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Research of functional organic materials
(conductors, superconductors, efc.) in the r7-system
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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 State 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, the SSSJ Paper Award and the BCSJ 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 7T-system with exotic functionality.

(1) Control of electronic properties of organic superconductor: The electrical transport properties
of the all-organic superconductor 3 ™-(ET).SFsCH>CF.SOs have been investigated under the uniaxial
strain. At ambient pressure, this salt shows a superconducting transition with critical temperature 7c of
5.2 K. The application of the uniaxial strain along the in-plane b-axis was found to increase the 7c at
the initial compression stage, while the Tc¢ is nearly unchanged by the in-plane strain along the @' -axis,
which is perpendicular to the b-axis. Under the large strain, the 7c 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 exists in close proximity
to the superconducting phase. On the other hand, the uniaxial strain along the inter-plane c*-axis
rapidly suppressed the 7c and stabilized a metallic state. The present results are qualitatively consistent
with the results of the uniaxial pressure coefficients of 7c 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 metal-insulator (MI) transition system, is proved to show a photo-induced phase
transition (PIPT). The 120 fs width laser pulse converted 500-1,500 donor molecules per one photon in
the insulating state to the metallic 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, 0] in the insulating phase, which is not favored from the view point of the Coulombic repulsion
between the neighboring sites. Thermal analysis 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 MI transition. It had been revealed 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”*-7t-A" type with a long alkyl chain
(n-CuHani1) by a Stork enamine-type reaction between 1-alkyl-2-methylene-3,3-dimethylindolenine
and TCNQ. Among them, green or golden single crystals were obtained for » = 6, 7, 8, 10 and 20.
The crystal structures are classified into three categories, namely paired-3CNQ type (»=6,7,8), non-
paired-3CNQ type (» = 10) and sheet-like type (n» = 20). The dependence of crystal structures on the
alkyl 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
alkyl chain length » 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 #»=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 (III) ions
[EMI][Fe"Cls] was prepared. AC susceptibility can be explained by the paramagnetic S = 5/2 spins on
iron (III) ions regardless of its forms. Ionic conductivity is as high as 1.8X10? S cm™ at 20°C, leading to
the first conductive-paramagnetic bifunctional organic liquid. It was also found that [BMI][Fe"'CLy] is a
paramagnetic RT ionic liquid. A dicyanamide melt formed with DMI cation [DMI][N(CN).] shows a RT
ionic conductivity of 3.3X 107 S cm™, which is the highest value among the two component ionic liquids.

(5) New ionic multicomponent Cs complex [Pd(dbdtc):](Ce )[(Cr(CsHe):"")]: New complex
[Pd(dbdtc)z] * (Ceo™") * (Cr(CeHe)2" ") (1) (Pd(dbdtc).: palladium dibenzyldithiocarbamate); Cr(CsHs)2:
bis(benzene)chromium) was obtained by the diffusion method. Crystal structure of 1 solved at 80
K reveals a layered packing with alternation of strongly puckeredCeo ™ layers with those composed
of Pd(dbdtc). and Cr(CsHs)."*. Within fullerene layers pairs of Ceo'~ can be distinguishable with the
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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 (Cso’)2
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 (Cso')2 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 (Ceo )2
dimers is the lowest among ionic complexes of Cso (160-250 K) showing that sterical factors hinder the

formation of the (Ceo)> dimers in 1 probably due to incorporation of Cr(CsHs). " into the Ceo~ layers.
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Fig. 2 Synthesis of L1o-FePt nanoparticles by
the “SiO,-Nanoreactor’” method.
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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 Institute for Chemical Research (ICR), Kyoto
University in 1993. He has been the director of the ICR since 2002. He also served as a visiting professor of Université
de Bordeaux I (1983, 1999) and Université de Grenoble I (1998). He has devoted himself to the development of solid state
chemistry of 3d transition metal oxides.

(1) Blue-light emission at room temperature from Ar'-irradiated SrTiOs: We have found blue-light
emission at room temperature from Ar -irradiated, metallic SrTiOs. The irradiation introduces oxygen
deficiencies to the crystal surface, and the deficiencies generate conduction carriers and stabilize a hole
level in a self-trapped state. We propose a model by which the doped conduction electrons and the in-
gap state produce a new radiative process that emits blue light. The emitting region could be patterned
into any size and shape with conventional microscopic fabrication techniques. These fascinating
features of SrTiOs will open up new possibilities for the oxide-based electronic devices.

(2) Synthesis of L1o-FePt nanoparticles by the “SiO.-Nanoreactor’ method: We report a successful
synthesis of monodisperse L1o—FePt nanocrystals which are not only superior in magnetism but also
easy to handle through being dispersible in solvents. Thanks to a thick SiO:-coating, the thermal
treatment needed to form the L1, structure can be done even at 900 °C without inducing coalescence
and coarsening. The protecting shell was thereafter removed in a specific way that enabled us to
recover the L1o-FePt nanocrystals in a water-dispersion. The SiOz-coated nanocrystals show a high
coercivity of 18.5 kOe at room temperature in spite of their core size of only 6.5 nm in diameter, and
the hysteresis loop of the water-dispersed nanocrystals, which were frozen under an external field, was
almost rectangular indicating that their magnetic and structural orientation could be attained.

(3) Single-layer oxychloride superconductor Ca,.CuQ:Cl: with 4-site cation deficiency: We have
found new oxychloride superconductor Ca,..CuO.Cl, without cation substitution by using high-pressure
synthesis. The highest 7c was 38 K, 10 K higher than that of Ca>.Na.CuO:Cl.. Structure analysis based
on synchrotron X-ray and neutron powder diffractions revealed that the Ca deficiency was the origin
of the hole carrier. This compound has two structural features as compared to Caz..Na.CuO:Clz; fewer
defects and a shorter Cu-CI bond length. Postannealing at 773 K led to a further increase of the Tc to
43 K. This superconductor with a flat CuO: plane might form the basis for future discussions about the
factors that determine the 7c of single-layer cuprates.

(4) Pressure/temperature/substitution-induced melting of 4-site charge disproportionation
in Bi..La.NiOs3 (0< x<0.5): BiNiO; (x=0) is a triclinic perovskite with a unique valence state
of Bi*"0sBi’"0sNi*"Os. This is the only known compound with A-site charge disproportionation.
Synchrotron X-ray powder diffraction and photoemission studies revealed that pressure (P~3 GPa,
7=300 K), temperature (7~340 K, x=0.05), and La substitution (x=0.075, 7=300 K) caused the
structural change from a triclinic (insulating) to an orthorhombic (metallic) phase, suggesting melting
of the 4-site charge disproportionation (Bi*'+Bi’" — 2Bi*").

(5) Layered cobalt oxide SrCosOn: SrCosO1: is a novel cobalt oxide first synthesized in our group
by high pressure technique. It has a unique magnetism characterized by the stepwise change of the
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magnetization along the c axis, 0 <> 1/3 <> 1 in unit of the saturation magnetization below 20 K,

together with high electric conductivity. We analyzed the reaction process of SrCosO11 under high
pressure through in-situ observation of the reaction by synchrotron X-ray powder diffraction. Based
on the analyses, we succeeded in growing single crystals of SrCosOn and Ba-substituted (Sri.Bax)

CosO11, with typical size of 0.4 X 0.4 X 0.1 mm’. Their magnetic & crystal structure stydies as well

as magnetic and transport property studies are under way.

Publications

1.

10.

11.

12.

13.

14.

15.

16.

Current-Induced Electroresistive Effect in Mixed-Phase Lao.s7Cao3:3MnQOs Thin Films, A. Masuno, T.
Terashima, Y. Shimakawa, M. Takano, Appl. Phys. Lett., 85, 6194-6196 (2004).

Crystal Structure and Dielectric and Magnetic Properties of BiCrO; as a Ferroelectromagnet, S.
Niitaka, M. Azuma, M. Takano, E. Nishibori, M. Takata, M. Sakata, Solid State Ionics, 172, 557-559
(2004).

Preparation and Optical Properties of Single-Crystalline CaCuO: Thin Films with Infinite Layer
Structure, D. Kan, A. Yamanaka, T. Terashima, M. Takano, Physica C, 412-414, 298-302 (2004).
Magnetically Superior and Easy to Handle L1o-FePt Nanocrystals, S. Yamamoto, Y. Morimoto, T. Ono,
M. Takano, Appl. Phys. Lett., 87, 032503-1-032503-3 (2005).

Crystallographic Features and Tetragonal Phase Stability of PbVOs, a New Member of PbTiO; Family,
A.A. Belik, M. Azuma, T. Saito, Y. Shimakawa, M. Takano, Chem. Mater., 17, 269-273 (2005).
High-Pressure Synthesis and Structure of SrCosO1:: Pillared Kagomé Lattice System with a 1/3
Magnetization Plateau, S. Ishiwata, D. Wang, T. Saito, M. Takano, Chem. Mater., 17, 2789-2791 (2005).
Effect of Explicit Cationic Size and Valence Constraints on the Phase Stability of 1:2 B-Site-Ordered
Perovskite Ruthenates, J.T. Rijssenbeek, T. Saito, S. Malo, M. Azuma, M. Takano, K.R. Poeppelmeier,
J. Am. Chem. Soc., 127, 675-681 (2005).

Designed Ferromagnetic, Ferroelectric BixNiMnOs, M. Azuma, K. Takata, T. Saito, S. Ishiwata, Y.
Shimakawa, M. Takano, J. Am. Chem. Soc., 127, 8889-8892 (2005).

Low-Dimensional Ferromagnetic Properties of SrCuV:07 and BaCuV:07, A.A. Belik, M. Azuma, A.
Matsuo, K. Kindo, M. Takano, /norg. Chem., 44, 3762-3766 (2005).

Synthesis of Submicron-Sized, Monodisperse Spherical V2Os Particles, S. Yamamoto, M. Takano, Y.
Shimakawa, Mater. Res. Soc. Symp. Proc., 8T9E, 27.14.1-77.14.6 (2005).
Pressure/Temperature/Substitution-Induced Melting of 4-Site Charge Disproportionation in Bii..La.NiO3
(0 < x £0.5), S. Ishiwata, M. Azuma, M. Hanawa, Y. Moritomo, Y. Ohishi, K. Kato, M. Takata, E.
Nishibori, M. Sakata, I. Terasaki, M. Takano, Phys. Rev. B, 72, 045104-1-045104-7 (2005).

Spin-Trimer Antiferromagnetism in LasCusMo0O12, Y. Qiu, C. Broholm, S. Ishiwata, M. Azuma, M.
Takano, R. Bewley, W.J.L. Buyers, Phys. Rev. B, 71, 214439-1-214439-8 (2005).

Nodal Quasiparticles and Antinodal Charge Ordering in Ca».Na.CuO:Clz, K.M. Shen, F. Ronning, D.H.
Lu, F. Baumberger, N.J.C. Ingle, W.S. Lee, W. Meevasana, Y. Kohsaka, M. Azuma, M. Takano, M.
Takagi, Z.-X. Shen, Science, 307, 901-904 (2005).

A Novel Organically Templated Hybrid Open-Framework Manganese Phosphate-Oxalate, R. Yu,
X. Xing, T. Saito, M. Azuma, M. Takano, D. Wang, Y. Chen, N. Kumada, N. Kinomura, Solid State
Sciences, 7,221-226 (2005).

Fabrication and /-V Characteristics of p-n Junctions Composed of High-7. Superconductors and La-
Doped SrTiOs, D. Kan, T. Terashima, Y. Shimakawa, M. Takano, Thin Solid Films, 486, 71-74 (2005).
Blue-light emission at room temperature from Ar+-irradiated SrTiOs, D. Kan, T. Terashima, R. Kanda,
A. Masuno, K. Tanaka, S. Chu, H. Kan, A. Ishizumi, Y. Kanemitsu, Y. Shimakawa and M. Takano,
Nature Materials, 4, 816-819 (2005).



R o Ic L =7/ 25— USROS & Wit
FIRMEIE DIEER

{LEREsERr RS B

BH F (WEE H0LL)

MR 22 FE4 ., TEAI 44 FHALRZ PSR 22 2, IBF] 49 FE Rt R Z A
WFFERM R 22 50 — S i AR 22, SURHE, TUET R LR R T s i & Bh .
PR AR T, ER I3 EL 0 EIRZ, oM. B 60 Fiz a7 > AL bATREIIFFE
BEULTRY I AT TV VES T, BEMEiYs, ¥ CHYHEYES &
NTHE. EREE, BEMEEONT. W E R, RIS, R,
BWRLI T, PR 14FEX 0 SEMOF /77 /0y —kEaXE 70y =7 &%,

(1) WEEMD FHEBEOBESR © S S%74 1, 2-dionedioxime 75755 d* &E— XL &I
BkdH 2 ELHDEERRFEZ R L. N6 OFEREITEFRICGER T 5, s ORISR
WGz KL bDTh 2N, AERDFORAERBEZIEN T2 I s Tz, T T,
Bis (1, 2-benzoquinonedioximato) platinum (II) (CAF Pt (bqd). & BEEL) 12 D W TZ DL TE O it
Zfiot, TORTERTRTH % aBEE (=2.06 nm, »=0.974 nm, ¢=0.635 nm) |25V T,
PULEPH TH/ND P-PtF#EE L C 0318 nm 2#H L., dpBRIZ L5 EEA LN L RERHEHNO
1250 nm (e FERINE /RS, L L, S#EnFEEiRe U TERT 3 CEBEZENHIIL ., St
PIZRERZEADPENS Z &M TV, 20
Baisid, B OMEERO A TR < Eie D
HFHBDZEHBE I CEERRA 2R >T0WHEEXL
5N5L., MEMOEMEOFFMEMHMT 5720128
BHEEOMBEBERTNEIN T, LTIV
A1) NT 4 REHN E (NaCl, KC1, KBr, KI) iz =X F
VX IVEIREERL 125G, ARERBRE y BLEIT
SEEZEAHE T2 EEHS ML 2, Pt(bqd):
I¥ NaCl, KCI, KBr £z ETlE &7 BEL (a=2.57 nm,
b=0.66 nm and c=0.37nm.) & L CTHERT S H. Z O
EIIANZE T AN LZES e BIZEHR T 5, 2O, R

HIRE ORRTEAMEN L X ¢ 2 OREr s EET 5. Fig. 1 Grain boundary between & and
F72. KI I fERL 72 Pt (bqd), HIETRET 0 o 1 7 crystals on Kl substrate.

WA IES & v L (a=1.42 nm, ¢=0.656nm) 73 £ R 9
5, e BRE yRIZBIT S Pt(bgd). 53 F D /Sy
F 7D CE I RREE BB T3 % C
LaEAl, BAMREGERT L. £ OBGIINE
THMEET NV EFERL, FFEK I -3y
X B GEFHEL TEGE R LU EEEEELT 5,
Co7atADMIZyFEOEZ Y LA O AT
EFxv 795, MR, BEPryHMTE, ozl
Pt-Pt fHIBEAE (35 < 7 S ORI TE 1, £k,
KIER ETER IRz LD iCaBlé y Bl
NEIE SN, BEMT O S 2 O FREHBE D
MER2IZET LI ICFETET, Fig. 2 Schematic model of grain boundary.

103



Q) EBRERNRBINS S X4—DzEEE . 5
BERNEMNF P ARZ— (OFET) TOF ¥ U7
DIEEHBIREREE L TREN TS, @,
OFET (MR FHER D 572 5 ZHEM T /N AL L TE n*-Si gate
WINBN, TOZETHBRFAD N7y T7OHEN
KE MR ARD CERHNESN TV, 22 ©
T, B—hT%2OFETOF v rIVEET DT /N4
ABEHU RN S BB RHT 5 e &R A
oo K3IZRTEIRBRF v RIVIEN 1lum O T /N A
AEEHEL, FIIEBEHEL R TR R EEEE
WREL T2, BEIEOREKREEE BEHKGEHEHE
L7, BIFIREEIE & L Cld, 300K T 1.11em®Vs #  Fig. 3 (a) Schematic cross section, (b)

Si07 gate insulator

=y AT T XA, BRERTINA A HET S AFM image, (c) Optical microscope
LI ORI B TR <. L KON DR image around a channel region.
EHICXaTEs enaho, i

FEDOETN &Iz, BB EAL I - I o

210K THAfE 1.22em’/Vs 7R L, /N> i | o
RESMLEHZAEE, TREOMER [ Ty

Tl BBEEASAEE LT AOLF - F S S B A e
4.6meV % D EEME Arrhenius B ) {5 S o R (T
KR RT, BRET N R i, 2 Eesiomey | 210

T, AHE & B T I EIET B L 03F coyaine 0 —
7w Iz X0ENFIHISNS, BEIZ 14 ! mlnm::':-]uﬂ;::n .

0 5 10 15 20 25

iR, 45K < T < 58K, CTIZFHE)E X — 1000/T (1/K)

B, BEFETO bR Y > T
WAHEE SN D, —J. N 7 ABEAMK Fig. 4 Arrhenius plots of the saturation mobilities

FHEE, T TERS N TE % Poole- of single-grain and polycrytalline OFETs
Frenkel BLOZE#II R ST, DM TORL obtained from the temperature range 300 K
FL Poole-Frenkel B4 258 (2 55 — 2% (1712 B4 >T>45K (a) and 300 K>T> 5.8 K (b).
BLTAZEERT I ENTE, H— Red circles show the mobility of single-grain
KEFNA A 2D LS R BDEEL device and blue circles of polycrystalline one.

BN ENZOHEBTH A D,

Fabrication of Nano-scale Structures and
Local Analysis of Their Properties

Seiji Isoda

Born in 1947. He received D.Sci. degree from Kyoto University. He was a research associate (1975-1983) and an assistant
professor (1983-1989) in the Institute 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 (1989-2001) 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 particles in relation with their structural transformations.

104



(1) Structural analysis of bis (1,2-benzoquinonedioximato) platinum (II) polymorphs formed
epitaxially on alkali halides: One-dimensionally stacked square planar d*-metal complexes with
various kinds of 1,2-dionedioxime show interesting electronic and optical properties. Bis (1,2-ben
zoquinonedioximato) platinum (II) (Pt (bqd):) is known to have an orthorhombic unit cell (@ -form;
a=2.06 nm, b=0.974 nm, ¢=0.635 nm) with the shortest Pt-Pt distance of 0.318 nm in the bis
(1,2-dionedioximato) Pt (II) family, which leads the absorption of the d-p transition to the longest
wavelength of 1250 nm. For thin films of Pt (bqd)., it has been reported that absorption spectra of
the thin films vary depending on the substrates used for vacuum deposition. This has suggested the
existence of a polymorphic structure on NaCl based on their X-ray powder diffraction patterns.
Recently, we have reported about two polymorphs observed on various alkali halides; the [ -form
structure and the 7-form. However the packing of Pt (bqd). molecules in these phases have not been
analyzed. These polymorphs of Pt (bqd). grow on the alkali halide substrates epitaxially. In such a
case, not only intermolecular interaction but also an additional interaction should be considered at
the interface in the case of epitaxy. For this purpose, we employed the molecular imaging method
using high-resolution transmission electron microscopy (HRTEM), since HRTEM is a powerful
technique for straightforward analysis of defects or domain boundaries as well as regular structures
in comparison with the diffraction method. By using this method, we analyzed the crystal structures
of Pt (bqd): thin films fabricated by vacuum deposition on the (001) surfaces of NaCl, KCI, KBr
and KI substrates at room temperature. Pt (bqd): thin films exhibited some polymorphs. These
structures and crystallographic orientations were studied by TEM. On NaCl, KCI and KBr, Pt (bqd):
grows in the orthorhombic [-form; unit cell dimensions are a=2.57 nm, 5=0.66 nm and ¢=0.37 nm.
The B -polymorph transforms into the ordinary orthorhombic « -form by heating at different rates
depending on the substrate. The instability of the S-form was influenced by lattice-matching between
the B-form and substrate used. On KI, Pt (bqd). grows as the polymorphic tetragonal form (y-form:
a=1.42 nm and ¢=0.656 nm). From the result of high-resolution TEM observations, many domain
boundaries in this film were observed, which are related to the structural change during the growth.
From the structures analyzed by HRTEM, detailed structural aspect of the boundary has been made
clear (Figs.1 and 2).

(2) Transport properties of single-grain organic field-effect transistor: Organic Field-Effect
Transistor (OFETs) are gaining much attention from both technological and academic points of view.
The transport mechanism of field-induced carriers in organic materials is one of particular interest.
Because OFETs are fabricated conventionally from polycrystalline or amorphous films, the structural
imperfections present in these films may mask the intrinsic transport properties of organic materials.
Furthermore, even when highly ordered thin films are used, some structural defects localized at grain
boundaries operate as deep and shallow traps for the carrier transport. Therefore, we tried to fabricate
single-grain OFET of pentacene “thin film phase” with top-contact structure, and investigated
temperature and electric field dependence of the mobility. The saturation mobility of 1.11 cm*/Vs at
300 K is obtained in the single-grain device with 1 #m of channel length (Fig.3). As shown in Fig.4,
the device shows non-monotonous temperature dependence of the saturation mobility, which increases
with a decrease in temperature, and reaches a maximum of 1.22 ¢cm’/Vs at 210 K. This increase of
mobility with a decrease of temperature would be an evidence of band-like transport. At lower than
210 K, the mobility obeys thermally activated transport with activation energy of 4.6 meV due to the
effect of shallow traps present at the metal/organic interface. In the temperature range 45 K <T < 5.8
K, the mobility becomes constant with varying temperature. This constant mobility can be explained
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by the dominance of tunneling transport through metal/organic interface. The obtained electric field

dependence of the linear mobility is not consistent with Poole-Frenkel low, although Poole-Frenkel
behavior of the mobility has been reported in several polycrystalline OFETs. This indicates that the
origin of the Pool-Frenkel behavior is disorders of molecules at grain boundary, and our single-grain

device is free from the disorders.
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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 nanotechnology.

(1) Structures and Properties of (CHSM-TTP). MCls (PhCl)x (M = Ga, Fe): The FeCls and GaCly
salts of CHSM-TTP, (CHSM-TTP). MCls (PhCl)x (M = Ga, Fe) have been prepared. The donors form
face-to-face stacked columns along the a axis. The two neighboring columns along the c direction
are divided by the insulating MCls™ anions and the solvents used for crystallization. The present salts
exhibited relatively high conductivity of o« =10 S cm™ on a single crystal. They showed metallic
temperature dependence down to 180-190 K, below which the resistivity gradually increased. The
magnetic susceptibility of the GaCls salt has revealed that it exhibits temperature-independent
susceptibility and that there is no anomaly around the metal-to-insulator transition. On the other hand,
the FeClys™ salt showed weak antiferromagnetic interaction of ® =-3.1 K.

(2) Theoretical study of the electronic transport properties of TTP molecular wires: The
electronic transport in the molecular wires of TTP(tetrathiapentalene) derivatives coupled to the
Au(111) surface have been studied theoretically. TTP was substituted by two CH.S groups at cis (1)
and trans (2) positions as anchors. We performed the nonequilibrium Green's function formalism based
on the density functional theory by the use of the TranSIESTA—C program package to investigate the
quantum transport properties of the molecular wires. The current (/) was estimated with the change of
the bias voltage between the source and drain electrodes (V.s) and the gate voltage (V). The calculated
current-voltage (/-V.) characteristics of TTP derivatives 1 and 2 in the range of the bias voltage, 0.0
~2.0V,at V;=0.0 V shows the sudden increase of current at the bias voltage of 1.4 V. The orbitals of
molecular wires can be classified into three categories, the orbitals localized on the left and the right
anchor parts and that delocalized over the TTP moiety. The orbitals delocalized over the TTP moiety
are contributed to the transmission and they are not found in the energy region between the potentials
of the left and right electrodes at the bias voltage below 1.4 V.

(3) Vibronic coupling in cyclopentadienyl radical and benzene cation: Vibronic coupling, the
interaction between the motion of electrons in a polyatomic molecule and the motion of nuclei, leads
to many interesting phenomena such as Jahn-Teller effect, superconductivity, electron transfer and
so on. The coupling between a degenerate electronic state and a degenerate vibrational state removes
the degeneracy, and the lower state is stabilized (Jahn-Teller effect). Especially in the case that the
stabilization energy is not much greater than the vibrational energy, kinetic energy of the nuclei must
be considered (dynamic Jahn-Teller effect). Cyclopentadienyl radical and benzene cation are the
largest dynamic Jahn-Teller systems in which vibronic eigenstates are experimentally observed. In
this work, vibronic coupling constants of CsHs and C¢Hs" are calculated as matrix elements of vibronic
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operator (differentiation of Hamiltonian about normal coordinate). e;’ (3) mode in CsHs and e2,(3)
mode in CsHs' has the largest vibronic coupling, and these results are qualitatively consistent with the
experimental data. From an analysis in terms of molecular orbital pattern and vibrational modes, it is
found that the normal modes with large change in bonding character have a strong vibronic coupling.
This analysis is useful in the control of vibronic coupling and molecular design.

(4) Stable high-spin radical cations of a dendritic oligoarylamine: New dendritic oligoarylamine
1, which contain a 1,3,5-benzenetriamine (BTA) molecular unit as an potential precursor of high-
spin molecule and three oligoarylamine moieties as spin-carrying units surrounding the core BTA,
was prepared by the sequential palladium-catalyzed amination reactions. The redox property was
investigated by cyclic voltammetry. The tricationic high-spin species was generated by chemical
oxidation, and the electronic structures were examined in detail by the ESR spectroscopy. The pulsed
ESR technique enabled us to determine the definite spin multiplicity of the generated tricationic
species of 1 and the dominant oxidized species was assigned to the spin quartet 1°". Moreover, these
high-spin tricationic species turned out to be far more stable. The temperature dependence of the
magnetic susceptibility for the 1°'(SbCle)s salt also supported the intramolecular ferromagnetic
interaction in 1°".
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4. Vibronic Coupling in Cyclopentadienyl Radical: A Method for Calculation of Vibronic Coupling
Constant and Vibronic Coupling Density Analysis, T. Sato, K. Tokunaga, K. Tanaka, J. Chem. Phys., in
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7. Electron Spin Resonance (ESR) Study of Li-Doped Polyacenic Semiconductive (PAS) Material
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Study 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 B.
Eng. in 1972 and from the graduate course at the same university with the degree of M. Eng. in 1975. In 1979 he received Dr.
Eng. from Tohoku University for a thesis entitled* Viscoelastic Behavior of ZnCl> - MCI (M = Li, Na, K, Cs) Binary Melts".
He worked as a postdoctoral fellow at Rensselaer Polytechnic Institute (Troy, New York, USA) for two years from 1979 to
1981. He got an academic position of research associate at the Department of Industrial Chemistry, Mie University, in 1981.
In 1984 he was promoted to Associate professor at the same university. In 1988 he moved to Institute for Chemical Research,
Kyoto University and was promoted to Professor there in 1994. The achievements made by him are 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) Preparation of organic-inorganic hybrid materials through nonaqueous acid-base reaction: The
organic-inorganic hybrid low-melting glass of SnO-Me:Si022-P.Os system can be prepared through
the non-aqueous acid-base reaction, in which the glass network linkages are produced by acid-base
reaction between H3POa, or H3PO:s as acid and Si (CH3)2 Clz, SnCl: or other metal chloride as base. The
obtained glasses showed an excellent transparency and high solubility of organic dyes and optically
active ions. So this glass system is expected to be one of the potential candidate materials for active
optical devices. We demonstrated the micro-laser fabrication, and doping of rare earth, organic dye,
and metal nanoparticles. When the cw Ar' laser beam is focused inside the low-melting glass doped
with neodymium ion, the electrons transferred from the ground level to the upper level relax to lower
energy states through non-radiative process with heat dissipation before returning back to the ground
state. The refractive index change was observed as An = -2 X 10°. Moreover, we have succeeded in
fabricating waveguide or phase grating structures inside the hybrid low-melting glass. In addition,
doping of mixed valence Eu ion and Au nanoparticle was possible by heat-treatment below 250°C .

(2) Organically-modified siloxane materials with low-melting temperatures: The softening
temperatures of organically-modified siloxane glasses are changed from room temperature to 300 C
depending on the structure of the siloxane main chain. The low-melting siloxane materials are expected
to be the substitute materials for the low-melting glasses presently available. Siloxane material has an
advantage of the higher UV transmittance compared to polymer materials. Fig. 6 shows a picture of
blue LED molded with our low-melting siloxane glass, which exhibits a better stability in addition to
higher transmittance in the UV region than polymer materials (epoxy).
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(3) Structural study on organically-modified polysiloxane glasses: We have already reported
that low-melting glass can be prepared using a gel derived from Sol-Gel method. The glasses
with compositions of xPh2Si02»- (1 — x) PhSiOs, (0 < x < 30) were prepared and their softening
temperatures are widely dispersed around 150°C . In order to examine factors affecting the softening
behavior, structural study has been performed using *’Si MAS NMR (Magic Angle Spinning Nuclear
Magnetic Resonance) spectroscopy and GPC (Gel Permeation Chromatography) measurements. First,
we obtained the frequency at G” (the imaginary part of the elastic modulus) = 10’ Pa using viscoelastic
measurements. Second, we acquired the condensation degree of Si, <m>, which is the number of Si-
O-Si bonding per one Si by NMR spectra and the molecular volume, <M>, by GPC measurements.
Finally, we have found a relation between the frequency at G” =10’ Pa, the condensation-degree and
molecular volume as follows,
logwa =10pa =— 9.2 < m >— 5.0log < M >+ const. (cf.Fig.7)

We have also found that the rate of increase in elastic modulus induced by heat-treatment decreases
with increasing amount of Ph2Si0O2. unit.

(4) Fabrication of periodic photonic structure of TiO: and other oxides on the sol-gel dip coated
films through photo-polymerization induced phase separation (PIPS): By combining PIPS
with sol-gel coating technique, the TiO: phase grating were obtained by holographic illumination of
Ar+-ion laser light (inset shows the SEM image of the obtained gratings). The periodicity could be
controlled in the range from 500 nm to 20 1 m depending on the holographic condition of irradiated
laser light. When the PIPS and sol-gel conditions are well controlled, we can fabricate a periodic
structure without laser (coherent) light source. Fig. 8 shows an AFM image of the TiO. 2D-photonic
structure obtained by the present method using a black light as UV source. The 2D structure is self-
organized on the substrate. This method has a great advantage compared to the photo-polymerization
method of vinyl-modified metal alkoxide system. With complete condensation, large An is expected.
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Chemistry of Coordination Space
— Creation of Molecules-Assembling, Stressing, and Converting Fields —

Susumu Kitagawa
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Chemistry and Biological Chemistry, Graduate School of Engineering, Kyoto University (1998-). His research interests are
functional coordination chemistry and nanospace chemistry.

(1) Highly controlled acetylene accommodation in a metal-organic microporous material:
Highly controlled acetylene accommodation in a microporous coordination polymer [Cuz(pzdc):
(pyz)] (pzdc=pyrazine-2, 3-dicarboxylate, pyz=pyrazine) has been accomplished by preparing a pore
surface specific for acetylenic hydrogen atoms. The adsorbed amount of acetylene is 26 times larger
than that of carbon dioxidat the same temperature and pressure, even though both molecules have a
similar size, ahape, boiling point, and critical temperature. Furthermore, the acetylene can be packed
200 times as densely as the limitation value without explosion. The adsorbed acetylene molecules are
highly stabilized by the double hydrogen bonded supports in nanosized pores, which were revealed
by direct observation of the adsorbed molecules using the results of in-situ synchrotron X-ray powder
diffraction measurements and by first principles calculations.

(2) Guest shape-responsive fitting of porous metal complex with shrinkable framework: In
situ synchrotron X-ray powder diffraction patterns of porous coordination polymers {[Cu: (pzdc):
(bpy)]*G} have been measured (bpy=4,4" -bipyridine) (where G=H,O for CPL-2*H,0, G=benzene
for CPL-2*benzene, and G=void for the apohost). The structures of apohost and CPL-2 benzene
were determined from Rietveld analysis. Adsorption of benzene in the channels induced a remarkable
contraction in the crystal (b axis; 6.8%, volume; 4.9%), although the channels were occupied by the
benzene molecules. This crystal transformation provides anew pore structure that is well suited for
benzene molecules, and we denote it as a “shape-responsive fitting” transformation. This type of pore
gives rise to a new guideline: frameworks can be composed of flexible motifs that are linked via strong
bond and/or stiff motifs that are connected via weaker bonds.

(3) Radical polymerization of styrene in porous coordination polymers: Radical polymerization
of styrene was carried out in nanosize channels of porous coordination polymers [Zn: (bdc): ted].
(1; bdc=1, 4-benzenedicarboxylate, ted=triethylenediamine) and [Cu: (pzdc): bpy]l. (2; pzde=2,
3-pyrazinedicarboxylate, bpy=4, 4-bipyridine). The polymerization in the nanochannel of 1 proceeded
in high yields, however, trace amount of polystyrene was obtained in the nanochannel of 2. Solid
state NMR measurement shows that mobility of styrene is strongly confined in 2, suggesting the poor
reactivities of the encapsulated monomers. ESR measurement by use of 1 indicates that propagating
radical of polystyrene in the nanochannel was remarkably stabilized due to suppression of terminal
reaction and radical transfer in the channel, showing that the radical polymerization in this system is
“living nature” polymerization.
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Recently, the strongly correlated systems have attracted much attention 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 a fertile 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 study in single crystal of CrB:

CrB2 is an itinerant antiferromagnetic compound with Tx = 89 K. We have performed ''B FT-
NMR study by using a single crystal. Below T, the spectrum shows broadening due to the internal
field. According to the coupling constant between the magnetic susceptibility and the Knight shift
obtained by analysis in the normal state, maximum of the ordered moment was found to be 0.5 /5.
The small ordered moment suggests a typical ordering in the itinerant magnetism. Figure 1 shows
the FT-NMR spectra in the normal state. Three peaks in each spectrum are interpreted by the nuclear
quadrupolar splitting. In the case of H (applied magnetic field)//a-axis, additional three peaks in a peak
appear as shown in Fig.1. This behavior is quite unconventional and we speculate that the anomalous
behavior in H//a originates in the staggered moment corresponding to a strong antifferomagnetic
fluctuation. Advance of understandings in the microscopic properties of CrB. should encourage the
investigation field of quantum critical point.

(2) Controlling of the superconducting transition temperature and investigation of the

microscopic electronic state in the unconventional superconductor Na.CoO: * yH:O

Many studies for the physical properties of recently discovered superconductor, bi-layer
hydrated sodium cobalt oxides Na.CoO2 - yH20 have been done. In this compound the nature of the
nonstoichiometric property disturbs clarifying the mechanism of the superconductivity. We newly
synthesized systematically non-superconducting and superconducting Na.CoO: « yH.O with various
Tc. Figure 2 shows the NQR spectra of non-superconducting Na,CoO- + yH>O. The spectrum shows
broadening at 2 K originating in the internal field, suggesting the magnetic phase transition between
2 and 10 K. Figure 3 shows the phase diagram, in which Tc and TM are plotted against the 3rd
NQR frequency (3vq), corresponding to the transition of [, = * 7/2 & I,= £ 5/2. vq is thought to be
enhanced with the increase of the distortion of Co-Co6 octahedron, and also vq probes the increase of
the ferromagnetic fluctuation. We concluded that the ferromagnetic fluctuations are necessary for the
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occurrence of the superconductivity. Tc increases with the increase of ferromagnetic interaction. On

the other hand, stronger magnetic correlation breaks superconductivity, resulting in the magnetic phase

transition. These results indicate that the superconductivity in Na.CoO: * yH>O occurs unconventional

way.
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