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IMSreport

I visited IMS on 25-27 February 2015, and met with academic staff members. | also visited several laboratories, research centers
and facilities.

The research groups with whom I met were all involved in the science and application of molecules. In all cases the standard of
work was excellent. Projects are often led by creative young researchers who are set to make a mark on their respective fields. Further,
the range of expertise available across the institute makes it possible to address significant questions in both science and technology
that demand multiple areas of knowledge, skills and technology. This is a feature | noted strongly in the groups with which I interacted
on this visit, and the ability of IMS to support cross-disciplinary work of this kind is commendable.

One of the points | spent some time discussing with each group was their perception of their position of their projects with respect
to international competition: who are their main competitors around the world and what are their unique advantages? How has this
impacted the way in which the IMS researchers approach their projects? How will they frame their strategies in light of this competition?

| was interested to probe what these researchers felt about sustaining and growing the excellence of research activity at IMS in
the face of strong and growing research capabilities across the world. Overall, most academics were able to identify some aspect of
their expertise that was different from competitors, and which gave them an area in which they were among the leading groups in
the world. Similarly, they were clear which areas were stronger elsewhere, and which areas or methods they did not try to compete
against. There was a good awareness of the international agenda and activity in which IMS research took place.

Generally there was a sense that the groups could have a larger impact if they were larger — there were, as is common, many
more problems of interest to address than the personnel to address them. An expansion of groups by adding fixed-term postdoctoral
researchers and graduate students should be explored.

Nonetheless, the constraints on personnel does appear in many cases to have steered groups to seek collaborations that brought
together expertise outside that available in any one group. This has broadened the range of research questions that can be addressed

and has led to some very fruitful research. Perhaps this is a positive feature of the small number of academic staff per group.

Visitsto other Institutes, Centersand Facilities

The IMS approach of providing capacity and capability beyond what is feasible for any one group is also commendable. During
my visit | went to another NINS institute in Okazaki, a collaborative research center and an IMS research facility.

Okazaki Institute for Integrative Bioscience (OlIB) represents an outstanding facility for interdisciplinary research, bringing
together scientists from across the NINS consortium in a single building with a broad mission and state-of-the art equipment to
provide an environment that enables broad questions across all of biosciences, from neuroscience to medicinal chemistry. Appointments
of researchers to the OIIB (with a substantive appointment in an Institute) is the right way to bring together different areas of research.
The work undertaken there is exceptional in its scope and breadth. Nonetheless, it would be useful to consider how stronger ties
could be made between the OlIB and the Institutes themselves, thereby raising awareness of new questions and new ideas and enabling

wider cross-fertilization.
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UVSOR Facility of IMS provides an exceptional internationally competitive facility with capabilities that attract researchers
from around the world. Prof. Kosugi has cleverly positioned the facility so that it occupies a unique set of features — such as beam
brightness in the low photon energy range below 100 eV — that set it apart from other facilities around the world.

The colocation of the National Institute for Physiological Sciences likewise provides an impressive array of research capabilities

for neurosciences, bioinformatics and physiology. Some of these areas have opportunities for greater collaboration with IMS research,
providing new applications for research expertise in the latter. The physical proximity of the two institutes should reduce the barriers
for novel interdisciplinary research. It would be interesting to consider possibilities to explore ways in which these could be identified

and prioritized—perhaps by a joint workshop or series of inter-institute talks.

Meetingswith IM S Research Staff
Takeshi Yanai / Yuki Kurashige

The research undertaken by this group, one of a few theory groups in the quantum chemistry at IMS, is directed towards the
numerical modelling of many body electron effects in large molecules. The study of strong correlations for determining the macroscopic
properties of materials is a broad field, from high-energy physics, to condensed matter physics, to chemistry, biochemistry and
materials science. This team has developed an approach that combines several state of the art techniques—DMRG and perturbation
theory—that has enabled them to solve several important problems, in biocatalysis, charge transport in photosystem Il and the
oxidation states of cluster-bound Mn.

The work of this team shows how expertise in computing and in chemistry is able to advance significantly the state of the art
with respect to computing the structure and hence the properties of molecules. The codes they develop are put into the public domain,
along with the methodology and applications, which are published in high-quality journals, such as JCP and JACS

The pair have a broad range of collaborators with leading groups worldwide, including at IMS, deriving from (a) the availability

of the computer code and (b) their own demonstrations of its capability for solving important problems.

Hiroshi Yamamoto

Prof. Yamamoto’s research in molecular electronics—in particular the study of organic FETs based on the Mott effect is unique
and high profile. His technique of inducing superconductivity by means of applied fields to remove electrons from a Mott insulating
state in order to provide conduction pathways, yielding a very rapid, low-switching-energy transistor based on a metal to insulator
transition. There is great potential for application of such work in ultra-high-speed computers, which have a long history in Japan.

This work epitomises how physics, chemistry and engineering are brought together to deliver a potentially revolutionary technology,
based on a deep understanding of the fundamental properties of quantum materials. Prof. Yamamoto has used this to frame a compelling
vision for improving materials of organic semiconductors, which provides his international competitive edge, to enable metal—insulator

transition at room temperature. This would be the basis of a revolutionary technology, which IMS should be in a position to capture.

Kiyohisa Tanaka
Prof. Tanaka’s group has established a strong ARPES capability at IMS, marrying this with the in-house synchrotron to enable
spin-resolved photoelectron spectra with greatly improved sensitivity (by means of iron-based detectors and new spectrometer slit

design). Prof. Tanaka’s responsibility for maintaining the beamline capability for users means that he is able to implement state of
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the art technology for this important low energy probe of materials. Building on UVSOR capabilities, this provides IMS with a
world-leading experimental method for photons with <100eV energy, using an exceptionally bright source.

Prof. Tanaka uses the ability of ARPES to directly measure electronic bandstructure at surfaces to study charge transfer in
molecular materials. His plan is to make use of the spin-resolution to explore systems relevant to spintronics, such as topological
insulators, by probing the distortions of the Fermi surface.

The international competition in this area is naturally sparse, since UVSOR occupies a unique position in the synchrotron
community. Groups at Hiroshima and Stanford are the main rivals, but IMS has the source brightness at low photon energies that

make the Institute’s competitive edge strong.

Satoshi Kera

This group’s research on functional properties of organic materials is a recent addition to the IMS portfolio. It brings additional
capabilities for the study of materials on surfaces that utilise the strengths of UVSOR.

Prof. Kera’s vision is bold: a new “textbook” for molecular semiconductors, which will enable their unique properties of flexibility
and printability to be better exploited, especially if the carrier mobility can be increased. To this end, his recent work on the origin
of conductivity in organic semiconductors has shed light on what limits this and thus to how it might be improved.

International competition is focussed in Germany, which has a leading position in this area. However, the unique features of
high-resolution UV photoelectron spectroscopy together with a strong collaborative theory effort provide the group with a unique
position that they can use to advantage.

Prof. Kera has kept a visiting professorial appointment at Chiba, which helps to attract graduate students. Nonetheless, this is an

experimental group where increased numbers of personnel will be important to drive forward research in the face of strong competition.

Ryota lino

Molecular motors are a hot topic in biophysics, and Prof. lino’s research has shed light on the mechanisms of operation that are
having a wide impact on the field. He has pioneered a technique of attaching small particles to the molecules, and using light scattering
to image the motion directly with very high precision (to better than 1 nm in fact). His innovation of using gold particle means that
he can study much higher rotation speeds, since the inertia of the particules is much lower than plastic beads. By this means he has
show how the coordinated motion of the “stator” units in the motor delivers unidirectional rotation even in a warm biologically
relevant environment. He has recently applied similar technique to linear motors (kinesin) in order to understand why the molecular
motion is in one direction only.

His vision is also ambitious: to understand fully the operating mechanism of molecular motors and machines: to develop new
kinds of linear motors, based on a fundamentally different fuel; design and build new kinds of molecular machines, such as a hybrid
carbon nanotube rotors matched to molecular stators.

International competition is primarily in Japan and Europe, with some work on the linear motors in the USA. The unique ability
to attach Au nanoparticle probes, which, when combined with a novel dark-field imaging methods, leads to high spectral and temporal
resolution provides a competitive advantage for the time being. Collaborations are mainly in Japan, in structural analysis and modeling.

This group could also speed up its rate of research if it were larger. This would provide resources to work on more types of

molecular machines, thereby maintaining the strong international position it currently holds.
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Akihito Ishizaki

This young theorist, recently appointed to IMS, brings world-leading profile in the modelling of the transport of excitations
within biomolecules, especially between the special pair and the reaction center in photosynthetic complexes. This transfer is an
essential precursor to charge separation and the efficiency and speed of transport have garnered significant attention in the past decade
because it appears that quantum interference may play a role in delivering the favourable properties of these transfer dynamics.

Dr. Ishizaki’s new areas of interest in excitation/charge transfer are to elucidate the regulatory mechanisms in photosynthesis (in
particular PS I1) and explore adiabatic quantum chemical dynamics such as charge transfer at conical intersections.

There is strong international competition in this area from the US and Europe (e.g. Whaley, Mukamel, Ronge, Castro and Plenio).
Prof. Ishizaki has worked with many of these groups in the past, with particularly strong connections to Graham Fleming’s group.
Therefore his unique expertise for calculating accurately complex quantum dynamics using statistical mechanics is well known to

leading global researchers and offers new opportunities for collaboration with experiment.
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Report to the Director General, Institute for Molecular Science
March 2014 visit of

Prof. Thomas V. O’Halloran, Foreign Councilor

This report for the Director General of the Institute for Molecular Science (IMS) summarizes my findings after a visit from March
24-26, 2014. On this first visit, | toured the research facilities and met with the faculty group leaders as described below. | spent time
with each individual and received updates on the status of their individual research programs. In addition, | examined larger team-
science projects like the Orion Project in the Okazaki Institute for Integrative Bioscience, the Research Center of Integrative Molecular
Systems, the Department of Life and Coordination-Complex Molecular Science and the UVSOR. In this advisory document |
summarize my own impressions and provide comments concerning strengths and challenges faced by the Institute in its ambitious
plan to be a world leading site for molecular sciences from materials to life.

It is clear from the 39 year history of the IMS that it has steadily fostered some of the most talented entry level chemists and
physical scientists in Japan as they begin independent careers. Many of these scientists have gone on to become scholars in the
Imperial Universities and several have emerged as key international thought leaders in areas where there is a convergence of molecular
theory and precise experimental methods. Dr. Ohmine has done a superb job of guiding the IMS though some important transitions
as it approaches its 401 anniversary: seven of the Institute’s eighteen professors retired in 2011 ~ 2014. The complexity is also a
great opportunity and the Institute is now stepping up to meet new challenges at the interface between theory and high-precision
experimental science. | am quite impressed by the direction and momentum in the following areas: understanding the molecular basis
of energy conversion, exploiting the inorganic basis of life processes, articulating and developing new materials, and establishing
the temporal basis information exchange in complex molecular systems.

I am deeply impressed by the strong scientific accomplishments (in terms both of numbers and impact of publications), the
significant societal impact, the overall organization and administration of IMS. This Institute supports a diverse array of cutting-edge
research missions such as understanding and improving the physical properties of materials involved in catalysis, solar energy
conversion, biophysics, reaction mechanisms of metalloenzymes and the molecular nature of biological clocks. While the primary
driving force for the Institute is to understand the molecular basis of very fundamental processes, most of the team leaders have a
strong predilection to seek applications of their findings to pressing technological problems, and they are making important contributions
in several of these areas. The significant breadth of topic areas and approaches is a strength of the Institute and the research activities
are well coordinated across departments. There was clear evidence of a highly supportive core facility infrastructure as well as
moderate interaction between groups that have allied methods approaches and goals.

I was also impressed by the progress and contributions to the literature from the larger teams (i.e. Orion Project) as well as the
smaller groups alike. | do not find that group size correlates with the ability of an Investigator to achieve a highly creative endpoint.
The examples of Professor Murahashi and Aono reveal the strong potential and impact of small groups. Thus the concept that there
must be a specific mass necessary for progress does not seem to be an essential criterion for evaluating success: some individuals
will be better running small teams and others running large teams. Having said this, a major limitation that most of the Investigators

at the IMS face is the relatively small pool of talented graduate students.
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In terms of targets as the IMS faces for growth and improvement, many of the faculty | met with would have a higher impact on
their field if they had access to an additional foreign and Japanese graduate students, either from the Sokendai Graduate School, from
Nagoya University or from other partnerships. This is an important issue for the IMS and may have an impact on the successful
exiting trajectory of current faculty and the future recruitment of young faculty.

Finally, the IMS has played a central role in nurturing some of the most talented physical chemists in the world and it may have
role in addressing a pressing need recently identified by Prime Minister Shinzo Abe and discussed shortly after my visit in the March
29, 2014 issue of The Economist: i.e. how to bring a significantly higher percentage of women into the national work force. The
IMS’s mission and its proven track record of fostering the careers of talented academics at early stage in their career might provide
a starting point for a new program to facilitate the recruitment of outstanding female scientists at both the Assistant and Associate
Professor levels.

This is not a challenge faced by Japan alone: physical science departments in leading academic institutions across Europe, and
to a significant extent in the US as well, struggle with this same challenge: while many female PhD students compete well and excel
in the best graduate programs, the percentage of women who go on to take academic appointments as assistant professors is not
commensurate. Thus a good deal of scientific capital and creative talent goes untapped. Each country faces different cultural hurdles
in optimizing the recruitment of the most talented members of society, but it seems to me that the unique history and widely recognized
international strengths of the IMS provide a real opportunity for significant impact on this nationwide challenge. There is nota simple
way to address this but | would be happy to discuss how some leading European and US Institutes are making innovate experiments

in how to meet this challenge.

Individual M eeting Summaries

S. Masaoka—Division of Functional Coordination Chemistry

Shigeyuki Masaoka is an Associate Professor working on the development of functional metal complexes for artificial
photosynthesis. His group is interested in artificial solar energy conversion and storage. In addition to Masaoka, the group consists
of one assistant professor, a postdoctoral fellow, several graduate students and a number of research technicians. Masaoka’s work on
electrochemical water oxidation and oxygen activation chemistry using mononuclear Ruthenium/pyridine complexes is elegant and
mechanistically sound. In other project areas there is clear progress in understanding and assembling coherent bi-functional and
multi-component complexes that can carry out multiple electron transfer reactions with donors and specific redox partners. The
challenge is that these coordination polymers must have the appropriate mixture of first, second and third row transition metals built

into appropriately inert scaffold that provides access to the target redox partners. Masaoka is on the right path.

Y. Furutani—Division of Biomolecular Sensing Division

Yuji Furutani work on molecular mechanisms of transporters and receptors in membranes is really at the cutting edge of precise
ion flux measurements in complex molecular systems. His use of stimulus-induced difference infrared spectroscopy provides a
sensitive probe of the structural and environmental changes of organic and bio-molecules. The group is relatively small and consists

of two assistant professors and a graduate student.
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K. Kato—Orion Project—-Okazaki I nstitute for Integrative Bioscience—Division of Biomolecular Functions

Professor Kato has assembled a large team to evaluate dynamical structures of biological macromolecules and their complexes
at the atomic level, using NMR spectroscopy along with other biophysical, biochemical and molecular biology techniques. His team
includes several IMS Fellows, two postdoctoral fellows, more than 8 graduate students and several technical fellows. His strong

relationship with Nagoya City University serves the mission of this institute quite well.

T. Murahashi—Division of Functional Molecular Systems

The Murahashi leads a smaller group which includes an assistant professor, an IMS fellow, a visiting scientist and several graduate
students. The focus of their research is on a new class of transition metal complexes and their work has led to inventive new approaches
to synthetic inorganic and organometallic chemistry. His group’s research in the chemistry of multinuclear sandwich complexes is
highly regarded and his discoveries concerning reaction mechanism and redox chemistry of highly reactive Pd—Pd complexes has
served as the basis for the discovery and development of whole new classes of materials that have intriguing and promising properties.
The discovery and characterization of a large number of these new stable multinuclear sandwich complexes has important implications
in a number of areas and may lead to entirely new classes of polymers. This is a good example of how small research groups can
provide cutting edge breakthroughs even though they are not highly integrated into a larger group. Sometimes creative new avenues
are best opened up by a few individuals. This being said, it seems that Murahashi has highly creative streak and that if he had access

to additional graduate students, he would make progress in a number of additional areas.

H. Sakurai—Division of Functional Molecular Systems

The Sakurai group’s focus on the understanding and manipulating the chemistry of bowl-shaped aromatic compounds (buckybowls)
and metal nanoclusters has lead to new insights into novel electronic structures and catalytic compounds. Unlike a good deal of the
published ‘nano’ chemistry, work from the Sakurai group has led to robust synthetic protocols and well characterized materials. This

is one of the larger groups consists of numerous postdoctoral fellows, graduate students and visiting scientists.

S. Aono—Division of Biomolecular Functions

Aono’s work on gas sensing metalloproteins which regulate the cellular biosynthetic/transcriptional apparatus has led to the
discovery that the oxidation state of the metal heme center is the key to information transfer. This is a smaller research group that
applies a wide array of very precise spectroscopic measurements and structural methods to understand the molecular mechanisms
of metal-containing sensor site in these proteins. Aono’s team has expertise in theory and precise molecular measurements and their
work has important implications for understanding the molecular mechanisms in several tropical diseases as well as very fundamental
mechanisms of heme metabolism. Given the importance of inorganic materials being developed across the IMS to improve energy
conversion and understand dynamic features of information transfer, further work in the area of inorganic chemistry of life appears

to be a growth area as the Institute considers future priorities.

S. Akiyama—Research Center of Integrative Molecular Systems—Division of Trans-hierachical Molecular Systems

Professor Akiyama has rapidly built a most impressive trans-disciplinary research operation focusing on establishing the molecular

machinery that regulates the 24 hour period of biochemical activity in photosynthetic bacteria. This is perhaps some of the most
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impressive experimental work going on at the interface of physical science and biomolecular assemblies in the world. ‘Clock’ genes
are being cloned and characterized in many systems and this progress has been critical to understanding a great deal of microbial
and mammalian physiology; however, there is little consensus on ANY molecular mechanism for how a biological clock might
actually work! Akiyama’s studies of the ‘cyanobacterial clock’ proteins is impressive and in my opinion, on the right track. His work
is visible and well known around the world... and there is a good deal of anticipation of what kind of mechanism his precise molecular

studies will support.

D. Jiang—Division of Molecular Functions

Prof. Jiang work on the design, synthesis and development of porous, ordered, polymer frameworks is elegant. The group is a
healthy size with several IMS Fellows and a number of graduate students. This team is quite productive and publishes in the best
journals in the field on several platforms: two-dimensional polymers, covalent organic frameworks and microporous polymers. These

provide a base for a number of interesting applications.

T. Suzuki—Division of Functional Molecular Systems
Prof. Suzuki directs a small research group that focuses on development of organic semiconductors for molecular thin-film
devices. This work is outside of my expertise and | found it difficult to follow Suzuki’s presentation. | was impressed by the combination

of synthetic prowess and spectroscopic characterization.

Y. Uozumi—Division of Complex Catalysis
I was not able to meet with Prof. Uozumi to hear about his current work on heterogeneous catalytic systems for organic

transformations in water.

UVSOR-Ultraviolet Synchrotron Radiation
Operational since 1983, it is the brightest in the world among low energy synchrotron light sources. The time is near for an
upgrade, but unfortunately I am not familiar enough with the user community’s experimental needs in terms of low energy synchrotron

applications.
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