses the attraction of the quest for new materials in the nano world, as well as 

its connection to society.
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Fig. 2  (a) Pt/HfO2 interfacial reaction. Oxidation of the Pt layer occurs in a 
range of several nm, and at the same time, oxygen depletion is formed in 
the HfO2 layer accompanying the transfer of oxygen.



Graphene – the promising electrode 

material for capacitors

  Graphene is a carbon nanosheet material 

with a thickness of one carbon atom, and 

because it is only one-atom thick, it displays 

functions and properties not found in other 

materials. In collaboration with Professor 

Lu-Chang Qin of the University of Nor th 

Carolina at Chapel in USA, development of 

high per formance capacitors capable of 

storing electrical energy is currently underway 

with the aims of improving energy efficiency 

and achieving energy savings. Graphene has 

proper t ies which dramatical ly  improve 

capacitor performance.

  Energy density is a measure of the capacity to 

store electrical energy, and it is proportional to 

the specific surface area of electrode material. 

Figure 2 shows a schematic illustration of the 

adsorption of electrolyte ions, which are the 

source of energy, on the surface of graphene. 

  Output power density signifies  the speed 

wi th  which  en erg y  c an  b e  s tore d  an d 

d i s c h a r g e d ,  a n d  i t  d e p e n d s  o n  t h e  

conductivity of electrodes. Graphene has a 

large specific surface area because it is only 

one-atom thick, and it is also of high electrical 

conductivity. These combined properties 

increase both energy density and output 

power density, making graphene  a most 

promising electrode material for capacitors.

  Figure 1 lists the specific surface area and 

conductivity of graphene in comparison with 

carbon nanotubes and activated carbon 

powders, which are currently used in capacitor 

electrodes. Graphene is superior in both 

specific surface area and conductivity.

Creating space in a layered graphene 

structure using carbon nanotubes

  W h e n  u s i n g  g r a p h e n e  i n  c a p a c i t o r  

electrodes, it is necessary to maximize the 

e lec trode sur face area by s tack ing the 

graphene in a layered structure so that a large 

quantity of electrolyte ions can be adsorbed 

onto the electrodes. On the other hand, for 

adsorpt ion of  the e lec tro ly te ions ,  the 

electrolyte solution must flow over the surface 

of the stacked graphene. This means that it is 

necessary to adjust the spacing between the 

graphene layers so as to allow a free flow of 

electrolyte ions. Therefore, we used carbon 

nanotubes (CNTs) as graphene spacers for the 

stacked graphene.

  Be cause CN Ts have a  h igh affinit y  for  

graphene, if a dispersed solution of graphene 

and CNTs is mixed, the CNTs will adhere to the 

graphene surface and form spacers, as shown 

in Fig. 2. While keeping the proper spacing, 

the CNTs entangle to form conducting paths, 

maintaining conduc tiv i t y  bet ween the 

graphene layers. CNTs and graphene also form 

easily graphene/CNT composite films with a 

large specific surface area.

  The composite film fabricated in this manner 

shows a remarkably high value of electrode 

e n e r g y  d e n s i t y,  a n d  d u e  t o  t h e  h i g h  

conductivity of the CNTs, output power 

density is also increased.

  Sample capacitors have been assembled 

using electrodes with layered graphene 

s t r u c t u re  a n d  C N T  s p a ce r s ,  a n d  t h e i r  

properties and performance were measured. 

Using an organic electrolyte, we obtained an 

energy density of 62.8 Wh/kg, and output 

power density achieved 58.5 kW/kg. This 

energy density is approximately the same as 

that of the current mainstream nickel metal 

hydride (NiMH) batteries, and the output 

power density is two orders of magnitude 

higher. The high output power density means, 

for example, that rapid-charging of electric 

vehicles is possible in only several minutes, 

a n d  v i r t u a l l y  a l l  b r a k e  e n e rg y  c a n  b e  

recovered. In order to further increase the 

energy density, we are currently developing a 

structure which enables a large amount of 

e lec tro ly te  so lut ion to flow in and out  

between the graphene layers at high speed.

Realizing high performance in 

semiconductor lasers by using quantum 

dots

  Semiconductor lasers are used in many familiar 

applications as they enable high output in 

combination with compact size. Recently, 

quantum dot (QD) lasers have at tracted 

attention which improves those laser properties. 

In the QD, which is a box-like semiconductor 

nanostructure, electrons and holes are confined 

in three directions and realize a discretized 

energy state. As a result, the broadening of 

light-emitting energy by thermal energy can be 

suppressed. By using the QDs in the lasers, it has 

been predicted theoretically that several 

remarkable improvements can be achieved.

  In realizing a high performance QD laser, it is 

essential to achieve high quality, high density, 

and high homogeneit y in the QDs. As a 

representative technique, a self-assembly 

technique called Stranski-Krastanov (SK) 

growth has been investigated in the past. 

However, because lattice strain is necessary for 

the SK method, this method can be applied 

only to InAs/GaAs or InAs/InP systems, in 

which the laser wavelength was limited to the 

near infrared range of wavelengths longer than 

1000 nm. In order to maximize the outstanding 

features of QD lasers, it is important to expand 

the laser wavelength region by developing a 

new crystal growth technology.

Realizing a red region quantum dot laser

  N IMS has  deve lop e d a  s e l f -ass emb l y  

technique called droplet epitaxy since 1990. In 

t h e  d ro p l e t  e p i t a x y  m e t h o d ,  Q D s  a re  

self-assembled by crystallizing droplets that 

form when only a group III element is supplied 

to the substrate surface into a compound 

semiconductor using a supply of group V 

element. This mechanism can also be applied 

to GaAs QDs, which emit light in the red 

region without lattice strain and had been 

impossible to grow by the SK method. While 

drastic improvements in crystal qualities of 

GaAs QDs were achieved by our research, the 

issue of uniformit y of  the quantum dot 

remained to be solved. Therefore, in the 

present research, we developed a method 

which dramatically improves the uniformity of 

QDs, and thus succeeded in opening the way 

to laser applications.

  The following four breakthroughs were 

developed.

  1) First, the gallium droplet crystallization 

process was reviewed. Conventionally, high 

speed crystallization had been necessary in 

g r o w t h  o f  Q D s ,  a n d  t h i s  e n co u r a g e d  

inhomogeneity. However, we discovered that it 

is possible to grow QDs by performing heat 

treatment after crystallization, even when the 

shape of the QDs was deteriorated by low 

speed crystallization. As a result, high density 

self-assembly of QDs with high homogeneity is 

now possible, as illustrated in Fig. 1(a). 2) Next, 

we newly developed a technique for reducing 

fluctuations in effective height by growing a 

t wo - d i m e ns i o n a l  G a A s  t h i n  fi lm  l ay e r  

underlying the QDs and 3) a crystal growth 

method which secures  uni form height  

alignment by eliminating high parts of QDs (Fig. 

1(b)). Using these homogenization techniques, 

the spread of light emissions from QDs (which 

corresponds to inhomogeneity of the QDs) was 

greatly reduced from the conventional 154 meV 

to 20 meV, as shown in Fig. 2.  4) In order to 

further increase the number of QDs which 

contribute to lasing, we formed a five-layer 

stacked structure of these high homogeneity 

QDs in the vertical direction, as shown in Fig. 3

(a). As a result of these four techniques, the 

number of QDs which contribute to lasing was 

greatly increased, and QD lasing by current 

injection was successfully realized in the red 

region of 760 nm (Fig. 3(b)).

  The developed red region laser is expected 

to be applied to on-chip optical interconnects 

and information communications uses such as 

free-space communication, etc. It is also 

thought that this technology can contribute to 

high performance in medical devices such as 

oxygen concentration monitors, etc.
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Fig. 1 

Electrode properties of graphene in comparison with other 
carbon materials.

Fig. 2 

Schematic illustration of adsorption of 
electrolyte ions on the surface of graphene.

Fig. 1  (a) Atomic force 
microscope (AFM) image 
of QDs cr ystal l ized at 
low speed. Homogene- 
ous QDs have formed 
w i t h  h i g h  d e n s i t y  
(breakthrough 1)). (b) 
Schematic diagram of the 
method of enhancing QD 
height uniformity: (0) shows that a certain 
amount of height deviation exists even in the 
QDs crystallized at low speed. (1) The height of 
the QDs is  increased and effec tive s ize 
fluctuations are reduced by introducing a 
two-dimensional layer under the quantum dots (breakthrough 2)). (2) High 
parts of the QDs are eliminated by heat treatment, resulting in substantially 
uniform height alignment (breakthrough 3)).

Fig. 2  Light-emitting properties 
of QDs. The emission line width 
was greatly narrowed by the new 
technique

F i g .  3   (a )  S c h e m a t i c  d i a g r a m  o f  Q D  l a s e r  u s i n g  
stacked- quantum dots (break through 4)). (b) Lasing 
properties and view of light emission using the developed 
QD laser. Oscillation occurs from the ground state when the 
current exceeds the threshold value (6.2KAcm-2)

Fig. 3 

Image of carbon nanotubes between layers of 
graphene.
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Graphene – the promising electrode 

material for capacitors

  Graphene is a carbon nanosheet material 

with a thickness of one carbon atom, and 

because it is only one-atom thick, it displays 

functions and properties not found in other 

materials. In collaboration with Professor 

Lu-Chang Qin of the University of Nor th 

Carolina at Chapel in USA, development of 

high per formance capacitors capable of 

storing electrical energy is currently underway 

with the aims of improving energy efficiency 

and achieving energy savings. Graphene has 

proper t ies which dramatical ly  improve 

capacitor performance.

  Energy density is a measure of the capacity to 

store electrical energy, and it is proportional to 

the specific surface area of electrode material. 

Figure 2 shows a schematic illustration of the 

adsorption of electrolyte ions, which are the 

source of energy, on the surface of graphene. 

  Output power density signifies  the speed 

wi th  which  en erg y  c an  b e  s tore d  an d 

d i s c h a r g e d ,  a n d  i t  d e p e n d s  o n  t h e  

conductivity of electrodes. Graphene has a 

large specific surface area because it is only 

one-atom thick, and it is also of high electrical 

conductivity. These combined properties 

increase both energy density and output 

power density, making graphene  a most 

promising electrode material for capacitors.

  Figure 1 lists the specific surface area and 

conductivity of graphene in comparison with 

carbon nanotubes and activated carbon 

powders, which are currently used in capacitor 

electrodes. Graphene is superior in both 

specific surface area and conductivity.

Creating space in a layered graphene 

structure using carbon nanotubes

  W h e n  u s i n g  g r a p h e n e  i n  c a p a c i t o r  

electrodes, it is necessary to maximize the 

e lec trode sur face area by s tack ing the 

graphene in a layered structure so that a large 

quantity of electrolyte ions can be adsorbed 

onto the electrodes. On the other hand, for 

adsorpt ion of  the e lec tro ly te ions ,  the 

electrolyte solution must flow over the surface 

of the stacked graphene. This means that it is 

necessary to adjust the spacing between the 

graphene layers so as to allow a free flow of 

electrolyte ions. Therefore, we used carbon 

nanotubes (CNTs) as graphene spacers for the 

stacked graphene.

  Be cause CN Ts have a  h igh affinit y  for  

graphene, if a dispersed solution of graphene 

and CNTs is mixed, the CNTs will adhere to the 

graphene surface and form spacers, as shown 

in Fig. 2. While keeping the proper spacing, 

the CNTs entangle to form conducting paths, 

maintaining conduc tiv i t y  bet ween the 

graphene layers. CNTs and graphene also form 

easily graphene/CNT composite films with a 

large specific surface area.

  The composite film fabricated in this manner 

shows a remarkably high value of electrode 

e n e r g y  d e n s i t y,  a n d  d u e  t o  t h e  h i g h  

conductivity of the CNTs, output power 

density is also increased.

  Sample capacitors have been assembled 

using electrodes with layered graphene 

s t r u c t u re  a n d  C N T  s p a ce r s ,  a n d  t h e i r  

properties and performance were measured. 

Using an organic electrolyte, we obtained an 

energy density of 62.8 Wh/kg, and output 

power density achieved 58.5 kW/kg. This 

energy density is approximately the same as 

that of the current mainstream nickel metal 

hydride (NiMH) batteries, and the output 

power density is two orders of magnitude 

higher. The high output power density means, 

for example, that rapid-charging of electric 

vehicles is possible in only several minutes, 

a n d  v i r t u a l l y  a l l  b r a k e  e n e rg y  c a n  b e  

recovered. In order to further increase the 

energy density, we are currently developing a 

structure which enables a large amount of 

e lec tro ly te  so lut ion to flow in and out  

between the graphene layers at high speed.

Realizing high performance in 

semiconductor lasers by using quantum 

dots

  Semiconductor lasers are used in many familiar 

applications as they enable high output in 

combination with compact size. Recently, 

quantum dot (QD) lasers have at tracted 

attention which improves those laser properties. 

In the QD, which is a box-like semiconductor 

nanostructure, electrons and holes are confined 

in three directions and realize a discretized 

energy state. As a result, the broadening of 

light-emitting energy by thermal energy can be 

suppressed. By using the QDs in the lasers, it has 

been predicted theoretically that several 

remarkable improvements can be achieved.

  In realizing a high performance QD laser, it is 

essential to achieve high quality, high density, 

and high homogeneit y in the QDs. As a 

representative technique, a self-assembly 

technique called Stranski-Krastanov (SK) 

growth has been investigated in the past. 

However, because lattice strain is necessary for 

the SK method, this method can be applied 

only to InAs/GaAs or InAs/InP systems, in 

which the laser wavelength was limited to the 

near infrared range of wavelengths longer than 

1000 nm. In order to maximize the outstanding 

features of QD lasers, it is important to expand 

the laser wavelength region by developing a 

new crystal growth technology.

Realizing a red region quantum dot laser

  N IMS has  deve lop e d a  s e l f -ass emb l y  

technique called droplet epitaxy since 1990. In 

t h e  d ro p l e t  e p i t a x y  m e t h o d ,  Q D s  a re  

self-assembled by crystallizing droplets that 

form when only a group III element is supplied 

to the substrate surface into a compound 

semiconductor using a supply of group V 

element. This mechanism can also be applied 

to GaAs QDs, which emit light in the red 

region without lattice strain and had been 

impossible to grow by the SK method. While 

drastic improvements in crystal qualities of 

GaAs QDs were achieved by our research, the 

issue of uniformit y of  the quantum dot 

remained to be solved. Therefore, in the 

present research, we developed a method 

which dramatically improves the uniformity of 

QDs, and thus succeeded in opening the way 

to laser applications.

  The following four breakthroughs were 

developed.

  1) First, the gallium droplet crystallization 

process was reviewed. Conventionally, high 

speed crystallization had been necessary in 

g r o w t h  o f  Q D s ,  a n d  t h i s  e n co u r a g e d  

inhomogeneity. However, we discovered that it 

is possible to grow QDs by performing heat 

treatment after crystallization, even when the 

shape of the QDs was deteriorated by low 

speed crystallization. As a result, high density 

self-assembly of QDs with high homogeneity is 

now possible, as illustrated in Fig. 1(a). 2) Next, 

we newly developed a technique for reducing 

fluctuations in effective height by growing a 

t wo - d i m e ns i o n a l  G a A s  t h i n  fi lm  l ay e r  

underlying the QDs and 3) a crystal growth 

method which secures  uni form height  

alignment by eliminating high parts of QDs (Fig. 

1(b)). Using these homogenization techniques, 

the spread of light emissions from QDs (which 

corresponds to inhomogeneity of the QDs) was 

greatly reduced from the conventional 154 meV 

to 20 meV, as shown in Fig. 2.  4) In order to 

further increase the number of QDs which 

contribute to lasing, we formed a five-layer 

stacked structure of these high homogeneity 

QDs in the vertical direction, as shown in Fig. 3

(a). As a result of these four techniques, the 

number of QDs which contribute to lasing was 

greatly increased, and QD lasing by current 

injection was successfully realized in the red 

region of 760 nm (Fig. 3(b)).

  The developed red region laser is expected 

to be applied to on-chip optical interconnects 

and information communications uses such as 

free-space communication, etc. It is also 

thought that this technology can contribute to 

high performance in medical devices such as 

oxygen concentration monitors, etc.
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Fig. 1 

Electrode properties of graphene in comparison with other 
carbon materials.

Fig. 2 

Schematic illustration of adsorption of 
electrolyte ions on the surface of graphene.

Fig. 1  (a) Atomic force 
microscope (AFM) image 
of QDs cr ystal l ized at 
low speed. Homogene- 
ous QDs have formed 
w i t h  h i g h  d e n s i t y  
(breakthrough 1)). (b) 
Schematic diagram of the 
method of enhancing QD 
height uniformity: (0) shows that a certain 
amount of height deviation exists even in the 
QDs crystallized at low speed. (1) The height of 
the QDs is  increased and effec tive s ize 
fluctuations are reduced by introducing a 
two-dimensional layer under the quantum dots (breakthrough 2)). (2) High 
parts of the QDs are eliminated by heat treatment, resulting in substantially 
uniform height alignment (breakthrough 3)).

Fig. 2  Light-emitting properties 
of QDs. The emission line width 
was greatly narrowed by the new 
technique

F i g .  3   (a )  S c h e m a t i c  d i a g r a m  o f  Q D  l a s e r  u s i n g  
stacked- quantum dots (break through 4)). (b) Lasing 
properties and view of light emission using the developed 
QD laser. Oscillation occurs from the ground state when the 
current exceeds the threshold value (6.2KAcm-2)

Fig. 3 

Image of carbon nanotubes between layers of 
graphene.
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Dear NIMS NOW readers,
 I came to Japan as a NIMS postdoctoral 

researcher in April 2009 when the science 

city of Tsukuba was dressed in beautiful 

white “Sakura”.  Recalling my feelings of that 

time, I would say that I was mesmerized by 

the scenic beauty and 

t h e  p o l i t e n e s s  o f  

people.  I am privileged 

to work at NIMS with 

i t s  i n t e r n a t i o n a l  

environment, world 

c lass  f a c i l i t i es  an d 

expertise, and friendly 

c o l l e a g u e s .   T h e  

Japanese language 

c l a s s  a t  N I M S  

helped me to live 

a comfor table 

daily life.  I got the 

chance to visit 

many beautiful 

sites of Japan, 

such as Kyoto, Nikko, Atagawa and Ishikawa, 

and got fascinated by the culture and 

tradition, and the delicious Japanese cuisines.  

NIMS turned out to be a lucky place for me. I 

met my friend at the next door laboratory at 

MANA and eventually we got married. We 

were overwhelmed when both of our 

groups, along with the Director General of 

MANA Prof. Masakazu Aono, joined together 

to celebrate on this occasion.  We look back at 

that day with such joy, they gave us memory 

we will cherish forever. We enjoy living at 

  (Feb. 3-4, 2012)  The 1st NIMS-IMS VAST 

workshop on Materials for Human Society 

was held at Institute for Materials Science 

(IMS) in Hanoi, Vietnam. The workshop was 

planned to accelerate research collaboration 

and researcher exchange between the two 

institutes which concluded Comprehensive 

Col laborat ive Agreement (CCA) las t  

December. The founder of IMS, Academician 

Prof. Nguyen Van Hieu and Director Prof. 

Nguyen Quang Liem were among the 

par t ic ipants .  On the firs t  day of  the 

workshop, around 60 people attended 

and made the presentations on High 

Temperature Materials, Metal Corrosion, 

Optical materials, Photovoltaic Materials in 

addition to 6 presentations on various 

subjects, including rare earth materials. On 

the second day, detailed discussions on the 

concrete research collaboration and 

researcher exchange were carried on 

between the par ticipants f rom both 

institutes.

  Although many research collaborations 

and researcher exchanges have been 

going on already, possibility of several new 

collaborations was identified during the 

workshop, indicating great prospects of 

the more active collaboration between 

NIMS and IMS.

1

2
  ( F e b .  7,  2 012 )  N I M S  c o n c l u d e d  a  

Comprehensive Collaborative Agreement (a 

sister institute agreement) with National 

Taiwan University (NTU) in Republic of 

C h i n a  ( Ta i w a n) . N T U ’s  i n s t i t u t i o n a l  

predecessor was Taihoku Imperial University, 

founded in 1928, and it is one of the most 

prestigious universities in Taiwan. Dr. Li 

Yu a n - c h e ,  N o b e l  P r i ze  L a u reate  o f  

Chemistr y in 1986, is  alumnus of the 

university. Now, the university has 11 

colleges, with 54 departments and 103 

graduate institutes, plus four university level 

research centers. The total number of 

students is over 33,000, including 15,000 

graduate students, almost equal to the 

number of undergraduates, indicating a 

strong research university.

  This agreement will not only reinforce the 

existing collaborations between NTU and 

NIMS but also lead to more extensive 

collaboration and exchange of researchers.

Alpana Nayak (India)

from April 2009 – present

Atomic Electronics Group,

Atomic Electronics Unit, MANA

Enjoying Japanese dinner at Nikko.

My husband and me at the Tokyo Disney Resort.

Me wearing kimono.

Tsukuba, a very convenient city which is well 

connected with Tokyo. We look forward to 

living in Japan for a few more fruitful years.

Before coming to Japan, I was told by one of 

my professors in India that, “one should go to 

Japan to see how much polite a person can 

be”. Well, that’s very true.

National Taiwan University.

Attendees of the workshop.


