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This interdisciplinary research project is aiming to understand exquisite behaviors of the biological systems and molecular-based
materials (conductors, magnets, ...etc.) in terms of the non-covalent interactions and their changes at atomic and molecular levels.
Our final goal is to design and create a highly organized and functionalized molecular system, each component of which is joined to
each other by a variety of weak non-covalent interactions. We call such a system "Molecular Ensemble".

1. Molecular Ensemble Development Research
(1) Basic studies on molecular devices
D The intra-dimer charge separation of dimerized Pd(dmit), salt

It had been believed that the physical properties of the dimerized molecular conductors can be mapped with the on-site Coulomb
energy at a dimer, Uy, and the inter-dimer transfer integral, #,,.;. Based on the above model, the time-averaged molecular charges
within a dimer can be regarded as uniform. However, it is reasonable to consider that the absence of the intra-dimer charge separation
for the dimerized materials indicates that the charge ordered transition for the dimerized system requires an additional factor. We
have examined the intra-dimer charge separation using the vibrational spectroscopy of triclinic-EtMe;P[Pd(dmit),], which shows
non-magnetic insulating behavior below 70 K. As we have expected, the intra-dimer charge separation is observed below the
transition temperature. The observation of the intra-dimer charge separation is ascribed to the structural properties of the ’[Itype
Pd(dmit), salts along with the inter-molecular Coulomb interaction, V. The Pd(dmit), dimers form a columnar structure and columnar
structures form a two dimensional layer, which is significantly different from the absence of the columnar structure in the x—type
BEDT-TTF salts. Owing to the columnar structure, the tetramerization supports the localization of the site charge due to V. The
intra-dimer charge separation also requires the tight inter-molecular distance because the loose distance induces the perturbation of
the energy levels in the frontier orbitals resulting in the inter-dimer charge separation.

The fluctuation (disorder) in the lattice distortion is observed (remains) above (below) the transition temperature. When two
charges are accommodated into a tetramer, two kinds of symmetric tetramers are allowed. According to the studies on the inter-dimer
charge separation for Et;Me,Sb[Pd(dmit),], and Cs[Pd(dmit),],, the transfer integral between charge poor molecules is larger than
that between charge rich molecules. This mechanism supports the reduction (enhancement) of one of tetramers below the transition
temperature.

From the viewpoint of the structural property, the B[] [type Pd(dmit), salts are situated between the k—type BEDT-TTF salts and
the BLICtype BEDT-TTF salts. As for the previously synthesized BlI[type Pd(dmit), salts, the physical properties are almost
comparable to those of the k—type BEDT-TTF salts. On the other hand, the conducting properties of the B[] [itype BEDT-TTF salts,
which are non-dimerized or weakly dimerized materials, are mapped with degree of fluctuation in the molecular charges. Therefore,
the newly synthesized B [type Pd(dmit), salts, which exhibits fluctuation or localization due to the charge separation, will belong to
a key system which leads to a general understanding for the conducting and magnetic properties of these molecular conductors.

(dmit = 1,3-dithiol-2-thione- 4,5-dithiolate, BEDT-TTF = bis(ethylenedithio)tetrathiafulvalene)
® Supramolecular anion radical salt (Me-3,5-DIP)[Ni(dmit),], where localized spins and conduction electrons coexist

(Me-3,5-DIP)[Ni(dmit),], is an anion radical salt having supramolecular interactions between the cation and Ni(dmit), anion.
This salt consists of two crystallographically independent Ni(dmit), layers (Layers I and II), where Layer I has localized spins and
Layer II has conduction electrons, respectively. We investigated the electrical resistivity under pressure to find the phenomena which
come from the interplay of conducting and magnetic electrons. Under hydrostatic pressure, the metallic behavior is enhanced along
the in-plane directions. On the other hand, the resistivity still shows insulating behavior along the interlayer direction. In a low
temperature region, the resistivity shows —log7 dependence along each direction. The —log7 dependence is also observed in the
resistivity under uniaxial strain along the interlayer axis. These suggest the possibility that the Kondo-singlet-like state is formed in
this system.

(Me-3,5-DIP = N-methyl-3,5-diiodopyridinium, dmit = 1,3-dithiol-2-thione- 4,5-dithiolate)
® Nano-/micro-crystal of molecular conductors on silicon substrate

Electric properties of nano/micro- crystals of molecular conductors directly grown on SiO,/Si"" substrates were examined. In our
previous experiment, (DMe-DCNQI-d7),Cu nanocrystal was found to show no metal-insulator (M-I) transition upon cooling, despite
its bulk crystal exhibited sharp M-I transition at 80 K. Our new experiment revealed that the bulk crystal also showed no M-I
transition down to 4 K when it was fixed on a SiO,/Si"" substrate with carbon paste and epoxy resin. This is because the small
thermal expansion coefficient of the silicon substrate induces pseudo negative pressure upon the soft organic crystal whose thermal
expansion coefficient is several dozen times larger.

0-(BEDT-TTF),l; and k-(BEDT-TTF),Cu[N(CN),]Br single crystals were also grown on SiO,/Si"" substrates. Their field effect
transistor properties were measured in their low-temperature insulating phases, the former of which is a charge ordered state and the
latter of which is a Mott insulating state. k-(BEDT-TTF),Cu[N(CN),]Br is normally a superconductor in its ground state, but when it
is fixed on the hard silicon substrate, it falls into the insulating ground state due to the pseudo negative pressure from the substrate.

8 Sk 19 R



The device properties such as ON/OFF ratio and the field effect mobilities have been quite improved by optimizing the crystal
growth conditions and choosing good crystals as well as device configuration.

(DMe-DCNQI = 2,5-Dimethyl-N,N-Dicyanobenzoquinonediimine, BEDT-TTF = bis(ethylenedithio)tetrathiafulvalene)

@ Property control over thin molecular layers by charge injection

In order to extend new functionality of electronic devices, elucidation of property control over thin molecular layers by charge
injection is important for future molecular devices. In this study, the charge injection and consequent electronic state change in
organic field effect transistor (OFET) have been investigated.

OFET is an electronic device that controls of electric conductivity by injection of carriers into the organic molecular thin-film
under the applied electric field. Based on the knowledge of inorganic semiconductor transistors, the conductive mechanism have
been generally understood with a scheme of band bending of electronic states. However, the energy diagram may not be the same
between inorganic and organic materials, because of more localized orbital of the molecules. It is, therefore, important to elucidate
the difference of electronic states for using the peculiar functionality of organic molecular materials for the future advanced devices.
In this study, we have exerted ourselves to establish an experimental method, i.e., Fluorescence-yield X-ray absorption spectroscopy
(XAS), that can directly observe the electronic state change at deep part of organic thin films in OFET. As a result, we succeed to
observe the electronic states of inner organic thin films, even though the organic film is fully covered by a gold electrode with the
electric field applied.

(2) Computational study of rare earth polyhydride clusters
@ Computational study of ethylene insertion into the metal-hydrogen bond of the yttrium polyhydrido complex

The insertion of ethylene into a Y-H bond of the tetranuclear yttrium polyhydride complex (nS-C5H4SiH3)4Y4Hg, a model of
(n5 -CsMe,SiMes),Y 4Hg, which possesses one 4-H, one 3-H, and six ,-H atoms, was computationally investigated by the method of
two-layer ONIOM (B3LYP:HF). It was found that the enthalpy barrier for the ;-H migratory insertion (15.3 kcal/mol) is higher than
that for ,-H migratory insertion (10.9 kcal/mol). Both ,-H and ;-H migratory insertion reactions lead to a structurally and hence
energetically identical insertion product, in which the resulting ethyl group adopts a ,-Hbridging structure. These results suggest that
the ,-H migratory insertion reaction pathway is kinetically preferable.

On the other hand, the reaction of yttrium polyhydride complex (n°-CsH,SiH;),Y,Hs with Mo hydride complex gave the
corresponding d-f mixed polyhydride complex, which shows reversible uptake/release of hydrogen gas. The detail reaction
mechanism is investigated from both experimental and theoretical approaches.

@ Prediction of lanthanide(IIT) hydride clusters Ln,H;, (Ln = La, Gd, and Lu; n =3 and 4)

The binary lanthanide hydride clusters Ln;Hg and LngH,, (Ln = La, Gd, and Lu) were predicted theoretically to exist, their
formation being thermodynamically favorable. They make a link between the widely studied small molecules and bulk solids of
binary lanthanide hydrides. The cyclic pentacoordinated Ln;Hy was unexpectedly found to have significant aromaticity.

(3) Control of protein function
@ Development of efficient synthetic route to RK682 enamide derivatives and analysis of its interaction with VHR

Protein phosphatase VHR is a member of dual-specificity phosphatase which can de-phosphorylate phospho-serine, threonine,
and tyrosine residues. RK682 isolated by Osada’s group is a natural product having highly acidic 3-acyltetronic acid structure and
shows potent VHR inhibitory activity. We succeeded to develop non-acidic RK682 enamide derivatives (RE derivatives) as a novel
type of VHR inhibitor based on RK682. This year, we established the synthetic methodology for large scale-preparation of RE
derivatives. Molecular modeling for VHR-RE complex suggested that RE derivatives could bind to catalytic site of VHR.
Collaboration with Osada’s group on the X-ray crystallographic analysis of this complex is currently underway.

@ Interaction analysis of target proteins and small molecules (bioprobes)

Glyoxalase I catalyzes the conversion of methylglyoxal and glutathione (GSH) to S-D-lactoylglutahione. Previously, we have
discovered that methyl-gerfelin (M-GFN), the methyl ester of the natural product gerfelin, suppresses osteoclastogenesis and targets
GLOL as inhibitor. In this year, we focused on the interaction between the M-GFN and its target protein GLO1. We carried out the
crystallization of GLO1 complexes with methyl-gerfelin and analyzed its structure. The crystal structure analysis revealed that
gerfelin is bound in the substrate pocket by coordinate bonding with zinc ion as catalytic metal. In the structures of GLO1 complexed
with other inhibitors previously reported, GSH moiety of inhibitors interacted with residues by hydrogen bond. On the other hand,
M-GFN interacts with residues by hydrophobic interaction at the region.

(4) Development of fluorescent proteins
D Fast-photoswitching mutants of Dronpa

Dronpa absorbs blue light and emits bright green fluorescence. It can also be converted by strong irradiation at 490 nm to a
nonfluorescent state, which can then be switched back to the original emissive state with irradiation at 400 nm. Through semirandom
mutagenesis studies, we have developed two mutants of Dronpa that show efficient photoswitching kinetics. Compared to Dronpa,
the mutants can be turned off by blue light more efficiently. Thus, excitation with an argon laser line (488 nm) makes the mutants

H R FERT I TR A 9



quickly become dark such that no substantial fluorescence signals can be observed. Excitation with a violet laser diode (405 nm) also
produces no fluorescence signals. Simultaneous 488- and 405-nm irradiation, however, results in a rapid oscillation between the two
states, thereby keeping the emissive state population large enough to produce sufficiently bright fluorescence signals.
® Light-dependent regulation of structural flexibility in a photochromic fluorescent protein

The structural basis for the photochromism in the fluorescent protein Dronpa is poorly understood, as the crystal structures of the
bright state of the protein did not provide an answer to the mechanism of the photochromism and structural determination of the dark
state has been elusive. We performed NMR analyses of Dronpa in solution at ambient temperatures to find structural flexibility of
the protein in the dark state. Light induced changes in interactions between the chromophore and b-barrel are responsible for
switching between the two states. In the bright state, the apex of the chromophore tethers to the barrel by a hydrogen bond and an
imidazole ring protruding from the barrel stabilizes the plane of the chromophore. These interactions are disrupted by strong
illumination with blue light and the chromophore, together with a part of the B-barrel, becomes flexible, leading to a nonradiative
decay process.
® GFP-like proteins from Anthozoa stably accumulate in lysosomes

The novel GFP-like proteins from Anthozoa have greatly advanced our technologies for fluorescently labeling cells, organelles,
and proteins. It has been shown, however, that some GFP-like proteins have a tendency to aggregate. Transfection of GFP-like
proteins into cultured mammalian cells results in bright punctate structures (fluorescent dots), which are thought to be cytosolic
protein aggregates. In this study, we demonstrate that these dots are not cytosolic aggregates but lysosomes that have accumulated
the GFP-like proteins. Our biochemical and immunocytochemical experiments have revealed that certain GFP-like proteins
expressed in the cytosol enter lysosomes possibly by an autophagy-related mechanism, but retain their fluorescence because of
resistance not only to acidity but also to lysosomal proteases. Fluorescent dots were formed in the autophagy-deficient cells as seen
in wildtype cells Cell biological studies are now underway to determine if a new type of autophagy or other cellular process is
involved in the accumulation of GFP-like proteins in lysosomes.

2. Molecular ensemble analysis research
(1) Studies on local electronic state in molecular systems using synchrotron radiation
@ Cellular signal transduction systems sensing exogenous stimuli

The two-component regulatory system is widely distributed in bacteria, fungi and plants. It is well known that sensory histidine
kinases (HK) sense individual environmental stimuli, and the cognate response regulators (RR) transduce their signals downstream
upon receiving the phosphoryl group. However, it has been still unknown how HKs are autophosphorylated upon ligand-binding, and
how RRs are activated upon phosphorylation.
(i) We successfully to obtain crystal structures of the catalytic domain of thermophilic bacterial HK in the absence and presence of
several kinds of nucleotides. It was found that the core structures are rigid, but the loop covering the ATP binding site is very flexible.
On the basis of the structural comparison between these structures and the catalytic domain structure in the HK/RR complex, which
was determined last year, we discussed the mechanism of the autophosphorylation reaction.
(ii) Corynebacterium diphtheriae is a causative agent of diphtheria. Heme oxygenase (HmuO) is involved in iron acquisition from
the host heme that has been transported thorough an ABC-type heme transporter. We indicated that the chrS protein which was
produced in the E. coli membrane catalyzed heme-dependent autophosphorylation reaction. Protoporphyrin and its Co and Zn
complexes failed in the kinase activation, suggesting that ChrS is a specific sensor for the heme.
@ Chemical understanding of molecular structures of proteins/prosthetic groups

We have more than 30 structures of GFP-like proteins. To understand their fluorescent properties (color, intensity, and so on) on
the structural basis, we started collaborative work on quantum chemical calculation of electronic structures of the chromophores with
the groups in Kyoto University
® Inter- and intra-molecular electron distribution mapping of molecular crystals and proteins by synchrotron X-ray

In order to elucidate a relationship between structure and molecular function, Takata structural materials science laboratory
conducts research on visualizing experimental electrostatic potential based on the electron distribution as well as inter- and
intra-molecular electron distribution by analyzing synchrotron X-ray diffraction data with maximum entropy method (MEM). In the
2007 fiscal year, we have done intense studies on three themes divided according to target materials. To achieve their respective
purposes, it is necessary to collaborate closely with the other RIKEN laboratories. In fact, the research themes i and iii are carried out
with Kato condensed molecular materials laboratory, theme ii with Hou organometallic chemistry laboratory, respectively.
(i) Structural investigation of molecular-based superconductor under high pressure and ultra low temperature

In order to investigate structural aspects of a molecular-based material EtMe;P[Pd(dmit),], in superconducting state, we are
developing an X-ray diffraction system under multiple extreme conditions. This year, we installed a helium 4 continuous flow
cryostat which can refrigerate clamp type pressure cell with beryllium window. Diffraction from specimen under high pressure and
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ultra low temperature below 1.5 K was made sure to be detectable. Structural investigation of EtMe;P[Pd(dmit),], in superconducting
state will be implemented by optimizing preparatory pressure of the clamp cell at room temperature. In addition, we are also
developing experimental techniques of X-ray magnetic diffraction so that one may conduct magnetic structural investigation of
molecular-based materials not suited for neutron diffraction.

(dmit = 1,3-dithiol-2-thione- 4,5-dithiolate)

(i) Visualization of metal-containing protein by using anomalous small-angle X-ray scattering method

Small-angle X-ray scattering (SAXS) method is a powerful tool to explore the structural information about protein molecules in
solution and enables us to obtain the structural information with respect to molecular size, shape, and aggregate form. In addition,
using anomalous dispersion effect of the element in SAXS, the structural information about metal-containing protein can be
separated into molecular shape and spatial distribution of metal elements in the protein. It is so-called anomalous SAXS (ASAXS)
method. Moreover, visualization techniques from reciprocal space to real space, employed the reverse Monte Carlo (RMC) and
maximum entropy method (MEM), are also developed. The combinational approach of structural information obtained by ASAXS in
solution and electronic state obtained by soft X-ray spectroscopy becomes novel structural and functional studies of protein
molecules. Ferritin having metal-storage function is 480 kDa molecular weight, and has globular shaper with 8 nm inner diameter
and 12 nm outer diameter. The metal-storage process in Ferritin is not fully understood. This year, we have established to control the
number of iron atoms into a ferritin molecule. We also have developed the simulation software for SAXS calculation taking into
account for the anomalous dispersion effect and have confirmed that the structural information about the metals in the
metal-containing protein can be obtained from ASAXS simulation. The surfactant-grafted gold nanoparticles has also been studied
by ASAXS measurement, and it is undergoing analysis.

Furthermore, applying the MEM to X-ray single crystal structural analysis, the high-resolution visualization of electron density
distribution around the active site in a metal-containing protein leads novel structural and functional studies of protein molecules.
This year, we have qualitatively considered that the MEM analysis applies for an X-ray single crystal diffraction data of
metal-containing protein. [Ni-Fe]Hydrogenase has a molecular weight of 97 kDa and obtained high-resolution structural model has
been studied. As the result, the MEM analysis applied for X-ray single crystal diffraction data improves the electron density map
around the active site. However, the number of electrons of the metal atom at the active site in a protein molecule was not extracted
correctly because the completeness of data set and accuracy of structural model was not sufficient. We need further improvement of
this technique through the analysis of a standard sample which has relatively small molecular weight such as Myoglobin. In addition,
we try to investigate the mechanism of chemical reaction in rare earth metal hydride clusters by the MEM analysis with Hou
organometallic chemistry laboratory.

(iii) Direct observation of charge transfer in molecular conductor by using Maximum entropy method and static potential mapping

The purpose of this research is to investigate the origin of the metal-insulator transition of molecular conductor,
a-(BEDT-TTF),lI5. To do this research, we perform a powder-diffraction experiment and deduce the electron density map using the
maximum entropy method (MEM). In this year, we have obtained the reliable powder-diffraction data of 30, 110, and 160 K at
BL02B2, Spring-8. From the MEM/Rietveld analyses, the electron density maps of a-(BEDT-TTF),I; were deduced. Comparison of
the low temperature phase charge density with the one in the high temperature phase revealed that the C=C bond lengths change
through the metal-insulator transition. This suggested that the charge transfer occurs between BEDT-TTF molecules because the
C=C length reflects the charge amplitude of the BEDT-TTF molecule. The charge order of the lower phase was also revealed from
the dimerization of C=C bond length. The mechanism of this charge transfer will be illustrated through the analyses of the static
potential mapping, which is in progress.

(BEDT-TTF = bis(ethylenedithio)tetrathiafulvalene)
@ Soft X-ray emission study on myoglobin

We succeeded to measure the high-resolution soft X-ray emission spectroscopy of myoglobin solutions in the last year. We found
the obtained resolution is about the half of the designed resolution. We resolved this problem by making the new grating that has a
smooth surface roughness. The d-d excitation spectra in the soft X-ray emission spectra of myoglobins have been elucidated by
Tanabe-Sugano diagram. We found the lowest d-d-excitation peak exhibit strong linear polarization correlation between incident and
emitted photons. The result can not be elucidated by Oh symmetry of the simple Tanabe-Sugano diagram, but well elucidated by the
cluster calculation using the distorted D4h symmetry around the Fe ion.

(2) Studies on biomolecular function using NMR
D New methodological approaches for NMR studies of larger proteins and protein complex systems

Despite its potential advantages in analysis, long duration of measurement and limited digital resolution in indirectly observed
dimensions prevent 4D NMR experiments from being used in protein NMR projects routinely. The benefits of the nonlinear

sampling scheme and 3D maximum entropy processing were demonstrated in 4D triple-resonance experiments. We succeeded in
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measuring 4D spectra of equivalent quality with approximately 1/5 duration, when compared with employing a conventional
sampling scheme. 4D spectra with much higher resolution can be obtained by extending the acquisition time for indirectly observed
dimension in combination with nonlinear sampling scheme. Similar approaches for rapid NMR measurement can be used to
overcome problems caused by the instability and the low sensitivity of living cells. By applying nonlinear sampling scheme in
triple-resonance 3D NMR experiments, we obtained backbone and side-chain resonance assignments of Thermus thermophilus HB8
TTHA1718 protein in E. coli cells. Further, the world first three-dimensional protein structure was successfully calculated on the
basis of NOE-derived structural information obtained in living environment.
@ Interaction of protein-protein and protein-substrate evaluated by NMR and X-ray small angle scattering techniques
ssDNA region generated as a result of DNA damage is immediately coated by ssDNA binding protein (SSB). RecA protein that
catalyze recombinational DNA repair can not bind the ssDNA. RecF, RecO and RecR proteins enables RecA to bind to the ssDNA,
which process contains various protein-protein and protein-DNA interactions. By using NMR and electron microscopy techniques,
we have demonstrated that RecO displaces SSB on ssDNA to form ssDNA-RecO-SSB complex and that RecR interaction with RecO
in the complex causes to release SSB form RecO. When RecF, RecO and RecR proteins existed at the same time, RecFR complex
was formed dominantly. We have indicated that two RecF and four RecR molecules form ring like structure by using small angle
X-ray scattering. The internal diameter and the distribution of positive charges strongly suggested that RecFR binds DNA inside the
ring. Therefore, we proposed a model in which RecFR complex move on dsDNA and interact with ssDNA-RecO-SSB to recognize
dsDNA-ssDNA junction.

(3) Studies on local magnetic states of functional molecular systems
DsSingle-spin detection using STM

Detection and control of local magnetic properties are important for spintronics applications. So far, scanning Hall-probe
microscopy and magnetic-force microscopy have been used to investigate local magnetic properties but their spatial resolutions are
limited down to several m ~ nm. Once atomic spatial resolution has been achieved, detection and manipulation of single spin may
become possible. In order to resolve single spin, we have been developing two spin-sensitive scanning tunneling microscopes. First
one is the electron-spin-rotation (ESR) STM in which spin precession in a magnetic field is detected through AC component (at a
Larmor frequency) of the tunneling current in the vicinity of individual spins. We constructed and tested the ESR-STM system. We
have found that acoustic and vibration noises in the experimental room affect the system. Therefore, we have relocated the system to
the quieter room. In addition, we have added a load-lock chamber to improve the throughput of the measurement. Another
single-spin detection scheme which we are developing is inelastic-tunneling spectroscopy under a magnetic field. In this method, we
detect excess (inelastic) tunneling current which flows at above the bias voltage corresponding to the Zeeman energy of the localized
spin. We will use these two methods complementary to detect the spin of the single molecule.
® Spin-spin interaction studied by the reaction yield detected and optically detected magnetic resonance

The electron carriers in organic electronic devices are positive and/or negative radical ions. The radical ion has an electron spin
due to an odd electron. At the interface of the electrodes, the radical ion pair is generated. They are in the singlet or triplet spin states
and their charge recombination are largely dependent on their spin multiplicity. Manipulating this spin multiplicity by the technique
of electron spin resonance affords us to control the dynamics of radical ion pair and thus to elucidate the electron transfer process in
the organic semiconductor.

This year, we have investigated the emission process of polymer electroluminescent material, a polyphenylenevinylene derivative.
The observation by pulsed constant current condition gave the similar results by pulsed constant voltage condition. Thus we will
move to the constant current condition because the injected number of electrons becomes constant. The magnetic field and resonant
microwave dependences of the emission intensity after the removal of driving voltage was found to be fairly larger than that in the
presence of electric field. We conclude that the electric field increases the exchange interaction between the radical ions. This
suggests that the reason of large magnetic field effects in organic EL emission is not the long lifetime of radical ion pair to enhance
the interaction with the magnetic field, which is frequently observed in liquid phase, but the long range of charge recombination to
reduce the exchange interaction. We started the EL emission image measurements. In the total emission, the brighter (i.e. higher
driving voltage), the smaller magnetic field effects. At a certain driving voltage, there were no significant difference in the magnitude
of the magnetic field effects at brighter and darker positions.

(4) Spectroscopic studies on functional molecular systems
Exploring new phenomena at liquid interfaces by new even-order nonlinear spectroscopy

We are developing interface-selective even-order nonlinear spectroscopies to explore new frontiers of interfacial science. We
studied two subjects in this year. First, we applied our newly developed multiplex Electronic Sum Frequency Generation (ESFG)
technique to study surface denaturation of proteins. When a protein molecule reaches the air-water interface, there is a strong
tendency of the hydrophobic parts of the protein to go to the air side leading to the unfolding of the protein. This phenomenon is
called ‘surface denaturation’ and has been well known in natural science. Although the characterization of structure and

12 Sk 19 R



conformation of many proteins have been done in the bulk, the in situ study of protein conformation at an interface has not been done
due to lack of a suitable interface-specific technique. Second-order nonlinear spectroscopy is a powerful tool to study molecules at
interfaces. Here, we used ESFG for in situ characterization of the protein conformation at an interface. We measured the ESFG
spectra of a protein, cytochrome c, at the air-water and silica-water interfaces and correlate them to the conformation of the protein at
the interfaces for the first time. The existence of multiple conformations of cytochrome c at the air-water interface was found under
both neutral and acidic conditions. In contrast, at the silica-water and silica-air interfaces, no denaturation was detected. Second, we
demonstrated femtosecond Time-Resolved ESFG (TR-ESFG) spectroscopy that can provide interface-selective transient electronic
spectra with an unprecedentedly high signal to noise ratio and dense spectral data points. The TR-ESFG spectra of rhodamine 800
(R800) at the air/water interface were obtained, and the interfacial dynamics of photoexcited R800 was investigated as thoroughly as
the bulk dynamics was studied with the conventional transient absorption spectroscopy. At the air/water interface, the dimer of R800
in the lowest excited singlet (S;) state either dissociates into the S; monomer or nonradiatively decays to the dimer in the ground state
with the time constant of 0.30 ps that is ten times shorter than in the bulk. The S; monomer at the interface shows a
double-exponential decay with the time constants of 6.0 ps and 0.82 ns. The latter time constant is nearly equal to the S, lifetime of
the monomer in bulk water. The former is due to interface-specific relaxation that is not found in the bulk.

(5) Development of SR spectroscopy under multi-extreme conditions

A multiple-extreme conditions setup is being developed for SR investigations of molecular materials at the RIKEN-RAL Muon
Facility which has been established at the Rutherford-Appleton Laboratory (RAL) in the UK. The setup makes SR experiments of
molecular materials under multiple-extreme conditions possible, such as high pressure, small samples, ultra-low temperatures, light
irradiations and so on. In 2007, a new SR spectrometer for the multiple-extreme conditions has been developed. The spectrometer
posses large enough rooms to accommodate multiple-extreme conditions and more than 600 muon counters which are about 3 times
as larger numbers as those of the existing spectrometer at the RIKEN-RAL Muon Facility. The new spectrometer makes speedy and
effective measurements possible even though small samples are used. Developments of new counters are being going on as well. Due
to the large numbers of muon counters, the size of each counter was made small. The wave-length shifter was adopted to transmit
photons to a photo-multiplier. This new system keeps the counting rate high enough even though the size of a muon counter is small.
The performance of the muon-counting system has been checked using real muon beams to be satisfied.

A gas-pressurized high-pressure SR system has been developed. An advantage of this system is that the pressure can be changed
continuously changing the gas pressure from 0 to 0.64 GPa without any change of sample conditions. This advantage makes effective
and speedy experiments possible rather than cases using a usual cramp-type hydrostatic pressure cell. A special high-pressure cell
which is dedicated to the pulsed-muon beam has been made under the collaboration with the RAL high-pressure group. The
maximum pressure of 0.64 GPa has been tested and confirmed. The whole system has been tested at low temperatures and will be
used for real experiments at the RIKEN-RAL Muon Facility from April 2008.
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