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Fig. 1 Crystal structure of (DIETSe)zMCh.
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Fig. 2 Crystal structures of (EDO—TTF):PFs
in the insulating and metallic phases.
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Research of functional organic materials
(conductors, superconductors, efc.) in the r7-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 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 I (1998, 2002, 2003, 2005, 2006). 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 r-system with exotic functionality.

(1) Interplay between itinerant rr-electrons and localized d spins: We found anomalous magneto-
transport properties of the magnetic molecular conductor (DIETSe):FeCls based on the strong 7 -d
interaction through iodine-bonds (Fig. 1). An antiferromagnetic (AF) transition of Fe(IIl) (5=5/2) spins
were observed at 2.5 K, where the resistance rapidly increased. Using a piezoresistive AFM cantilever
for magnetic torque measurements, we detected a spin-flop transition of Fe spins. The interlayer
magnetoresistance showed an abrupt change just above the spin-flop field. The resistance change was
very large and reaches to about 130 % under the hydrostatic pressure of 12 kbar.

(2) Biomolecule-introduced organic conductors: We examined charge-transfer complex formation
between cytosine and TCNQ derivatives having a wide range of electron-affinity. The key process was
found to be the alcoholysis of TCNQ derivatives with the reaction solvent, methanol. In addition, the
hydrogen bonds of CHC" cation controlled the molecular packing and electronic state, resulting in the
demonstration of the most conductive salt in (CHC )(TCNQ ") as fully ionic TCNQ salt.

We studied the neutral betainic radicals of pyrimido-fused TTF derivatives, electron donors
having nucleobase skeletons, toward single component organic conductors. In order to investigate the
effect of hydrogen bond, we synthesized new derivatives having alkyl groups on pyrimido-ring. They
exhibited 10'~10" order lower conductivity than nonsubstituted ones.

(3) Ethylenedioxy-1,3-dithiole derivatives: The isotope effect was examined for (EDO-TTF).X (X =
PFs, AsFs) (Fig. 2), which shows the peculiar metal-insulator (MI) transition and ultra-fast and highly
efficient photo-induced phase transition. The MI transition temperature of EDO-TTF-d> salts was
raised by ca. 3 K by deuteration, that corresponds to the theoretical prediction quantitatively.

A new donor, TP-EDOT, having a terminal sulfur atom with a significant HOMO coefficient was
synthesized. Two cation radical salts showing peculiar magnetic structures were obtained. The 2:1 PFs
salt was a Mott insulator, in which the localized spins exhibited a two-dimensional AF behavior based
on a novel three-dimensional spin arrangement. In the (TP-EDOT):SbaF11(benzene), the trimers having
one charge carrier were arranged uniformly, however, this salt showed diamagnetic nature.

(4) Functional ionic liquids: A series of N(CN): ionic liquids were prepared utilizing 1-alkyl-3-
methylimidazolium cations (C.MI) and various heterocyclic cations. The elongation of alkyl chain
in the C,MI cations caused the pronounced depression of ionic conductivity and the degree of ion
association. Also, the pyrrolidinium and 2,2’-biimidazolium salts showed lower ionic conductivity
than CoMI salt, and the depressed degree of ion association due to their weak proton-donating ability.
Au(CN): salts with a variety of C,MI cations (n=0-8) were prepared. Crystallographic studies
revealed that Au(CN): anions aggregate into eclipsed dimers in the HMI (#»=0) salt and 1D chains in
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the C:MI salt. On the other hand, the Au(CN). salts with extended alkyl chains (#» > 4) were the first
RT ionic liquids of Au(CN). anion. The crystalline salts (» < 2) displayed an intense blue emission,
while the RT ionic liquids (» > 4) displayed a blue or blue-green emission with significantly weak
intensities, possibly due to the oligomerization of the major fraction of Au(CN): anions in the liquids.

(5) New ionic (Céo~ ~ )2 dimer bound by two single bonds: The new (Ceo~ ~ )2 dimer bound by two
single bonds contained about two unpaired spins (Fig. 3), whose behavior was described well by a model
presuming a singlet ground state (S=0) and a close lying excited triplet (S=3/2) state with the energy gap
of 70 + 2 cm™. Additionally, strong AF exchange interaction (Weiss constant -34 K) was observed.
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Fig. 1 Photoluminescence spectra
of electron-doped STO:s.

Fig. 2 TEM image of the L1o-FePt
nanoparticles.
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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 during 2002-2004. He served also 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 electron-doped SrTiOs: We have reported the
blue-light emission at room temperature from Ar'-irradiated, metallic SrTiOs. It is well known that
electron-doped SrTiOs can be prepared by partially substituting La’* for Sr** and Nb>* for Ti*". We
found that the blue-light emission, which is essentially the same as that observed in the Ar+-irradiated
oxygen-deficient crystal, occurs also in these metal-substituted single crystals at room temperature.
The blue luminescence has thus been shown to be common to electron-doped SrTiOs, irrespective
of the defect type. We note here that the La’"-for-Sr** substitution changes the temperature of the
structural phase transition from cubic to tetragonal considerably.

(2) Monodisperse and highly coercive L1,-FePt nanoparticles dispersible in nonpolar organic
solvents: FePt nanoparticles of the L1o type are a promising candidate for a future ultra-high density
magnetic recording medium. We have succeeded in preparing monodisperse and highly coercive
L1,-FePt nanoparticles by the “SiO-nanoreactor’ method, as reported previously. More recently we
succeeded in developing a method to make these particles dispersible in nonpolar organic solvents
such as toluene, chloroform, and hexane. This is an important step to practical application. We believe
that this success may open the door to providing the surface of these particles with new physical and/
or chemical functions.

(3) Single-layer oxychloride superconductor Ca:.CuO:Cl, with A-site cation deficiency: We have
reported a new oxychloride superconductor Ca.CuO.Cl, with the highest 7c of 38 K, which is 10 K
higher than that of Ca».Na.CuO:Cl.. Precise structure analyses based on synchrotron X-ray powder
diffraction and neutron powder diffraction revealed that the new phase surely contains Ca deficiency,
which can create hole carriers. Comparison of structural and physical properties between Ca,..CuQO:Clz
and Cax..Na.CuO:Cl. gives important information concerning the factors determining 7c of single-
layered cuprates. Single crystals of Ca.CuO.Cl> with Tc=36K were successfully grown at 5.5GPa.
Further investigations on these single crystals using photoemission and scanning tunneling spectroscopy
are in progress.

(4) SrCosOn with anomalous magnetotransport property: The magnetic structure and the
magnetization of SrCosO11, which had been reported in a previous report to show an anomalous
magnetoresistance effect, were investigated in further detail. It was shown that SrCosO11 comprises
itinerant electrons at the octahedral Co(1) and Co(2) sites and Ising-like local spins of S=2 on the
bipyramidal Co(3) site. A long range magnetic order with a 3-fold periodicity along the c-axis was
evidenced by neutron diffraction measurements at low temperatures, and the spin structure at the field-
induced 1/3 magnetization plateau state was found to be ferromagnetic in the ab-plane and like up-
up-down-up-up-down along the c-axis. The quick orientation of the ferrimagnetic domains leading
to a sharp increase of magnetization along the c-axis from M/M=0 to M/My=1/3 at a low field and
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also the stepwise change at a high field from the up-up-down (M/My=1/3) manner to the up-up-up (M/

Mo=1) manner should result in a minor and a major change of the magnetic scattering of conduction
electrons penetrating through the Co(3) layers, respectively, which explains the negative, sharp and
two-stepped magnetoresistance. The mixing of the ferromagnetic and antiferromagnetic spin stackings

in the ground state suggests that ferromagnetic and antiferromagnetic inter-Co(3) layer interactions are

mixed in a competing way.
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Fig. 1 AFM images of pentacene films
on alkali halides substrates.

Fig. 2 An STM image obtained after
scratching four areas of 20
X 20 nm’ in a phenyloctane
mixed solution of PENTA
and ITCII molecules.
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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.

(1) Epitaxial growth of functional organic films: On various single crystal alkali halides, pentacene
films were formed epitaxially by vacuum-deposition. On KCI and KBr the films show good epitaxy
being composed of monomolecular layers with about 1.5 nm height. These films orient in two epitaxial
angles with respect to the a-axis of the substrates. From the point-on-line epitaxy, the epitaxial
orientations are almost successfully explained. As for the crystal structures, so-called thin-film phase



was observed except for KI substrate. The unit cell dimensions are 1.54 nm d-spacing perpendicular to
the substrates and its inplane unit cell sizes of a=0.59 nm, b=0.75 nm and I'=90° which are almost the
same to the values reported previously on SiO»/Si. In particular, detailed structure analysis, molecular
packing analysis in the unit cell, is indispensably important not only for understanding of high
mobility in pentacene FET but also for making clear the phase formation mechanism.

(2) Selective molecular fabrication of monomolecular layers on substrates: Selective molecular
adsorption from a mixture solution of two molecules by a scanning tunneling microscope (STM)-
tip scratching is reported. A monomolecular layer of perylene-3,4,9,10-tetracarboxylic dianhydride
vacuum-deposited on freshly cleaved (0001) surface HOPG is used as a canvas layer for embedding
another molecule; a small molecule (3-imino-4,5,6,7-tetrachloroisoindolin-1-one) or a long-chain
molecule (10,12-pentacosadiynoic acid) in a solution of phenyloctane. As a result, the size of the
scratched area in individual scratching, in other words, the molecular size of the adsorbate, is essential
in the selective embedding of molecules. Since the molecular size is a key factor in adsorption into
scratched regions, it becomes possible to make nano-domains with a particular component molecule
selectively from a mixed solution by employing this molecular size dependency.

(3) Organic FET with regularly synthesized oligomers: Organic field-effect transistors are fabricated
using oligomers composed of alternating connected thiophene and furan, and those having alkyl
substituents at both ends of the molecules. The mobilities are determined by the transfer line method
to correct for the effect of source/drain parasitic resistance. A mobility of 0.042 cm’/V s is achieved for
a thienyl-furan oligomer composed of five heterocycles and having hexyl groups at the terminal rings.
The mobility of the oligomers strongly depends on the length of the 7-conjugated chain and the alkyl
chain substituent at both ends, attributable to the specific structural and morphological properties of
the vacuum-deposited films. The relatively high mobilities of these materials can be also attributed to
the specific morphology and standing molecular packing of the vacuum-deposited films.

(4) Dye-sensitized solar cells with nanorods TiO:: Highly crystalline TiO. nanorods with lengths
of 100-300 nm and diameters of 20-30 nm have been synthesized by a hydrothermal process in a
cetyltrimethylammonium bromide surfactant solution. The microstructure measured by X-ray diffraction
and high-resolution transmission electron microscopy was a pure highly crystalline anatase phase with a
long nanorod shape. The addition of a triblock copolymer poly-(ethylene oxide)io-poly(propylene oxide)
ss-poly(ethylene oxide)ioo (F127) decreased the length of the nanorods but kept the rod shape of the particles
even after sintering at high temperatures. The rod shape kept under high calcination temperatures contributed
to the achievement of the high conversion efficiency of light-to-electricity. A high conversion efficiency of
light-to-electricity of 7.29 % was obtained with the TiO» single-crystalline anatase nanorod cell.
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Fig. 2 Temperature-dependence of
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of a) 1a (solid circle) and 1b
(solid triangle) and b) 2a (solid
circle) and 2b (solid triangle).
The solid curves represent the
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Design of high order arrangement and development of novel physical
properties and functions: Control of structures and physical properties in
organic molecular conductors and magnets

Kazuyoshi Tanaka

Born in 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 nanotechnology.

(1) Structures and Magnetic Properties of Copper(Il) and Zinc(II) Coordination Complexes
Containing Nitroxide Radicals as Chelating Ligands: Mononuclear transition metal
complexes, [Cu(CFs;SOs)212] (1a), [Zn(CF3S0s)212] (1b), [Cu(CF3S0s)222] < 2CH3CN (2a), and
[Zn(CF3S03)222] « 2CH3CN (2b), have been prepared by using newly synthesized doxyl nitroxide
ligands, 2,2-bis(2-pyridyl)-4,4-dimethyloxazolidine-N-oxyl (1) and 2,2-bis[2-(3-methylpyridyl)]-
4,4-dimethyloxazolidine-N-oxyl (2) with M(CF3SOs), (M=Cu" (1a and 2a) or Zn" (1b and 2b)). These
metal-nitroxide complexes have been structurally and magnetically characterized. In all complexes,
the four pyridyl groups coordinate in equatorial coordination sites and the two nitroxide groups in
axial coordination sites, and consequently, the central metal ion acquires a distorted N4O2 octahedral
configuration. The variable-temperature magnetic susceptibility data showed that the complexes 1b
and 2b exhibit paramagnetic behavior, and hence, very weak intraligand magnetic interaction was
estimated: Jxono=-0.64 cm™' (1b) and 0.14 cm™ (2b). On the other hand, the xw7T values of 1a and
2a decreased continuously with decreasing temperature until it reached a nearly constant value around
50 K, indicating an intramolecular antiferromagnetic interaction between the Cu" ion and the nitroxide
ligands for both 1a and 2a: Jeuno=-81.6 cm™' (1a) and —78.1 cm ™' (2b).

(2) Orbital analysis of TTF molecules adsorbed on the Au surface: The ab initio molecular orbital
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analysis of tetrathiafulvalene (TTF) and TTF thiolate derivative adsorbed on the Au(111) surface was
performed by means of the natural bond orbital (NBO) scheme to comprehend the interaction in Au-S
bonds. The sulfur atoms of thiolate group have the direct connections with the Au surface, whereas
those of TTF ring have the planar connections. In addition, not the 5d atomic orbitals of Au but 6s
orbitals principally contribute to the interaction.

(3) Vibronic coupling and inelastic current in molecular wire: Inelastic current due to the phonon
scattering in a molecular wire is calculated using non equilibrium Green function theory. Vibronic
coupling, or electron-phonon interaction is estimated from the integration of the product of the
wavefuntion and derivative of the potential with respect to nuclear coordinates, which is called
vibronic coupling density. It gives a local picture of the coupling, and enables us to design a molecular
wire.

Publications

1. Vibronic Coupling in Cyclopentadienyl Radical: A Method for Calculation of Vibronic Coupling
Constant and Vibronic Coupling Density Analysis, T. Sato, K. Tokunaga, and K. Tanaka, J. Chem.
Phys., 124, 024314 1-12(2006).

2. Vibronic Coupling in Benzene Cation and Anion: Vibronic Coupling and Frontier Electron Density in
Jahn-Teller Molecules, K. Tokunaga, T. Sato, and K. Tanaka, J. Chem. Phys., 124, 154303 1-10(2006)
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10. Poly(radical cation) of a Star-Shaped Oligoarylamine — Detection of Excited High-Spin States, Y.
Hirao, H. Ishizaki, A. Ito, T. Kato, and K. Tanaka, Eur. J. Org. Chem., 2007, 186-190.



R E T 4 oy AMEORISICET AR

L2Wt5err #RE RIS

MR #BE (XIx L)

WAFN 24 fE4E, BEFD 54 FRALKRY: T2 ERHE LR E T, A 54-56 FE 77 A Y A
HLAFFEE. BN 56 F =8 K% T EMMF RO 59 FHEBIFER £ T, W 63
ETEREACFM TR, E 6 £ & 0B, Fl 4 EHARLS 2 v 7 A
AT B 20 [MEEE AT T A&E (XXICG) #iRE R, VIV =7V X 5 ek
MEOBIFE, 74 b= 2 E BISL A GHEE AN 7 ) v NMRIRE#ME T 5 A
DBIFEEISHICE T 52 BBIL T 5,

(1) JIvigiiE aREBEHNIBIC LD 7 = AL P

JVBERARY > OX Y AMRRBEMEH 5 ZDFA w

ARAOBIR 1 4 SRR L T = [0 = W= s [J

m:%#?mum%@ B A RIS E (T % T o
XD INETIIRVEEEYEEET S (;;’;'g*l

ﬁ%ﬁ%ﬂ479/bﬁ7x%é@?é%ﬁ7

Ot AZFEL L, TN THLITFig. 1127 &ﬁm wghw. .

T X 57V IERE (GMM) &0 5 5T — g = = == &

FVREE R TEINERBLET 5 ek T, R G

(RRERIET 7 A& [T Ieh, S V& Fig. 1 Preparation of low-melting glass via gel-

iR CIEME L CEEA T AR Z15 2% V)L IRE melting method (GMM) (top) and sol-

% (SCM) ZBAFEL 7z, SCM Tix, VIL—=7)b concentration method (SCM) (bottom)

LT ANEE Bl NCRAS NG (i ANAN AN AR SN )

DEFETHEBLNIVIBERGIERTE LI L2 MIL, S5, BHFERIC

Héﬁ?xﬁﬁﬁt*ﬁtwﬁwmﬁ%ﬁ%%ﬂﬁbf\M%ﬁ@awﬁm%@%mm\%%?
LEIZEX0EENENTAEERELETHEETELEERM LKL, TOME, WERONA T
Uy RMRHIRISERBEDERFH 5 DITEOTHEAED D EE T AR Z VLA, SCMIZL D&
BN T AZIERIN — AR ESE THiid TEWERMEE R~ L. ERFBMEAE ELZL 20
WFHNCEMED AT ANELNLEZ ENHSE M E 5Tz,

ZOEHIZLTELNIAT A% 250°CT 1 REBTEMET 5 &, T 7 —ILEMIIZHL
L. EfERIGH T 2R LU, 512400 — 525°COIRE T 5 43 [ &0 & iR 2L B
(RHT) #1795 &. (1-x)PhSiO3»-xPh:SiOx2 715 AD N FEEHILIBRENZL T 5 2 RIHL -
M. ZHUFRHTIZX O AT AHF DO D 2=y b®D Si-O-Si fEEMEIRICBAT 572D TH B Z
EM, RHTHIED v b7 — V& D Z b 5 EERMICHER SNz, 72, 500°CLATN O RHT
TlE Si-O-Si #EH DA & FHNHEESI AR Z U, 2L T500CLALE®D RAT Tl Si-O-Si #&& D
A, B TERD ORI, —H07 c IVEOMEES X OZICE) D FRIERA DR 5 &
fRF SNz, RHT OREN UM EZZLSE5 2 EI2X0, AT A0MEPREEL2LZ(LSE
% Z & 7x < WALIRE & HIH C & A TEREA R Sz,

DXL TESNIEHT AFEKEDY 7 )=V EEFZEALEEETT. FREMIZLY
Ll T b, RY I —ITHAN Tl TIROIBKEREZ RS L2 /L, S 51T Fig. 2
RS & DI RSN — A BRI ESEE T TE W EBMEE R L, RIOERENIOR L T EHER
Y —E B EOVIEER L. BITESEEFEOREZLA D TS EaREHL T3,

133



134

C D& D A R D RIREMIE T

£ g0y TR ZULRER DI E AT IR IR 5 2%

; ] [ommm I 1< b 2 I 1 22 B I
£ Pl | e He LTSNS,

Eol ) | g

%R a0 oo e QEBRISFEEER—EBNT

Pavenumber o Uy RHS ZEEOES & i

. R PR [ERERENA 70 o KARF O A

8 3 B F O E BT IZ DL TR %

.3‘ E fTol, S<HeoN-EHEBZETDH

Ez g ’E!ﬂé; § & 1o *"’!Eé: % Rhodamine 6G % %7 A b IZ W\ T

A TR e ) WAL, 7 A b —h A R EDEE

Wiavenumber fnm

Fig. 2 UV-VIS spectra of 0.8PhSi03/2-0.2Ph>Si022
glass and organic polymers before and after UV
(@355nm) irradiation at 25°C for 1 hour, and the
pictures of UV-irradiated samples

MEOERANELTDONA 7Yy R
7 ADRMEERE L, 9. &
F=7DNA 7w F5 AEE D
T, B4 7V MEkizX3Bs34 270
BEER 21T, BRSO fE L P

JE T HE O S FE R O FEM & 1T o T2,
Rhodamine 6G (L —H —aHK & L THILGNTH Y, T OFRCIFELIERIE N FHEIZ D0 TR
U, TOREER, 001 MEVHBAEEETRR—=7L7EE6, R6GIENA 7Yy R
TARTY TAR—FEEN T D L, X7 OREEEBETIIHBIRETHEEL TWb I &
Maote, 72720, PL-PLE AXZ MLVOEIEL O, NA 7 Uw FH7 AEEHPIZH 0TI
F=7RENEG K25 LEPL AXRY FIVHRKREHIZIAND, AM—=—2 A7 PN RELLSEC
Ehbhol, ZHE, BEOEEENELL B 2O IZBHREEZSNTED, WKINA
R VO LV, BR6GEEE TEEENEN 2l —HT 5, £z, 10°M &)
EEE R — 7R CEEEEIEZSZD, 10°M ERZEDOL L THRET L ENEISh, &
NIZX, SEEIZBOVTHOHEERDIEENRIN TWSE ZENHL N>, L —F—FR
WX T 2RI 5 720, FRARY MILORNEYEEEREEE FH Nz, 532nm D /%)L A
HeE 10°M I R=7 U I BE L, Y ZOVIRE D S THHNDFNE AR MIVEHIEL 12 &
A, R EE B 5 & BiR S N i BRI O U (Amplified Spontaneous Emission)
EEZLNDAXRT MLOEFEDN RGN, &> T, L —F—EEFIZEEEEZ2 ER T
¥, DFBL —%—& U TRIET 20N H 5 & PHEN S, KW T, Rh6G DIEMRIEMEN K

AMRIZEASNZEZIZED LD

. 107" 4 BoAlE, T'+ﬁ2Fﬁ§’ﬂwf 06 - 10-2M 103M Iz %ﬁfﬁfﬁ_ LhE g?%ﬂ] 0/: /!5[]%) 72 GE\
?E > 107" 401 504E (= o7 08 Rey®| m O Z-scan %12 X O BRI A E & BF
SRl Fos &7 w0 fili U 7z, Rh6G i & 7% 0.01M (& )&
£5 : et 10 em) + 0.001 M (9 11m) DEIZ DL
~x1; o1 £ T 475, 500, 532, 550, 575 nm 1231

) P A TERIEMIEZ R L 2 JE L,
7 107 wavelength/nm ¢ " xPDWEREEE R — TEERK
L e pE e REY FHEEF N, Fig. 3I0mnd &1

D? . R BAAR T FTHETE S o Rh6G ORI E = 7B R TH % 532

| ‘ ) nm 2BV T 1O OB RA TS
D, Rex®=1.5 X 107 m¥V* (v =1.7
X 10° m¥W) . Imyx®=-1.8 X 10"

Fig. 3 Wavelength dependence of % of rhodamine

6G-doped 0.8PhSi032-0.2PhsSi02, glass



m’/V* (B=-4.7 X 10° m/W) TH 5 7z (Rh6G £ 0.01M) . Im7z” BHIBHILIZ B TFNTA
TH Y. ZFOMMENEEIZ X > THIEERN 70 7 7 4 WIZRHGEL TRELZL LT, Lizh -
T. F— 7B OIEEIEIEIZ. Rh6G OWRINIC & 2 HIBMDIERIEIEE ThH B L hbN b, F—
TEBEDRELLY Y TN ERINE —V7EETHELEZ A, F=TBEZ 10512352 & T,
Rex® 771000 {5 (MEEFEELCIZ 150 %) 1T KT B &b otz, 2D ENDE, R—TEE
EELTHIET, RAA v F o Z7OLEWMEEZ T TS ENMFETE S, Rex® 1% 475-532nm
OHIFE TIEDEERS, FIENRBIN 707 74 )L & —F L THXHEAZ(LT 525, 575nm 1250
THENRET S ENSEASMER ST, Rex® OFENHEIZL>TRETSEZEIE, A
49 F 2 TSELBEOHREEDBFERIZL > T 24 v F o TRENED L L ERL TV 5,

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 low-melting glasses by a sol-concentration method and
Rapid Heat Treatment” (RHT): We have performed studies on phenyl-modified polysiloxane low-
melting glasses. The pH dependence of the sols on the rate of hydrolysis and polycondensation
was investigated at the early stage of sol-gel process. The hydrolysis proceeded completely before
polycondensation in the water-rich and acetic acid-catalyzed system. According to this stepwise
proceeding of hydrolysis and polycondensation reactions, the new synthesis method of phenyl-
modified polysiloxane low-melting glasses which we named “Sol Concentration Method” (SCM)
was proposed. Thermosoftening phenyl polysiloxane glasses could be obtained by SCM in much
shorter process time (about 24 hours) than that of the conventional sol-gel method (about 10 days).
Furthermore, the post heating process of phenyl-modified polysiloxane low-melting glasses which
we named “Rapid Heat Treatment” (RHT) was also proposed. The molecular weight and softening
temperature of the glasses could be changed by changing RHT conditions. Completely hydrolyzed
and polycondensed glasses could be obtained by SCM and RHT. These glasses are expected to be
new substitute transparent materials for conventional lead-containing glasses used for sealing and
passivation because of their high transparency and low-melting properties.

(2) Preparation and optical properties of the organic-inorganic hybrid glass thin film doped
with organic molecules: Sol-gel derived 0.8PhSi052-0.2Ph.Si02. glass film doped with Rhodamine
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6G was prepared. It was confirmed that the dye molecules were highly dispersed even at high

concentration up to 0.01 molL". Fluorescence spectra were measured for the hybrid glasses with
different dye concentrations. An increase in Stokes-shift was observed at 0.01 molL". Third-order
nonlinear optical property of the hybrid glass film was investigated in the wavelength range of the

absorption band using the Z-scan technique to examine the wavelength dispersion of x. The ablation
did not occur in the film at a light intensity up to 150 GW/cm’. Micro patterns were formed on the
hybrid glass film by a hot-imprint method using a PDMS mold. The spatial resolution of submicron

was confirmed. The active waveguide device could be fabricated easily with the dye-doped hybrid

glass using the hot-imprint method.
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Chemistry of Coordination Space
— Creation of Molecules-Assembling, Stressing, and Converting Fields —
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(1) Regulation of dynamics of porous coordination polymers and their dielectric behavior:
Self-assembled porous coordination polymers (PCPs) containing transition metal ions and organic
bridging ligands are of interest due to their unique properties such as gas adsorption, heterogeneous
catalysis, and so on. The structure of PCP has large void space and the mobile groups inside the
network can show a dynamic motion even at room temperature. [Znz(1,4-ndc)x(ted)]. (1,4-ndc=1,4-
naphthalenedicarboxylate, ted=triethylenediamine) is a 3D PCP with jungle-gym type rigid framework.
The 1,4-ndc ligands are linked by paddle-wheel type Zn(Il) dimers to form 2D sheets and the each
naphthalene rings show fast rotation (~MHz) around the C1-C4 axis by *H solid-state NMR analysis
between 298 K and 198 K. This rotational motion is decelerated immediately by the guest sorption
process such as benzene, and after desorption of the guest molecules, the fast rotation restarts. The
DSC curve during the desorption process shows the sharp endothermic peak indicating the occurrence
of an abrupt change of network dynamics, from static to rotational motion of all naphthalene rings.
Therefore, the rotational behavior of all naphthalene rings inside the network is reversible by guest
adsorption/desorption treatments.

(2) Specific interaction between guest molecules and an electron-withdrawing framework:
{[Cus3(CN); {HAT-(CN)3(OEt)s} ]-:3THF}. (2-:3THF) (HAT = hexaazatriphenyrene) showed an specific
interaction of electro deficient v plane of HAT and electronegative atoms of guest molecules. Crystal
structural analyses of 13THF reveal that the THF is included in cavity of 1 and the oxygen atoms of
THF interact with the 7¢ plane of HAT. The interaction of oxygen atom and HAT 7t plane is “electro
deficient aromatic rings - electronegative atom” interaction. Furthermore, we synthesize 2-3pyz,
which include pyrazine (pyz) as a guest molecule. The crystal structures of 2-3pyz is determined by
single crystal structure analysis. These structures indicate that the interactions between hat and electro
negative molecules exist. Then, to monitor the dynamic behavior of guest molecules, solid-state *H
NMR spectra for a pyz-ds confined in the cavity are obsereved. The spectrum of pyz d4 reveals that the
pyz-ds undergoes only C2 flip motion. This confinement is caused by the interaction between nitrogen
atom of pyz and 7 plane of hat.

(3) Nanochannel-promoted polymerization of substituted Acetylenes in porous coordination
polymers: A few substituted acetylenes spontaneously polymerized in one-dimensional nanochannels
of PCPs with pillared layer structure, which is supported by IR, NMR, GPC, UV-vis absorption,
and XRPD measurements. In this polymerization system, only mono-substituted acetylenes with
electron-withdrawing group (acetylenes with acidic hydrogen) could be polymerized in the channels,
suggesting that strong hydrogen bonding interaction between the monomers and surface carboxylate
moiety in the frameworks is a key factor to initiate the polymerization. It was also observed that this
polymerization is highly selective about channel size and pore character of the PCPs
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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.

Here, we have been studying on the exotic superconductivity in the triangular-lattice cobaltate
system Na.CoO: * yH2O as well as the itinerant antiferromagnetic compound CrB: and its substituted
systems, and the itinerant ferromagnetic systems with quantum criticalities. Here, I report the result on
the Na.CoO: * yH-0 bilayer hydrated superconducting system as a typical example.

Controlling of the superconducting transition temperature and investigation of the microscopic
electronic state in the unconventional superconductor Na.CoQO: * yH:O

Many studies for the physical properties of recently discovered superconductor, bi-layer
hydrated sodium cobalt oxides Na.CoO: * yH>0O have been done. In this compound the nature of
the nonstoichiometric property disturbs clarifying the mechanism of the superconductivity. We
newly synthesized the non-superconducting and superconducting bi-layer hydrated Na.CoO: - yH.O
compounds with various Tc by the systematic sample preparation with time-controlling duration
effect in high humidity atmosphere. The *’Co nuclear quadrupole resonance (NQR) experiments were
performed on non-superconducting Na.CoO: * yH>O compound. The non-superconducting phase
compound shows the magnetic transition around 4.2 K with broadening of the *Co (NQR) spectrum
originating in the internal field as well as the anomaly in temperature dependence of the *Co-NQR
spin-lattice relaxation rate, 1/T:.

Furthermore, the phase diagram was constructed as the plot of Tc and TM against the 3rd NQR
frequency (3 v q), which corresponds to the transition of .= =7/2 & .= =5/2. Here, V q is thought
to be enhanced with the increase of the distortion of Co-Os octahedron and probes the increase of
the ferromagnetic fluctuation. We concluded that the ferromagnetic fluctuations are necessary for
the occurrence of the superconductivity. Tc increases with the increase of ferromagnetic interaction.
However, stronger magnetic correlation breaks superconductivity, resulting in the magnetic phase
transition. These results strongly suggest that the superconductivity in Na.CoO: *+ yH>O originates
from the ferromagnetic fluctuation within the CoOxz layer. This result is also supported by the results
of 1/Ti of ®Na NMR which showed power-law behavior (T"”) and can be explained by a part of the
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A-type fluctuation observed in the mother compound Na.CoO: by the neutron scattering experiment.

Such recent studies on the physical and chemical properties of the triangular lattice superconductor

Na:CoO: * yH>O have revealed the fact that the superconductivity would occur near the ferromagnetic
electron correlations and the superconductivity is of anisotropic and unconventional p or f wave with

the spin triplet pairing symmetry.
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Research of chemical reactions in supercritical fluids
Okitsugu Kajimoto

Okitsugu Kajimoto was born in 1942. He received his Bachelor of Science in 1965 and Master of Engineering in 1967 from
Kyoto University and then completed his Ph.D. at Osaka University in 1972 while he was appointed as a research associate
at School of Engineering Science, Osaka University (1967-1881). In 1981, he moved to the University of Tokyo as Associated
Professor and started the study of intracluster reactions using supersonic jet technique. In 1991, he joined Graduate School
of Science, Kyoto University as Professor of Chemistry. His current interests lie in the reactions and energy transfer in
supercritical fluids. He was named the project head of 'Reactions in Supercritical Fluids' sponsored by Japan Science and
Technology Corporation (1997-2002). He was awarded Japan Photochemical Society Prize in 1990 and Japan Chemical
Society for Creative Work Prize in 1993.

Solvent-assisted intramolecular vibrational energy redistribution (IVR) in supercritical fluids

The intramolecular and intermolecular vibrational energy transfers have been recognized as
the central part of the reaction dynamics both in the gas and liquid phases. The development of
femtosecond technology has enabled us to make real time observation of such energy transfer. The
contribution of the solvent molecules to such energy transfer has been discussed, in particular, to the
intramolecular vibrational energy redistribution (IVR) process. We have studied the rate of IVR within
CHo:l2 dispersed in supercritical Xe. Supercritical fluid is the best medium for such experiment because
of its variable density from gas-like to liquid-like states. Our previous study has demonstrated that the
solvent molecules certainly affected the IVR process. We call it as “solvent-assisted” IVR.

Recently, we have performed the similar measurement of IVR and VET (Vibrational Energy
Transfer) to solvent molecules at elevated temperatures and tried to interpret the observed data with
sophisticated theoretical background. At 136 “C where T:=1.41, the density dependence of the VET
process was found to be well reproduced by the collision number estimated from the IBC (Isolated
binary collision) model. A simple MD calculation was carried out to evaluate a radial distribution
function that was necessary for the IBC model.

The increasing IVR rate with increasing density of sc Xe could be interpreted as the result of the
enhanced small-fractional energy dissipation by the increasing collision with Xe molecules. Such
minute energy dissipation helps the energy matching among the vibrational energy-level manifold of a
CH:l> molecule and facilitates the resonance energy transfer within the molecule.

Selected Publications

- Invited talks
1. 0. Kajimoto, “How does the density affect fundamental dynamic processes’, Gauss Professor lecture,
2006.7.14, Gottingen, Germany.
2. 0. Kajimoto, “Chemistry of supercritical fluids” , Suntory Lecture, 2006.11.30, Osaka, Japan.

- Articles
1. M. Mukaide, Y. Urasaki, K. Takegoshi, and O. Kajimoto*, “Rates of Claisen rearrangement determined
with a flow-type high-temperature and high-pressure NMR probe” , J Supercritical Fluids.,(in press).
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Theoretical studies of chemical processes in condensed phases

Yoshitaka Tanimura

Born in 1960. Professor Yoshitaka Tanimura received his Ph.D from Keio University in 1989. He spent four years as
postdoctral fellow in US, then nine years as associate professor at Institute for Molecular Science before joining the faculty
at Kyoto University in 2003. His research interests are in chemical physics and statistical physics. Research in his group is
broadly concerned with the dynamic theory of processes of chemical interest in condensed matter.

(1) Free energy landscapes of election transfer system below the freezing temperature: Electron
transfer reaction in a polar solvent is modeled by a solute dipole surrounded by dipolar molecules
with simple rotational dynamics posted on the lattice sites. The interaction energy between the solute
and solvent dipoles as a reaction coordinate is adopted and free energy landscapes are calculated. For
higher temperatures, the free energy landscapes for the small reaction coordinate region have quadratic
shape as predicted by Marcus, whereas for the large reaction coordinate region, the landscapes exhibit
a non-quadratic shape. When the temperature drops, small notched structures appear on the free energy
profiles because of the frustrated interactions among dipoles. The formation of notched structure is
analyzed with statistical approach and it is shown that the amplitude of notched structure depend upon
the segment size of the reaction coordinate and is characterized by the interaction energy among the
dipoles. Using simulated free energy landscapes by Wang-Landau algorithm, we calculate the reaction
rates as a function of the energy gap for various temperatures. At high temperature, the reactions rates
follow a bell shaped (inverted parabolic) energy gap law in the small energy gap regions, while it
becomes is no longer smooth because of the many local minima of the free energy landscape at low
temperature.

(2) Analyzing relaxation processes of intramolecular modes for multidimensional spectroscopies:
To clarify the role and origin of vibrational dephasing and energy relaxation, we consider an
intramolecular anharmonic mode nonlinearly coupled to a colored noise bath at finite temperature.
Two-dimensional infrared spectra are then calculated by solving a low-temperature corrected quantum
Fokker-Planck (LTC-QFP) equation for a colored noise bath and by the stochastic theory. In motional
narrowing regime, the spectra from the stochastic model are quite different from those from the LTC-
QFP. In spectral diffusion regime, however, the 2D-lineshapes from the stochastic model resemble
those from the LTC-QFP besides the blue shifts caused by the dissipation from the colored noise bath.

Publications
1. Y. Tanimura, Stochastic Liouville, Langevin, Fokker-Planck, and master equation approaches to quantum
dissipative systems, J. Phys. Soc. Jpn. 75 082001 (2006).
2. Y. Nagata and Y. Tanimura, Two-dimensional Raman spectrum of atomic solid and liquid, J. Chem. Phys.
124, 024508-1 -9 (2006)

3. A. Ishizaki and Y. Tanimura, Modeling vibrational dephasing and energy relaxation processes of

intermolecular anharmonic modes for multidimensional infrared spectroscopies, J. Chem. Phys. 125,
084501 (2000).

4. T. Hasegawa and Y. Tanimura, Calculating fifth-order Raman signals for various molecular liquids by
equilibrium and nonequilibrium hybrid MD simulation algorism, J. Chem. Phys. 125, 074512 (20006).

5. Y. Nagata, T. Hasegawa and Y. Tanimura, Analyzing atomic liquids and solids by means of two-
dimensional Raman spectra in frequency domain, J. Chem. Phys. 124, 194504-1 -9 (2006).

6. Y. Suzuki and Y. Tanimura, Free energy landscape analysis of two-dimensional dipolar solvent model at
temperatures below and above the rotational freezing point, J.Chem. Phys. 124, 124508-1-8 (2006).
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Exact Wave Function, Theoretical Fine Spectroscopy, and Bio-molecular Photochemistry

Hiroshi Nakatsuji

Born in 1943. He received his Ph.D. degree from Kyoto University. He was a research associate (department of Hydrocarbon
Chemistry), an associate professor (division of Molecular Engineering), and a professor in the department of Synthetic Chemistry,
Faculty of Engineering, Kyoto University (1990). Now he has been a professor in the department of Synthetic Chemistry and
Biological Chemistry, Graduate School of Engineering, Kyoto University (1994-). He was also a visiting professor in Tokyo Institute
of Technology (1992-1993) and Tokyo University (1996-1998). He has been a vice-director (2002-2003) and a director (2004-2006)
of Fukui Institute for Fundamental Chemistry. He has been a member of the International Academy of Quantum Molecular
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(1) General method of solving the Schrodinger equation of atoms and molecules: Schrodinger
equation (SE) is the basic equation which provides a governing principle in chemistry and physics, and
therefore has a huge predictive power. For over 80 years after its birth, however, this equation has been
thought not to be soluble except for a few special cases. Even though one could apply full-CI method which is
the ultimate method in modern quantum chemistry, its solution is still far from the exact value if limited basis
sets are used. Recently, we have established a general method for solving the SE: the iterative complement
interaction (ICI) method in analytical expansion form for general atoms and molecules, and this 80-years
dogma has been broken. First, we showed particular examples of helium atom and hydrogen molecule. The
ICI gave the energies correct at least 39 digits in helium atom and 13 digits in hydrogen molecule, which
are now the best variational energies so far reported. In principle, our theory can also be applied to general
atoms and molecules. However, there is so-called integration difficulty for these systems. To overcome this
problem, we proposed the local SE (LSE) method, in which any integration is unnecessary. We applied the
ICI-LSE method to atoms and molecules containing a few electrons. In all cases, the errors were less than 0.1
millihartree. Thus, a general method for solving the SE has been established, and a paradigm shift in accurate
quantum chemistry could be expected. Quantum chemistry is going to be an accurate predictive science and
give much influence to chemistry, physics, biology and other neighboring sciences.

(2) Theoretical fine spectroscopy on OLED, bio-chemosensor, inner-shell electronic process: (1)
The photoabsoprtion and emission spectra of the organic light-emitting diode, polyphenylenevinylene
and polyphenylene were studied. The SAC-CI method precisely reproduced the chain-length
dependence of the excitation energy, which was impossible by TDDFT. (2) Photochemistry of
novel fluorescent probes which can selectively detect the phosphoprotein and ATP was studied.



The photoinduced electron transfer (Pet) mechanism was successfully explained by quantitatively
evaluating the geometry relaxation in fluorescent and charge transfer states and their solvation effect.
(3) The g-u splitting, Franck-Condon ratio, and geometry relaxation in N1s ionized state of N> were
studied in details. The SAC-CI predicted the vibrational spectra of N1s satellite states with g-u
splitting, for which unprecedented high-resolution XPS spectroscopy measured the vibrational spectra.

(3) Color-tuning mechanism of Human-Blue visual cone pigment: Based on a previous Homology-
Modeling structure and experimental evidences, a working model was constructed, and the structure
has been optimized by QM(B3LYP)/MM(AMBER) method. SAC-CI calculation was performed to
obtain photo-absorption energy. The calculated absorption energy (2.85 eV) reasonably agrees with the
experiment (2.99 eV). A decomposition analysis was performed and compared with the case of Bovine
rhodopsin. The electrostatic coulomb effect from the opsin is primarily important for the color-tuning. The
electronic interaction (quantum effect) of the counter-residue is indispensable for quantitative calculation
of the absorption energy. Further analysis showed that the most significant contribution to the blue shift
arises from the OH dipole of Ser183, which is controlled by Ser289 via the hydrogen-bonding network.
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Fig. 1 Real-time change in the signal intensities of 15 (open squares) and 40 uM (filled
squares) FITC-""F-octaarginines and 30 (open triangles) and 80 /M (filled triangles)
non-fluorescent '"F-octaarginines after mixing with Jurkat cells. Signal intensity
decrease corresponds to the peptide insertion into the cell membrane; the intensity
loss due to the dramatically restricted motion of the peptide in viscous membrane
environments.
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Fig. 2 The temperature dependence of the
rate constants of the dehydration
(circles and solid line) and the
dehydrogenation (squares and dashed
line). The activation energy is 35 and
32 kcal/mol, respectively.

Fig. 3 The equilibrium constant of the
dehydration. The enthalpy change of
the reaction is 14 kcal/mol.
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Study of Solutions, Membranes, and Interfaces
over a Wide Range of Thermodynamic Conditions

Masaru Nakahara

Born in 1945 and awarded the Doctor of Science in 1969 by Kyoto University. Appointed as Research Associate of Faculty of
Science, Kyoto University in 1968, as a Postdoctoral Fellow of Canadian National Research Council through 1977-1978, and
as Associated Professor of Faculty of Science, Kyoto University in 1986. He currently holds full professorship in the Institute
of Chemical Research, Kyoto University since 1994. His research interest is the structure, dynamics, and reactions of solution
using the NMR spectroscopy, with emphasis on extreme conditions including supercritical. He serves as President of the
Japan Society of High Pressure Science and Technology in 2000, and as President of the Japan Society of Solution Chemistry
since 2004. He was given the 2004 award of Japan Society of High Pressure Science and Technology for the distinguished
achievement of NMR in high-pressure and supercritical conditions.

(1) Real-time In-cell ’F NMR Study on Uptake of Fluorescent and Non-fluorescent
YF-Octaarginines into Human Jurkat Cells: Fluorescent probing has been most widely used
to visualize vital functions in cell biology. Its sensitivity is high enough to monitor intracellular
deliveries of bioactive peptides and proteins under physiological conditions. Fluorophores are,
however, artificially introduced modifiers and may disturb the system under investigation. Here we
show how differently fluorescein isothiocyanate (FITC)-labeled and non-labeled “F-octaarginines
are delivered into Jurkat cells from human T-cell leukemia by applying real-time in-cell ’F NMR.
NMR is advantageous because it allows us to make a quantitative (concentration) analysis in relation
to the molecular mechanism of biological interest. Fluorine-19 is powerful in in vivo NMR studies
because no backgrounds are present in natural living cells. The NMR sensitivity has been improved
dramatically by the highly computerized instrumentation, the high-quality probe, and the stable and
homogeneous generation of the high magnetic field. In this work, the real-time in-cell ’F NMR
is realized for the first time to show that FITC facilitates the cellular uptake of octaarginine. The
influence is unavoidable even at low fluorophore concentrations. It is confirmed by monitoring 10-/.M-
order concentrations with a time resolution of 1-2 min (Fig. 1). Although the high sensitivity makes
the fluorescence technique less invasive, the strong affinity of fluorophore for cell membranes may
disrupt the membrane interior and enhance the cellular toxicity. The fluorescent probing is influenced
by the hydrophobic nature and needs to be treated with care. The present work demonstrates the ability
of "F NMR to detect real-time processes of cellular uptake of bioactive molecules in the noninvasive
manner.

(2) Kinetic and Equilibrium Study on Formic Acid Decomposition in Relation to the Water-
Gas-Shift Reaction: Kinetics and equilibrium are studied on the hydrothermal decarbonylation and
decarboxylation of formic acid, the intermediate of the water-gas-shift (WGS) reaction, in hot water
at temperatures of 170-330 °C , to understand and control the hydrothermal WGS reaction. 'H and “C
NMR spectroscopy is applied to analyze as a function of time the quenched reaction mixtures in both
the liquid and gas phases. Only the decarbonylation is catalyzed by HCI, and the reaction is first-order
with respect to both [H'] and [HCOOH]. Consequently, the reaction without HCI is first and a half
(1.5) order due to the unsuppressed ionization of formic acid. The HCl-accelerated decarbonylation
path can thus be separated in time from the decarboxylation. The rate and equilibrium constants for the
decarbonylation are determined separately by using the Henry constant (gas solubility data) for carbon
monoxide in hot water. The rate constant for the decarbonylation is 1.5 X 10°,2.0X10%, 3.7X 107, and
6.3 X 10 mol” kg s, respectively, at 170, 200, 240, and 280 °C on the liquid branch of the saturation



curve. The Arrhenius plot of the decarbonylation is linear and gives the activation energy as 146 =3 kJ
mol™. The equilibrium constant Kco=[COJ/[HCOOH] is 0.15, 0.33, 0.80, and 4.2, respectively, at 170,
200, 240, and 280 °C. The van't Hoff plot results in the enthalpy change of AH=58+ 6 kJ mol”. These
values are in good agreement with computational studies. The decarboxylation rate is also measured at

240-330 °C in both acidic and basic conditions. The rate is weakly dependent on the solution pH and
is of the order of 10 mol kg s™ at 330 °C . Furthermore, the equilibrium constant Kco> = [CO,][H.])/
[HCOOH] is estimated to be 1.0 X 10> mol kg™ at 330 °C . The kinetic and equilibrium studies can
form a basis for next-generation hydrogen fuel technology using formic acid.
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Photodissociation of adsorbed molecules on water ice surface

Masahiro Kawasaki

Masahiro Kawasaki received a doctorate from the Chemistry Department of Tokyo Institute of Technology under the
supervision of Professor Ikuzo Tanaka and was a postdoctoral fellow of Professor Richard Bersohn's laboratory at Columbia
University. He was a professor in Hokkaido University for 10 years and now is in Kyoto University for 9 years. His research
interests are photodissociation dynamics, elementary reactions and atmospheric chemical reactions.

(1) Direct observation of oxygen atom release from the ultraviolet photodissociation of nitrate anions
adsorbed on water ice films in collaboration with Dr. Dudley E. Shallcross of Univeristy of Bristol, UK
Resonance enhanced multiphoton ionization pectra of O('P2) atoms were measured at 100 K
of water polycrystalline films from the photodissociation of NOs™ at 300 nm in 90 minutes after 2 L
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deposition of HNO; to the ice films. Just after deposition of HNO; on the ice film, no signals of O(’P2)
were detected since the dissolution of HNO;s into H™ + NOs™ on the PCI surface layer is a slow process.
The influence on the mixing ratios of ozone in the Antarctic is discussed relating to a reinterpretation
ofice core data should betreated with caution.

The springtime source of surface ozone has increased with time since 1975. Assuming that
this source is driven by photochemical production of NOx from nitrate impurities in snow, we have
considered the various factors that might have led to an increased surface ozone production. There
appears to have been no change in meteorological conditions that could have altered wind direction (and
therefore source strength) or wind speed (and therefore boundary layer stability). However, decreases
in stratospheric ozone and commensurate increases in UV radiation will certainly have had an effect
on the air/snow photochemical system.

Model calculations to assess this effect on NOx production show that the most significant increase in NO»
production rate occurred in November, such that one might expect to see the largest response in surface ozone
during this month. This is indeed the case. The smaller but nonetheless important increases in NO: production
calculated for December and January are also reflected in the frequency of surface ozone enhancements derived
for these months. It thus appears that declining stratospheric ozone and the commensurate increase in UV
radiation has had a measurable effect on surface ozone (and therefore oxidizing potential) at the South Pole.

(2) Surface Morphology Change of Water Ice Films upon Adsorption of Hydrogen Chloride

Ionization and dissociation reactions between water and hydrogen chloride adsorbed on water ice
surfaces form chloride ions and hydrated protons. The transformation of HCI from a predominantly
molecular form to an ionic species during heating of ice films from 100 to 145 K has been observed by
measuring changes in the time-of-flight (TOF) spectra of hydrogen atoms from the photodissociation
of surface water molecules on polycrystalline ice (PCI) films at 193 nm. The TOF spectra from the
photodissociation of the PCI film at 100 K changed upon dosing of HCI. The TOF spectrum recorded
after dosing of HCI is characterized by a combination of three different (fast, medium and slow)
Maxwell -Boltzmann energy distributions, while the spectrum measured without dosing is fitted
solely by a fast component. The appearance of the medium and slow components is attributed to the
surface morphology change caused by the ionization reaction of HCIL. At 145 K the medium and slow
components disappeared because the surface morphology became of crystalline structure.

For amorphous solid water (ASW) films at 193 nm as well as PCI and ASW at 157 nm there were no
differences in the TOF spectra with and without dosing of HCI at 100-140 K. TOF spectra of the photofragment
chlorine atoms from the 157 nm photodissociation of HCI on the PCI and ASW films were also measured.
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Reactions of Transition-metal Compopunds with Complexed Electronic
Structure. Theoretical Study.

Shigeyoshi Sakaki

Born in 1946. He received his Ph.D. degree from Kyoto University. He joined the faculty of engineering, Kumamoto
Unviersity in 1975, and became associate professor at 1982 and professor at 1990 in Kumamoto University. He spent one
yvear as CNRS research associate in Strasbourg in France (1984-1985) and visiting professor of Institute for Molecular
Science (1990-1991). He moved toKyushu University on 2001 and spent one year in the Institute for Fundamental Organic
Chemistry as a professor. Now he has been a professor in the Department of Molecular Engineering, Graduate School of
Engineering, Kyoto University since 2002. He has been devoted in the theoretical studies of transition metal complexes, their
geometries, bonding nature, and reaction behavior.

(1) Pd-catalyzed Cross-coupling reaction between iodobenzene and organotin compounds.
Pd-catalyzed cross-coupling reaction between iodobenzene and organotin compound is well
known synthetic reaction which is called Kosugi-Stille coupling reaction. This reaction is considered
to take place through oxidative addition of Ph-I to Pd(0), transmetallation between Pd(II)-Ph complex
and organotin compound, and reductive elimination. In these elementary steps, the oxidative addition
and the reductive elimination have been investigated well theoretically, while the transmetallation
has not been well investigated and its details are still ambiguous. Here, the transmetallation was
theoretically investigated well with the DFT method. When the iodide ligand coordinates with the
Pd(II) center, the activation barrier was calculated to be 22.3 kcal/mol with the DFT method. In this
case, the transmetallation is rate-deternining, which agrees with the experimental result. On the other
hand, the transmetallation easily takes place with lower activation barrier of 7.5 and 6.4 kcal/mol for
the fluoride and hydroxide complexes, respectively. These results clearly show that the addition of
fluoride and hydroxide anions accelerates the reaction. The reason of the acceleration by fluoride and
hydroxide anions is easily understood in terms of the formation of strong Sn-OH and Sn-F bouds.

(2) Binding energy of the rm-conjugate systems with Pt(PHs)., [PtCL]’, and [PtCls]

Binding energies of m-conjugate systems with these Pt(0), Pt(Il), and Pt(IV) complexes were
evaluated with the DFT, MP2 to MP4(SDQ), and CCSD(T) methods. Though the MP4(SDQ)- and
CCSD(T)-calculated binding energies little change as the size of 7-conjugate system increases, the
DFT-calculated binding energy considerably decreases as the size of 7r-conjugate system increases.
The underestimation by the DFT method occurs in all functionals examined, such as B3LYP, B3PWO1,
BLYP, and SVWN. The bonding nature of Pt(0), Pt(II), and Pt(IV) complexes was investigated with
the analysis based on fragment MOs; the 7t-back donation mainly participates in the coordinate bond
of the Pt(0) complexes, both 7r-back donation and o-donation comparably participate in that of the
Pt(II) complexes and the o-donation mainly participates in that of the Pt(IV) complexes. In spite of the



variety of these bonding nature, the underestimation occurs in these complexes. From binding energy
of several model systems, it is concluded that the main factor of the underestimation is attributed to the
poor description of the dispersion interaction between the substituent of the 7t-conjugate system and
the Pt moiety.

(3) Theoretical Study of Dinuclear Re complexes with MRMP2 method

Dinuclear Re complexes are of considerable interest because of the characteristic Re-Re
bonding nature. We theoretically investigated various Re dinuclear complexes with MRMP2 method.
Interestingly, the Re-Re bond order is 3.12 in [Re:Cls]”, while it was considered to be quadruple
bond in a formal sense. This is because the 7w-7* and 6 - 6* excitation configurations considerably
contribute to the electronic structure. In 1t-Cls-bridged dinuclear complex, [Rez(/2-C1)sCls]”, the Re-
Re bond order is 1.8, while the formal bond order is 2. In 1-Cl-bridged dinuclear complex, [Rea(x-
Cl)zCls]z', the Re-Re bond order is zero, and as a result, singlet, triplet, quintet, and septet spin states
are in similar energy. This is consistent with the experimental result that this complex is paramagnetic.
These differences are interpreted in terms of the d orbital overlap. The energy contributions of o-, 7-,
and 0-bonding interactions were evaluated from energy differences among low energy excited states
with MRMP2 method; the o-, 7t-, and 6-bonding interactions contribute to the energy stabilization of
4.36, 2.89, 0.52 eV, respectively, in [Re>Cls]”. These are the first evaluation of 0-, 7r-, and 6-bonding
interactions.
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isotope effect DA R Z RO /A, Table [1ZdH 5 &
ICERERERSEHEL TW5, SHEBEARKL T Calec. 1.135 0.885
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Theoretical studies of chemical reactions
Shigeki Kato

Born in 1949. He received his Ph.D. degree from Kyoto University. He was a research associate in Institute for Molecular
Science at Okazaki (1977-1984), a research associate and lecturer in Faculty of General Education, Nagoya University
(1984-1986), an associate professor in Faculty of Arts and Science, University of Tokyo (1986-1990) and a professor in
Department of Chemistry, Faculty of Science, Kyoto University (1990-1994). Now he has been a professor in Department
of Chemistry, Graduate School of Science, Kyoto University (1994-). He got the Japan IBM Prize for science. He has been
devoted in the development of theoretical methods for studying chemical reaction mechanisms and dynamics.

(1) Quantum dynamics of multichannel reactions of formaldehyde: Quantum dynamics of the
multichannel reactions of H2CO including the molecular and radical dissociation channels as well as
the isomerization ones to trans- and cis-HCOH was studied. For this purpose, the previously developed
potential energy function was refined to give accurate transition state energies and to describe the
radical dissociation channel. The cumulative reaction probabilities for the molecular dissociation and
two isomerization channels were calculated by using the full Watson Hamiltonian. We also carried
out wave packet dynamics calculations starting from the transition state region for the molecular
dissociation. The intramolecular vibrational relaxation dynamics was found to be fast and almost
complete within 300 fs. Using the energy filtered wave gunctions, the time propagation of HCOH
population is obtained in the energy range from 81 to 94 kcal/mol. The branching ratio of the radical
product was estimated by calculating the time dependent reactive fluxes to the molecular and radical
dissociation products.

(2) New developments in 3D-RISM-SCF method: 3D-RISM SCF method for calculating the
electronic structures of molecules in solution was newly developed. First, we introduced a robust
and efficient algorithm for solving the 3D-RISM equation, which is a hybrid of the Newton-Raphson
and Picard method. The Jacobian matrix is analytically expressed in a computationally useful form.
Second, a new method of calculating the solute-solvent electrostatic interaction was developed. For the
solute-solvent route, the electrostatic potential (ESP) map on a 3D grid is constructed directly from the
electron density. For the solvent to solute route, the ESP acting on the solute molecule is derived from



the solvent charge distribution obtained from the 3D-RISM equation. . A remarkable reduction in the
computational time is observed in both the routes. We applied the present method to “solute” water
and formaldehyde in aqueous solution and the results were compared with those by the other methods.
We also calculated the solvatochromic shifts of acetone, benzonitrile and nitrobenzene.

(3) Conical intersection of excited state 9H-adenine in solution: The ground and excited-state
free energy minima and conical intersections among these states of 9H-adenine in aqueous and
acetonitrile solutions were studied theoretically to elucidate the mechanism of radiationless decay.
We employed the recently proposed linear-response free energy (LRFE) to locate the energy minima
and conical intersections in solution. The LRFE was calculated by using the RISM-SCF method. The
geometry optimizations were carried out at the CASSCF level and the dynamic electron correlation
energies were estimated MRMP method. We found that the conical intersection between the 'La and
'Lb states in aqueous solution occurs at a wide area of the free energy surface, indicating a strong
vibronic coupling between them. It was also shown that the 'n7c* state is largely blue-shifted at planar
geometries in solution, which suggests that the nonadiabatic transition to this state is suppressed.
Based on the free energy characteristics obtained by the calculations, we intended to explain the
experimental observations that the excited state of 9H-adenine decays monoexponentially with shorter
lifetimes in polar solvents than in gas phase.

(4) Transition state geometry determination on free energy surface: We proposed a method
based on a linear response theory that allows one to optimize the geometries of quantum mechanical/
molecular mechanical (QM/MM) systems on the free energy surfaces. Two different forms of linear
response free energy functionals were introduced, and electronic wave functions of the QM region
as well as the responses of electrostatic and Lennard-Jones potentials between QM and MM regions
were self-consistently determined. The covariant matrix relating the QM charge distributions to
the MM response was evaluated by molecular dynamics (MD) simulation of the MM system. The
free energy gradients with respect to the QM atomic coordinates were also calculated using the MD
trajectory results. We applied the present method to calculate the free energy profiles of Menshutkin-
type reaction of NH3 with CH3CI and Claisen rearrangement of ally vinyl ether in aqueous solution.
For the Menshutkin reaction, the free energy profile calculated with the modified linear response free
energy functional was in good agreement with that by the free energy perturbation calculations. We
examined the solvent effect on the activation energy and the kinetic isotope effect for the Claisen
rearrangement.
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1. Quantum dynamics study on multichannel dissociation and isomerization reactions of formaddehyde, T.
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Fig. 1 Determined enthalpy change (upper) and
the heat capacity change (lower) along the
reaction coordinate of the photoreaction of
PYP in time domain.
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Time-resolved energy and structure change measurements during protein
reactions

Masahide Terazima

Born in 1959. He received his Ph.D. degree from Kyoto University. He was a research associate in Tohoku University
(1986-1990), a lecturer in the Department of Chemistry, Faculty of Science, Kyoto University (1990-1993), an associate
professor in the Department of Chemistry, Faculty of Science, Kyoto University (1993-1994), and an associate professor
in the Chemistry Division, Graduate School of Science, Kyoto University (1994-2001). Now he has been a professor in
Kyoto University (2001-). He got the Award of Japanese Photochemistry Association, Japanese IBM award of Science,
The Chemical Society of Japan Award for Creative Work. He has been developing a new scientific technique, time-resolved
thermodynamical detection, and elucidating the molecular mechanisma of reactions of biological proteins.

(1) Time-resolved thermodynamics; heat capacity change of short-lived intermediates: The
thermodynamical properties have been very useful and important properties for characterizing the
nature of states or species for a long time. Therefore, it is essential to measure these properties for
many substances. However, the traditional thermodynamical techniques cannot be applied to short lived
species, because of experimental difficulties. We have been developing new methods to overcome these
difficulties based on the pulsed laser induced transient grating (TG) technique. We applied this new
method to characterizing the short lived reaction intermediate of photoactive yellow protein (PYP).
In particular, the heat capacity changes of intermediates were measured in time domain for the first
time. We found that the heat capacity change of the shorter lived species, pR is almost negligible. This
result indicates that the conformational change is very minor. On the other hand, the change of the next
intermediate, pB was significantly positive. This change was attributed to a conformational change
indicating exposure of non-polar residues to water. The enthalpy changes and the heat capacity changes
along the reaction coordinate (Fig.1) reveal detail molecular pictures of the photoreaction of this protein.

(2) Conformational change of spectrally silent dynamics detected by the diffusion change:
sion We proposed a new method to detect conformational dynamics in time-domain in solution
by monitoring the diffusion change in time-domain. We applied this technique to revealing the
conformational change of PYP, in particular the structural dynamics in the N-terminal region. The
TG signals after photoexcitation of PYP and several mutants which lack N-terminal residues were
analyzed to determine the diffusion coefficients (D) of intermediate species. The results clearly
showed that the D-change decreases with decreasing the length of the N-terminal region. This result
implies that the conformational change of the N-terminal region («-helices) is the main origin of the
D-change. We suggested that the a-helices of this region are unfolded at one of the intermediates.



(3) Time-resolved detection of transient dimer formation and transient dissociation dynamics:
For transduction of biological signal, association or dissociation reactions induced by conformational
changes of protein structures are frequently essential. However, detections of such transient
phenomena have been very difficult or impossible so far. We have successfully detected such transient
reactions for photoreaction of LOV1 domain of phototropin by monitoring the time-dependent
diffusion coefficients. After photoexcitaiton of the LOV1 domain, an adduct species is formed from
the excited triplet state. No absorption change has been detected after this reaction. However, time-
dependent diffusion coefficient was observed by the TG method. The time-dependence was explained
well by the photoassociation reaction of the LOV1 monomer and also by the photodissociation
reaction of the LOV1 dimer (Fig.2). This is the first and powerful experimental technique to detect the
transient dimer formation and transient dissociation dynamics in solution phase.
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(1) Charge-density-wave phase transition on In/Cu(001) surfaces: Charge-density-wave (CDW)
phase transitions have been well known for materials with quasi-low-dimensional electronic structure,
such as transition metal chalcogenides and organic charge-transfer complexes. According to a
simple mean-field picture, the CDW phase is stabilized at low temperatures by the electronic energy
decrease due to the Fermi surface nesting, and the larger contribution of the electronic entropy at
high temperatures drives the transition to normal metal state. As solid surfaces also serve quasi-low-
dimensional electronic bands, efforts have been paid to discover surface CDW phase transitions. In
particular, extensive studies were done on the phase transition on W(001), which resulted in the strong-
coupling CDW picture that differs from the mean-field one. In this picture, a strong electron-phonon
coupling leads to CDW phase fluctuation at a temperature much lower than the mean-field transition
temperature to a normal metal state and this is observed by diffraction methods as a destruction of
CDW superstructure and phonon softening. Through these studies the classification according to the
strength of electron-phonon coupling has been established.

We have studied the mechanism of the CDW phase transition on In/Cu(001). Figure 1 shows
typical ARPES (angle-resolved photoelectron spectroscopy) results showing the temperature
dependence of the CDW gap. The overall temperature dependence appears to be consistent with the
BCS equation, suggesting the transition is seemingly a weak-coupling one. However, the results of
X-ray critical scattering, measured at BL-13XU X-ray undulator beamline at SPring-8, showed clearly
that an order-disorder transition belonging to the 2D Ising universality class takes place at 7=345 K,
which implies that the weak-coupling picture fails. The very low transition temperature of the gapped-
ungapped transition does not agree with the strong-coupling scenario.



The CDW correlation length is estimated from the band structure near the CDW gap as & cow=
6 nm. The lattice correlation length &, was estimated by X-ray critical scattering as shown in Fig.
2, which shows that the lattice correlation length is comparable with the CDW correlation length at
7=400-420 K. This suggests that the CDW wavepackets are increasingly affected with decreasing
lattice correlation length, and are destroyed at 7=400-420 K, which corresponds to the transition to
normal metal state. The temperature is in reasonable agreement with that for the gapped-ungapped
transition observed by ARPES.

It has been assumed that the strong-coupling CDW is associated with short coherence. This
actually was the case for W(001) and 2//-TaSe2, which have the CDW correlation lengths of ~0.5 nm.
However, we have shown that there is a system with strong electron-phonon coupling but long spatial
coherence, and that a new type of CDW phase transition takes place that is driven by both electronic
and lattice entropies concertedly.

(2) Formation and decomposition of Bis pseudomolecules and a phase transition on Bi/Ag(001):
In Fig. 3 is shown a scanning tunneling microscopy (STM) image of Bi/Ag(001) surface at Bi
coverage of 0.48. Bi atoms form tetramers, which are arrayed in a c(4x4) square lattice. Interestingly,
vacancies are also formed as tetramer vacancies. These tetramers may be considered as the Bis
“pseudomolecules.” Upon heating, the c(4x4) phase undergoes a transition to a ¢(2x2) one, which
is associated with the decomposition of pseudomolecules to single Bi atoms arrayed in a c(2x2)
square lattice. This phase transition is observed only when the Bi coverage is somewhat lower than
0.5, implying that the vacancies are essential in the phase transition. The transition temperature
decreases with increasing vacancy density. In contrast to the known 2D phase transitions in metallic
monolayers, the two phases coexist for finite temperature range, i.e., the composition changes
gradually with increasing/decreasing temperature.  The Gibbs' phase rule indicates that the system
has two components. We considered that the phase transition should be described with Bi and Bis as
two independent components and devised a model, in which the configuration entropy in each phase
is determined by the vacancy density of that phase. As the vacancy density is increased by a factor
of four upon the transition from c(4x4) to c(2x2), the configurational entropy is also tetrapled, which
drives the transition in this model. A simulation based on this model exhibits a reasonable agreement
with the experimental results.

(3) Structure and magnetism of surface alloys with a few atomic layer thickness: Efforts have
been paid toward the discovery of surface ferromagnetism since the theoretical prediction of the
ferromagnetic monolayer alloy for Mn/Cu(001). We studied the structure and magnetism of surface
alloys formed on the surface of palladium that is known as nearly ferromagnetic. We found two
ordered bilayer and trilayer surface alloys, which have structures similar to that of bulk AuCus-
type alloy with different stacking sequences. Multiple-scattering analysis of low-energy electron
diffraction was used to determine the atomic coordinates, which indicated effective volume of Mn
atoms consistent with the high-spin state with a large local magnetic moment, which supports our first-
principles calculation. We also studied the magneto-optic Kerr effect in order to determine the long-
range magnetic order, but was not able to observe the ferromagnetism down to 10 K. We are now
planning to measure the X-ray magnetic linear dichroism to study the possibility of antiferromagnetic
order.

(4) Vibrationally assisted dissociative adsorption of dioxygen on Ru(001): Dissociative adsorption
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of diatomic molecules on metal surfaces have been extensively studied as an important elementary
reaction in heterogeneous catalysis. For dioxygen adsorption on Ru(001), supersonic-molecular-
beam studies have shown that intermediate states such as Q.. )" are involved at low translational
energies, while direct dissociative adsorption takes place at high translational energies. In order to
gain further insight into this elementary reaction, we have studied the effect of excitation of internal
vibrational mode of dioxygen. Figure 4 shows the uptake curves measured with the nozzle temperature
of 300 and 1400 K with the translational energy fixed at 0.5 eV, at which direct dissociation takes
place. The results indicates that the initial sticking coefficient of vibrationally excited molecules are
unity while that for the vibrational ground state is only 0.03. This suggests that the potential energy
surface for this reaction has a saddle point in the exit channel and that the energy height of the saddle
point is significantly lower than the energy of dioxygen in the first vibrational excited state. In contrast
to the well-studied H2/metal systems, non-adiabatic effect such as elenctron-hole pair generation and
phonon excitation should play a significant role in the dissociative adsorption of dioxygen. The present
result serves an important basis for the on-going studies of such effects.
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