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19 January, 2000
Dear Professor Kaya

I now send you my report and recommendations following the presentations of the Professors of the Department of Theoretical
Studies. | saw three Full Professors (Iwata, Nakamura, Hirata) and three Associate Professors (Okamoto, Tanimura, Yonemitsu) as
well as Professor Aoyagi from the computer centre.

| was impressed with the originality of the research presented, and the enthusiasm of the scientistsin their research. Much of the
research commands international attention and is certainly at the forefront of modern research in these areas. The breadth of
research is considerable: quantum chemistry, protein folding dynamics, molecular reaction dynamics, condensed phase non-linear
optical spectroscopy, moleculesin solution, one- and two-dimensional organic conductors, spectroscopy and dynamics of 3- and 4-
atom molecules. Taken al together the research is of the highest quality.

It is my view that the size of the Department of Theoretical Studies is appropriate. Of course today theory playsarolein all
branches of physics and chemistry and there are innumerable areas in which a theoretician can make a contribution. Increasingly
experimental groupswill carry out their own theoretical studies. My only advice regarding new directionsis that when an Associate
Professor departs for elsewhere, it should not follow that his successor isin the samefield.

Thereis good collaboration with other departments at IMS and other universitiesin Japan.

The situation of theoretical chemistry in particular in Japan israpidly improving. | know of large research groupsin Tokyo, Kyoto
and el sewhere; thismeansthat IMS must work hard to maintain its reputation for excellenceif itsfunction isto bejustified. A critical
decision must soon be made because Suehiro Iwata retires shortly. Quantum chemistry (following its Nobel Prize in 1998) is now
recognised as a permanent mature branch of theoretical chemistry. Every leading theoretical chemistry department must have a
quantum chemist. IMS must have a quantum chemist! | furthermore observe that many universities are appointing young people as
their quantum chemists. Quantum chemistry now covers a broad range from state-of-the-art studies of small molecules through the
use of density functional theory for larger molecules, leading to a combination of quantum mechanics and classical mechanics for
the largest systems.

| was particularly impressed that the associate professors were pleased with, the scientific environment within which they work,
their equipment and the library facilities. | was also pleased that they were able to attend important international conferencesin their
fields; thisisvital for the development of their research.

| was pleased to hear that the scientists at IM S recogni se the importance of holding scientific meetings at their conference centre;
such meetings and participations are becoming amost asimportant aswriting scientific papers. They automatically lead to international
collaborations.

The area of concern which was drawn to my attention: in a modern research environment (consisting of full professors and
associate professors) the role of the post-doctoral scientist isimportant; he/she will already have research experience and will
contribute strongly to research and will bringin new ideas. Permanent staff memberswish have funds available to appoint postdoctorals

to work on specific projects; such applications should be dealt with promptly by the grant issuing authorities, and it is usual for the
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postdoctoral positionsto be advertised once they are awarded. It is recommended that the procedures for postdoctoral appointments
is re-examined.
| heard about the new machines which are expected at the computer centre. Their prospective performance will be of great benefit
of the Department of Theoretical Studies.
In summary, it was a pleasure for me to hear about the exciting research being carried at the Department of Theoretical Studies at
IMS. The Department's size and activities mean that it iswell placed to contribute to 21st century science.
Yours Sincerely

Nicholas Handy

N‘mm

ao

goooad
gbobooboooobooboobobobooooooooboboboboooooobobboobooooOobOoo
gbobobobooooboooooboobobobmobooboboboooooooooobobobo
gboboboooooboooboboboooooooobobboboobooboboboboooboooobobo
gboboboobooooboobobobooboooooboboboboooooooboboboooboooobOon
gobobooboobooboooooooboboboboooboboboboooboboboboooboboOobon
gbobobooooobooboooboobobobobooboboooooboobobobobobooobooboo
gboboboooooboboboboooboboboboobobobobobboboboboobooboboOobo
gboboboobooboobooboboobooobooooboboboboooooooboboobooobooooobOon
gbobobooboobooboobobobobobooooboboboobooooooobobobooboooboobon
gboboboboooboooboobooboboboboboooooooboooban
gboboboooooboobobobooooooooboboboboooobooboobooboobooboboOobo
gbobobooboobooboboboobooboooobobobobooooooobobobooboooobon
gboboboobooooboobobobobooooooboooboobobobobooboobooboobooboboboobOon
gbobobooboobooboooooooboobobobooboobooboooobobobobob oo ooboon
gbobobooboobooobooboboboboooooooobooboboboboobooboboboooboooobon
gboboboobooboooboobobooboooboooobobobooboooboobobobobooobooooobOon
gbobobooboboboooooboobooboboboboboooobobooboboboboooboobooobon
gboboboobobooobooboboboboobooooboooooboan
gbobobooooboobobobobooooboobooooooboobobobobobooboooboobobOobo
gboboboobooboooboobobobobooooooooobobobobooboobooobooboooboooobon
gboboboboooobooooon
gbobobooooboobobobooooooboboboobobooboboboobooobooobooboboOobo
gbobobooboobooboobobooboooboooobobobooboooooooboboboboooboobooon

ogbobobob27



ggboogoobooboooboobooobooboo
gogbodgoobooboooooobboobooobooboobbobboobbooboboobbobbobo
goooboooooooboobomooooobooboooooLoob bbb ooboobDobbDOoD
gogoogoooboobooobooboboobboobbooboobbooboobbooboobbooboobDoD
gogoogooobooboooboboobooobobooboobboobboboboobooboboobbobDbOoboD
gogoogooobooboooboooboboobooboooboobbooboobboobbOoboobbOobDoD
gogbobogoboobooboooboobo
gobodgoobooboooobooboobobooboobboobobbobboobooboboobbobo
gogoogn
goobooboobobooooboboooobbooobobbooobbbooobbooobobbooobboboOoo
ggogoobooooobboooobobooobbooobbooobbboooobbbooobDbo

21800000000



4-20 0000000

gboboooooboobooboomoon

god o000 bDobobobooooooon
o000 boboboooooo
o000 bobobooooo
gboooo bDobooooo

gbooobdo 0bobo booooooboo
o000 bobobooooo

gbobobobobobomoobodo bbag

ood Professor Wolfgang Kiefer (University of Wirtzburg)

4-2-10 000000000000
gboobobooooon
gboboboobobobobobooooobooboboobooooobooboobOoboobooboboooobOono
gboooooooobooboboboboboobooooboobobobooobooboooboobobobobo
gboooooooobooboboobooboooooboobobobooboooboooboooboobobobobo
gbooooooobobobobobooooboobooboboboboooboooooboobobobon
gboooooooboobobobooobooboobooboboboooooooooboobOobo
gbobobooboboboboooobooboboboobooobobooboboboboooboooobon
gbooooooobooboboobooooooobooboboboobooooboooboooboobobOobobo
gbooboooooooboobobobob
gboboboobooboboboooooobooboboboooobooobobobobobobooooobooon
gboboboobobobobooooooboobobobobooooboboobooboboboooboooooboOon
gbooooooooboobooboboboboooboooobon
gboboboooobooboobooooobooboobooobobomobooboobooobooooboobobooobooboon
gboboboobobobobooooobobobooboooobooboobobobon
gbobobooboboboboooooobooboboboboooobooboobobobobooobooooobon
gboooooooobooboboobooboooooboobobobooboooboooboooboobobobobo
gboooooooobooboboboboooooboobobobobooobooboooboobobobobo
gbooooooobooboboboboooooboboboboobooooooboobobon
gboboboobobobobooooooboboboobooobobooboboboboooboooboobOon
gooooood
gbobobooboboboboooooobooboboboooobooboobobobobooobooooobon
gbooooooobo
gbobomoooooooooboobooboooooboboboboobobooboboboboooboobooobon
oono
gbobobooboobobobooooooboboboboooobooboobobobobooooboooooboOon

ogbobobob219



gobooboobobooboobboobooboo
goboooboooobooboooboobbooboobbooboobbobbooboobobo
goboobooboooboobooobbooboooboobooboboobbooboobobo
goboooboooobooboooboobbooboobboobboobbobboobboobobo
gobodoboboobooboboooboobboobuoobbooboobboobobooboboo
ggbobgoboobbooboobboobooobo0obbooobooboobbbobobbreObOODOD
gobodoboboobooboboooboobboobuoobbooboobboobobooboboo
ggobobogoooboooobuooboooboobboobuoobbooboobboOoon
gogoboooooobooboooboobobooboobbooboobbooboobbooboobLoD
ggobobogoooboooobuooboooboobboobuoobbooboobboOoon
ggobogooogooboobooobboobooobuoobobobboobboooboo
gogoboogooooobdoobooobooboobboobooboboobbobbuoobboobboobbooboD
goboooboooobooboooboobbooboobbobboobbobboobboobobo
gobooboooboobobooobooobon
ggoboogoooobooboooboobbooboobbooboobboobooboobboobbooboD
gobodbboobuooobobooboobboobooobooboon
ggbogooobobooboobboobooboo
gogoogn
ggbobogooooobooboobbooboobobooboboobboon
gogobogooooboobooobobooboobbooboobbooboobbooboobboobooboD
goood
ggboooobooobuooboooboobboobuoobobooobog
gogoogooooobdooboooboobbooboobooboboobbobbuooboobboobbooboD
goboobooobooboobbooboobbooboobbooboobbooboobobo
gobooboooboobobooobooobon
gogoboobogoooobooboobobooboobbooboobboobbobbuoobbooboobboobo
gobodbboobuooobobooboobboobooobooboon
ggobobogoooboooobuooboooboobboobuoobbooboobboOoon
gogoogoooobooboooboobboobooboobbooboobbooboobboobOoobLoD
gad
gogoooomooboboobooboooboobbooboobbooboobboobboobbOoobOooobooD
goobooobgod
ggboooooobooboobbooboobobooboobbooboon
ggbogoogoobgoobooobobooboobbooboobbooboobbooboobD
gogoogoooooboobooobooboobbooboobbooboobbooboobbooboobLD
goood
gogoboogooooooooobooboobbooboobbooboobboobbboobboobOooL oD

22000000000



goobooboooboobooboooboobbooboobbooboobbooboobobo
goobooboooboobooobobooboobbooboobbooboobbooboobobo
gg
ggbboooooobooboobbooboobbooboobbooon
ggboooooobooboobobooboobbuoobobooobooba
ggbooooogoboboobooboboobuoobbooboobboobuoobbooobobo
gogobooooooboobooobbooboobbooboobbooboobbobobooboboobboobo
goboobogbboobooboboobuoobbooboobbooboon
gogoboooogoobooboooobooboobbooboobbooboobboobooboboobbooboD
gooboobuooobooobooboboobooboooboobbobobuoobbooboobo
gogobooooooboobooobooooboobbooboobbooboobboobooboboobbooboD
gobooboooboobooboboobooobuoobooobooobo
gooo
ggboooogbobooboobboobuoobooobooboobobooboo
gogobooooooobooboooobooboobbooboobbooboobbobobbooboboobboboD
goboobogobooboo
gogobooooooboobooooboobooobbooboobbooboobboobbooboboobboooboD
goobooboooboobooobobooboobbooboobbooboobbooboobobo
gooboobooobboobboobooboboobbooboobobooboboobbbooboobo
gogobooooooboobooooboobooobboobooobooboobboobooboboobboooboD
gooboobooboboobooboooboobbooboobbooboobbooboobobo
goooobogn
gogoboooooobooboobobooboobboobbooobboobbobboobbooobo

4-2-20 00000000
0Doo

ggobogobooboooboobooboobbooboobooboboobbobboobboooboobLbonDo
gogoogooboobooooboobooobooboooboobboobooboobboobbobbOoDoD
gogooooobdoobooobooobboobooobbooboobbooboobboobooboboobboobo
gogooooboboobdoooboboooboobbooboobbooboobboobUoobbooboboobbooDoD
gogoooobooobuooobobooboobbooboobbooboobbooboobboboboobbooDoD
gogbogoooboobboooboobooobooboobbooboobboobo

ggbogobooooooboobooobooboooboobboboboobbooobooboobboonooD
O mixedfeelingOOOOOOOOODOOOODOOOOOOOOODOOO0ODOOOOOODODOO0ODOOOOODOOOO
gogo,0oooboobooobboboobbooboobbooboobbooboobboooobbobnooDooD
gogooooobodooboooboobbooboobbooboobboobboobUoobbooboboobbooDoD
gogoooooboobooobooboobbooboobbooboobbooboobboobbobbOoboD

gbobobob221



gogobooboooobooboooboobboobooboobbooboobbooboobbooboobDoD
gogoboogoobooboooboboobooobobobboobooboboobbobboobboooboobboobo
gogoboogoobbooboooboboobooobbooboobbobbooboobbooboobboobbooboD
ggoboogooboobooobobooboooboobooobobobbooboobbooboobboobbooboD
ggobogoooboobooooboobooobooboobboobboobooboobboobbooboo

ogo

gobodobooooboobooboboobooboobobooboobboboboobboobboobOooboD
gogoboogobooboooboboobooobboobooobboobbooboobooboboobbobbooboD
gogoboogoobooboooboobooobooboobbobobuoobbobboobboooboobbooboD
goboboobobooboboobobooboboooboboobobbobobboobobboboobon
gogoogooobooboooboooboboobooboooboobboboobbooboobboobbooboD
gogoogooboobooobooobobooboobooboobbooboobbooboobboobbooboD
gogbodgobooboooboboobooobooboobboobbobobooboobobobDboobbooboD
gogoboogoooboobooobooboooboobooobboobboboboobbooLobobboobboOoboD
ggboogobooboooo

gobodgobooboooobooboobobooboobbobooobbobboobooboboobbobDoD
gogoboogooobooboooboooboboobooboooboobbooboobboobbOobLbOobDbOoooD
gogoogooboobooobooboboobooboobboobboobobbUoobboooboobboboD
gogoogoobooboooboobbooboobooobooboboboobbooboobboobbooboD
gogoogoobooboooboboobooobobooboooboboobboobooboobLoboobbOobLboOoboD
ggbogoobooboboooboobbooboobbooboobboon
gogbobooboon

gogbodoboooboooobboobuooboooboobboobbooboobboobboobbooDbo
gogoogooboobooobooboboobooboooboobboboboobbooboobDboobboboD
ggoboogooboobooobooboboobooboooboobboboobboboboobboobbooboD
ggoogooboobooobooboboobooboooboobboobobbooboobboobbooboD
ggbogoobooboooboobbooboobooobooobo

ogo

y0ooo0ooOooO00ooOoOoOoooOoooooOooDoo
gobodobobooboooobooboobobooboobbooboobbooobooboobbobLboOooon

ggooooobooboooboboobooobboobooobboobboboboobooboobDboobbooboD

gooboboooooobobob™@oobobobbooogD bbb o o

gogoooooboobooobobooboooboobooobboobooboobbooboobboobbooboD

ogo

(00oo000DOO00oooOooooDOoooood

22200000000



gogobogobooboooboobobooboobbooboobbobbooboobboooboobbonooD
goooboooboobooobooboobbooboobbobbooboobbooboobboobboboD
goooooboobooobooobboobobbooboobbooboobboobboobboobbobo
ggoobooboobboobooobbooboobboobbobboobboooboo
UoOoO00opoO0U0oboooooooooogog

gogobogoboobooboobooboobbooboobooboobbobbooboooboobbobo
goobooboobooboooobooboooboobooobooboobboobbooboobboobboobo
goobooooboobooobooobbooboobbooboobboobboobbooboboboobboDoD
gooooboboobooboooobooboobbooboooboobbobobUoobooboboobboDoD
ggboboobooobooboooboobbooboobbooobo
40ooO00DO0U0bOOOoO0O0oDOOoOoOooDoooo

gogobogobooboooboobooboobooboobbooboobbobboobboooboobLboboD
gogoobogooboobooobooboobuooobbooboobboobbooboobbooboobLboobOoOoo
gogbbooboobbooboobbooboobboobbobboobboo

G)0oOo000DOO0U00OOOoO0oDODoOOoOoooooo
gogobogobooboooboobooboobooboooboobboobbobbooboooboobbonDoD

gogobooboooboobdooobobooobooboobbooboooboobboobUoobboboboobbooDoD

ggboogoobooobooboboo

(6)0D0O000D0OOO0OOoDoOooOn
gogobogoboobooboobooboobbooboobooboobbobbooboooboobbobo

gogbbooboooboobooboo

4-2-30 0000000
00

Report for Prof. Kato

The main scientific activities of Professor Kato are twofold:

(i) Site selective spectroscopy in the solid state applying Raman Heterodetection of Magnetic Resonance:

This elegant technique was already invented by Professor Brewer in 1983 at IBM in San Jose and has been exclusively applied to
rare earth impurity ions in inorganic crystals until Professor Kato's work. The method combines radio frequency with optical
frequenciesin order to produce coherent statesin atomic ions and by detecting the beating between the laser frequency and the anti-
Stokes Raman signal produced in the system oneis able to derive high resolution splittings in the Mhz range. While Brewer’s group
investigated the hyperfine splittings of the Pr3* ion, Professor Kato extended this work to study the La3* ion in two ways. First he
tried to derive the splittings of the 3P, levels which are of the order of about 1 Mhz. Since thejitter of hislaser is of the order of 1.5
to 2 Mhz he could not succeed for this study. However, most interestingly, he was able to find new signals in the range between 2 and
5 Mhz which he could interpretate to the contribution of different sites of the Laion relative to the Pr ion by calculating the magnetic

dipoleinteractions.
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A real breakthrough, however, was certainly the application of this technique to molecular crystals. By converting the technique
in going from the ground state to the electonic state by the optical step and then using the radio frequency he could study high
resolution splittings in the excited state in a molecular crystal and could measure for the first time the triplet exciton in 1,4-
dibromonaphthalene using this technique. This lead to an excellent publication in Phys. Rev. Lett.

(i) Study of the molecular and electronic structure of radical ions of fullerenes and metallofullerenes by EPR and
ENDOR measurements:

Particularly the investigations of metals inside the carbon cage and the chemical properties of such systems as a whole and as
related to their chemical reactivity are of great general importance. By high field pulsed ESR he could study the metallof ullerenes
Sc@C82, Y @C82, and La@C82. Of specia interest are also his studies by varying the size of the cage (C76 to C90) and the work
on Lain the two isomers of C82. Pulsed ENDOR measurements on these systems round up these investigations.

Further studies performed in Professor Katos' group are:

(iii) Double resonance spectroscopy using two phase-locked lasers:

The technique has already been set up and there will very interesting experiments being done related to dephasing processesin
excited molecules or phase controlled reaction dynamicsin the future.

(iv) State correlated Raman spectroscopy for the elucidation of phase transitions:

Professor Kato has started with investigations of the orientational ordering in the ferro- and antiferroelectric liquid crystal molecule
MHPOBC.

Both approaches (iii and iv) are of high scientific interest.

Report for Prof. Morita

The scientific work of Professor Moritaand his group is related to fundamental physical problems mainly in the field of (i) laser
cooling and trapping of neutral atoms, (ii) spectroscopy of atoms and ions in liquid helium, and (iii) laser investigations of an
antiproton-helium compound, which he calls “atomcule.” Their results have been published mostly in the leading physicsjournals
Phys. Rev. and Phys. Rev. Lett.

To (i):

The main experimental achievement clearly isthe construction of a magneto-optical trap (MOT) for metastable helium-3-atoms.
While there has been several demonstrations of laser trapping of the bosonic isotope *He, laser trapping of the fermionic isotope He
has never been demonstrated before. By confining 3He and “He in their respective MOTS, the Morita group was able to measure the
ionization rate coefficients for Penning collisions between two cold He atoms and could therefore study the difference in cold
collision dynamics. The interpretation of the isotopic differenceis not trivial but could be interpreted by considering the various
ionizing channels and the degree of degeneracy which is different for He* + “He* and 3He* + 3He*. Fairly good agreement between
the experimental values of the ionization rates for He (25 3S;) + He (25 3S;) collisions could be obtained whereas the agreement is
not so good for He* + He* collisions in the presence of laser light. This outstanding work could be published in Phys. Rev. Lett.
Thereisagreat challengeto use particularly the 3He trap to perform Bose-Einstein condensation of fermionic atoms. Most impressive
isthe experimental set-up which contains a home-made single-mode cw ring LNA laser.

To (ii):

They have measured some excitation and emission spectraof Mg and Cain liquid 3He in order to observe interesting phenomena
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which arise from quantum features differing between liquid 3He and “He. In this context they have presented a new model of
exciplex formation between Mg and He and found that this model is more suitable for understanding the dynamics in the studied
transition than the bubble model used earlier.

Also very interesting results were obtained from the Y b* ionsin liquid helium which were produced by laser sputtering. A double
resonance excitation from the 2S;, into the 2Py, and 2P5, states showed sharp emission only from the 2Py, state because of fast
relaxation from the 2P, to the 2Py, state. The frequency shift aswell as the the linewidth in the observed double line structure for
the D2 excitation spectrum could be explained by atheory envolving a vibrating bubble model.

To (ii):

Most of the papers published during 1996 until 1998 of Professor Morita’'s group were on laser investigations of antiproton
helium compound, an unusual species which isthe first long-lived exotic atom containing hadrons other than normal protons and
neutrons. On this new compound (“atomcul€”) laser spectroscopic investigations were performed in order to study its properties and
dynamics. Of particular interest is their report on the first observation of laser-induced resonant annihilation. This work has been

performed at CERN together with nuclear physicists.

Report for Prof. Kitagawa

The scientific achievements of Professor Teizo Kitagawa and his group in the field of biomolecular science are outstanding. The
research activities of this group cover avery widespread area ranging from the development of special Raman techniques including
picosecond time resolved resonance Raman (TRS3) spectroscopy and the construction of coherent light sources required for their
particular research, up to a great many of very thorough studies of problems in biochemical science. It would be too much to
summarize comprehensively all the work done by this group during the period from 1996 to 1999. In the following only a few
selected investigations which were performed in Prof. Kitagawa's |aboratories and which are regarded to have the highest scientific
impact will be summarized:

(i) Inavery exciting contribution to ,, Science" he reports on the direct observation of cooling of heme upon photodissociation of
carbonmonoxy myoglobin. The formation of vibrationally excited heme and its subsequent vibrational energy relaxation has
been monitored by applying picosecond anti-Stokes Raman spectroscopy yielding a vibrational relaxation time constant of 1.9
ps for the CO-photodissociated heme. This most important study allowed the direct observation of the vibrational energy flow
through the protein moiety and to the water bath.

(if) Another most important work, which has been published very recently in J. Chem. Phys,, is related to the intramolecular
vibrational redistribution (IVR) and intermolecular energy transfer (IET) in the (d,d) excited state of nickel octaethylporphyrin
(NiOEP). While comparable work has been performed before for small molecules, thisisthe first detailed quantitative study of
the time evolution of the two processes (IVR, IET) for large molecules in solution. By successfully applying picosecond TR3-
spectroscopy the group demonstrated that their techniqueisvery powerful to study the mechanism of vibrational energy relaxation.

(iit) Very impressing work of the group — published in ,, Biochemistry* —is also their study on the two quaternary structures of
hemoglobin (Hb), called T (tense) and R (relaxed), which correspond to the low-affinity and high-affinity states, respectively,
and whose typical structures are seen for deoxy and CO-bound forms, respectively. They examined the Fe-His bonding of a
heme and the intersubunit interactions at the a1-B2 contact of aN°-Hbs under various conditions with EPR and UV resonance

Raman (UVRR) spectra excited at 235 nm, respectively. In particular, they present UVRR spectra for normal NOHb, the half-
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ligated aNO- Bdeoxy, and the mixed ligated aNC- B in the presence and absence of an effector. From these studies they could
derive valuable information on possible correlation between the Fe-His bonding of a hemes and intersubunit interactions at the
al1-pB2 interface for the quaternary structure change.

(iv) Applying time-resolved (0.1 to 5 ms) resonance Raman difference spectroscopy Professsor Kitagawa investigated the mechanism
of dioxygen reduction catalyzed by cytochrome c oxidase (CcO), the terminal enzyme of the respiration chain of aerobic
organisms. While extensive efforts have been made previously to elucidate the reaction mechanism of this enzyme using time-
resolved absorption, cryogenic absorption, EPR, and non-time-resolved resonance Raman spectroscopy mainly by other groups,
it has now been shown that the above mentioned technique applied by Prof. Kitagawa, is uniquely powerful for elucidation of
the reaction mechanism of CcO, sinceonly thistechniqueisableto detect the vibrations of dioxygen and itsreductiveintermediates
bound to the catalytic site during the enzymatic turnover. Their results —published in J. Am. Chem. Soc.— open anew pagein
understanding the mechanism of dioxygen reduction by CcO and its coupling with proton pumping. In asubsequent publication
in the same journal, they explored the role of one of the four redox active metal centers (Cug) in the proton-pumping function
of CcO by making use of time-resolved IR measurements.

Besides the above mentioned five papers which are of particular general interest and which rank as outstanding scientific
achievements, Professor Kitagawa published another 41 papersin highly recognized journals during the last three years. He applies
sophisticated experimental instrumentation to study a wide range of topical problemsin the field of biomolecular science and fast
dynamics of photoproducts in solution phases. The very high level of science performed in his laboratories has won worldwide
recognition and | am sure that also other colleagues working in the field of Raman spectroscopy would join me to regard Professor

Kitagawa as one of the leading scientists in the area of time-resolved Raman spectroscopy of biochemical molecules.
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Professor K. Mller-Dethlefs
Department of Chemistry
The University of York

Report on my review of the Department of Electronic Structure

Dear Professor Kaya

It was my privilegeto visit the Department of Electronic Structure at the Institute for Molecular Science from 13 to 23 December
1999. During this short visit | had the pleasure to hold interviews with Professor N Nishi, Professor M Fujii and Associate Professor
T Suzuki. The discussions with the faculty of the Department of Electronic Structure were held in a cooperative atmosphere and
allowed meto get deep insight into their past, present and future research activities. | would like to express my gratitude to al of

them for their opennessin our discussions and for their full cooperation that allowed me to prepare thisreview in arather short time.

The Department of Electronic Structure

The Department is fairly small, however, it covers quite a broad range of state-of-the-art research. Since the last report by
Professor Carl Lineberger two new Full Professors have been appointed following the retirement of Professors Hanazaki and Yoshihara.
Professor Nobuyuki Nishi moved to IMS from Kyushu University in April 1998 and Professor Masaaki Fujii joined IMS from
Waseda University in April 1997. These appointments follow the well established tradition of the Institute for Molecular Science to
aways search for the best available candidate in open competition, and not to promote internally from Associate Professor to Full

Professor. Both Fujii’s and Nishi’s appointment has clearly been a remarkable success story for the Department and IMS. Both
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Professor show very high originality and innovative experimental conceptsin their research. Within the rather short time past since
their appointment they have established new state-of-the-art scientific fields at IMS that can compete on an international level. The
same can be said about the scientific achievements of Associate Professor Toshinori Suzuki (at IMS since 1992), who has gained a
remarkable international reputation in spite of hisyoung age. In my view the Department of Electronic Structure represents those
aspect of modern science that | feel should be enhanced ; modern and competitive fields of research, and open view of science and
scientific achievement, and guiding of research associates, post doctoral fellows and students through scientific ideas, innovation
and achievement and not through autocracy.

The research in the Department excels in a variety of fields that are currently of high international interest: Intermolecular
interactions at cluster level, bridging the gap between the isolated molecule and the condensed phase, molecular beam studies of
intramolecular vibrational energy redistribution, excited state and ion spectroscopy of large molecules and clusters, microscopy
below the diffraction limit, and chemical dynamics studied by time resolved laser spectroscopy, and fragment and photoel ectron
imaging techniques. The experimental activities of all three research groups reviewed rely heavily on the use of sophisticated
detection methods to study molecules and clustersin molecular beams and liquids. This necessarily involves the day-to-day use of
lasers, with a particular emphasis on the picosecond and femtosecond time scale. Much of the short-pulse laser equipment hasto be
shared between the groups, leading sometimes to a shortage of measurement time, for instance on the ps two-colour laser system.
Just shortly before my arrival thislaser system broke down, causing a major disturbance of a part of Fujii’s research activities.

Generally it can be said that the research activities of the Department are at an internationally competitive level. Publication
output in international high quality scientific journalsis excellent. All three group leaders have received invitations to give talks at
international conferences. The research associated, postdocs and PhD students find in the Department an intellectually stimulating
and scientifically challenging environment. To maintain this level, the Department needs a very high level of funding to be able to
expand and maintain its laboratory equipment and laser facilities. All three groups have attracted very substantial external funding,
which isaclear sign of very high recognition. The externa funding contribution should, however, not be seen as a replacement for
IMS funding. The research activities of the Department require avery high level of research infrastructure.

| also noted during my visit that both Full Professors have quite enormous administrative duties. These duties are often extremely
time consuming and scientifically counterproductive. | do not see why IMS must have so many committees and why they always
have to be chaired by a full professor. How important it is not to be overloaded by administrative duties is clearly evident when
looking at the Associate Professor position. As Associate Professor, it is possible to concentrate completely on research. Associate
Professor T Suzuki presents us with avery convincing success story. Hisresearch is internationally acknowledged, his research had
innovated the use of imaging techniquesin chemical dynamics. | feel the level of support from IMSwas just right for him, so | do
not, of course, propose here to increase the administrative duties of Associate Professors. | think the system at IMSis very good, and
rightly so, for an innovative Associate Professor and | would recommend to keep it like that.

Another problem relates to student numbers in the Department. Student numbers, considering the resources and the potential
research projects could easily be tripled or quadrupled. Thisis avery difficult problem to solve, but one way forward might be to
have joint professorial appointments with Universities. Also it would be a good investment to increase the number of studentships
available from IMS substantially. These should then be open to competition to all groups at IMS.

Now some more general remarks for the principal discussion which should focus on the following point: I1s IMS within all its

Departments able to maintain the scientific leadership in Molecular Science in Japan and is it able to compete a the highest level
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internationally? The answer is related to technical support, infrastructure, internal and external funding and administration. A lot of
technical support and technical resources are now very much localized UV SOR facility and the Laser Center. It might be better to
localize some of those resources in the most productive research groups. In contrast to the earlier timesat IMS, when afull professor
at IMS had two research associates, one technical associate and often at least one more postdoc, the situation in the Department of
Electronic Structure is now that for two Professors and one Associate Professor there are four Research Associates (H. Kohguchi, Y.
Inokuchi, T. Nakabayashi, M. Sakai), one Postdoc (Saeki) and one Technical Associate (H. Katayanagi). Though in my view external
funding isvery important asaproof of competitiveness, IMS asa Center of Excellence should provide sufficient fundsfor infrastructure
and scientific personnel so it will be able to compete with the personnel structure of the big universities. The universities have the
advantage of student throughput; IMS should provide an adequate number of research associates, technical associates and postdocs.
Thiswould also further enhance the opportunities to obtain external funding.

In summary, all three research groups in the Department of Electronic Structure are innovative and original in their research and
their research is internationally recognized. The groups are too small, in particular Fujii’s and Nishi’s group. An increase in the
number of research and technical associates would be avery good investment. Most important is an increase in student numbers by
attracting high quality chemistry and physics graduates. The two Full Professors are also overloaded by too many administrative
duties. Oneway forward to solve this problem would be to provide the Director-General of IMSwith the administrative infrastructure,

through reorganization of the Administration, to reduce the overall administrative burden of IMS and Department of Electronic
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Report on Seven Groups of Research on Molecular Solids
Fred Wudl (University of Calfornia at Santa Barbara)
January 15, 2000
Introduction

On January 8, 2000 | interviewed the groups of Yakusi, K. (Department of Molecular Assembly), Nakamura. T. (Department of
Molecular Assembly), Kobayashi, H. (Department of Molecular Assembly), Inoue, K. (Department of Applied Molecular Science),
Yonemitu, K. (Department of Theoretical Studies), Yamashita, Y. (Research Center for Molecular Materials) and Suzuki, T. (Research
Center for Molecular Materials)

The premise that the IMS at Okazaki is clearly the premier center of research on molecular materialsin the world holds true today
even more so than it did at the time of the last review (1996). It isauniqueinstitute, especialy in aworldwide environment where
institutes dedicated completely to the pursuit of fundamental research are decreasing in number.

Even though their size ranges only in 3 to 7 members per group, the scientists and their associates | reviewed are performing
excellent research on various aspects of the science of molecular solids. The spectrum of interest of the research groups rangesin
variety from organic synthesis to very high-level condensed matter physics theory.

The general impression is that all scientists are strongly motivated and their results are at the cutting edge of their respective
fields. The main topics being explored are molecular semiconductors, metal's, superconductors and ferromagnets. The overwhelming
emphasisison organic conductors. Thisisvery likely historical asaresult of the efforts of Prof. Hiroo Inokuchi, whose pioneering

contributions were in organic conductors.

Recommendations
1. Science

Though organic superconductors based on the TTF family are still producing interesting condensed matter physics results, such
as reentrant and coexisting superconductivity, | believe this may be the time to move on to other systems and, for example, give

somewhat more emphasis to organic SEMICONDUCTORS. The only group studying some aspects of theseisthe T. Suzuki group.
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In terms of chemistry, physics, and materials science; the semiconductors, whether small molecule or polymeric, are currently the
most interesting systems. In that vein, one wondersif the “molecular fasteners’ examined briefly by Professor Inokuchi, sometime
ago, should be investigated as possible TFT’s (thin film transistors).
2. Personnel

If one were to use similar research institutes in the United Sates as models (Lucent, IBM); then the size of the research groupsis
adequate, assuming that the groups of the young professors will grow to the size of the H. Kobayashi and Y. Yamashita groups. On
the other hand, the groups at the Max Planck Societies (Institutes) are larger.

As dready mentioned in a previous report (P. Cassoux, 1996), it isimportant for IMSto improve its student recruitment. Thiswill

help attract top Assistant and Associate Professors and will help the existing Professors carry out their research more expediently.

Summary

The IMS enjoys an excellent international reputation for the research performed on molecular solids. The only areawhich needs
to receive more attention is the chemistry and physics of organic semiconductors, both as small molecules (TFT’s) or polymeric.
There exist already several tiesto international groups but to strengthen these, the establishment of a prestigious international
fellowship for foreign graduate students to perform part of their thesis research at Okazaki and Japanese students to spend at least

one year abroad should be established. Thiswould be an additional mechanism to increase the student population at IMS.
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Review and Evaluation of the Research Programs of Professors Yuzo Nishida, Koji Tanaka, and Yoshihito Watanabe,
Institute for Molecular Science, Myodaiji, Okazaki 444, Japan

Reviewed by: Professor John Dawson, Department of Chemistry & Biochemistry, University of South Carolina, Columbia, SC
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29208 USA
Date of Review: August 26-28, 1999

Professor Yuzo Nishida

Professor Nishidais aProfessor in the Coordination Chemistry Laboratoriesat IMSin the areaof Synthetic Coordination Chemistry.
Heis studying the redox chemistry of inorganic metal complexes and, in particular, has focused his attention on the mechanism of
dioxygen activation by copper, heme iron, and non-heme iron metalloenzymes. These enzymes are able to directly functionalize
saturated hydrocarbons, converting alkanes to alchohols, as well as unsaturated hydrocarbons, converting alkenes to epoxides. In
some instances, these metall oenzymes are able to carry out a much more extensive range of oxygen insertion reactions with varied
substrates. The detailed mechanism of how the dioxygen is activated for insertion into unactivated substrates has long been the
focus of research effortsin numerous laboratories around the world. The metalloenzymes that carry out these reactions generally
form a dioxygen adduct with the reduced form of the metal. With dinuclear non-heme iron systems such as methane mono-
oxygenase, addition of dioxygen to the di-ferrous form of the enzyme would effectively generate a ferric-peroxide adduct. With
heme iron systems such as cytochrome P450, theinitial dioxygen adduct of the ferrous state is further reduced to again effectively
generate a ferric-peroxide adduct. Similar considerations can be applied to copper hydroxylases such as dopamine beta-
monooxygenase. Dr. Nishida has focused attention on the electrophilic nature of the metal peroxide intermediate and has proposed
the provocative ideathat the interaction of this intermediate with bound substrate is necessary to proceed to generate the high valent
metal-oxo adduct that has generally been assumed to be the critical intermediate in oxygen atom transfer reactions. This idea
challenges the more generally held view that the substrate does not play arole in cleavage of the metal-bound peroxide. Inarecent
review articlein Trendsin Inorganic Chemistry (5, pp. 89-103 (1998)), Dr. Nishida has summarized all of the evidence that supports
his new viewpoint. Asaways, to understand the mechanism of any reaction, one must assemble the facts and see whether they
support the particular mechanism. Dr. Nishida's stimulating ideas will now need to be tested by othersto seeif they provide amore

consistent interpretation of the facts than the more commonly accepted proposals for the mechanism of dioxygen activation.

Professor Koji Tanaka

Professor Koji Tanaka s the Director of the Coordination Chemistry Laboratories at IMSin the area of Functional Coordination
Chemistry. Hisresearch isfocused on the organometallic chemistry of carbon dioxide. In particular, hislaboratory isinvestigating
the activation of carbon dioxide by metal complex catalysts. A related research effort involves the study of energy conversion from
proton gradients to electricity by metal complexes. Dr. Tanakais aleading researcher in these areas and has published extensively
inthe top journals. Heis afrequent participant at international meetings on these topics. The development of catalysts for the
conversion of carbon dioxide to reduced one carbon derivatives such as formic acid, formaldehyde, methanol and methaneis an
extremely challenging goa. A related and equally demanding aim is to couple two molecules of carbon dioxide to form oxalic acid
and other two-carbon derivatives. Dr. Tanaka has been able to accomplish substantial portions of these objectives and he has clearly
developed and improved our understanding of the principles that control the chemistry of carbon dioxide. This should enable his
laboratory to generate even better catalysts for these reactions in the future. One of the particularly challenging aspects of this
research is the design of metal complexes that not only bind carbon dioxide, but which also suppress the evolution of the carbon

monoxide to enable multi-electron reduction of carbon dioxide to proceed to the more highly reduced one carbon products listed
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above. In the process of studying the metal complex catalyzed reduction of carbon dioxide to reduced one-carbon products, Dr.
Tanaka has discovered some extremely interesting examples where the metal-bound carbon dioxide can be coupled to form oxalic
acid. The development of catalysts for the use of carbon dioxide as a convenient one-carbon precursor to multi-carbon containing

products represents a significant advance in organometallic chemistry.

Professor Yoshihito Watanabe

Professor Watanabe is a Professor in the Department of Applied Molecular Science at IMS. His research is focused on the
development of a better understanding of the mechanism of dioxygen activation by heme enzymes such as cytochrome P450.
Related studies involve the activation of hydrogen peroxide by peroxidase enzymes. While the majority of his research over the
years has involved studies of heme iron systems, he has recently turned his attention to the study of non-heme iron dioxygen
activation catalysts. Heis aleading researcher in these research areas and has published extensively in the top journals. He has
frequently been invited to speak at major international conferences in the area of bioinorganic chemistry including the Ninth
International Conference on Bio-Inorganic Chemistry (July 1999, Minneapolis, MN USA) and at the upcoming Eleventh International
Conference on Cytochrome P450 (August 1999, Sendai, Japan). One of the remarkable features of heme enzymes is that they
catalyze awidely diverse set of reactions including oxidation and oxygenation reactions as well as the dismutation of hydrogen
peroxide despite the presence of acommon heme iron prosthetic group at the center of each enzyme. It has been demonstrated that
the heme environment plays a critical rolein controlling the chemical reactions that each heme enzyme catalyzes. This has opened
up the opportunity to change the heme environment using site-directed mutagenesis in order to change the chemistry carried out by
one heme enzyme into that accomplished by another. Dr. Watanabe's research group has been at the forefront of this effort and they
have succeeded in converting myoglobin, a heme protein that normally only binds dioxygen reversibly without carrying out any
chemistry with the bound dioxygen, into a peroxidase enzyme that oxidizes substrates. Thisis but one example of the long list of
important accomplishments from the Watanabe lab over the past several years that have led to significant improvementsin our

understanding of the mechanism of dioxygen and peroxide activation by heme enzymes and related systems.
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EVALUATION OF THE DEPARTMENT OF VACUUM UV PHOTOSCIENCE
In aLetter dated July 27, 1999, Professor Koji Kaya, Director General of the Institute of Molecular Science, asked me to review
the Department of Vacuum UV Photoscience. It was both an honour and atrue pleasure for me to accept thisinvitation, in particular
since | have followed closely the scientific work at UV SOR for the past 15 years.
On November 6, 1999, | was welcomed to Okazaki by Professors K. Kayaand T. Urisu. As part of the review process | had one-

hour long interviews on Nov. 8-9 with nine professors: Prof. T. Urisu, Prof. N. Kosugi, Associate Prof. K. Mitsuke and Associate
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Prof. T. Tahara from the Department of Vacuum UV Photoscience: Associate Prof. M. Kamada and Associate Prof. E. Shigemasa
from UV SOR Fecility; Prof. K. Kurosawa (from Miyazaki Univ.), Associate Prof. K. Fukui (from Fukui Univ.) and Associate Prof.
S. Nagaoka (from Ehime Univ.) as visiting professors to the Department of Vacuum UV Photoscience on two-year terms. On Nov.
91 also toured the UV SOR Facility and was informed about the capabilities of the machine and the different beamlines. Profesor T.
Urisu had organized a most efficient schedule that made my visit very productive. This was my third visit to IMS and it was
rewarding experience to take part of the continued great scientific progress.

My overall judgement isthat the quality of scienceis excellent, as evidenced by an impressive publication record of articlesin the
most prestigious international journalsin physics and chemistry. Several factors contribute to this and also point towards important
future developments and are the base for my recommendations. The quality of the faculty and the junior scientists are high. The
more senior faculty members are internationally well-recognized and world leading in their respective research fields. The younger
faculty members and young scientists are doing impressive, independent work and are very promising for the future. The addition of
top quality young scientists has been a healthy development for the Department and will continue to be an important factor for the
future. The research profile of the Department has been strengthened during the last few years and it will be a challenge to keep up
the dynamic developments. From the interviews | was particularly impressed that every faculty member had both well-defined and
ambitious plans, and aclear vision, for the future research. | took also notice of the many collaborations, both national and international.
The Department has always been known for its successful collaborative projects. These have been further strengthened over the
years and have added to the high reputation of the Department. | consider these collaborative activities, also including the visiting
professor programs, workshops and symposia, of critical importance for a continued dynamic development of the future research in
the Department. In addition to research at UV SOR, ongoing and planned activities at other synchrotron radiation facilities will
strengthen future programs and should be encouraged.

The research within the Department is well focussed on molecular science issues related both to the gas and condensed phases.
There has been a continual effort to take part in the development of new fields, afact which is very healthy to keep the department
in the research frontier. It includes studies of ; nanostructures, radiation stimulated processes on semiconductor surfaces, mechanisms
for formation of negative-affinity surfaces, dynamics of ionization processes, excited states and molecular fragmentation, dynamics
of superexcited states, different orbital contributions to resonances, and dynamics of photochemical/photophysical processes on the
femtosecond timescale, to mention afew fields. In my opinion, the Department is doing research in the most active areas seen from
an international point of view and will be amajor contributor world-wide to the advancements of these fieldsin coming years.

The UV SOR hasacentra rolefor most of the research programs within the Department. Over the yearsthere have been considerable
investments in construction and upgrades of beamlines, insertion devices, monochromators and end-station equipment. The free-
electronlaser (FEL) isunique and belongsto afew storage-ring-based FEL s worldwide with tunability down to very short wavelengths.
The combination of conventional lasers with synchrotron radiation (SR) isthe heart of many successful pump-probe experiments at
UV SOR. Also the in situ combination of SR with other analysis and characterization techniques, e.g. infrared spectroscopy and
tunneling microscopy, gives the Department unique research opportunities. Most noteworthy is aso the exceedingly strong coupling
between advanced computer model calculations and experiments, and the laboratory experiments using state-of-the-art femtosecond
lasers.

From the discussion above my opinion should have become clear, namely that the Department has a very strong base to remain

competitive in broad areas of molecular science in the future. But there are two issues which in my opinion should be given close
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attention. My overall assessment is that there is a shortage of manpower in terms of both technicians and junior scientists. This
problem is further enhanced by the fact the scientific and operational staff at UV SOR isvery small (but extremely efficient, skilled
and hard working !!). Therefore there is a danger that some research projects may become subcritical in terms of manpower to be
scientifically effective. The other problematic area, in my opinion, is the age of the UV SOR storage ring. UVSOR is a second
generation SR source and has by all standards been a great success and a very productive facility. In the long term future it will not
be a competitive source with the third generation of sourcesin full operation. Thiswill have serious consequences for the research
programsin the Department. Therefore | strongly recommend that planning starts as soon as possible to upgrade or replace UV SOR.
| am fully aware that initiatives have already been taken but a carefully planned, systematic and vigorous effort is necessary. |
believe that a strong and compelling case can be made for an upgrade/replacement because of the following reasons. There are so
heavy investmentsin beamlines, optics, end-station equipment and auxiliary instrumentation that the cost for an upgrade/replacement
of the storagering is just a small fraction of the existing and useful investments. The investment in human resources and expertise
are also very substantial. Of course, all these investments are there because of the successful research programs based on UV SOR
and the cental role UVSOR hasfor IMS. With the existing investments and well devel oped infrastructure for operating a SR facility
IMS should be in an excellent position to argue that an upgrade/replacement of UV SOR isavery cost-effective way of proceeding
with state-of-the-art research in Japan. In my opinion, research in molecular should continue to be the focus of the facility with an
upgraded/replaced storage ring but careful consideration should be given to what extent the research can be broadened in certain
areas and also involve an expanded research community outside IMS.

In summary, the Department of Vacuum UV Photoscience can ook back at many extremely important and successful research
accomplishments over the years and is well positioned to keep aleading role in molecular science world wide in the future. The
future prospects and challenges are there to be met and should be a great stimulance for the Department. Personally | will follow the
research in the Department with great interest and high expectations.

Stanford, November 22, 1999

Ty

Ingolf Lindau

Professor
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