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Report following a visit at IMS, Okazaki on August 16—-19 2006

E. Joseph Nordgren

Comments on organization and special matters

During a visit at the Institute of Molecular Science on August 16-19 2006 | had a chance to meet several scientists at IMS and
discuss their scientific programmes, as well as making a lab visit. Interaction with IMS scientists was also facilitated during the 66™
Okazaki Conference IWSXR “International Workshop on Soft X-ray Raman Spectroscopy and Related Phenomena.” Among other
matters discussions during the visit also addressed issues regarding the IMS promotion system, interaction with universities, working
conditions of senior scientists, etc.

Let me briefly address some of the matters discussed during the visit, starting with the promotion system and the interaction with
universities. The applied strategy of giving a young researcher with ambitions and a good forecast the possibility to focus on the
development of his/her ideas in a resourceful environment as an associate professor is a good one. This is often a quality driving
factor for which research institutes historically may have had an advantage compared to universities, at least in some parts of the
world. The Max Planck institutes in Germany are good examples of this. However, there are also other examples, where research
activities at institutes have run the risk of stagnating due to lack of dynamics. In Sweden, for instance, this notion led to the discontinuing
of the operation of some research institutes pursuing basic science (which, according to my own view, may not have been the optimum
solution).

It is important to have in place mechanisms that maintain dynamics in terms of inflow of ideas and incentives for renewal. This
is preferably accomplished through a balanced interaction with universities, as applied at IMS, where exchanging young scientists
offers opportunities for renewal. Scientific exchange through various guest researcher programs is efficient in this respect, and they
should preferably go in both directions, and include universities worldwide. The rule that an associate professor can not be promoted
at IMS is probably generally a good one. However, there may be very special cases where the institute makes a severe loss of
competence when an associate professor has made particularly excellent work and build up of ground-breaking new science. If one
can not allow for exceptions one could think of forming a special link to the person in question and to the university where he or she
is moving, in order to retain this very special resource in terms of a joint effort.

Regarding the question of a strict retirement age of 65 | would like to make the comment that lack of strict retirement may be a
hindrance for renewal. However, as many scientists still have much to offer at the age of 65 one would like to find a way to implement
retirement in a way that allows this resource to be utilized. The implementation of such a system could be a question of changing
the role from one who leads to one who counsels and guides. The American “retirement-free” system is often attracting prominent

European retired scientists who can continue their career in a successful way.
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Independence of the full professors at the institute is an important principle. In my view one should put all the effort into the
candidate seeking process to assure that one gets the absolutely best people. After being installed as full professor independence with
respect to science is crucial, although everyone would of course have to be evaluated at times to assure that high international standing
is maintained. These evaluations would also guide funding allocation. Regarding associate professors one should also try to allow
maximum independence as this is important for the training, although the integration in a particular project defined in a wider context
may put some limitations.

The research groups are generally not very big at IMS, which to some extent is at variance with respect to some other institutes
in the world, where one tries to establish over-critical excellent research environments. Although the limited size may give opportunities
for a larger number of different activities, under-critical size may limit rapid development of new ideas. One may therefore want to
add another research associate to the groups in some cases and to allow for flexibility in hiring postdocs if good candidates are at
hand, and one may also want to stimulate collaboration. With intensified collaboration between groups at IMS and project cooperation
and integration with university researchers one is likely to maintain efficient research structures with dynamical properties based on
group sizes not much bigger than presently found at IMS.

The trend in the world that research is increasingly more difficult to fund unless it has a well defined technical or societal
application poses problems to science as well as applied science. Molecular science is subject to rapid development and increased
significance in many areas of science and technology. In order to be successful in funding basic molecular science one has to be able
to make clear the importance of understanding the connection between the fundamental properties of molecular materials and their
applications. Science history is a good companion in this endeavor as it offers ample examples of how basic knowledge emerging
from fundamental studies has been crucial for technical applications. This is to some extent a pedagogical problem, and by joining
efforts among groups in formulating proposals for future research, painting the picture with the brushes of different groups, one may
be able to master this pedagogical problem. This process may also lead to a natural restructuring that, in turn, leads to even more
efficient and creative research environments.

Photon science is of utmost importance for the advancement of molecular science. This has been the case and this seems to
become even more evident in the future. There is no accident that a few of the largest research facilities in the world, like DESY in
Germany and SLAC in USA are shortly redirecting their efforts entirely into photon science, with new projects in synchrotron
radiation and free electron laser activities. Lasers and synchrotron radiation facilities will play a very important role for molecular
science. Molecular science based on lasers, synchrotron radiation and free electron lasers are likely to be an expanding area with
many applications. Ultra-fast processes become accessible for study with these techniques, and very dilute systems, like mass selected
clusters, will lend themselves to studies owing to increased brightness of photon sources. Coherence properties also for VUV radiation
will allow new classes of experiments. Advancement of the photon facilities and work to co-operate them in highly synchronized
modes will form interesting new means of study of molecular materials.

There are good examples of advanced instrument development at IMS. Again, science history clearly shows that significant leaps
in science are often associated with new instruments or experiment techniques. By efficient integration of researchers and facility
staff this is an area that could be successfully pursued also in the future.

As mentioned above exchange programs should include universities overseas, and one should try to adjust the terms in a way
that optimizes the probability for success in engaging scientists as guest researchers. There could be different categories of guest

scientists, from postdoctoral level to more prominent senior scientists. It may be valuable to think about a two-way exchange with
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the same institution, so that deeper contacts are established between several persons (on various levels) at both IMS and the overseas
institution. This may also help to overcome any cultural barriers that might exist, and aid in the planning of visits.

It is very stimulating to note that the Okazaki Conference Program restarted with the 661 Conference in August of 2006. This
conference presented a highly appreciated program and was a well-organized meeting. The continuation of this series is likely to
have a very positive effect on the rate of exchange with overseas institutions.

The system of engaging foreign councilors for a two-year period to advice on the research at IMS is worth pursuing, possibly
with coinciding visits of the councilors. It might be valuable to use a format where an evaluation is carried out based on a written
report and future plan account communicated in advance in addition to the visit interviews. It could also be considered whether the

councilors should take part as adjunct members at a council meeting when applicable.

Comments on research programmes

Professor Takuji Ogawa is conducting a research programme in the field of molecular electronics. Of great importance is the
study of topological and electronic properties of nanostructures, and as a major tool he is using AFM instruments in the point contact
current imaging (PCI) mode. This offers information on the topography and electrical conductivity simultaneously avoiding structural
damages due to the loading force of the tip. Professor Ogawa is presently also developing a two-probe AFM.

The research is stimulated by the foreseen fundamental limitations of the current use of semiconductor devices and magnetic/
optical discs in information technology. Professor Ogawa and his group are studying the prospects and problems of single molecule
devices for future information technologies and other advanced applications. The operation principles of these devices are based on
single molecule phenomena, such as electron transfer and direct electron-hole recombination. Metallo-porphyrin complexes are
examples of systems that have been studied in this context. One finding is that the structure of the axially coordinated complexes
depends on the center metal, such that when magnesium was employed as the center metal, a 1:1 coordinated complex was obtained,
whereas for zinc or rhodium porphyrins sandwich-bonded complexes form. The single wall nano-tube (SWNT) wiring method and
PCI-AFM can be very effectively combined to measure transport across single or several molecules. This combination allows the
simultaneous observation of the topography of the molecules on the electrode during measurement, and using this technique, a nano-
rectification device has been controllably wired onto an SWNT by chemical synthesis.

Professor Ogawa is conducting a successful programme in molecular scale electronics, showing an intense recent publication
rate (12 papers so far in 2006). His main project, combining SWNT for wiring and organic molecules for function, applying advanced
measurement techniques, is likely to show continued progress and to deliver interesting results.

Professor Hiromi Okamoto is conducting research in the field of collective excitations of electrons on metal surfaces, surface
plasmons. This is an area of considerable interest for many different science fields. Surface plasmons are extensively studied not
only for their fundamental interest, but also for applications to sensor technology to characterize molecules on the interface between
metals and dielectric media. Extremely sensitive surface enhanced Raman scattering (SERS) has found wide-spread applications,
e.g. in sub-diffraction limited microscopy, and plasmonic devices are subject to intense interest for its properties in laterally confined
metal structures. Dispersion relations of surface plasmons are of fundamental interest and subject to studies by professor Okamoto
and his group. They have, for instance, in a scanning near-field optical two-photon-induced photoluminescence microscopy study
of gold nanorods demonstrated that the rods show spatially oscillating patterns along the rod axis, which could be associated with

the plasmon-mode wave functions, as the images reveal characteristic features reflecting the eigenfunction of a specific plasmon
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mode as well as electric field distributions around the nanorod. The scientific activity of professor Okamoto and his group reflects
high quality and well-chosen directions of study.

It is important that the Laser Research Center for Molecular Science can keep a critical mass and replace the associate professors
that have moved on to other laboratories. The high-power CW green laser achievement of professor Taira is one of many good
examples of the work.

Professor Ohmori is conducting studies of quantum mechanical interference in molecular systems due to the relative motion of
the nuclei. Interference results from natural spreading of the wave packets during their propagation. For co-propagating wave packets
the interference pattern, which involves components from the different partial waves having the same momentum, is very time-stable,
whereas for counter-propagating wave packets the interference pattern is localized in space only during the crossing time. In order
to be able to observe the quantum interference professor Ohmori and his group have developed a system with extremely high temporal
and spatial resolutions and robustness. This is a highly impressive achievement. Professor Ohmori has proposed a way to perform
quantum computations by combining an ensemble of molecular states and weak laser pulses. His work is very advanced and at the
very fore-front in the field.

During the 66™ Okazaki Conference professor Okazaki presented a molecular dynamics study on vibrational relaxation in solution.
It involved e.g. investigation of the influence of single- and multiphonon processes, quantum effect influence on relaxation time, as
well as coordination depth dependence of the energy flow. The presentation was well made and received, and it reflected significance
and validity of the study.

Professor Saito presented a molecular dynamics study of two-dimensional Raman spectroscopy, showing that mode-couplings
can be clearly observed as peaks corresponding to frequency sums and differences. In particular, the icosahedric ice anisotropy and
amorphous ice local hydrogen bond network structures were shown to be sensitive to 2D Raman spectroscopy, and that this method
can probe these properties in water. Professor Saito gave evidence of his significant standing in the field of molecular dynamics and

study of water systems in particular.
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