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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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