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Resear ch of functional organic materials

(conductors, superconductors, etc.) in the z~system
Gunzi Saito

Born in 1945. He received his Ph.D. degree from Hokkaido University. He was a postdoctoral fellow in USA and Canada
(1973-1979), a research associate in the Institute for Molecular Science (1979-1984), an associate professor in the Institute
for Solid Sate Physics of University of Tokyo (1984-1989) and a professor in the department of Chemistry, Faculty of Science,
Kyoto University (1989-1994). Now he has been a professor in the Chemistry Division, Graduate School of Science, Kyoto
University (1994-). He was also a visiting professor in Université de Rennes (1998, 2002, 2003). He got the CSJ award
(FY2003), the Inoue Prize for science, the Nishina Memorial Prize and the SSSJ Paper Award. He was a chairman of the
ISSP international conference (1989) and the fourth ISCOM (2001). He has been devoted in the development of molecular
compounds in the 7-system with exotic functionality.

(1) Control of electronic properties of organic superconductor: The electrical transport
properties of the all-organic superconductor g’ -(ET),SFsCH,CF,SO; have been investigated under the
uniaxial strain. At ambient pressure, this salt shows a superconducting transition with critical
temperature Tc of 5.2 K. The application of the uniaxial strain along the in-plane b-axis was found to
increase the Tc at the initial compression stage, while the Tc is nearly unchanged by the in-plane strain
along the a’-axis, which is perpendicular to the b-axis. Under the large strain, the Tc starts to decrease
with increasing the pressure in both cases. In addition, the semiconducting behavior was observed at
the low temperatures under the large strain along the a’-axis. It suggests that a non-metallic phase
existsin close proximity to the superconducting phase. On the other hand, the uniaxial strain along the
inter-plane c*-axis rapidly suppressed the Tc and stabilized a metallic state. The present results are
qualitatively consistent with the results of the uniaxial pressure coefficients of Tc deduced from the
thermal-expansion study.

(2) Ethylenedioxy-1,3-dithiole derivative: (EDO-TTF),PFs, which had been reported in the
previous report as a novel meta-insulator transition system, is proved to show a photo-induced phase
transition (PIPT). The 120 fswidth laser pulse converted 500-1,500 donor molecules per one photonin
the insulating state to the metdlic state. This ultra-fast and highly efficient PIPT stimulated the
detailed investigation on this complex. As a result, the importance of the strong on-site Coulomb
repulsion and the electron-molecular vibration coupling are assigned to the origin of the charge



ordering pattern of [0, +1, +1, Q] in the insulating phase, which is not favored from the view point of
the Coulombic repulsion between the neighboring sites. Thermal anaysis proved that the sample
heating effect during above mentioned PIPT experiments can be neglected. Further, the disorder of the
anion in the metallic state is suggested to be a restricted rotational one, while the free rotation had
been assumed in the early stage of the investigation on this complex. From the results of accurate
structure analysis, the Coulombic attractive interaction between the donor and anion is suggested to
play an important role to emerge the M1 transition. It had been reveaed that the unit cell shrinks along
the c*-axis when the metal to insulator transition takes place. The transport measurements showed the
abrupt raising of the transition temperature when the uniaxial strain was applied along this direction
(ca. 20 K under 2 kbar). On the other hand, the larger strain than 12 kbar stabilized the metallic state
down to 150 K independently on the direction of the uniaxial strain.

(3) Intramolecular charge transfer compounds based on indoline and TCNQ: Indoline and
TCNQ provide a series of intramolecular charge transfer compounds of D*-r-A % type with a long
akyl chain (n-CHzx..1) by a Stork enamine-type reaction between 1-alkyl-2-methylene-3,3-dimethyl-
indolenine and TCNQ. Among them, green or golden single crystals were obtained for n= 6, 7, 8, 10
and 20. The crystal structures are classified into three categories, namely paired-3CNQ type (n=6,7,8),
non-paired-3CNQ type (n=10) and sheet-like type (n=20). The dependence of crystal structures on the
akyl chain length was explained as the balance of dimerization energy of 3CNQ moieties and
self-assembling ability of alkyl chains. The minimum value (95°C) of melting point was found when
an akyl chain length n is 18. These low melting points allow us to investigate them in a liquid state.
Thermal properties were investigated by DSC measurement. For example, the compound of n=20 was
obtained as golden plates and melted at 105 °C then turned to purple liquid. No exothermic peaks were
observed in a cooling process of liquid sample and its appearance did not change down to room
temperature (RT). On heating again slowly, a broad exothermic peak was observed around 70 °C, and
then golden luster was recovered. This peak was assigned to a phase transition from supercooled liquid
to crystalline solid based on powder X-ray diffraction. The solid melted again at 86 °C.

(4) Multifunctional ionic liquids: An EMI-based RT ionic liquid containing trivalent iron(l11) ions
[EMI][Fe"Cl,] was prepared. AC susceptibility can be explained by the paramagnetic S = 5/2 spins on
iron(I11) ions regardless of its forms. lonic conductivity is as high as 1.8x102 Scm ™ at 20°C, leading
to the first conductive-paramagnetic bifunctional organic liquid. It was also found that [BMI][Fe'"'Cl,]
is aparamagnetic RT ionic liquid. A dicyanamide melt formed with DMI cation [DMI][N(CN);] shows
aRT ionic conductivity of 3.3x102Scm ™, which is the highest value among the two component ionic
liquids.

(5) New ionic multicomponent Cg complex [Pd(dbdtc)z](Ceo™ )[(Cr(CeHe)2"")]: New
complex [Pd(dbdtc),]-(Ceo™)-(Cr(CsHe)2"") (1) (Pd(dbdtc),: palladium dibenzyldithiocarbamate);
Cr(CgHe),: bis(benzene)chromium) was obtained by the diffusion method. Crystal structure of 1
solved at 80 K reveds a layered packing with alternation of strongly puckered Cgy" layers with those
composed of Pd(dbdtc), and Cr(CgHe),”".  Within fullerene layers pairs of Cg' can be
distinguishable with the shortest interfullerene C...C contact of 3.102 A (the sum of van der Waals
radii of two carbon atoms is 3.42 A). This contact is essentially longer than the length of the
intercage C-C bond in the (Cgo )- dimer (1.597 A) indicating that Cs,"~ molecules are monomeric at 80
K. In contrast to X-ray diffraction data SQUID and EPR evidence the formation of the (Cgy )
dimers below 140 K. Fast cooling from 250 down to 100 K (within 10 minutes) completely
suppresses dimerization and according to EPR in this case the dimerization is observed only below 40
K. The observed dissociation temperature for the (Cg ). dimers is the lowest among ionic
complexes of Cg (160-250 K) showing that sterical factors hinder the formation of the (Cgy ). dimers
in 1 probably due to incorporation of Cr(CgHe),™ into the Cgy” layers.
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Search for novel 3d transition metal oxides
Mikio Takano

Born in 1944. He received his Ph.D. degree from Kyoto University in 1973. After having served as an associate professor in
Konan University and Kyoto University, he became a professor of the Ingtitute for Chemical Research (ICR), Kyoto
University in 1993. He has been the director of the ICR since 2002. He served also as a visiting professor of Université de
Bordeaux | (1983, 1999) and Université de Grenoble | 1998 . He has devoted himself to the development of solid state
chemistry of 3d transition metal oxides.

(1) New multiferroic transition metal oxides Bi;NiMnQOg: Magnetic ferroelectrics in which
magnetism and dielectricity are linked to each other have attracted much interest because of their
possible application to data storage devices, for example. A classical idea to obtain a magnetic
ferroelectric is to combine Bi** ion and suitable magnetic transition metal ions. The presence of the 657
lone pair and the strong covalency of the Bi-O bond will stabilize a noncentrosymmetric polarized
structure and the NaCl-type ordering of two kinds of transition metal ions with and without &,
electrons will lead to ferromagnetism. One of thus designed ferromagnetic ferroelectric double
provskites, Bi-NiMnQs, was successfully prepared by means of high-pressure synthesis and epitaxial
thin film growth as well. The bulk sample showed a ferroelectric transition and a ferromagnetic
transition at 470 and 140 K, respectively. We are now trying chemical modifications to optimize the
coupled performance.

(2) High pressure synthesis of Novel cobalt oxides ACosO;11 and their magnetic and
transport properties. : We have found a novel cobalt oxide, SrCosOy;, using a high pressure
synthetic method. The structure is illustrated in Figs. 1 and 2. On applying magnetic field along the
c-axis (perpendicular to the Kagome layers contained), the magnetization of this oxide shows a
1/3-plateau, such as what is expected from an antiferromagnetically frustrated triangular lattice of
Ising spins. Surprisingly, the electric resistivity along the same axis drops stepwise depending upon
magnetization. SrCosOy; is the first compound in which the carrier transport between conductive
layersis valved with the intervening spin-frustrated system. We are studying the mechanism in further
detail, and are searching for new related compounds ACosOy; showing large spin-charge coupled
phenomena.

(3) Light emission from SrTiOs: SITiOs is a well-known insulator with a band gap of 3.2eV.
Recently we found blue-light emission by electron-doped, metallic SrTiOs single crystals (see Fig. 3).
At low temperatures the emission wavelength shifts to 390nm, which is in good agreement with the
intrinsic band gap of SrTiO;, indicating that the electronic transition changed from an indirect type to
the direct type. The doping can be done through the creation of oxygen vacancies by Ar’-beam
irradiation. So, the emission can be patterned in a nano-meter scale by using a micro fabrication
technique. Devices emitting light of short wave lengths and high power may be expected from
Ti*-containing perovskitesin the future.

(4) Synthesis of Monodisperse, Submicron-Sized Spherical V,0s Particles: Monodisperse,
submicron-sized spherical metal oxide particles are attracting much interest for potential use as
pigments, catalysts, raw materials of advanced ceramics, components of photonic crystals, and others.
Among a number of preparing methods, hydrolysis of metal alkoxides in homogeneous solutions is
very promising. In this study, we have succeeded in obtaining desired V,0Os particles via the hydrolysis
of vanadium isopropoxide (VO(OiPr)s) in acetone/pyridine mixed solutions. Transmission electron
microscopic observations revealed that the formed particles had an almost perfect spherical shape and
were non-agglomerated as can be seen in Fig. 4. Their size could be varied from 200 to 800 nm with a
narrow size distribution of less than 7%. The V,Os particles may possibly be used as catalysts,
electrodes of lithium ion batteries, components of electrochromic devices, sensors and actuators.
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Fabrication of Nano-scale Sructuresand

Local Analysisof Their Properties
Seiji Isoda

Born in 1945. He received D.Sci. degree from Kyoto University. He was a research associate (1975-1983) and an Instructor
(1983-1989) in the Ingtitute for Chemical Research, Kyoto University. Meanwhile he was a Humboldt fellow at
Max-Planck-Institute of Polymer Science (1985-1986). After served as an associate professor (1986-2001) in the Institute for
Chemical Research, Kyoto University, he has been a professor in the same Institute. His scientific field of interest is
microscopic analysis on organic crystals, thin films and fine particlesin relation with their structural transformations.

Macroscopic properties depend principally on the kind of atomic and molecular species and their
arrangement in bulks, but also depend largely on structural defects like dislocations and impurities.
Furthermore, recently nano-fabrication becomes an interesting subject so as to realize novel properties
of such materials. In these cases, a key factor is how to analyze local structures and properties
quantitatively. Therefore, this project aims to develop new analytical methods to investigate the local
structures, chemical compositions and electronic structures at a nanometer-scale area by cultivating
electron microscopy. The following issues are the targets of project, and concurrently educational
efforts are exerted to graduate students by including them in the project. (1) New application of high
resolution electron microscopy; studies on dislocations in organic crystals and formation processes of
nano-scale particles in solutions. (2) Cultivation of electron microscopy; quantitative analysis of high



resolution imaging, electron crystallography at local area, and elemental and electronic states analyses
by using inelastically scattered electrons. (3) Low dimensional molecular structures; making clear the
basic features of low dimensional structure formation and trying to fabricate low dimensional
structures. Some results obtained recently are described below.

(1) DV-Xa. Calculation of Electron Energy-L oss Near Edge-Structures of F,TCNQ :

The first principle molecular orbital (MO) calculations, focusing on the carbon K-edge fine structures,
were performed for 2,3,5,6-tetrafluoro-7,7,8,8-tetracyano-quinodimethane  (F;,TCNQ) and
7,7,8,8-tetracyanoquinodimethane (TCNQ). Electron energy-loss spectra (EELS) of F,TCNQ were
measured and analyzed through the calculation. In the discrete variational-Xa (DV-Xa) method,
site-excited transition state configurations were assumed to take account of core-hole effects and,
consequently, were examined in three parts (Fig.1): (1) partial density of states (PDOS) of unoccupied
2p orbitals; (2) inner 1s orbitals (energy-recalibrated PDOS); and (3) photo-absorption cross-section
(PACS) considering the transition matrix. In F;,TCNQ, the inner 1s energy level of the quinoid-ring
carbon combined to fluorine shifts deeper in energy, resulting in a high-energy shift of the n* peaks in
the calculation. The calculation also showed the fluorination effect on the quinoid-ring carbons
appearing in the higher ¢* energy region. In the low energy region, the calculations accurately
reproduced the core-excited spectra in both F;,TCNQ and TCNQ and succeeded in assigning each
component appearing in the spectra.

(2) Sructures of Adsorbed Initial Layersof Searic Acid at the Liquid/Solid Interface:

The structures of stearic acid adsorbed initially on highly oriented pyrolytic graphite (HOPG) were
examined at liquid/solid interfaces by scanning tunneling microscopy (STM). Depending on the
concentrations of stearic acid in n-octylbenzene solutions, two structures were observed (Fig.2). For a
saturated solution of stearic acid, the observed layer on HOPG was composed of large and stable
domains under STM scanning, corresponding with the already reported structure (B-form). For low
concentrations, molecular layers were also formed, but at the lowest concentration of 1.7 mM, the
molecular layer became porous where an underlying layer with another structure (a-form) was
observed. It was concluded that the a-form is the initially adsorbed layer and the second layer is
formed as the B-form.
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Design of high order arrangement and development of novel physical
propertiesand functions: Control of structuresand physical propertiesin

organic molecular conductorsand magnets
Kazuyoshi Tanaka

Bornin 1950. Received Dr. of Engineering degree from Kyoto University. A postdoctoral fellow of JSPS (1978-1979) and
had joined in a US company (Energy Conversion Devices, Inc. in Michigan) from 1979 until 1981. Returned to Faculty of
Engineering, Kyoto University in 1981 as a Research Associate (1981-1988), Associate Professor (1988-1996) and Professor
in the Department of Molecular Engineering, Graduate School of Engineering, Kyoto University from 1996. Now is a
leader of the CREST team, JST, with the research theme of Nanoelectronic-Device Fabrication Based on the Fine Molecular
Design.  Majoring in quantum function materials and molecular nanotechnol ogy.



(1) Sructures and properties of (BTM-TTP),X (X = PFs, SbFe, TaFe) Severa bis(alkyldithio)
derivatives of BDT-TTP, where BDT-TTP is 2,5-bis(1,3-dithiol-2-ylidene)- 1,3,4,6-tetrathiapentalene,
have been synthesized. Cyclic voltammograms of 1 consist of four pairs of single-electron transfer
waves, and the first redox potentiads (E;) are higher by 0.02-0.03 V than that of unsubstituted
BDT-TTP. X-Ray structure analysis of radical cation salts based on bis(methylthio) derivative
(BTM-TTP) revealed that (BTM-TTP)X (X = PFs, TaFs) have the so-called 3-type array of the donors,
in which face to face stacks of the donors are linked by the side-by-side interaction. The donors are
dimerized in the stack with the interaplanar distances of 3.51 and 3.49 A |, respectively. The dip
distances aong the donor long axis are 1.5 A and 1.8 A, respectively. A tight-binding band
calculation suggests that these salts have a quasi one-dimensional Fermi surface. Both the salts
exhibited relatively high conductivity at room temperature; 22 Scm* for the PFg salt and 1.6 Scm™ for
the TaF salt, respectively, and showed metallic temperature dependence down to 90 K.  On the other
hand, (BTM-TTP),SbF possesses the 0-type array of the donors. The donors are uniformly stacked
along the a axis with the interplanar distance of 3.44 A. The donors dlip aong the both donor short
and long axis in contrast to 6-BEDT-TTF salts, in which only the dlip along the donor short axis is
observed. The dihedral angle of the donors between the neighboring columns is a large value of
132.4 A, indicating smaller overlap integrals compared with the 0-salts with smaller dihedral angles.
The calculated Fermi surface istypically cylinderal characteristic for two-dimensional metal. However,
this salt exhibited relatively low conductivity of o, = 0.8 Scm™ and showed semiconductive
temperature dependence of 0.13 eV probably owing to narrow bandwidth and resultant large electron
correlation in the quarter-filled band system.

(2) Novel para-phenylenediamine-based high-spin molecule In order to investigate the possibility
of spin-polarized conducting polymers, we have designed and synthesized para-phenylene-
diamine-based tetrakis- and bisnitroxide molecules 14 (Chart 1). Weakly coupled nitroxide moieties
in the neutral state of these molecules are expected to have intramolecular ferromagnetic interaction
owing to the generation of semiquinone radical after oxidation of the central para-phenylenediamine
moiety (Scheme 1). On the basis of the electrochemical measurements, it was confirmed that the
oxidation potential for the nitroxide moieties for 1 is lower than that for the central
para-phenylenediamine. This indicates that the generated cation radical of 1 results in the low-spin
state. On the other hand, one-electron oxidation for the compounds 2—4 is originated from the central
para-phenylenediamine moiety. It was furthermore confirmed by the observation of the characteristic
absorption band corresponding to the mixed-valence charge transfer in the generated semiquinone
radical of 2—4 (Scheme 1). Consequently, we observed the ESR spectra having the spin-forbidden
transition for the cation radicals of 2—4. The more corroboration was given by the pulsed ESR
measurements of the cation radicals of 2—4. Hence, we concluded that the cation radicals of 2—4 are
ground state quartet.
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Fig. 1 A hirdseye view of the PL
spectrum  mapping of as-deposited
GeO,-SiO, CVD film. The intensity axis
is shown in logarithm scale.
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Fig. 2 *Na MQMAS spectrum of
NaO-2Si0, glass. MAS dimension and
isotropic dimension are presented in ppm
relative to an external reference of 1
mol/L NaCl solution. Inset two lines
represent chemical shift (QS) and
auadrupolar interaction shift (OIS).



Fig. 3. Optimized clusters modeling (a) isolated Na ion
and (b) crowded one. The calculated chemical shifts of
model (a) and (b) are 566.2 and 566.6 ppm, respectively.
The quadrupolar shifts are calculated as 0.5 and 3.2 ppm
for model (a) and (b), respectively. All these calculations
were performed at the HF/6-31G* level.

Sudy on inorganic-based photonics materials
Toshinobu Yoko

He was born in .Hokkaido in 1949...He graduated from the Department of Metallurgy, Tohoku University, with the degree of
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from 1979 to 1981. He got an academic position of research associate at the Department of Industrial Chemistry, Mie
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mainly concerned with the preparation and the structure- and property-characterization of a variety of functional glasses and
sol-gel derived coating thin films.  His research is composed of five fields such as (1) structure and properties of glasses, (2)
nonlinear optical properties of inorganic glasses and sol-gel derived films, (3) preparation of functional materials by sol-gel
method, (4) photoelectrochemistry of sol-gel derived semiconducting oxide films, and (5) high temperature molten salt
chemistry. In 1993 he received the Scientific Award of the Ceramic Society of Japan for “ Preparation and characterization of
functional ceramic coatings by sol-gel process’. His current interests are materials science of (a) organic-inorganic hybrid
low temperature melting glasses, and (b) high performance optical functional oxide films.

(1) Photochemical reactions responsible for photorefractive index change in GeO,-SIO,
glasses The ultraviolet-induced photochemical reactions in GeO,-SiO, glasses is widely used to
manufacture fiber Bragg gratings. The photochemical reaction of the divalent Ge (Ge**) which, we
believe, is mainly responsible for the photorefractivity has been investigated by the
photoluminescence spectroscopy. The excitation-emission mapping of the spectra reveals that the
highly photo-active Ge** (PADGe) shows a large Stokes shift. This indicates that the local structure
around the PADGe is allowed to relax due to the free space, resulting in the refractive index change.
We have also fabricated the thermal-switching waveguide in the GeO,-SiO, thin films with a large
amount of Ge*".

(2) Inhomogeneous distribution of Na ion in mixed alkali slicate glass. We have
investigated local structure of Na ion in sodium silicate glasses and mixed alkali silicate glasses by
means of *Na multiple quantum magic angle spinning (MQMAS) NMR spectroscopy and ab initio
molecular orbital (MO) calculation. The Na MQMAS NMR spectra of Na,0-2SiO, have shown an
inhomogeneous distribution of local structures around Na as shown in Fig. 2. The MO calculations on



the model clusters of sodium silicate glass (Fig. 3) have indicated that there are both the crowded and
isolated Na sites in sodium silicate glass. We have aso investigated the local structure around Na in
mixed alkali silicate glasses, (1-x)Na,0-xK,0-2Si0, (x = 0.25, 0.33, 0.50). Na MQMAS spectra of
these glasses have also showed that addition of K ion makes Na ion occupy more ionic site in mixed
akali silicate glasses. The present study suggests that a cation with a higher ratio of charge to ionic
radius tends to aggregate in mixed silicate glasses.
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blue nanoparticles protected by PVP

Chemistry of Coordination Space

— Creation of Molecules-Assembling, Stressing, and Converting Fields —
Susumu Kitagawa

Born in 1951. He received his Ph.D. degree from Kyoto University at 1979. He was a research associate at Kinki University
(1979-1988), an associate professor at the same university (1988-1992) and a professor in the department of Chemistry,
Faculty of Science, Tokyo Metropollitan University (1992-1998). He has been a professor in Department of Synthetic
Chemistry and Biological Chemistry, Graduate School of Engineering, Kyoto University (1998-). His research interests are
functional coordination chemistry and nanospace chemistry.

(1) Porous Coordination Polymers Consisted of t—r Stacking Interaction :

A flexible and dynamic microporous coordination polymers based on the interdigitation,
[Cuy(dhba)bpy], (1), and interpenetration, [Cux(BDC),bpy], (2), have been synthesized and
characterized. The structure of the coordination polymer, 1, is constructed by two-dimensional (2-D)
motifs mutually interdigitated, and 2 is constructed by three-dimensional (3-D) motifs mutually
interpenetrated. XRPD study shows that these coordination polymers exhibit drastic crystal structure
transformation triggered by guest adsorption and desorption. Structure transformation of 1 is
accompanied by a shrinking of the layer gap, which is attributable to a glide motion of the two O stack
ring moieties, dhba, resulting in a decrease in the channel cross section. These coordination
polymers show characteristic hysteretic adsorption isotherm of various super critical gases, which
have gate-opening and closing pressure.



(2) Prussian Blue Nanoparticles Protected by Organic Polymer

Prussian blue (PB) nanoparticles protected by poly(vinylpyrrolidone) (PVP) were prepared by
mixing aqueous Fe**, Fe(CN)s>, and PVP solutions together and were characterized by UV-vis, IR,
XRPD, and TEM. Averaged dimensions of the nanoparticles were controlled between 12 and 27 nm
depending on initial Fe ion concentrations and/or feed ratios of Feion to PVP.  Solubility of PB bulk
in organic solvents is considerably low, nevertheless, formations of the PB nanoparticles dramatically
increase the solubility in variety of organic solvents. It is noteworthy that the PV P-protected PB
nanopraticles stably maintain the cluster formations without further aggregations and dissociation in
CHCIl; over one month. Measurement of the critica temperature (T.) where PB exhibit a
ferromagnetic property showed a gradual decrease of T, for the nanoparticles as the particle sizes
become smaller. This result could be ascribed by the reduction of the averaged numbers of magnetic
interacted neighbors.
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Recently, the strongly correlated systems have attracted grate interests for the researchers of the
solid-state chemistry. In addition to the electron-electron correlation, the research of the quantum
critical state is thought to be afertile field, in which many researchers try to reveal the nature of their
properties experimentally and numerically. Especially, the low dimensional and frustrated spin systems
sometimes show interesting physical properties, for example, superconductivity, metal-insulator
transition, orbital ordering, spin singlet state and so on. In this study, we synthesized novel compounds
with strongly correlated system and measured the macroscopic and microscopic physical properties.

(1) NMR and NQR studies of the novel triangular superconductor Na,CoO, yH,O

NaCoO, yH,O (Fig. 1) isthe novel superconductor, in which the magnetic Co atoms form a quasi
2-dimensional triangular lattice within a layer. Therefore the spin frustration should be important for
the occurrence of the superconductivity. We performed the NMR and NQR measurements in order to
clarify the nature of the superconducting state. The temperature dependence of the spin-lattice
relaxation rate (1/T,) in *Co-NQR shows the enhancement above T, indicating the presence of the
ferromagnetic fluctuation and is proportional to T2 below T, which suggests the presence of the gap
with the line node. We performed the D and **Co-NMR measurements of Deuteron substituted sample
to clarify the intrinsic spin susceptibility. The temperature dependence of the Knight shift in °D is
attributed to only the spin susceptibility while that in **Co consists of mainly orbital contributed term.
Therefore the result of D-Kinight shift shows only the spin-contributed Knight shift. Figure 2 shows
the temperature dependence of the “D-Knight shift. Below T, the “D-Knight shift shows invariant
behavior while it agrees with the magnetic susceptibility, above T, resulting in that the spin
susceptibility does not change in the superconducting state. This behavior is consistent with the picture
of the spin triplet superconductivity with f-wave symmetry.

(2) Inelastic neutron scattering experiment on the 2-dimensional orthogonal dimer system
SrCu,(BO3), -Toward the quantum phase transition-

SrCu,(BO3) » is an experimental realization of Shastry-Sutherland model which was considered
more than 20 years ago. Because of the unique topology, i.e., the orthogonality of neighboring dimers,
the direct product of the dimer singlets can be the exact ground state. Various experiments revealed
that the spin gap from the singlet ground state to the first excited triplet state is 3.0 meV. Moreover, in
agreement of theoretical prediction, the triplet excitations are found to be extremely localized, as
confirmed experimentally by inelastic neutron scattering experiment. Recently, we found that the
application of pressure is an effective way to change intra- and interdimer interactions and to induce
phase transition from the gapped state to an antiferromagnetic ordered state. We performed magnetic
susceptibility, Cu-NQR and inelastic neutron scattering experiment at high-pressure. As can be seen in
Fig. 3, inelastic neutron scattering provides the direct evidence of the reduction of spin gap (2.7 meV).
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