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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

Subject: Report of my visit to IMS, March 17-21, 2008

Though I have had the pleasure of visiting IMS a number of times, it is sobering to realize that it has been approximately 30
years since my first visit, not long after the Institute was founded. It is clear that this “experiment” in scientific organization in Japan
has been a great success in many areas of molecular science, and quite specifically in theoretical/computational chemistry (= molecular
science) that is the subject of my review. By almost any measure one can easily conclude that the group in theory and computation
at IMS is one of the premier such groups in the world. In size alone—I will comment on its quality below—it ranks at the top. | heard
presentations from 9 research groups, and though Professor Okamoto has left for Nagoya University, my understanding is that a
recruitment is currently in progress for a new appointment. For comparison, my own institution—the College of Chemistry (the
departments of Chemistry and Chemical Engineering) at UC Berkeley—has 6 theorists in Chemistry and 2 in Chemical Engineering,
comprising the K. S. Pitzer Center for Theoretical Chemistry, and we are the largest collection of theoretical chemists in the US. To
my knowledge, there is no institution in Europe with this number of independent theoretical research groups in chemistry or molecular

science.

Before discussing the scientific programs, | would like to make some comments about issues that | think are relevant to theoretical/

computational chemistry in general, and to IMS in particular:

1. There has been such great progress in theoretical methodology (electronic structure theory, molecular dynamics simulation methods,
etc.) in the last 2 or 3 decades that it can now be fruitfully applied to almost the entire array of molecular phenomena. The work at
IMS and elsewhere is testament to this. While we all applaud the energetic application of theoretical tools to problems in bio-molecular
systems, nano-materials, novel electronic devices, etc., one cannot help but see a tendency to minimize the funding and support for

more fundamental methodological theory. | am sensitive to this trend in my own country, where most young theorists think (rightly
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or wrongly) that they must somehow work “nano” or “bio” into their research proposals in order for them to have any chance of
being funded, and | have seen evidence for similar trends here in Japan. My general plea—and recommendation to Japanese funding
sources, in particular—is not to minimize support for the creative applicationsof theory that are being pursued at IMS and elsewhere,
but that creative research in basic theoretical methodology also be supported and encouraged. Not to do so is akin to “eating one’s

seed corn” (I hope there is a Japanese version of this expression) and is a recipe for stagnation in the future.

2. | believe that a mandatory retirement age is a good thing. (I think it is a mistake that we abandoned such in the US.) Though the
earlier age of 60 certainly seemed too young, something between 65 and 70 does seem about right; each society must of course decide
what works best for them. Yes, some persons will still be doing excellent work at retirement age—and there should be provisions for
emeritus faculty to maintain scientific viability if they still have a vigorous research program—~but it is important that they relinquish

their formal positions to make way for new appointments of young faculty.

3. The policy of not promoting Associate Professors at IMS is different from that in the US, where a “stay or go” decision is made
at the end of a person’s assistant professorship (the tenure decision, about 5 or 6 years after the initial appointment). It is similar,
however, to that of the German system, where a C3 professor (= associate professor) must move to another institution to move up to
a C4 (= full professor) position. The only danger | see is that you will loose the best faculty, who will be attracted to senior positions
at universities, say, and the ones who remain will thus not be the best. However | see no evidence for this at IMS, so the policy seems
to be working well. It does have the positive effect of making positions available for recruiting new beginning faculty, and the
importance of this cannot be over-stated. One of the best things about the large size (~50) of our faculty at Berkeley is that we are
recruiting for one or two beginning assistant professors every year; it is quite exciting to always be looking for the “best and brightest”

and seeing what research directions they are choosing.

4. | find the “privatization” of the national universities and research institutes to be potentially troublesome for theoretical/computational
science. Yes, theory and computation are playing an increasingly important role in “practical” research that can attract money from
private sources, but it usually in a supporting role to experimental programs and thus not so visible. | believe that a large part of the
success of theory at IMS has been the stable support it has had from the national government over its lifetime. | am unsure how well
it will fare if it is forced to sell itself on the open market. | could make these same comments about the US—all these trends seem
to be global—where universities (mine included) are aggressively pursuing partnerships with industry to help fund their research
programs. This is not necessarily bad, but it certainly could be if not carefully monitored. | fear that our governments are in favor of

these directions primarily as a way to lessen the demands on their budgets.

5. I am glad to see that IMS can now offer a doctorate degree to graduate students, for this certainly helps in attracting talented young
co-workers. Institutions like IMS, the Max Planck Institutes in Germany, and the National Laboratories in the US, always have
difficulties in attracting students since they have no undergraduate teaching role. IMS seems to be doing reasonably well in this
regard, though | did see comments in an earlier review that the small size of experimental groups was somewhat of a problem.
Fortunately for theoretical research, a large group is usually not necessary—or even desirable—in order to carry out a very successful

program.
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I was immensely impressed by the quality and variety of the research programs | heard described over an intense two-day period
at IMS. Most all of the groups have interesting and novel approaches for new theoretical methodology and as well as creative
applications to a wide variety of very timely molecular problems. For purposes of discussion, | comment first on the four research
groups dealing primarily with electronic structure and dynamics. Professor Nagase described some very novel applications of DFT
(density functional theory) to show the important role played by bulky substituent groups on the formation of multiple bonds between
heavier group 14 elements, and also to the structure and functionalization of endohedral metallofullerenes. He also described the
development of very efficient new algorithms for generating energy gradients at the MP2 level of electronic structure theory, the
crucial tool for determining reactions paths of chemical reactions, and he also discussed the beginnings of a very novel Monte Carlo
approach in electron configuration space (as opposed to the physical coordinate space of the electrons) for highly accurate electronic
structure calculations. Professor Yanai described two very novel approaches for attacking the fundamental problem of electron
correlation: a canonical transformation (CT) approach (similar in spirit, but not the same, as coupled-cluster theory) for treating the
short-range dynamic correlation, and a density matrix renormalization group (DMRG) method for greatly enhancing the efficiency
of CASSCF methods that treat the valence-mixing, or non-dynamical correlation. The combination of these two allow him to achieve
highly accurate results much more efficiently than previous approaches. Professor Nobusada described his use of DFT to study
gold-methane-thiolate clusters, and of TDDFT (time-dependent DFT) to show how circularly polarized light induces ring current in
ring-shaped molecules. He also described an open-boundary cluster model (OCM) he developed to treat adsorbates on finite clusters.
The open-boundary (outgoing wave boundary conditions) removes artifacts due to the finiteness of the cluster. Professor Yonemitsu,
a condensed matter theorist, described projects dealing with electron dynamics strongly coupled to phase transitions in various
materials, in particular the effect of photo-excitation of electron-hole pairs on conductivity, permittivity, and magnetic susceptibility.
Some of the phenomena he has studied are photo-induced neutral-ionic/paraelectric-ferroelectric phase transitions in charge transfer
complexes, charge transfer excitations in 1D dimerized Mott insulators, and effects of electronic correlation and lattice distortion on

charge order in 2D organic salts.

The other five groups deal with a variety of complex molecular systems, making extensive use of molecular dynamics (MD)
simulation methods (including extensions of this methodology), coupled with electronic structure calculations as necessary in some
cases. Professor Hirata is of course very well known for his extensive work in extending the basic RISM idea far beyond the realm
for which it was initially designed. He described applications to site-selective binding of ions to proteins, and in particular how this
varies when mutations are introduced into the protein. Another application was to show how water is forced into a protein under high
pressure, and how this leads to denaturation of the protein. Professor Saito’'s work deals with dynamics in the condensed phase,
primarily aqueous solution. He described an impressive study of conformational changes associated with GTP hydrolysis in the RAS
protein, using MD simulations to investigate the fluctuations and conformational changes; structures were characterized by QM/MM
energy calculations. He also described MD simulations of the higher order time correlation functions that are necessary to calculate
2D infrared spectra, in particular those related to intermolecular dynamics in water. Professor Morita described his very extensive
development of MD simulation methodology focused on calculation of sum frequency generation (SFG) spectra, a property most
sensitive to interfacial regions of molecular ensembles. He emphasized that such careful theoretical simulations of the spectra are
essential for extracting useful information from such experiments. He also described a very careful development of flexible and

polarizable potentials that are necessary to make the MD simulations feasible.
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Professor Okazaki described state-of-the-art MD simulations of extremely large molecular systems, micelles in water, lipid
bilayers, and cholesterol molecules in membranes. He also described an MD simulation for the vibrational relaxation of CN~ ions
in water; this was done by using a harmonic influence functional to represent the solvent, the harmonic model coming from the
instantaneous normal mode (INM) model of the solvent. In so doing he was able to show that only water molecules in the first
solvation shell contribute to the relaxation, and that the vibrational energy from the CN- is deposited primarily in bending and
rotational/librational modes of the water molecules. Professor Okamoto’s research is also focused on classical MD simulations,
primarily on improving the Monte Carlo (MC) and MD sampling methodology that is so important when treating truly complex
processes, such as protein folding. Straight-forward approaches tend to get “trapped” in local minima and not sample the entire
ensemble correctly. He has been instrumental in developing algorithms such as multi-canonical MC sampling, replica-exchange,
parallel tempering, and multi-overlap MD methods. He described the application of some of these approaches to amyloid formation,

a critical aspect of Alzheimer’s disease.

So as stated in the prolog, the variety of problems being tackled by the IMS theoretical groups is quite astounding. The fact that
the quality of the work is so high make this even more impressive. My overall finding is that the theoretical/computational group is
in excellent shape. My only recommendation is that in future appointments you continue to focus on the intellectual quality and
perceived creativity of the candidates and not too much on the particular topical area of the research (within reason, of course). |
have found that departments and committees do a very poor job of trying to predict the most fruitful directions for research; rather,

my experience is that the best directions are the ones that the best young people choose.
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