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Objectives:

It is important that we discuss a novel science for nano-materials which generate the various
atomic level dynamical and static structure and quantum states. For the nano-dynamics and
quantum phase control, it is said that only few studies have already carried out. Therefore many
research programs in this field are presently executing and have been organized independently
under different research views. This situation is important as a concentration of research and
development activities in the diversities, but generally speaking it may lose the big results with
another possibility. The mission of this committee is to investigate quantum states in nanomaterials
in order to avoid the missing significant results and to obtain novel possibilities in the material
science field with multi-disciplinary and multi-angle views under removing the barriers among
research communities and among research programs. It is also scheduled that social acceptance of
the results of nano-technologies will be discussed with social scientists.
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Achievement:
2008 fiscal year:

In 2008, four meetings and three managing meetings were held. The strategy of this commaittee
1s to focus on the recent advancing fields of novel quantum phases in nanoscale material. Especially,
the first main item in the second meeting was iron-pnictide new high Tc superconducting materials
which was firstly found by Prof Hosono, and second one was organic superconducting materials, ET
and related compounds, which showed complex magnetism on frustrated triangular crystal lattices.
The significant experiment was carried out by Prof. Kanoda. The second subject was the nanosize
phenomena under ultimate physical conditions, high pressure, ultra short light pulse, ultra low
temperature. The third topic was nano-carbon. Those were graphen sheets, nano tubs and artificial
diamonds

2009 fiscal year:

We reorganized the management meeting to add special meetings to discuss overviews of selected
fields with invited experts. The first special meeting was held in April to discuss spin electronics and
electronics of strongly correlated electrons. In June, the first regular research meeting was on
quantum phases generated by light, The second meeting was held in September to discuss quantum
phases of nano-scale hollow materials. An example is the superconductivity in those materials in
which atoms rattle in a hollow site. Special management meetings are schedule in December and
March to discuss single molecule electronics and superconductivity in nano-materials such as that on
the boundary layers of organic materials.

2010 fiscal year:

We held two regular research meetings, one on nanomaterials useful for storing and supplying
energy in the process of energy conversion, the other on spinelectronics. In the first meeting new
solar batteries, organic storage cell and thermoelectric converters were discussed. The second
meeting aimed at summarizing the achievement of the government project on spinelectronics
organized by Prof.Takanashi which has succeeded in unifying research activities on semiconductors
and metallic systems, Many promising developments were discussed in a wide range of problems in
both basic physics and applications.
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Whole Achievement:

The themes of the research meetings of the present project are 1.Strongly correlated electron systems

2.Superconductivity 3.Quantum phases of nanomaterials under extreme conditions 4.Nanocarbons
and their future applications 5.Nanno quantum phases generated by light 6.Single molecule
electronics 7.Quantum phases in nano and meso size space 8.Nanostructures producing new
capability useful for solving energy problems in environmental technology. We believe that our
research activity represents as a whole a typical substantiation of the general policy of the

International Institute for Advanced Studies and the target of the grant-in-aid received by the
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Institute from the government.

In more detail we have succeeded in constructing a research community covering many leading
researchers of nanoscience and technology in academia and industry. Our research meetings
attracted them because they could share top-level information through free and cross-disciplinary
discussion. This kind of academia-industry joint research was realized in a project titled “materials
science and system design -towards advanced electronics” carried out in 2003-2005 and its successor
“Exploration of capabilities of electronic systems” both in the IIAS.  Professor Kitagawa who was
the member of these projects as well as the present one has produced a new law model of
academia-industry collaboration (the ITAS model) which allows the participants to collaborate
without conflicting with the intellectual property right contracts of their home organizations.

We understand that the IIAS aims at carrying out research for solving future problems of the
mankind society. To that purpose nanoscience and technology is an indispensable field which explores
new capabilities of materials. The present project has shown that new phases produced by utilizing
atomic dynamics in nanoscale under non equilibrium conditions such as electronic excitation,
extreme conditions, crystal growth and self-organization is important in exploring new capabilities
of materials. In other words, materials of nonuniform, non equilibrium, asymmetric, and void
nanostructures will be promising research targets. Many new projects along this line have been
conceived and some of them are realized by the participants of the present project. It is to be
emphasized that we should encourage bold attempts to make inroad into unknown areas not
imposing a short time limit on the achievement. In conclusion, we hope that the IIAS will continue its
efforts to encourage free and cross-disciplinary discussions among leading researchers through

projects similar to the present one.
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AK7ay s MI, BiEO MERFE AT AL T T L—vav), BETROH LWEEEE] CFRUT
<. HARFARBLASIF TR 7 M B 2 O ol s H 4 B AR IRELE ) 6 RS 5 T,
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