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Report on the Department of Electronic Structure following a visit to IMS on 6/7 March 2006

Dear Director General H. Nakamura:

It has been adistinct pleasure to meet with them on March 61 to 81, 2006, and discuss the work of the professors who serve as
group headsin the Electronic Structure Department of the IMS. The department continues to be staffed by world class researchers,
and the Department Head and Institute Director are to be congratulated for their success in maintaining high standards in retaining
faculty and also in attracting and hiring new ones. Two relatively new hires (Proferssors Ohmori and Ohshima) have allowed the
programs of the department to be broadened by undertaking some exciting new directions, one which is focused on a combination
of quantum control problems and also the test of concepts at the boundary of classical-quantum theory. Professor Ohmori’s recent
accomplishmentsin the area of wave packet propagation, with two papers about to be published in PRL and Science, are especialy
noteworthy. These findings, including planned studies, are likely to have major impact on our fundamental understanding of waysto
achieve quantum control, and also have the potential of providing answers to fundamental questions regarding the behavior of
matter at the quantum level. Achievementsin this area are likely to provide high visibility. Another new direction has been initiated
in the department by Professor Ohshima, in the area of photochemistry. The novel concept is to employ wave packet control to
influence molecular motion and hence chemical dynamics. Attaining the ability to photochemically effect molecular motions would
be amajor accomplishment and is a very promising avenue of research clearly worth pursuing. A second related activity involves
determining intermolecular potentials, and athird, deducing the structure of clusters. The alignment of rotational states employing
high intensity light fields is a promising area of endeavor as are studies to be devoted to obtaining the sensitivity needed for
deducing structural properties of clusters through the use of STIRAP with high coherence allowing complete population transfer.
Focusing on obtaining intermolecular potentials for avariety of molecular systems offers the promise of providing information that
will be widely used by others who endeavor to calculate the structures of complex systems, especially those involving hydrogen

bonding.
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The continuing and expanding effort of the Department Head's own individual work is providing the basis for the cohesiveness
of the program as it impacts on detailed understanding of phenomena and intermolecular interactions responsible for the properties
of matter of nanoscale dimensions, including quantum effects and property changes with individual variations in the molecules/
atoms comprising selected mixed systems. Thisareaislikely to give rise to the discovery of new phenomena, and with its focus on
materials and nanoscale science, can serve to unify many of the objectives of research underway in the various departments at the
IMS.

It has been interesting for me to follow one of the threads that permeates throughout the work of the Department Head that has
served to bridge the gaseous and condensed state. Through comprehensive work on mixed systems, the scientific findings have
provided the scientific community with insights of unprecedented detail concerning bonding and in some cases the existence of
cluster aggregatesthat retain their structure in the condensed phase, and hence influence the properties of the bulk systems. Particularly
enlightening in thisregard are studies of hydrogen bonded mixed systemsinvolving al cohols, and organic acids with water. The new
fundamental studies have unified understandings derived from cluster science, structural considerations, spectroscopic studies and
thermochemistry, and the breadth derived from these findings will provide insights of value in many areas including biochemistry
where hydrogen bonding is central to behavior, and will pave the way for future studies on more biologically relevant molecules.
Equally valuable are studies focused on “soft-hard” and “hard” systems that relate to other aspects of nanoscale science.

During the visit | was informed that consideration is being given to reorganizing the departmental structure of IMS to one that
might have asitsfocus, “ Regions,” perhaps with themes such as: Materials Molecular Science; Photo-molecular Science; Theoretical
and Computational Molecular Science; and Bio and Coordination Compounds Molecular Science. This organizational structure
would be in keeping with the current activities under way at IMS, and would alleviate the problems that presently exist where some
departments are essentially sub-critical in size. In view of the broad interest throughout the world in the field of nanoscience, and the
impressive center already existing at IMS, it will be necessary to retain such a unit title, even if the subject can be easily subsumed
in the Region: Materials Molecular Science.

During the last day, an opportunity arose for me to tour the laboratories of six other professors, two of whom were available for
discussions. Professor Kitagawa described a fascinating aspect of his research having to do with protein molecular recognition/
sensing of small (diatomic) molecules such as CO, NO and O,. Interesting discussions with Professor Matsumoto provided me the
opportunity to learn about an important area of work pertaining to the photochemistry of adsorbates on metal surfaces which heis
probing using ultrafast laser techniques. | was also very pleased to have had an opportunity to tour laboratories dealing with the
interaction of light with gold nanoparticles, the synthesis of gold particles of specific atomic composition and the study of some of
their reactive characteristics, atour of the extremely impressive 920 MHz NMR facility, and one of the nanoscience laboratories
where molecular systems are synthesized and subsequently characterized. Each of the research associates which gave me atour of
these other laboratories, did a splendid job in describing their work and its objectives. It is clear that IMS attracts outstanding
individuals from many scientific fields as assistants, coworkers, and potential future leadersin science.

Another observation | wish to comment about concerns the facilities available at IMS for conducting forefront research, as well
as the high quality research personnel who have such original and innovative ideas to pursue. These factors would seem to position
IMSto be able to continue being one of the leadersin the world in conducting first class science. But this opportunity to stay at the
foreis clearly going to be eroded by the budget situation, and concomitant understaffing. There is an urgent need to increase the

number of both junior as well as senior scientists, as well as research associates and students. It isimperative that the government
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redress this intolerable situation, before the situation of the Institute becomes irreversible. Furthermore, whileiit is admirable for
individualsto interact with industry, and also for the institute to pass on scientific and technological findings that will stimulate new
developments and hence help the nation’s economy;, first class science cannot be accomplished if the institute were to become an
arm of industry, with the motivation for work prompted primarily by industry driven application based research. Care must be taken
that such a situation does not arise.

Aswe both recognize, one of the greatest needs of IMSisto have more highly qualified personnel; especialy significant would
be the acquisition of alarger number of graduate students conducting their research under the direction of your scientific staff
members. | was pleased to learn that the present situation of having too few students may be partially aleviated through a new JSPS
program for students from Asian countries. It may be worthwhile acting on this opportunity immediately by encouraging some of
your more articul ate group leadersto travel to these countries and make contact with prospective candidates. They must be prepared
to convey to them the exciting work in progress and the opportunities available for participating in science at the “ cutting edge.”
After adetailed personal conversation with prospective students, it should be possible to sort out the most promising qualified
candidates.

Another problem you evidently face issimilar to that in the US and el sewhere, namely too littleinterest in the field of science on
the part of the upcoming generation of students. It may be worthwhile to initiate an “outreach program” in which again, your more
articulate group leaders make visits to undergraduate colleges and advanced high schools throughout Japan, giving talks about their
exciting work. Perhapsinvolving some of their teachers in research during school vacation periods might be useful as these faculty
members could end up as valuable ambassadors between their schools and the IMS.

Finally, in response to your wish about possible future areas of research emphasis, in addition to the fields currently being
pursued, | believe the areas of nanoscale materialsinvolving: 1) laying the fundamental science for the design of new heterogeneous
catalysts with selected reactivities; 2) and devising scientific concepts for the formation of materials with desired properties through

cluster assembly, are both research areas worth pursuing.

I hope my observations and comments are of some value to you. | thank you and your scientific staff for the interesting,

informative and friendly interactions during my visit. | look forward to my return visit as councilor in early winter/late fall. Best

wishes for a successful new research year.

Sincerely,

A.WELFORD CASTLEMAN, JR.

Eberly Distinguished Chair in Science

Evan Pugh Professor
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