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External Appraisal of Research Programmes on Molecular Solids

1. Background

For a number of years now, the Institute for Molecular Sciences has invited a senior scientist from outside Japan to conduct
appraisal of the Institute’s research programmes falling within the general field of molecular solids. Asthe third such reviewer, |
was asked to survey activities covering the years 1999-2002. The review was carried out by examining the publications falling
within this period, and by personal interviews with seven group leaders in the Departments of Molecular Assembly and Theoretical
Studies, and the Molecular Scale Nano-Science Centre. The interviews took place on 15-16 January 2003, when | aso had the
opportunity of viewing the laboratories. | would like to take this opportunity of thanking Prof. H. Kobayashi and his colleagues for

the welcome that they extended to me, and their readiness to make themselves available for interview.

2. Some Quantitative Aspects

Essential background to an evaluation of the quality and significance of the research effort in any laboratory are the data about
input, in terms of the numbers of people involved, and output, as measured by the traditional method for communicating resultsin
basic science, namely publications.

Thefirst feature noticed by anyone who comesto IMSisthe relatively small number of personnel. Of the seven groups operating
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in the area of molecular solids, the largest had 12 members over the 3 year period under review (though not all present at the same
time), and the smallest (in fact one of the newest) had only 3. The average size seemsto be about 5-6. Apart from the group leaders
themselves, other categories of personnel include Research Associates, Technical Associated, Visiting Fellows and Graduate Students
(Masters and Doctoral). Numbers of the latter are limited in practise to 12 per year, though | understand that up to 18 could be
accommodated if suitable candidates came forward. | return to this matter later in my report. For the moment, let it simply be noted
that in the Institute as a whole there are 48 groups, so in a given year, many groups will not have the chance of welcoming a new
student.

Considering further the input to the research effort, one might have expected IMS to be a substantial world focus for scientistsin
the molecular solids field. Whileit istrue that widespread collaborations are in existence with outside laboratories, it is surprising
that the majority of the visiting scientists originate either from Eastern Europe or Asian countries such as China and Korea.
Representatives from Western Europe and the USA are few in number.

It isfurther of interest to examine the distribution of effort in the very wide field covered by the phrase “molecular solids.” In
general, one might expect to find work covering both conductors and magnets, monolithic crystalline and thin film assemblies,
synthesis and physical characterisation, and experiment and theory. In fact, taking the seven groups under consideration, that is very
much what is found. Two groups focus on crystalline molecular conductors and magnets (Kobayashi, Inohe), two on physical
techniques (Yakushi, Nakamura), one on theory (Yonemitsu), and two on surface and thin film phenomena such as FET's (Suzuki,
Tada). Thereisalso very good accessto structural characterisation, through XRD or microscopically by AFM.

Asfar asresearch output is concerned, the quantitative measure of publications presents aremarkably high level of productivity.
The team of about 40 researchersin the 7 groups produced no fewer than 369 publications in the three year period. That represents
an overall mean of around three publications per researcher each year! Of course, there are al'so many outside collaboratorsinvolved,
and productivity is not uniform; neverthel ess this constitutes a most remarkable record. Furthermore, whilst a substantial number of
publications are in the proceedings of conferences, such asthe biennial International Conference on Synthetic Metals (and hence not
subject to such stringent refereeing as mainstream papers), most of the rest are in high level international journals, including many
in journals having the highest impact factors such as Science, Nature, JACS, PRL, Angew. Chem., etc. It isnotable, however, in
view of this high rate of output, and in afield from which advanced applications might be expected to flow, that there is only one
patent listed.

3. Quality of Work

Thewillingness of the IMS groups to subject themselves voluntarily to examination and evaluation by an outside observer who is
himself active in the same field isitself a measure of confidence in the Institute’s scientific standing. And indeed such confidence
is not misplaced. There can be no doubt at all that IMS is recognised throughout the world as one of the most highly respected
centres of activity in the basic science of molecular solids. Such has been the case for many years, so the challenge faced by the
Institute isto maintain (and, if possible, enhance) this high standing. Inthe U. K. system of research evaluation it is customary to
categorise work as being “internationally leading,” “internationally competitive,” “nationally leading,” “nationally competitive,”
etc. Onthat basis, | have no hesitation in stating my own personal opinion that all the work | had the opportunity of learning about
is fully internationally competitive, and further, that numerous aspects of it are internationally leading.

The emphasis of the research programme at IM S has always been on the search for understanding of the fundamental principles
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underlying the physical properties of molecular solids, especialy collective electronic properties such as conductivity. A large
number of different ground states are accessible to such narrow-band strongly-correlated electron systems, which are often also low-
dimensional. With the passage of time, however, broad outlines of the structure-property relations in this class of materials are
becoming clearer. Hence worldwide attention isturning towards a search for new physical effects, usualy involving new combinations
of properties not normally found together in the same lattice. Examplesfrom the IMSwork include the association of different kinds
of magnetic order with superconductivity, magnetism in structurally chiral lattices and phenomena connected with charge ordering.
All thiswork is at the leading edge on an international level.

Work on fundamental understanding of molecular solidsis usually based on experiments requiring monolithic long-range-ordered
single crystals, but in parallel, as such understanding improves, emphasis may start to shift towards other forms of molecular
organisation such as thin films and patterned surfaces. Welcome developments of thiskind are now underway at IMS, which should

lead to systems tailored for specific purposes, such as gas sensing and molecular electronics.

4. Some Concluding Remarks

IMS isrecognised universally as one of the world's leading centres for the study of molecular solids. That this has remained the
case for many years must be a matter for congratulation to the staff and those responsible for research policy. Nevertheless, it
remains important for the future maintenance of this standing that the Institute and its sponsoring agency continue to be vigilant,
both in selecting lines of investigation and in the way they are organised. One task of an external evaluator isto draw attention to
issues that could impact on future performance, and so make this centre of excellence even more so. In that spirit, let me highlight
afew pointsin the form of questions.

Research that has the greatest impact is usually that which takes knowledge into uncharted new waters, that is, where even the
principles of behaviour may not be known, and where results may be quite unexpected. This kind of adventurousness is something
that IMSisinagood position to foster. In creating the circumstances where originality can flourish, asteady influx of new ideas and
approachesis desirable, and is most effectively accomplished by changeover of personnel. It isencouraging to see new groups and
new directions of research being established, but afurther critical consideration concernsthe researchers on shorter term appointments.

Overseas visitors on limiter-term Fellowships can bring much to alaboratory in terms of fresh perspectives, so it is disappointing
not to see larger numbers of high-level staff from the world's major laboratories taking advantage of the excellent environment that
IMS provides. Similarly, despite the sever limitations placed on the Institute by the quota of graduate students that it is allowed to
accept, strenuous efforts should be made to bring the opportunities provided by IMS to the attention of awider range of potential
candidates.

Finally (and at arisk of importing prejudices from another part of the world), it comes as a great surprise to learn, not just that
three years output has produced only one single patent, but that the I nstitute has no mechanism for technology transfer, and protecting
intellectual property. Thefield of molecular solids is one with considerable potential for applications, and the Institute needs to be
attentive to any opportunities that arise.

Having said that, the name of IMSis a byword for excellence and productivity in molecular solids research. It was a pleasure for

this evaluator to have the chance of seeing it at close quarters, and | wish it well for the future.
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