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To: Hiroki Nakamura, Director-General of IMS
From: William H. Miller, Kenneth S. Pitzer Distinguished Professor of Chemistry, University of California, Berkeley, and Foreign
Councillor to IMS

Subject: Report of my review visit to IMS, February 9, 2009

My review visit began with a presentation by the Director-General of IMS giving an overview of the entire structure and mission
of IMS. He emphasized the unique role of an “Inter-university Research Institute,” namely to carry out research at the very highest
level and also to provide unique state-of-the-art facilities for use by researchers throughout Japan, facilities that would be impractical
for any one institution to support. He also reviewed the “Basic Policies of IMS,” new initiatives that are underway, and also the
potential problems he sees for the future. | then heard summary presentations from leaders in all four Departments of IMS, and had

a brief tour of the major facilities that IMS provides and supports for extramural researchers.

Before commenting on specific programs, let me make a few observations that are relevant to IMS in general:

1. By all measures, IMS has been an enormous success. The faculty do indeed have world class research programs in a wide variety
of areas of molecular science, and IMS provides and maintains some of the most outstanding facilities in existence (e.g., the 920

MHz NMR spectrometer) for use by researchers nationwide.

2. IMS has made excellent decisions in its hiring of young faculty, as is evidenced by the success these persons have had in obtaining
senior faculty positions at other institutions after their time at IMS. By recruiting the most promising young faculty, who then move
on, itallows IMS to always stay at the forefront on new developments in the field. This model is continuing to serve IMS, and Japanese

science in general, very effectively.

3. Though I am more familiar with the theoretical programs at IMS, | was impressed by the high quality and originality of the
experimental programs, especially given the fact that each principal investigator typically has only 2 or 3 co-workers in his group.
Small research groups are typical (and usually no hindrance) for theoretical research programs, but modern sophisticated experimental
research usually takes place in considerably larger research groups. As a consequence, it appears that the experimental faculty at IMS
do not try to do “everything” but rather to concentrate on highly original and novel projects. This emphasis on “quality over quantity”
may actually have more impact in the scientific community over time (and I note that the “quantity” of research, i.e., productivity,

is certainly not lacking).

4. | sympathize with the problems that “privatization” has brought to IMS, but am afraid that such trends are a worldwide phenomenon

and not going to diminish. Funding sources (i.e., governments) want to see scientific efforts focused on practical societal needs, such

as developing new sources of energy that are clean and economically viable. Fortunately, molecular science is better positioned to
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deal with these real world problems than most other areas of science, but it does make it more difficult to support work that cannot
be clearly identified with these specific goals. Perhaps the best that any of us can do, in each of our countries, is to continue to make
the case that developing improved fundamental methodologies, both experimental and theoretical, is crucial to making progress on

all of these applied problems of interest.

In light of Professor Laubereau’s very thorough discussion of IMS’s experimental programs, | will confine my specific remarks
to the presentations made regarding the theoretical programs. | reviewed the Department of Theoretical and Computational Molecular

Science in detail last year, so there is not much to add in that regard.

The new addition to the faculty since my last report, Professor M. Ehara, gave a presentation of his research program: It involves
the development of accurate new ways for calculating electronically excited states of molecules, and a variety of applications of these
methods to complex molecular systems. Dynamics involving electronically excited states is central to many areas of chemistry, and
accurate treatments of these states has been relatively neglected (because of the extra difficulty). This is thus an important direction

for research and an excellent example of combining fundamental methodological research with very significant applications.

Professor F. Hirata then gave a presentation describing the “Next Generation Supercomputer Project.” | am delighted to see that
Japan is pursuing this program and hope it will inspire similar efforts in my country. Science worldwide now relies heavily on
computer simulation to guide and interpret all types of experiments, so increased computational power will be welcomed by all. As
noted, though, even a 10 petaflop computer will only increase present capabilities by a factor of ~100, so improved theoretical
methodologies will still be extremely important for dealing with the complex molecular processes involved in nanomaterials,

biomolecular processes, and new sources of clean energy.

Prof. M. Ehara gave an excellent overview of the program of the Research Center for Computational Science. It seems that there
are two classes of users for which this center is crucial: One is the casual user, e.g., an experimental group that wishes to carry out
some electronic structure calculations, using standard program packages, in order to interpret their data; it is not practical for them
to have and maintain there own computational facilities for this, and they also often need some guidance in using the theoretical
software. The other class of user is typically a theoretical group that wishes to carry out exploratory calculations of the most challenging
nature that are only feasible on the most powerful computing facilities in existence, far beyond the facilities they may have available
within their own group. Recognizing this, the Center chooses (by review committee) a small number of “S Class” projects for which
massive amounts of time and storage are made available for these most challenging calculations. But the bulk of the resources are
still made available to “casual” users. | believe this is a wise policy: Using this resource to carry out calculations that could not
otherwise be done, while at the same time fulfilling the mission of providing state-of-the-art computational capabilities to the broader

community.

Overall, the theoretical program at IMS remains strong, varied, and focused new directions in the field. My only recommendation

is to “keep up the good work™!
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Director-General Hiroki Nakamura

Institute for Molecular Science

Okazaki, Japan

Report
of my visit of the Institute for Molecular Science (IMS), March 2-3, 2009

My visit of the Institute for Molecular Science was carried out on March 2-3 and started with an overview given by the Director-
General Professor H. Nakamura and further oral contributions of four leading scientists of the Departments. In his presentation the
Director-General provided highly interesting information on the National Institutes of Natural Sciences in Japan and the important
role of the IMS as an Inter-University Research Institute supporting pioneering research issues, promoting academic research by a
domestic joint study program and offering the joint use of large-scale facilities for leading researchers throughout Japan. A discussion
of the structure of the IMS followed that consists of four departments and seven research facilities including a technical division.
The recent reorganization obviously has improved the collaboration among internal groups of the institute. Prof. Nakamura pointed
out the wide-spread research goals of the IMS with special research programs and summarized some highlights achieved by the

institute.
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The concept of the Inter-University Research Institute as demonstrated by the IMS is convincing and promotes first class research
by intensified collaborations. It optimizes the efficient use of the limited resources by facilitating the access to expensive instrumentation
like the 920-MHz NMR instrument. The IMS is also well integrated in international research programs. The improved link to
universities has a potential to compensate for the relative smallness of the individual groups of the IMS. This point will require further

inspection in the future.

Summaries of the research program were outlined in presentations for the following departments:
Photo-molecular Science, Prof. Hiromi Okamoto,
Materials Molecular Science, Prof. Toshihiko Yokoyama,
Life and Coordination-Complex Molecular Science, Prof. Tsuneo Urisu

and the UVSOR Facility, Prof. Masahiro Katoh.

The available time of my visit did not allow me to get into contact with all research groups. My report is focussed on the
departments mentioned above and does not comprise the full range of research activities of the IMS. As an experimentalist the visit
of the Department of Theoretical and Computational Molecular Science was kept short and does not allow me to give useful comments,
although my general impression was extremely positive. In total | had meetings with 12 group leaders supplemented by a workshop
with short presentations of four younger researchers of the Department of Photomolecular Science. The informal interviews with the
group leaders and the workshop provided detailed insight into first-rank research results and present activities. The discussions also
included possible limitations imposed by available space, funds and manpower. | could also see several labs and the UVSOR facility
where substantial progress was achieved since my previous visit. An exceptional level of expertise was demonstrated in the discussions

and by the quality of the acquired and self-built instrumentation.

Department of Photo-Molecular Science

The department is organized in four divisions, three of which I could visit.

In the Division of Photo-Molecular Science | directed by Prof. H. Okamoto novel optical properties and optical control of nano-
structured materials are studied by scanning near-field spectroscopy with femtosecond laser pulses, providing spatial, spectroscopic
and temporal resolution. The experimental techniques include conventional near-field microscopy, one- and two-photon induced
luminescence, surface-enhanced Raman scattering and ultrafast transmission measurements providing state-of-the-art images of
nanoplatelets, -rods and other structures with a spatial resolution of 50 nm and dynamical information on a 100-fs time scale. Inventive
studies of the local, temporal and spectral properties were performed in collaboration with Prof. K. Imura for various metal nanoparticle
systems and molecular assemblies, providing important information on the spatial coherence of surface excitations allowing to
determine the wavefunctions of plasmon resonances of mesoscopic metals. Examples are chemically synthesized gold and silver
nanorods and gold nanoplatelets. Near field transmission images were obtained of longitudinal plasmon resonances in excellent
agreement with calculated local state densities. The time resolved pump-probe measurements revealed that the electron temperature
of the gold nanorods was increased by the near-infrared excitation pulse inducing spectral shifts. The work has been also extended
to molecular nanowires observing longitudinal propagation of the optical excitations. The results are excellent and provide a basis

for the future development of quantum optical wires and integrated plasmonic systems in the field of quantum computing.
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In the Division of Photo-Molecular Science | the group guided by Professor Y. Oshima has been developing methods for the
quantum state manipulation of molecules by ultrashort laser. Current activities are focussed on nuclear motions, i.e. rotational and
low-frequency vibrational wave packets. In this work non-adiabatic molecular alignment was achieved and the corresponding
generation of the distribution of rotational states demonstrated for molecules in the supersonic expansion using resonantly enhanced
multiphoton ionization. In collaboration with Prof. H. Hasegawa the method was very recently applied to benzene cooled adiabatically
to 0.5 K. Using 150 fs laser pulses at 810 nm at an intensity level of 2.2 TW/cm? nonresonant rotational excitation up to J = 10 was
achieved. Information on the phases of the rotational states of benzene was accomplished by an additional, delayed replica of the
laser pulse and measuring the resulting modulation of the state populations. By comparison with numerical simulations the generated
rotational wave packets could be reconstructed. An extension of the technique to nonadiabatic vibrational excitation is under the way.

The novel investigations pave the way for fully state-resolved measurements of chemical reaction dynamics.

In the Division of Photomolecular Science Il high-precision coherent control is investigated as a necessary prerequisite for novel
quantum technologies, e.g. for governing the pathways of photochemical reactions. The group of Professor Kenji Ohmori has
developed a novel wavepacket interferometry with remarkable results on phase-controlled interferences of vibrational wave-packets
in small molecules studied in the supersonic expansion. Attosecond time resolution is achieved using highly reproducible femtosecond
laser pulses in combination with a special, ultra-stable Michelson interferometer that generates the phase-controlled linear superposition
of two excitation pulses. The well-defined phase relation of the pulse pair is transferred to the vibronic excitation of the molecules
generating quantum interferences. An example is iodine, yielding both the amplitude and phase information of the wave function of
the molecular ensemble. By the help of an additional probing pulse space-time images of the quantum interferences were achieved
by a collaboration of Profs. K. Ohmori and H. Katsuki very recently. Picometer and femtosecond resolutions were demonstrated for
the measured vibronic wavepacket motions of I,. The interference patterns observed with this new technique were termed “quantum
carpets.” By the help of simulations the potential curve of an excited electronic state of the molecule could be reconstructed. The

work of the group is particularly significant, e.g. for potential applications in quantum computing and other quantum technologies.

In the Division of Photo-Molecular Science 111 molecular dynamics in intense laser fields is the headline for the research of Prof.
A. Hishikawa, studying atoms and molecules with sub-10-fs laser pulses in the range of 101> W/cm?2. Under such extreme conditions
the external laser field is comparable with the internal Coulomb field of the molecules leading to new phenomena, e.g. Coulomb
explosion. The highly charged ions formed in the excitation field separate into fragments, the momenta of which are analyzed so that
the initial structure of the molecule can be traced back. The exciting work provides an improved understanding of light-molecule
interactions. A novel method termed pump-probe Coulomb explosion imaging was developed in collaboration with Prof. M. Fushitani
and demonstrated for the cation C,D,%* of deuterated acetylene that was prepared by a first laser pulse. By the help of an intense
second pulse (9 fs at 800 nm) the di-cation was converted to C,D,%*. The resulting Coulomb explosion was monitored and the ultrafast
migration of deuterium visualized. The method was also extended to triple-ion coincidence momentum imaging and applied to the
acetylene-vinylidene isomerization in an intense laser field determining again hydrogen migration. Notably different momentum
distributions of the fragments were measured when released from the initial species by a 9-fs pulse as compared to those of the
product vinylidene obtained with a longer pulse of 35 fs. Hydrogen migration plays a role in various chemical process so that the

deeper understanding may provide a clue for the control of the chemical reaction. The research group also applies soft X-ray pulses
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to studies of chemical processes, e.g. probing the dissociation of bromine at 41 eV. The generation of attosecond pulses via high-

harmonic generation in neon is in progress implementing even higher temporal resolution in these investigations.

Other groups in Photomolecular Science 111 perform highly sophisticated inner-shell spectroscopy of molecular solids and DNA,
using synchotron radiation. The studies of photo-ionization and -dissociation dynamics in fullerenes by the group of Prof. K. Mitsuke
are some of the highlights in the field. Significant progress has been achieved by pump-probe or double resonance experiments

combining synchotron and laser radiation.

Department of Materials Molecular Science

The department directed by Prof. N. Nishi has obtained outstanding results in the field of new molecular systems and higher-order
molecular assemblies. Facile generation methods were developed and the molecular systems characterized by their electrical, optical
and magnetic properties including catalytic activities and chemical performance. Examples are novel metal-carbon nanosystems with
potential applications as gas sensors. Along these lines Cu,C, nanocables were developed for sensing O, at room temperature by
changes of electric conductivity. The developed expertise for the self-assembly of thin nanowires and nanocables is noteworthy.
Further achievements include the fabrication of diameter-controlled nanoparticle arrays, silver-carbon nanosponge structures with
high potential of catalytic activity and hollow graphitic polyhedrons with promising applications for gas storage. Most successfully
the department also studies the synthesis, structures and magnetic properties of carbon encapsulated nanoparticles. With respect to
the large potential for commercial applications it is proposed to give more emphasis to the work and improve the resources of the

department.

In the group of Prof. T. Yokoyama magnetic thin films are studied. To this end metal films are modified by chemical treatment
of the surfaces e.g. adsorption-induced spin transitions or morphological changes and the magnetic properties determined by various
spectroscopic methods including novel techniques. A notably improved measuring system for X-ray magnetic circular dichroism
(MCD) was installed in the beamline of the UVSOR-II source equipped with a superconducting magnet for high fields up to 7 T and
a liquid helium cryostat. The group recently discovered a surprising enhancement of the photoemission MCD of nickel films when
the photon energy is close to the work function threshold. This allows the use of femtosecond laser pulses that provide a superior
time resolution as compared to synchotron radiation. First results of the novel UV MCD photoelectron emission microscopy (PEEM)
were obtained with a time resolution of 200 fs for epitaxially grown Ni layers on Cu(001). The method has been also extended to
2-photon induced MCD. Significant enhancement of the orbital magnetic moments of Co on Cu(001) was demonstrated by the
pioneering work of the group. The magnetic properties of self-assembled Co nanorods were investigated using the same setup. The

low-dimensional magnets possess an interesting potential for future applications as storage media.

Other important research of the department is carried out on organic electronic devices. In the Research Center for Molecular
Scale Nanoscience the group of Prof. M. Hiramoto investigates purification, nanostructure design and long-term durability of organic
semiconductors. The world-wide most efficient organic solar cells was accomplished for a p-i-n-structure with a 1-um i-layer of
co-deposited fullerene and phthalocyanine. Further highlights among the series of research projects of the IMS with significant
application potential to be quoted here are molecular n-type semiconductors with high electron mobility based on perfluorinated

oligofluorenes and the modelling of photosynthesis by artificial molecules.
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Department of Life and Coordination-Complex Molecular Science

The role of metalloproteins is crucial for the understanding of regulatory mechanisms in biological systems. In the Division of
Biomolecular Functions Prof. S. Aono and coworkers investigate novel proteins with new functions that are important for molecular
metabolism and signal transduction. Of particular interest are sensor proteins for diatomic gases like O, NO and CO. The relations
between the structures of metalloproteins with their functions have been inspected by a wide range of chemical methods including
structure analysis by X-ray spectroscopy. Significant progress was achieved as demonstrated by the excellent results on the signal
transducer protein HemAT from Bacillus subtilis. The mechanism of selective O, sensing by the heme was addressed studying the
hydrogen bonding interaction by resonance Raman spectroscopy and comparing it with that for other bacteria. Three conformers
were found in the O,-bound form with very similar H-bond patterns. Using the technique in the UV, different conformational changes
upon binding of O,, CO and NO to the heme protein could be recognized. The findings suggest that hydrogen bonding of the heme-

bound O gives rise to structural changes that are communicated to the protein moiety.

The group of Prof. K. Kuwajima performs excellent work on the mechanisms of in vitro protein folding and molecular chaperone
functions. Model globular proteins and molecular chaperones are studied that are known to mediate protein folding in biological
cells. The experimental information is supplied by various spectroscopic and biophysical techniques, including circular dichroism
and fluorescence spectroscopy, NMR, small-angle X-ray scattering, and the results supported by molecular dynamics simulations.
The kinetics of the canine milk lysozyme folding and unfolding were investigated in detail and compared with previous results for
a-lact-albumin, revealing different pathways for the two proteins. Unfolding simulations were performed for the authentic and
recombinant forms of goat o-lactalbumin. Inspite of their structural similarity different unfolding rates were found in the computations
while the two forms display a common transition state structure in agreement with experimental data.

More recently the structure of the GroEL-GroES complex was investigated in solution under physiological conditions at different
temperatures and nucleotide conditions. The small-angle X-ray scattering patterns were compared with calculated data derived from

the known crystallographic structures. The results are necessary for the understanding of the biomolecular kinetics.

The group of Prof. K. Kato in the Division of Biomolecular Functions carries out highly interesting analyses on the microscopic
scale of the structures and dynamics of biological macromolecules and their complexes. The exciting work also includes biomolecular
machines and glycoproteins in immune systems and is essentially based on isotope-assisted nuclear magnetic resonance spectroscopy
with a novel 920 MHz instrument. The superior spectral resolution of the NMR system was demonstrated for intrinsically disordered
proteins in liquid solution where more detailed information on interactions, conformations and modifications could be accomplished.
A 13C NMR analysis of archael prefoldin, group Il chaperonin and their complex was carried out, concentrating on structural regions
not previously addressed by X-ray crystallography. The data revealed that certain terminal segments of protein subunits retain

significant internal motion even for the complex in buffer solution.

UVSOR Facility
It is an important function of the IMS to make advanced instrumentation available for guest scientists, in particular synchotron
radiation. At the UVSOR facility 9 beam lines are available for public users and further 4 lines for internal groups. Under the direction

by Prof. N. Kosugi and in collaboration with Professor Masahiro Katoh the UVSOR-II storage ring and its injector have been notably
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improved and important progress achieved towards more stable operation at higher beam flux. Four undulators are producing highly
brilliant radiation in the VUV and soft X-ray region. A free-electron laser was installed with a pulse duration of 10 ps and output
level of 1 W, the short-wavelength limit being shifted below 200 nm. In addition, intense THz pulses have been made available by
UVSOR I, using a synchronized femtosecond Ti:Sapphire laser. A micro-density structure of the electron bunches in the storage
ring is achieved by interaction with injected laser radiation yielding broadband coherent radiation around 0.3 THz. Using amplitude-
modulated laser pulses the generation of quasi-monochromatic THz radiation was demonstrated for the first time in a uniform magnetic
field.

Density-modulation in the undulator by electron-laser interaction with a period of the laser wavelength can produce coherent
harmonics of laser light. Third harmonic generation of a Ti-Sa-Laser was accomplished and the optical properties of the coherent

harmonics investigated.

The achievements of UVSOR-I1I have found a wide range of applications in different fields, i.e. in atomic and molecular science,
bio-related research and material science. Numerous high quality investigations have been performed in different divisions of the
facility so that a detailed account is beyond the scope of this report. As an example only the interesting studies of inner-shell
photoexcitation and photoionization by the group of Prof. E. Shigemasa shall be mentioned. Electronic structures and decay dynamics
in core-excited atoms and molecules have been investigated by soft X-ray radiation using Auger electron-ion coincidence spectroscopy
and related methods. Thanks to the impressive technological improvements of the synchrotron facility, X-ray absorption was
investigated in resonant Raman or Auger scattering that is not limited by lifetime broadening of the core-excited states. Well resolved

X-ray absorption profiles were achieved revealing novel features of the molecular excitations.

Conclusions

The scientific interests at the IMS are wide spread and have an important impact on the scientific community. First rank research
is carried out at the frontiers of molecular science and the key areas of fundamental research in molecular science are well represented
including topics relevant for potential applications. The expertise of the scientists is on the highest level. The scientific output as
confirmed by the numerous publications in the leading international journals is significant, in spite of the limitations imposed on the

institute by a moderate, if not unsatisfactory financial basis.

One general finding is that the research groups in the institute are amazingly small. Although the limited size may allow for a
larger number of groups with different activities, it is felt that the size limits the efficiency of the scientific work. In fact, by comparing
with other places in Europe and North America the small number of graduate students and post-docs is evident. Obviously the IMS
is fully aware of this problem and has developed special programs for more graduate students and young researchers, e.g. by intensifying
the collaboration with universities. It is strongly recommended to continue along these lines. In addition, increased funds are obviously

required to attract more young researchers from Japan and abroad and to offer an attractive individual support.

Garching, April 30, 2009

A. Laubereau
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