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During my visit at IMS I met with the six department members and with the president. Beyond discussing the scientific work, I

also attempted to understand if they foresee any important obstacles in their scientific work that can be solved by the Institute’s

management. Hence the following report will have three parts. In the first I will summarize my conclusions/suggestions regarding

the Institute’s policy. I focus on issues that in my opinion can be solved relatively easily. In the second part I relate to the department

as a whole and in the last part I review the individual research groups.
General IMS:
1. Lack of students and postdoc—This problem was raised by all scientists with whom I met and the numbers as presented are

indeed grim. There is some rationale to keep the research group small, so as to encourage collaboration with other research groups
in Japan. However, too-small groups result in wasted resources (expensive equipment not used to its full capacity) and lack of
research requiring investment of much human-time, like synthetic work. It seems reasonable to expect to have 2-3 graduate
students per research group.

I suggest approaching the international community by offering special fellowships to exceptional students/postdoc. It should be
possible to attract students not only from China and India but also from Europe and the US by advertising the excellent equipment
available and the outstanding research performed at IMS.

Access for the international community—It should be possible to hire a few excellent young scientists from abroad as associate-
and full professors. This type of hiring will significantly increase the exposure of IMS to the international community and will
help to expose it also to foreign students and postdocs.

Promoting the scientists—The scientists in IMS are under-appreciated by the international community. They publish papers in
excellent journals but do not get enough recognition in the sharing of prizes, awards efc. I suggest establishing an internal

committee at the IMS that will collect information about possible prizes/awards and submit candidates from IMS for those awards.
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Two facts are immediately apparent when attempting to evaluate the department.

The department can be divided into two groups. The first includes Profs. Toshihiko Yokoyama, Hiroshi Yamamoto, Masahiro
Hiramoto, and Assoc. Prof. Genki Kobayashi. This group performs research of the highest level and indeed publishes in the best
Journals. Before discussing each individual in this group, it is important to emphasize that the research performed by all members
of this group is highly original and can be counted as the type of research performed by the best people in the field. I was impressed
that these people are not affected by coming and going approaches, but rather find their own original way of research. The second
group includes Assoc. Profs. Toshikazu Nakamura and Katsuyuki Nishimura. Both perform research that is concentrated around
the use of top-of-the-line equipment ESR and NMR respectively. In a sense they serve the mission of the IMS in providing access
to top equipment to groups from outside the IMS. Indeed they tend to collaborate with many groups; more details will be provided

below when I discuss each researcher individually.
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ii. The department is too small and several important fields in Material research are missing. Among them, one can mention bio-
mimic materials, oxides research (a subject of importance both in basic and applied research), material synthesis. Of course the
department does not have to include all the topics, but it is important to have variation. Most of the work in the department
emphasizes physical methods and besides the work of Assoc. Prof. Genki Kobayashi, no work on material synthesis is performed.
It is true that some of the missing subjects can be adapted by collaboration with other laboratories, but it is important to have
2-3 people that know the material synthesis community and can help in matching research groups from outside the IMS with

the groups at the department.

In view of the central role Material science is playing in modern science, the department must be strengthened significantly and
its size should be doubled. It is indeed important to keep the high standard of hiring, but it is also important to widen the research
topics. If possible, it will be good to hire people that spend time in leading labs outside Japan, or even foreigners, so that the ties
between the department and the International community will be tightened. In addition, one should consider hiring a theoretician

working on electronic and magnetic properties of materials. Such a theoretician could collaborate with the experimental groups.

Review of the individual research groups
Prof. Toshihiko Yokoyama

The group of Prof. Yokoyama develops novel spectroscopic methods and especially methods aimed for studying magnetic
materials and magnetic films. The research performed by the group is novel and of the highest level. They developed the novel
concept of magnetic nanoscope using ultraviolet magnetic circular dichroism photoelectron emission microscopy, which allows to
perform real-time and ultrafast magnetic imaging. In the spirit of IMS, they constructed x-ray magnetic circular dichroism (XMCD)
system which is used by many researchers, both from Japan and from abroad. The research performed on monolayers of phthalocyanine,
adsorbed on both magnetic and nonmagnetic substrate, is of high quality and ground breaking. The group is also involved in fuel
cell research and applies the experimental methods they developed for this purpose.

In summary, the research performed by this group fulfills the two tasks each research group in IMS should strive for i) developing

new techniques and make them available to the scientific community ii) conducting high-level original research.

Prof. Hiroshi Yamamoto

The group of Prof. Hiroshi Yamamoto works in a new and fast-growing field of organic electronics. They explore new ways to
control electronic and superconducting devices by molecules and the role of molecules themselves as components in electronic
devices. The work performed combines in a very clever way, knowledge of Physics and of Chemistry. The group already succeeded
to demonstrate breakthrough research and has established itself as one of the leading groups in this field, worldwide. The group will

gain greatly from collaboration with a theoretical solid state physics group.

Prof. Masahiro Hiramoto
The group is studying the electronic properties of organic molecules that may be used in photovoltaic devices. Specifically, the
group aims at controlling the band gap in organic semiconductors. This is achieved by first purifying the organic semiconductors

and then doping them with high precision. The research goal is clearly defined and the group established itself in the active community
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of organic electronics. They already demonstrated that their approach is important and may result in new electronic properties. The

group is productive and the work is published in very good journals.

Assoc. Prof. Genki Kobayashi

The research of Genki Kobayashi is centered on synthesizing and measuring the properties of ion conductive material. The
research is going all the way into demonstration of the application of these materials in energy storage and conversion devices. The
research is novel and provides, in my opinion, a breakthrough in material research in general and conductive materials in particular.
Despite the fact that Genki Kobayashi is only at the beginning of his scientific career, he shows maturity and deep insight, typically
seen only at much more experienced scientists. Clearly the work performed is ground-breaking. The work is concentrated on conduction
of hydride ions (H") in oxyhydride. This is a new and a very promising approach. I am sure that any research institute in the world

will be proud to have a person like Assoc. Prof. Genki Kobayashi as its member.

Assoc. Prof. Toshikazu Nakamura

Toshikazu Nakamura studies solid-state materials, such as organic semiconductors and conductors applying magnetic resonance
methods. He is using both pulsed FT-NMR and X and W-band ESR. The equipment is of high standard and enables to perform
interesting studies on organic crystals. In the spirit of the IMS, much of the work is performed in collaboration with other groups in
Japan. Indeed these collaborations result in publications in excellent journals. With the aim of keeping the equipment at IMS the
best possible, one should consider purchasing mm-wave EPR. However, it is important to insure that the equipment will be used

efficiently and this may require hiring more people interested in this type of research.

Assoc. Prof. Katsuyuki Nishimura
Katsuyuki Nishimura research is focused on applying solid state NMR for the characterization of bio-molecules and inorganic
materials. Typically, the projects performed are in collaboration with other research groups, which is in the spirit of IMS. Since the

subject of research is very popular worldwide, the research would gain also from international collaboration.
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Overview of review and of Department

At the invitation of Professor Shinji Saito, I visited the Theoretical and Computational Molecular Science group from March
12-14, 2017 to review the research ongoing in the laboratory. I have visited the IMS on multiple occasions over an extended time,
beginning in the 1980’s when Keiji Morokuma was the founding Director of IMS and Iwao Ohmine was an Associate Professor. I
therefore have a long perspective on the evolution of the researchers and their products in the Department, and I am proud to serve
as a Foreign Councilor at IMS.

From this most recent visit, I have a few general observations to report that were very clear. First, the research now going on at
the IMS is uniformly excellent and represents in every project, research that is of world class. The problems being attacked are at
the frontiers of science and the approaches are cutting edge, as will be discussed further below. I would say that it is only after my

most recent two visits to IMS during the past year that I can make a statement that is this sweeping. The awareness of the research
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that is in competition from other labs and the self-awareness of each individual as a scientist in the broad perspective are outstanding
in every case. The focus is chosen considering a global perspective. Most importantly, the individuals I met with are clearly global
scientists, who are part of the global network of science. This represents an enormous evolution from the early years of IMS and
even a measurable change from other relatively recent visits to the lab. I attribute the attainment of such a high point of success to
outstanding leadership, most recently by Professor Ohmine and Professor Saito, who are themselves truly global scientists. Having
met for the first time with the new Director General, Prof. Kawai, on this visit, I have no doubt that this global perspective will be
reinforced under her exceptional new leadership.

Another particular example of change is the exceptional success in the hiring of Professor Ishizaki under non-traditional terms,
where he could be promoted and also stay at IMS, rather than being required to move to another lab. From my personal view, this
is a very positive opportunity to employ in exceptional cases, in terms of enabling the development of the strongest possible group
of scientists at IMS. I have no doubt that conversations and debates will need to take place to determine the role that such appointments
might make in the future, since it is a departure from a long standing policy aimed at providing a pipeline of molecular science experts
for the nation.

In overview, the topics pursued by the theory group represent an excellent balance across the current frontier topics in the area.
Specifically, there is a strong representation of condensed phase molecular science, including nanoscale materials and biomolecular
systems, of dynamics in general, and of electronic structure theory with advanced applications aimed at developing and testing the
new methods that are opening up access to complex molecular systems at an accurate ab initio correlated electron level. Noticeably
missing are individuals who are making only incremental contributions to problem areas that are largely addressed by earlier work.
This absence shows the strength of the group on an international scale. I would add, with some emphasis, that it would be very
valuable to the group’s national role in setting the standard for theoretical chemistry in Japan, if the group were able to identify and
hire one or more female scientists in this field at the Assistant and Associate level. This would be fully in accord with the historical

national leadership role of IMS.

Individual research faculty members
Professor Shinji Saito:

Having known of Professor Saito’s work in molecular spectroscopy since he joined IMS, I was particularly excited to hear of
his new work that supplements in a healthy way his continuing focus, and recognized leadership contributions, in the area of nonlinear
spectra and underlying dynamics. Specifically, his new work on the dynamics of proteins and new formal approaches to the analysis

of those dynamics represent a quite interesting and creative new branch of his portfolio and represents a growth in impact.

Assoc. Professor Katsuyuki Nobusada:

The work of Professor Nobusada was, perhaps, that which excited me most in recent visits to IMS, although we were not able
to meet on this visit. This is largely because of my own research interests. It is also because I believe that his efforts to develop a
complete description of nanophotonics for realistically modeled systems are very distinctive within chemical theory and computational
researchers. Because I am particularly exposed to experimental research in this area at Rice University, I am also quite certain that
the target area that he has chosen is a highly active one among experimentalists currently. Hence, I especially commend his work

for its relevance and likely impact in areas such as catalysis, in addition to the quality of the theory.
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Assoc. Professor Takeshi Yanai:

After a period of relatively low excitement in the broad community about research in computational electronic structure, recent
years have seen a number of hires of faculty who are focused on developing new methods which may be able to address the correlated
electron problem robustly and with high accuracy while also accessing larger systems that have been inaccessible via traditional
methods such as coupled cluster. My judgment is that Dr. Yanai’s work is very well placed in the development of electronic methods

and that his work is competitive on a global scale.

Professor Masahiro Ehara:

Professor Ehara has been remarkably productive in applying electronic structure methods to true chemistry problems of widely
accepted importance. His range of applications is quite amazing, ranging from dyes to nanocarbon materials to light-driven catalysts.
His recent work on the structure of multimetallic clusters is very relevant to experimental studies on new catalysts and also electron
transfer proteins. The fact that he has been able to address quite large systems, including excited states, with methods of acceptable
accuracy is an impressive demonstration of the capacity of the methods when implemented by an expert. This work is clearly at the

leading edge of what can be done in applications to real chemistry.

Associate Professor Hisashi Okumura:

I found the discussion of Professor Okumura’s research quite exciting. While the problem of AP peptide aggregation seems to
be on the agenda of a large number of computational chemists, I found the work of Dr. Okumura to be refreshing in at least two
ways: First, he is developing novel simulation methodologies for attack on the problem and these seem to be quite effective. Second,
his work is yielding answers on mechanisms, rather than simply ideas of what might be important. Hence, he impressed me as one
of the leading computational individuals in the area of biomolecular self-assembly. He had made substantial progress on both new
methods and applications in the brief year since we had spoken previously. His program is well-focused, well aimed, and diverse

enough to continue growing effectively.

Professor Akihito Ishizaki:

This was my second meeting with Professor Ishizaki, although I knew of his work that preceded his joining IMS and of his strong
reputation. I enjoyed the encounter: He is a very energetic and knowledgeable scientist, and he is working on problems in quantum
dynamics that are at the frontiers, including issues of quantum coherence and of exciton transport and decay. His methodologies are
quite current, so that he is clearly competitive with the best scientists anywhere who are addressing similar problems. His latest work
attempting to fully account for the coupling of the molecular environment with excitonic dynamics is directed well in terms of the
likely evolution of his research area. His most recent work on exciton dissociation in green plants is an exciting area that promises

to make important contact between biological and synthetic materials systems, a relatively undeveloped aspect.

Research Assoc. Professor Yutaka Shikano:
Having worked myself in the area of coherent quantum dynamics, I am relatively familiar with the style of physics research of
central interest to Professor Shikano. To analyze in detail the quantum dynamics of model Hamiltonians can produce deep insight

into the basic physics. However, in my view, it is largely separate from the current focus of molecular science. Hence, his work is
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very valuable in a broad scientific context, but his contributions have been less connected to those of his colleagues in the Department.
This view seems to be accepted by all concerned, including Professor Shikano. I learned during the review that he will be leaving
the theory group of IMS soon to join Physics at the University of Tokyo. This is an excellent and constructive move for him, and

the move continues the role of IMS in successfully developing talent that impacts the nation.

I would like to specifically highlight that the following comments are on the theoretical researchers whom I met for the first time

on this visit:

Research Associate Professor Takatoshi Fujita:

Prof. Fujita is clearly a very accomplished young scientist, with an outstanding command of the most modern tools for computational
modeling of optoelectronic properties of molecular aggregates, including organic semiconductors. The work he is doing is of first
class quality. While this work is excellent and certainly internationally competitive, the molecular problems that he is focusing on
in the implementation phase of his work, largely light harvesting systems, are also those that are directly in the areas of many senior
researchers. I expect that after fully establishing himself at IMS, he will turn to problems that might distinguish him more from the

“crowd,” such as design of synthetic molecular mimic systems. That would be a boost to his impact and reputation.

Research Associate Professor Kei-ichi Okazaki:

Prof. Okazaki is using state-of-the-art methods to tackle the mechanisms of very complex biomolecular systems. He has trained
with the very best in the world, and he is focused on several cutting edge problems in biophysics. Each of these is a very worthy
pursuit and each of these has ample room for entry of a new researcher. His work in the area of molecular machines is in a “hot”
area, and his use of coarse-grained models is well structured. His work on understanding single molecule data is an essential element
for working with the leading experimentalists in this area. I found his work on membrane remodeling by proteins to be especially
well chosen and original. I believe that this area has, perhaps, the greatest opportunity for both individual growth and impact on

science internationally.

Finally, I also met with two experimental groups of special personal interest for my research:

Professor Masahiro Hiramoto [Materials Molecular Science]:

I was fascinated to learn of Prof. Hiramoto’s work on doping of organic semi-conducting organic materials for “plastic” solar
cells. This is a phenomenon often viewed as inaccessible in organics, although it is the most essential aspect of conventional (e.g.,
Si-based) semiconductors. His research demonstrates clearly that doping can be effectively carried out. The experimental work is
extensive, carefully executed, and highly original. I found it both very interesting and potentially quite relevant for future practical

implementations.

Professor Satoshi Kera [Photo-Molecular Science]:

Prof. Kera’s work using photoelectron spectroscopy to understand organic films is at the cutting edge. The approach is now able

to reveal very detailed electronic maps of molecular interfaces. I found his efforts to map out molecule-surface interactions, the
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consequent impact on electronic structure, and the signatures of specific molecular structure on surfaces to be exceedingly well
focused on specific questions of interest that can be answered quantitatively and definitively by PES. His work compares well with

his global community and contributes important insights in the very active materials area of molecular films.
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